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Abstract

Most web search engines use a list-based representation
of web search results, promoting a sequential evaluation of
the document surrogates. Commonly, these search engines
only display ten document surrogates per page, limiting the
users’ ability to explore the search results. We have devel-
oped two systems to support the visual exploration of web
search results: HotMap and Concept Highlighter. In both
of these systems, the search results are provided at two lev-
els of detail: an overview map that provides a compact and
abstract representation of the top 100 documents returned
by the underlying search engine; and a detail window that
shows 20 to 25 documents at a time. In this paper, we will
discuss how these coordinated views support the visual ex-
ploration of web search results.

1 Introduction

A recent survey reported that over 85% of web searches
are conducted using one of four primary web search engines
[13]. All four of these search engines (Google [4], Yahoo
[20], MSN [10], and AOL [2]) use a very similar web search
interface, wherein the search results are presented to the
user in a list-based representation containing ten document
surrogates per page. Commonly, the document surrogates
consist of the title of the document, a snippet showing the
context of the query terms, and the URL of the document.

Two independent studies have shown that users often
view only one to three pages of search results [14, 16].
While it is possible that many users are able to satisfy their
information needs by viewing only 10 to 30 document sur-
rogates, we believe this is evidence that users are unwilling
to view many non-relevant documents before abandoning
the search results.

One of the reasons users do not delve deeply into the
set of search results is because the list-based representation
does not readily support the users’ relevance decision mak-

ing tasks. Document surrogates must be considered one-
by-one in blocks of ten at a time, resulting in an inability
to explore the search results easily. Commonly, users are
required to consider many non-relevant documents in the
search results before finding enough relevant documents to
fulfill their information needs. To address this shortcoming
of the list-based representations, we have developed two in-
terfaces to support the visual exploration of web search re-
sults.

In HotMap [8], the frequency of each of the query terms
from the users’ queries are depicted visually using colour
coding. This allows the users to easily identify “hot” docu-
ments based on the frequent appearance of the query terms
within the document surrogates. In addition to this visual
representation, the search results can be dynamically re-
sorted based on the query term frequencies, supporting an
interactive exploration of the search results.

In Concept Highlighter [9], a set of relevant concepts is
generated from a concept knowledge base using the query
terms; interactive concept-based fuzzy clustering is used to
cluster the search results with respect to these concepts. As
the users select the concepts that are relevant to their infor-
mation need, the search results are re-sorted based on the
fuzzy membership score of each document surrogate with
respect to the selected concepts. Colour coding is used to
visually represent the fuzzy membership scores, allowing
the users to easily determine the degree to which each doc-
ument surrogate belongs to the set of concepts that have
been selected.

Both of these systems use the same framework for pro-
viding coordinated views of the search results at two lev-
els of detail. The overview map depicts the top 100 docu-
ment surrogates returned by the underlying search engine in
a compact and abstract representation. The detail window
shows 20 to 25 document surrogates at a time, allowing the
users to determine the relevance of individual document sur-
rogates to their information needs. These coordinated views
provide the users with the ability to interactively explore the
search results both from an overview perspective and a de-



tailed perspective. Within the same information display, the
users can determine the general properties of the top 100
document surrogates, as well as the specific properties of
individual document surrogates.

The remainder of this paper is organized as follows: An
overview of search results representations is provided in
Section 2. In Section 3, the two tools for the visual ex-
ploration of web search results are described. Section 4
discussed the coordinated views used in our two systems
to represent web search results. Section 5 provides an
overview of the subjective evaluations that were performed
on these systems; Section 6 presents the findings from these
studies. A discussion is provided in Section 7. Conclusions
and future work are presented in Section 8.

2 Background

According to North & Shneiderman’s taxonomy, the co-
ordination between multiple views can be classified by the
action performed as well as the data presented in the views
[11]. Along the action dimension, selecting items in one
view can cause the selection of items in other views; navi-
gating the data in one view can cause the navigation of data
in other views; and selecting items in one view can cause
changes to the navigation of data in other views. Along the
data dimension, the multiple views can present data from
the same collection, or from different collections. We use
this taxonomy to classify the literature relevant to the dis-
play and exploration of web search results.

