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Visualizing Web Search Results Using Glyphs:
Design and Evaluation of a Flower Metaphor

MICHAEL CHAU, The University of Hong Kong

While the Web provides a lot of useful information to managers and decision makers in organizations for
decision support, it requires a lot of time and cognitive effort for users to sift through a search result list
returned by search engines to find useful information. Previous research in information visualization has
shown that visualization techniques can help users comprehend information and accomplish information
tasks more efficiently and effectively. However, only a limited number of such techniques have been applied to
Web search result visualization with mixed evaluation results. Using a design science approach, this research
designed and implemented a glyph (a graphical object that represents the values of multiple dimensions
using multiple visual parameters) and a system for visualizing Web search results. A flower metaphor was
adopted in the glyph design to represent the characteristics and metadata of Web documents. Following
the cognitive fit theory, an experimental study was conducted to evaluate three displays: a numeric display,
a glyph display, and a combined display which showed numbers only, glyphs only, and both, respectively.
Experimental results showed that the glyph display and the combined display performed better when
task complexity was high, and the numeric display and the combined display performed better when task
complexity was low. The combined display also received the best perceived usability from the subjects. Based
on the findings, the implications of the study to research and practice are discussed and some future research
directions are suggested.
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1. INTRODUCTION

The Internet has made a lot of information available to management at various levels.
With tens of billions of pages on the World Wide Web, it is possible to find information
for a large variety of purposes, such as competitor intelligence, market intelligence, and
product analysis, to support decision making [McGonagle and Vella 1999; Chen et al.
2002; Chau et al. 2007]. However, searching for useful ones could be a big problem. Most
people rely on Web search engines, such as Google or Yahoo, to search for Web pages
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that are relevant to their decision making tasks on hand and filter out the irrelevant
ones [Spink et al. 2001]. Popular Web search engines, relying on various information
technologies, allow users to type in one or several keywords and search for documents
containing these words in database systems. This will often result in millions of docu-
ments in the result set [Bowman et al. 1994]. Out of this set, the top documents will be
returned to users, often as a plain list of page titles and snippets (short summaries of
the documents, often with keywords highlighted) and a user has to browse through the
list to search for relevant and high-quality results. However, browsing through a long
list of documents to locate the information needed could be a mentally exhausting task.
This problem of information overload is often faced by decision makers in management
organizations [O’Reilly, 1980; Farhoomand and Drury 2002].

According to the information search process model of Kuhlthau [1991, 1993], informa-
tion search consists of six stages, namely initiation, selection, exploration, formulation,
collection, and presentation. The formulation and presentation of the search results are
the two stages in which the users interact most closely with the search systems in the
process. While the formulation stage has received a lot of attention in the computer sci-
ence and information systems communities (e.g., Storey et al. [2008]), the presentation
of search results to users is often overlooked by researchers and commercial search en-
gines. The Web search result display nowadays is still more or less the same as that of
the early search engines (like AltaVista and Lycos) developed more than a decade ago:
a one-dimensional list showing the top search results. Users have to browse through
the list of items one by one to get an overview of the results. Although many new tech-
niques have been proposed and there have been a few commercial efforts (e.g., Kartoo
and Grokker), they have not been widely adopted in popular Web search engines like
Google or Yahoo, which still return search results as a one-dimensional list.