2.1 Textual Representations of Web
Search Results

While the supplemental information provided by the four
primary web search engines (Google [4], Yahoo [20], MSN
[10], and AOL [2]) differs slightly, all use a textual repre-
sentation of the web search results, displaying a list of ten
document surrogates per page. Within these lists, each doc-
ument surrogate primarily consists of the title of the docu-
ment, a snippet showing the context of the query terms, and
the URL of the document.

Since the documents themselves are primarily textual,
this textual representation of web search results is a logi-
cal method for displaying this information. However, since
these lists are static, they provide a limited ability to ma-
nipulate the search results; they only lend themselves to a
sequential evaluation of ten document surrogates at a time.
This textual interface style requires the users to read the in-
formation (which can be time consuming), or scan the in-
formation (which can be error prone). Further, since text
can consume a large amount of space in an interface, the
list based representations are commonly limited to ten doc-
ument surrogates per page.

None of the four primary web search engines provide ad-
ditional views of the web search results. The only informa-
tion provided to the users about the search results set are the
ten document surrogates listed on the page currently being
viewed. These systems do not allow the users to generate
an overview of the search results, view the search results at
different levels of detail, or provide support for an explo-
ration of the search results. Since multiple views are not
present, the list-based representations of web search results
cannot be classified according to the multiple view coordi-
nation taxonomy.

2.2 Representing Clustered Search Re-
sults

Recently, a number of publicly available web search sys-
tems have been developed that cluster the web search re-
sults, allowing the users to browse the clusters as they ex-
plore the search results. Many of these systems use hier-
archical clustering algorithms, and primarily differ in the
representation of the clusters and the methods for interac-
tion with the clusters. Two such systems are Vivisimo [17]
and Grokker [6].

In Vivisimo, the hierarchical clusters are represented as
a tree. The nodes in the tree can be expanded and collapsed
in a manner similar to file directory navigation. When a
tree node is selected, the document surrogates contained
within that cluster are displayed in a separate frame using a
list-based representation similar to that of the four primary
search engines.

In addition to providing a tree-like navigation scheme
similar to Vivisimo, Grokker also provides a visual repre-
sentation of the hierarchical cluster structure. This visual
representation uses nested circles to represent the clusters
and their children, and provides the ability for the users
to see the sizes of the clusters and whether they contain
additional children clusters or document surrogates. Like
Vivisimo, when a cluster is selected, the document surro-
gates that are contained within that cluster are displayed in
a separate frame using a list-based representation.

In both of these systems, two views of the search re-
sults are provided: a cluster view, and a textual list-based
view. As the users make selections within the cluster view,
the list-based view is updated to display the list of search
results contained within the selected cluster. While these
coordinated views do support an exploration of the search
results with respect to cluster selection, this exploration is
limited to a narrowing down of the search results based on
the selected clusters.

According to the action dimension in the multiple view
coordination taxonomy, both of these systems use item se-
lections in one view (i.e., cluster selection) to cause changes
in the navigation of data in another view (i.e., the corre-



sponding list of document surrogates). Along the data di-
mension, these multiple views present data from different
collections (i.e., the cluster tree, and the document surro-
gate list).

2.3 Visual Representations of Web Search
Results

While there are many systems that generate visual rep-
resentations of information retrieval results, there are rela-
tively few that support the visual exploration of web search
results. Two systems that provide visual representations of
web search results and multiple views of the data are xFind
[1] and the work by Roberts et al. [12].

xFind provides three different interfaces to a custom
web document indexing system: a simple list-based repre-
sentation; a customizable scatterplot representation; and a
vector-based spatial clustering representation. While these
representations of the search results take advantage of the
extra information that is available through their indexing
system, this information is generally not available with
other search engines.

In the scatterplot representation, both an overview and a
zoomed-in view of the plot are provided, allowing the user
to simultaneously view context and detail, and remain ori-
ented within this visual representation of the search results.
In the spatial clustering representation, a secondary frame
provides a text-based list of clusters which allow the users
to highlight the relevant documents within the visual cluster
representation.

Although the multiple views in these two visual repre-
sentations support the exploration of the web search results,
the spatial layout of the two visual representations result
in document surrogates being mapped to points in the two-
dimensional display. This makes it difficult to view the ad-
ditional information present in the document surrogates, or
to make direct comparisons among multiple document sur-
rogates.

Within the action dimension in the multiple view coor-
dination taxonomy, the scatterplot and the spatial cluster-
ing representations are classified differently. The scatterplot
representation uses navigation in one view to cause changes
in the navigation of data in another view; both views present
data from the same collection. The spatial clustering repre-
sentation uses item selection in one view to cause the selec-
tion of items in another view; the views present data from
different collections.

In the work by Roberts et al. [12], web search results are
presented in three coordinated representations. In a scatter-
plot representation, the domains of the document URLs are
represented using glyphs, with the number of external and
internal links mapped to the x and y position in the plot.
This representation allows the users to identify where the

document is coming from (i.e., .com, .net, .ca, etc.) and the
different types of links in the document.

A second glyph-based representation uses a “quartile”
consisting of concentric boxes divided into quarters. This is
used to represent the external (inside box) and internal (out-
side box) links. These glyphs are provided in a horizontal
list that wraps like text.

The third representation provides a simple list of the
URLs of the documents in the search result. The coordi-
nation among these views is provided such that a selection
made in one representation highlights the same items in the
other representation.

The primary information represented in this interface are
the number of external and internal links on each of the doc-
uments, and information about the URL of the document.
While this information may be of value to a searcher seek-
ing documents with a high number of internal and external
links (i.e., a “jumping off list”), there is little indication that
this is of value to general web searchers. Not even the doc-
ument titles or snippets are readily available.

According to the action dimension in the multiple view
coordination taxonomy, this system uses item selections in
one view to cause the selection of items in another view
(i.e., the corresponding glyphs or URLs in the other views).
Along the data dimension, this system presents data from
the same collection in the multiple views.

3 Visual Exploration of Web Search Results

Our motivation for investigating visual representations
of web search results came from Wise et al., who noted that
“the need to read and assess large amounts of text that is re-
trieved through even the most efficient means puts a severe
upper limit on the amount of text information that can be
processed by any analyst for any purpose” [19]. We have
found that this upper limit can be addressed by applying
information visualization techniques to the presentation of
the search results, and providing interaction features that
promote the exploration of the search results.

Information visualization takes advantage of the human
visual information processing systems by generating graph-
ical representations of data or concepts [18]. The cognitive
activity involved in viewing and processing a visual repre-
sentation allows users to gain understanding or insight into
the underlying data. With respect to the visualization of
search results, the ultimate goal is to allow users toseethe
information without having toread the information.

Even with a visual representation of the information,
Spence noted that a “mere rearrangement of how the data
is displayed can lead to a surprising degree of additional in-
sight into that data” [15]. This rearrangement of the data
can be especially valuable for web search results, allowing



Figure 1. A sample web search using HotMap. Note the search results include the query term fre-
quencies displayed at two levels of detail in the overview map and the detail window.

the users to re-sort the search results based on the properties
they think are important to their information needs.

In the remainder of this section, we describe the two sys-
tems we have developed to support the visual and interactive
exploration of web search results.

3.1 HotMap

HotMap is a meta-search system that retrieves the top
search results returned by the Google API [5] for a given
user query, and presents these results in a compact visual
manner that supports both visual information processing
and user-directed exploration. Our inspiration for this work
is based on a common method for evaluating the relevance
of a document surrogate: identifying which of the query
terms appear in the title and snippet. HotMap represents
the query term frequencies in the form of a colour-code on
a heat scale. Multiple occurrences of a query term result
in a dark red colour; fewer occurrences are represented by
progressively lighter shades of red and orange. As shown in
Figure 1, this colour coding allows the users to see the “hot”
documents easily (and provides the inspiration for naming
our systemHotMap).

In HotMap, the search results are presented in a grid-
based layout at two levels of detail: an overview map pro-
vides a compact representation of the top 100 search results,
and a detail window provides a focused view of approxi-
mately 20 documents at a time. The details of these co-
ordinated views of the web search results are provided in
Section 4.

In order to promote the exploration of the search results,

the users can interactively sort and re-sort the search results
based on the query term frequencies. In addition, nested
sorting allows the users to sort based on an ordered selec-
tion of their query terms. These sorting features are easily
activated within the visual interface by clicking on the col-
umn headers; the results of sorting operations are instantly
reflected in both the overview map and the detail window.