On the other hand, data visualization and information visualization have drawn a lot
of interest in recent years. Studies on two-dimensional and three-dimensional graphs
have been widely reported [Tufte 1990; Tan and Benbasat 1990; Bennett and Toms
1993; Cheng et al. 2001; Kumar and Benbasat 2004]. Many techniques also have been
proposed for the visualization of multidimensional data. For example, the parallel co-
ordinates display is a widely used method which represents attribute values as points
on different coordinates which are parallel lines [Wegman 2003]. Another approach to
visualizing multidimensional data is glyph representation. Glyphs are graphical ob-
jects that represent the values of multiple dimensions by multiple visual parameters
such as positions, colors, sizes, and shapes. Glyphs have been studied for visualizing
different types of data and different glyphs have been proposed [Chernoff 1973; Chuah
and Eick 1997; 1998; Scott 1992; Fanea et al. 2005]. While these techniques have been
proven useful for user understanding of information and efficiency in information anal-
ysis, only a limited number of visualization techniques such as two-dimensional graph
displays [Lin et al. 2000], three-dimensional workspaces [Card et al. 1996], and tree
displays [Lamping et al. 1995] have been applied to Web document representation and
visualization. These reported representations are often useful for visualizing a large
amount of documents (e.g., thousands or millions) and are mostly designed for brows-
ing rather than searching [Chen et al. 1998; Kohonen et al. 2000]. Previous studies
are inconclusive on whether they are good for Web information search tasks. Many
users are familiar with the linear list-based search results provided by popular search
engines like Google, Yahoo, or Bing and find it difficult to use visualization techniques
that are significantly different from the one they are familiar with [Xiang et al. 2005].
Commercial efforts like Kartoo that utilized advanced visualization techniques did
not gain substantial popularity. When searching the Web, most users concentrate on
the keywords they have searched for and the quality of the document [McDonald and
Chen 2006], rather than its structure or high-level context. Such structural or semantic
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information and the novel visualization techniques employed may not fit the mental
models of the users [Chen et al. 1998]. In addition, when only looking at a small subset
of the Web (e.g., a set of 10 documents in a search result list), the documents may be
disconnected and do not form any tree or network.

Complex visualization displays such as two-dimensional or three-dimensional graphs
that have been employed suffer two main problems. They are too different from the
existing displays that users are familiar with and often do not fit well with users’
mental models. On the other hand, list views used by popular search engines are easy
to use and widely accepted, but they do not convey as much information as quickly as
graphs. It would be desirable to combine the strengths of both graphical visualizations
and list-based views. Surprisingly, there is very little research that has attempted to
do this. It would be interesting to study how such a combined list-based graphical
visualization would be useful in presenting Web search results.

The rest of the article is organized as follows. The next section provides a review
of different information visualization techniques, especially those that have been used
to address the problem of Web document visualization. The limitations of existing
techniques are discussed. Then the research methodology based on a design science
approach is described. The section that follows presents the design and implementation
of the proposed artifacts that aim at addressing the problem in information search on
the Web. The article then reports the design and results of an experimental study
conducted to evaluate the performance of three different displays. Finally, the findings
of the research are discussed and some future directions are suggested.

2. LITERATURE REVIEW

2.1. Searching and Visualization of Web Documents

Although search engines have largely improved their search performances in the past
few years, it is still common for irrelevant documents to appear in the search result
list, oftentimes even in the top 10 or top 5. To help users quickly gain an overview
of the documents in the result list, search engines often provide textual summaries
to assist users in judging what documents are potentially relevant and should be
clicked for browsing the full content. In addition to query-based summaries where
the search keywords are highlighted [McDonald and Chen 2006], additional data such
as relevance score, number of keyword matches, document size, or page popularity
are often presented as numbers to help users make a better judgment in selecting
documents [Brin and Page 1998]. In essence, each document is represented by the
values of these multiple textual and numerical attributes. As these attributes are
all useful in judging the quality and relevance of a document, one has to process all
the information in order to decide what pages out of the result set are worth the
time and effort for further exploration. As discussed earlier, this could be a time-
consuming and mentally exhausting task. A user relying on only a subset of these
attributes to make a judgment may end up wasting time in downloading and reading
documents that are not relevant to the search queries, thus wasting even more time and
effort.

Numerous previous studies have shown that information visualization techniques
can help users comprehend information and perform tasks more effectively and
efficiently [Carter 1947; Pinker 1990; Hearst 1995; Xiang et al. 2005]. According to
Buja et al. [1996], visualization research consists of two areas, namely rendering and
manipulation. These two areas can be viewed as two distinct phases in information
visualization: graph construction¸ which relates to the construction of the graph based
on the given information, and graph manipulation, which concerns the iterative
manipulation of the graphs by users [Kumar and Benbasat 2004].
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Shneiderman proposed a framework in which graph construction research can be
classified according to the type of data to be visualized. In this framework, data for visu-
alization can be classified into seven different types: one-dimensional, two-dimensional,
three-dimensional, multidimensional, temporal, tree, and network [Shneiderman 1996].
Turetken and Sharda proposed a framework classifying graph construction techniques
designed especially for the Web [Turetken and Sharda 2007]. In their framework, Web
visualization techniques can be classified based on four dimensions, namely the source
of the Web space, the basis of Web space organization, the resulting data structure,
and the visualization paradigm. As the focus of this research is the construction of
graphs for the visualization of Web search results, the following subsection will review
relevant research in this area.