The visual representation of the query term frequencies
in the detail window is visually similar to the TileBars work
by Hearst [7]. HotMap, however, extends this tile mosaic
metaphor to represent web search results in near real-time.
It also adds features for viewing the search results at differ-
ent levels of detail, and supports the users as they interac-
tively explore the search results.

According to the action dimension in the multiple view
coordination taxonomy, HotMap uses navigation of the data
in one view to cause an equivalent navigation of the data
in the other view. Along the data dimension, this system
presents data from the same collection in the multiple views.

The specific details of the design and implementation of
the HotMap system, along with user study results, are pro-
vided in [8]. A more complete study measuring the infor-
mation retrieval performance, user performance, and effi-
ciency is currently underway.

3.2 Concept Highlighter

Concept Highlighter is a meta-search system that
presents the search results returned by the Google API [5] in
an interactive fuzzy clustering interface. The system auto-
matically matches the users’ queries to a concept knowledge



Figure 2. A sample web search using Concept Highlighter. Note the search results include fuzzy
membership scores displayed at two levels of detail in the overview map and the detail window.

base, resulting in a set of potentially relevant concepts. The
concept knowledge base is used to select additional terms
that have been used to describe these concepts. All the
concepts as well as the top 100 document surrogates in the
search results are represented using a vector-space model; a
single-pass fuzzy clustering algorithm assigns fuzzy mem-
bership scores to each concept-document surrogate pair.

The Concept Highlighter interface resembles that of
HotMap, with the addition of a list concepts provided at
the top of the interface (see Figure 2). The detail window
provides a focused view of approximately 25 document sur-
rogates at a time, while the overview map provides a com-
pact and abstract representation of the first 100 document
surrogates returned by the Google API.

As the users select the concepts that are relevant to their
information needs, the search results are automatically re-
sorted based on the fuzzy membership scores. The selec-
tion of multiple concepts results in a merging of the clusters
and the addition of the fuzzy membership scores. As a re-
sult, the document surrogates that are most similar to the
selected concepts are moved to a more prominent location
in the search results.

In addition to the re-sorting of the search results, colour
coding is used to indicate the fuzzy clustering score with
respect to the selected concepts. This allows the users to
interpret the relative similarity of the document surrogates
to the selected concepts.

This system can be classified in two different ways ac-
cording to the multiple view coordination taxonomy. With

respect to the concept selection, selecting items in one view
causes changes to the navigation of the data in the other
view (i.e., the re-sorting of the data in the detail window
and the overview map). These views use data from differ-
ent collections. With respect to the coordination between
the detail window and overview map, the classification is
the same as for HotMap: navigating the data in one view
causes an equivalent navigation of the data in the other view.
Along the data dimension, these views present data from the
same collection.

The specific details of the design and implementation of
Concept Highlighter are provided in our previous work [9].
Studies measuring the information retrieval performance,
user performance, and efficiency are in progress.

4 Coordinated Views of Web Search Results

Both HotMap and Concept Highlighter use a similar
framework for providing multiple views of web search re-
sults. Commonly, there is a design tradeoff between the util-
ity provided by the multiple views and the cognitive over-
head in learning and using the system [3]. In designing
these coordinated views, we have attempted to minimize
this cognitive overhead while providing meaningful infor-
mation for the exploration of the web search results at both
a overview level and a zoomed-in level. The details of these
coordinated views, as well as the methods for maintaining
coordination between the views is provided in the remain-
der of this section.



4.1 Detail Window

In the detail window, a compact representation of 20 to
25 document surrogates is provided. Of the information that
is present in the document surrogate, only the title of the
document is displayed persistently; tool tips are used to hide
and dynamically show the additional details available in the
document surrogate, such as the snippet and the URL.

The users can click the mouse button on any title in
the detail window to access the corresponding document.
Doing so opens a new browser window and loads the se-
lected document. In order to indicate to the user that this is
an available option, the document titles are underlined and
coloured blue. After a title has been clicked and the doc-
ument has been opened, the colour of this title is turned to
purple to indicate that the document has been viewed. The
underlining and colour selection follow the defacto standard
for new and visited links in a web page.

In addition to representing the document surrogate infor-
mation provided by the Google API, the detail window also
displays the additional information provided by HotMap
and Concept Highlighter in a visual manner. In terms of
initiating an exploration of the web search results, the detail
window provides access to the primary interaction features
of these systems.