2.2. Visualization of Web Search Results

Since the advent of the Web, visualization techniques have been applied to Web docu-
ments and other Web-related data. The following review focuses on how visualization
techniques have been applied to Web search results rather than other types of Web
data like particular Web sites or the Web as a whole.

Visualization of search results is different from visualization of the other Web spaces
in several ways. First, general Web space visualization often aims to revealing the
structure and relationship of the Web sites or Web pages being visualized, while search
result visualization should help users with their search tasks. Second, general Web
spaces usually contain documents that are already connected to each other, while search
results contain documents that may only be semantically similar but not hyperlinked.
Third, when visualization techniques are applied to Web search results, the Web data
is dynamic because every search would return a different set of results, while other
Web space visualization research has focused on data that is relatively static.

To visualize Web search results, one first needs to decide what attributes of Web doc-
uments would be used for organizing the Web documents for visualization. According
to Turetken and Sharda [2007], Web space organization can be based on various at-
tributes, such as semantic content (e.g., title and term frequencies), connectivity (e.g.,
number of incoming links and outgoing links), and others (e.g., metadata like document
size and the Web domain). This dimension is applied to classifying existing literature
and each category is reviewed in the following. It should be noted that the current
article does not aim to provide an exhaustive review. Readers are referred to Turetken
and Sharda [2007] for a more thorough review.

Semantic content. All popular commercial search engines, such as Google, Yahoo,
and Bing, return search results as a one-dimensional list. For each document on the
list, the title, URL, a snippet, and other information are shown to users [Brin and
Page 1998; McDonald and Chen 2006]. Although it is widely adopted and users are
very familiar with it, such a list does not really utilize any visualization techniques
except some simple color coding. In recent years, popular search engines have tried
to display search results in a more organized way. For example, a search for “Miami”
in Bing would return a page with a box containing some information about the city
(like population, weather, maps, and attractions) above the regular search results. The
same search in Google would result in a list that places a map and some photos of the
Miami city on top.

Many previous studies aimed to organize search results by their content similarities
in order to come up with a better structure for visualization. Traditional information
retrieval research has utilized word tokenization and indexing algorithms to extract
words or phrases from documents in order to represent each document as a “bag of
words” [Salton 1989]. Represented by a vector of term frequencies (or other metrics
based on these frequencies), a document’s similarity can be compared with that of
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another document by using such measures as cosine similarity or Jaccard’s score.
Clustering algorithms can be used to organize these documents into structure which
can be visualized using various paradigms. For example, the Grokker search engine
(which is out of business now) presents search results on a two-dimensional, zoomable
map. The MultiSurf system shows a network of how the search results relate to the
search queries [Hasan et al. 1995]. The NIRVE system presents search results us-
ing two-dimensional and three-dimensional displays [Sebrechts et al. 1999]. Another
search engine Clusty presents clustered search results using a tree structure. The self-
organizing map technique [Roussinov and Ramsey 1998; Chen et al. 1998, 2003] and
the fisheye view [Turetken and Sharda 2004, 2005] also have been used to visualize
Web search results clustered by semantic similarity. Most of these studies have shown
that visualization techniques allow users to perform better in their search tasks.