In HotMap, the detail window provides a column for
each of the terms in the users’ queries. A colour code is
provided in the grid to represent the frequency of the cor-
responding query term (column) within the corresponding
document surrogate (row). Clicking on the column header
for a term will re-sort the search results according to the
frequency of the corresponding term. Holding down the
control key while clicking the column headers generates a
nested sorting of the search results according to the ordered
selection of the query terms.

In Concept Highlighter, the detail window provides a
single column to indicate the fuzzy membership score of
each document surrogate with respect to the selected con-
cepts. As the users select concepts that are relevant to their
information needs, the colour code in this column is up-
dated to represent the fuzzy membership scores. In addi-
tion, the search results are automatically re-sorted based on
these scores, bringing the document surrogates that are most
similar to the selected concepts to the top of the list. While
the default is to re-sort the search results, the users can turn
this sorting off and return the search results to the order pro-
vided by the Google API. However, the colour code repre-
senting the fuzzy membership score remains, allowing the
users to visually determine which document surrogates be-
long to the selected cluster.

4.2 Overview Map

The primary goal in the design of the overview map was
to provide an indication of the features of ten pages worth
of search results (i.e., 100 document surrogates) in a single
compact representation. This was challenging since even
for a high resolution display, there is a relatively small num-
ber of pixels available to represent this information. There-
fore, an abstract representation of the web search results is
necessary.

While many of the standard display resolutions have
more horizontal space than vertical space, we chose to dis-
play the overview map in a vertical orientation. Since the
search results are represented in a vertical layout in the de-
tail window, coordinating the orientation allows the users to
more easily make visual connections between the two rep-
resentations.

Given the small amount of vertical pixels at our disposal,
and the large amount of search results to represent, we chose
to use only three vertical pixels to represent each document
surrogate, with a one pixel gap between adjacent objects.
The result is a compact representation that consumes only
400 vertical pixels of screen space in the representation of
100 web search results.

Even though a small number of pixels are used to repre-
sent each document surrogate, it is still important to convey
information about the features of the search results. For
HotMap, the overview map provides a three by three pixel
block to visually represent the query term frequency for
each term in the users’ query. For Concept Highlighter, the
overview map provides a single three by three pixel block
to represent the fuzzy membership score for each document
surrogate with respect to the selected concepts.

In order to make it easier for the users to make a visual
connection between the overview map and the detail win-
dow, lines were drawn in the overview map whose lengths
are relative to the lengths of the document surrogate titles.
These lines use same colour as the titles in the detail win-
dow. When the link colours change in the detail window as
a result of the users selecting to view specific documents, a
corresponding colour change is made in the overview map
for the selected document surrogates.

The end result is that the overview map provides a
“zoomed out” view of the search results. The colour cod-
ing of the frequency or clustering information, the length of
the title line, and the link colour of the title line all provide
landmarks allowing the user to recognize the features of the
search results and remain oriented within these visual repre-
sentations. This consistency between the overview map and
the detail window makes comparisons between the views
easier to perform [3]. See Figure 3 for a magnified view
of the overview maps used in HotMap and Concept High-
lighter.



Figure 3. Magnified images of the overview maps used in HotMap (left) and Concept Highlighter
(right). In HotMap, the colour coding is used to signify the frequency of the query terms within the
search results. In Concept Highlighter, the colour coding is used to signify the fuzzy membership
score of the document surrogates with respect to the selected concepts. In both overview maps, the
blue lines represent documents that have not yet been viewed; purple lines represent documents
that have been viewed. The scroll box provides a perceptual cue as to the location of the document
surrogates that are currently being displayed in the detail window. These abstract representations
of the first 100 documents returned by the search engine support the visual exploration of the web
search results.



4.3 Coordination of Views

When multiple views of the same data at different levels
of detail are provided, as in these systems, it is very impor-
tant to ensure that these views remain coordinated, and that
this coordination is self-evident. Synchronized scrolling
provides the primary means for coordinating the detail win-
dow and the overview map. In addition, perceptual cues
are provided to make the relationships between these views
apparent to the user [3].

In order to aid the user in remaining aware of the coordi-
nation between the detail window and the overview map, a
scroll box is placed in the overview map to indicate which
document surrogates are currently being viewed in the de-
tail window (see Figure 3). As the users scroll in the detail
window, the location of the scroll box is automatically up-
dated.

To support the users’ task of visually exploring the
search results within the overview map, clicking or drag-
ging the mouse to any location in the overview map auto-
matically relocates or “jumps” the scroll box to that location
and scrolls the detail window to display the corresponding
document surrogates. This ability to “jump” to locations
of interest is especially valuable in HotMap, where “hot”
documents can be easily identified deep within the search
results. It is also useful in Concept Highlighter, especially
when the users wish to see the search results in the order
provided by Google at the same time as the visual represen-
tation of the fuzzy membership scores.

Having the line length and colour in the overview map
coordinated with the document title length and colour in the
detail window provides visual landmarks to the user. This,
together with the scroll box, allow the users to see the rela-
tionship between the document surrogates they are viewing
in the detail window and the top 100 document surrogates
returned by the Google API, and remain oriented within the
visual representations as they explore the web search re-
sults.

5 Subjective Evaluations

A user evaluation was conducted using 10 computer sci-
ence graduate students over two task sessions. In the first
task session, the participants were assigned specific infor-
mation seeking tasks to perform using both a Google-like
interface and the original prototype of HotMap (which in-
cluded some of the features of Concept Highlighter). In the
second task session, the participants were asked to perform
a search on a topic in which they are knowledgeable using
a Google-like interface, a refined version of HotMap (see
Figure 1), and Concept Highlighter (see Figure 2).

All the participants identified themselves as frequent
computer users (i.e., more than 10 times per week), and

highly experienced with computers. 70% of the participants
indicated that they perform more than 10 web searches per
week; 20% indicated that they perform 5-10 web searches
per week; and 10% indicated that they perform 1-5 web
searches per week. 70% of the participants identified them-
selves as having a high level of experience with web search-
ing; 30% identified themselves as having a moderate level
of experience with web searching.

Clearly, the participants in this study are much more ex-
perienced with computers and with web searching than the
general public. While the conclusions we can make from
this study may not generalize to all web searchers, they will
give us insight into how experts can benefit from the visual
exploration of web search results. These insights will pro-
vide a basis for evaluating our system with a more diverse
user population.

6 Results

After the first set of tasks were performed, the partici-
pants were asked to rate their preferences when using a web
search tool. 70% of the participants indicated that they had
a preference for a compact representation of the web search
results; 10% were neutral; and only 10% indicated that they
did not prefer a compact representation. This supported our
hypothesis that many users would prefer a compact repre-
sentation of the search results from which they can access
the snippet and URL of the document via a tool tip. As
such, when the original prototype of HotMap was split into
two separate systems (HotMap and Concept Highlighter),
this compact representation was retained for both systems.

After completing the search tasks in the second usage
session, a survey was administered to measure the subjec-
tive reactions of the participants to the features of the sys-
tems. The four measurements relevant to the coordinated
views in these systems were the ease of use of the overview
map, the usefulness of the methods for allowing the users
to maintain coordination between the two views, the use-
fulness of the ability to jump to specific locations in the
overview map, and the usefulness of the colour coding.

In terms of the ease of use of the overview map, all the
participants agreed or strongly agreed that this feature was
easy to use in HotMap. In Concept Highlighter, the re-
sponses were more varied, but skewed towards agreement
(see Figure 4a). The differences in these responses may
be a result of the differences in the amount of information
displayed in the overview map between these systems. In
HotMap, all of the query term frequencies are displayed in
the overview map as soon as the search results are loaded,
resulting in a very colourful representation of the search re-
sults which draws the users attention to this feature.

Most participants agreed or strongly agreed that the
methods for indicating the coordination between the



(a) ease of use of overview map (b) usefulness of coordination between views

(c) usefulness of jump feature (d) usefulness of colour-coding of data

Figure 4. These histograms show the responses to the subjective evaluation questions regarding the
ease of use and usefulness of the coordinated views in HotMap and Concept Highlighter. Clearly,
the coordinated views are more useful in HotMap than in Concept Highlighter.

overview map and the detail window in HotMap were use-
ful. However, there was a near even split between agree-
ing and disagreeing that this feature was useful in Concept
Highlighter (see Figure 4b). The disagreements with this
statement among the Concept Highlighter users can be at-
tributed to the fact that a number of these users did not
consider the overview map during their task; they simply
selected the relevant concepts and evaluated the re-ordered
search results one-by-one.