Connectivity structure. Another way to organize Web documents is to rely on their
connectivity structure [Turetken and Sharda 2007]. While this has been widely applied
to documents within the same Web sites or a set of related sites [Munzner 1998;
Mak et al. 2002; Pirolli et al. 2003], it is seldom applied to Web search results. The
reason is that search results may have only a very few or even no links between
them. The search results can possibly come from different Web sites that are not
directly connected. One system that visualizes the connectivity of search results is the
Fetuccino system developed by IBM [Ben-Shaul et al. 1999]. This system visualizes the
search results as a tree structure. However, this system uses a local search based on
seed URLs, which result in Web documents that are directly connected to each other.
Other similar systems that fall into this category include the Google-enabled Visual
Search (http://www.onlineilink.com/demos/google/), the CI Spider [Chen et al. 2002],
Redips [Chau et al. 2007], and Card-Vis [Mukherjea and Hara 1999]. As mentioned,
the results from a general-purpose search engine like Google are often not connected
and these techniques may not be applied.

Metadata. Besides semantic and connectivity attributes, a document can be repre-
sented by other metadata, such as document length, document type, the domain or site
that the document resides in, the number of links, frequency of search keywords, and
a variety of other metrics [Chau and Chen 2008; McDonald and Chen 2006]. To visual-
ize these multidimensional attributes, multidimensional visualization such as glyphs
could be a good fit for Web search result visualization. Glyphs were first proposed for
visualizing multidimensional data [Chernoff 1973]. In the well-known Chernoff Faces,
different facial features, such as head eccentricity, eye size, nose size, mouth shape,
and mouth length, are used to represent the values of different dimensions of the data
[Chernoff 1973; Scott 1992]. The Chernoff Faces were later extended to include human
body figures [Pflughoeft et al. 2005a, 2005b]. Since the Chernoff Faces were proposed,
various types of glyphs have been developed, such as time-wheels, insects, stars, flow-
ers, trees, castles, pies, surfaces, and polygons, among others [Kleiner and Hartigan
1981; Chuah and Eick 1998; Ebert et al. 1997; Xiong and Donath 1999; Roberts et al.
2002; Fanea et al. 2005; Forsell et al. 2006; Wiza et al. 2003; Cellary et al. 2004].
In general, glyph representations map the value of each attribute of an input tuple
to a visual dimension of the glyph. The use of glyphs in data visualization has been
studied for various types of data, such as economic indicators, weather information,
and text documents, among others [Scott 1992; Rohrer et al. 1998; Sangole and Knopf
2002]. Ward provides a detailed review of different examples of glyphs and proposes a
taxonomy of strategies for placing glyphs in the display [Ward 2002]. All these glyphs
have achieved various levels of success for several reasons. First, glyphs can represent
rich information as a small object; a picture is worth a thousand words. Second, many
glyphs, such as human faces and flowers, are representations that users are familiar
with. Users often find it easy to interact with these glyphs with their innate ability
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[Chernoff 1973]. Third, compared with complex visualization structures such as net-
work displays, glyphs are simple and can be easily understood by users. The different
visual cues in glyphs can represent the values of different parameters based on their
respective scales, allowing users to understand and compare the different attributes
[Pinker 1990]. Fourth, glyphs can be easily integrated with the popular list view. This
can be used to augment the list view that users are already familiar with, rather than
having a new visualization drastically different from the existing paradigm.

Despite the several benefits of glyphs, little research on Web search result visualiza-
tion using glyphs has been reported. Only two studies were identified [Roberts et al.
2002; Cellary et al. 2004]. Polygon glyphs, including rectangles, triangles, and circles,
were used in these studies to visualize the attributes of search results like page size and
number of internal links and external links. One shortcoming is that polygons are not
as intuitive as other glyphs. Some information conveyed by human faces, for example,
cannot be shown by simple polygons. In addition, these displays were not integrated
into the traditional search result list, making it difficult for users in Web searching.
The polygon glyphs were positioned on a two-dimensional or three-dimensional display
which users were less familiar with when compared with the traditional search result
list display. This might have made it difficult for users to work with the display. It
would be desirable to investigate whether glyphs combined with a list-based display
can facilitate users in their Web search process. In addition, no user evaluation was
reported in these two studies. The performance of glyphs in visualizing Web search
results has not been established and evaluated.