All the participants were either neutral, agreed, or
strongly agreed that the ability to jump to regions of interest
in the search results was a useful feature in HotMap. While
there was a tendency to agree that this feature was useful
in Concept Highlighter, some participants did not find this
feature useful at all (see Figure 4c). The more positive re-
sponses in HotMap were a result of being able to visually
identify documents of interest easily, and jump to those lo-

cations. Within Concept Highlighter, this feature was less
useful since by default, the search results were re-ordered
to bring the more relevant documents to the top.

While most participants strongly agreed that the colour
coding in HotMap was useful, the responses were over a
much broader range for Concept Highlighter (see Figure
4d). This can be attributed to the more subtle colours used
in Concept Highlighter, as well as the fact that no colour is
displayed until a sufficient number of concepts have been
selected.

In general, these responses were very positive for
HotMap; for Concept Highlighter, the results were some-
what varied but generally positive. We conclude that the
coordinated views which allow the user to view the search
results at both an abstract level and a detailed level is a very
valuable feature in support of the visual exploration of web
search results in HotMap. Since the Concept Highlighter



system re-sorts the search results based on the fuzzy mem-
bership score by default, the usefulness of these coordinated
views proved to be valuable, but to a lesser extent.

7 Discussion

We believe the ability to view the results of a web search
both at a detailed level and an overview level can be very
valuable when exploring the results of a web search. The
overview map allows the users to determine the characteris-
tics of a large number of documents in a single compact and
abstract representation. At the same time, the detail win-
dow supports the primary task of deciding the relevance of
specific document surrogates, and selecting to view a docu-
ment.

Support for the visual exploration of the web search
results is provided both via the tools for interactively re-
sorting the search results based on the query term frequency
(in HotMap) and the concept selection (in Concept High-
lighter), and via the ability to “jump” to locations of inter-
est in the overview map. This ability to quickly navigate
the search results via a mouse click in the overview map
is especially powerful in HotMap, where users can easily
identify “hot” documents in the search results.

Whenever two views of the data are provided at different
levels of detail, care must be taken to ensure the users re-
main oriented within these representations. Early versions
of HotMap used a single vertical bar in the overview map to
indicate which documents were being displayed in the de-
tail window. Preliminary studies showed that this indicator
was too subtle to ensure proper awareness of the search re-
sults space. As such, the scroll box was added to make the
coordination between these views more apparent.

We believe that these systems can be very effective when
the results of a web search are somewhat ambiguous, or
when a user is not very familiar with the topic of their
web search. In these cases, the ability to explore the web
search results is very valuable. Multiple views of the web
search results support this exploration by providing both an
overview of a large set of search results, and a detailed dis-
play that supports the primary task of document surrogate
evaluation and document selection. As the exploration takes
place, these multiple views indicate to the user the effects
of re-sorting the search results both at a local level and at a
global level.

8 Conclusions and Future Work

The list-based representation provided by the four pri-
mary web search engines supports the linear evaluation of
the web search results, but not an exploration of the web
search results. To address this shortcoming, we have devel-

oped two systems to support the visual exploration of web
search results: HotMap and Concept Highlighter.

These systems use a common framework for coordinated
views to represent the search results both at a detailed level,
displaying 20 to 25 document surrogates at a time, and at
an overview level, displaying 100 document surrogates in
an abstract representation. Support for a visual exploration
of the web search results is provided through the visual in-
spection of the overview map, re-sorting the search results
based on query term frequency (in HotMap), and re-sorting
the search results based on concept selection (in Concept
Highlighter).

Subjective evaluations collected during a user study with
expert web searchers indicate that the overview map is an
easy to use representation of the web search results at an ab-
stract level. In addition, the coordination between the views,
the ability to jump to locations of interest, and the colour
coding of the data were all indicated as useful features by
most participants. The responses were more positive for
HotMap than Concept Highlighter, leading us to conclude
that these coordinated views are of more value when there
is sufficient useful data to display in both views.

A more complete user study with a larger and more di-
verse participant population is currently underway. Future
work includes the integration of these tools into a single in-
terface for the visual exploration of web search results, and
the integration of this work into our larger research project
of developing a complete framework for a visual and inter-
active web information retrieval support system.
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