3. A DESIGN SCIENCE APPROACH

Based on the preceding review, the objective of this research is to design, develop, and
evaluate an intuitive glyph visualization that can be combined with the traditional
list-based visualization in presenting Web search results. In this research, the design
science approach was adopted as the methodology [March and Smith 1995; Hevner et
al. 2004]. Hevner et al. provide a framework for design science research in the field of
information systems [Hevner et al. 2004]. They propose seven guidelines for conduct-
ing effective and high-quality design science research. While they suggest that these
guidelines should be addressed, they also state that there should be some flexibility
in applying these guidelines. The following discusses how the current research has
followed and addressed these guidelines.

Design as an artifact. Following this guideline, the research aims to design the
visualization metaphor and glyph and develop a system. Both the visualization design
and system are artifacts that address the problem of information overload faced by
many in the information search process on the Web. The design of the artifacts is
discussed in detail in the article, and future research and applications can be built on
them.

Problem relevance. As discussed in the Introduction, the information overload prob-
lem is highly relevant to the decision making process at various managerial levels
in organizations in the information age. The Web provides a lot of useful informa-
tion to management and the effective and efficient use of such information is of high
importance [McGonagle and Vella 1999].

Design evaluation. A design must be evaluated in order to show its usefulness and
quality. Guided by the cognitive fit theory [Vessey 1991; Vessey and Galletta 1991],
an evaluation study was performed using the defeaturing approach, which is a widely
used evaluation framework for visualization systems [Morse et al. 2000]. Details of the
evaluation will be reported in later sections.

Research contributions. This research has two main contributions. First, the research
aims to demonstrate the feasibility and usefulness of applying the glyph visualization
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approach in Web search result visualization. The study fills the research gap due to the
lack of application of glyph visualization techniques in Web search result presentation.
Future visualization research can be built upon the current study. Second, two artifacts
are created, namely the glyph design and the visualization system, and an evaluation
study following a theoretical framework is reported.

Research rigor. This research relies on rigorous elements from multiple fields, in-
cluding information retrieval, human-computer interaction, and system design. Both
the construction and evaluation of the artifact were based upon the knowledge base
from these disciplines.

Design as a search process. The design of techniques for Web search result visual-
ization is a process that searches for a potential solution to the information overload
problem. In early stages of the research, initial feedback is obtained from users and
the design is revised a number of times. The design is iteratively revised in order to
search for the best display that suits the research purpose.

Communication of research. The research is presented in this article in a way that is
accessible to both technology-oriented and management-oriented audiences. Both the
artifacts and the evaluation study are clearly presented and discussed in detail in this
article, such that both can be easily replicated by researchers and practitioners.

4. THE FLOWER METAPHOR

As discussed earlier, glyphs have been widely used in visualizing multidimensional
data. Among the various types of glyphs, the flower glyph is a relatively new metaphor
proposed in visualization research. Xiong and Donath proposed the use of the flower
metaphor for visualizing user interactions in Web message boards [Xiong and Donath
1999]. The flower metaphor has the advantages of being simple and intuitive. It also has
been used to visualize social networks [Lantin and Judelman 2006], DNA sequences
[Van Loocke 2004], and other online communication such as newsgroups [Zhu and
Chen 2001; Zhu 2002].

During earlier stages in the design, various glyphs were considered as the metaphor,
such as human faces, human figures, stars, polygons, books, and flowers. Each of these
glyphs was evaluated by collecting different forms of these images, identifying the
structure that could be used to represent Web document features, and drawing various
forms of the glyph on paper to evaluate suitability. After assessing these glyphs, the
flower metaphor was chosen in this research as an example for several reasons. First,
as shown in previous research, flowers are intuitive and easy to understand [Xiong
and Donath 1999; Lantin and Judelman 2006]. Previous experiments have shown that
users have a higher preference towards such visual display [Zhu 2002]. Second, flower
glyphs have a rich structure which is sufficient for representing a number of features
while not being too complex. It has been shown that the different values represented
by the features of a flower glyph can be distinguished easily [Xiong and Donath 1999].
Such features can represent the most important attributes (such as search keywords,
page quality, and document type) for Web search result documents. This provides a
good cognitive fit with the task of Web information search. Third, the status of a flower,
like booming or withering, can represent the status of a document with a positive or
a negative meaning, which may not be achieved by other glyphs such as a rectangle.
Fourth, flowers have been used for Web forum visualization. It has been shown fea-
sible to apply the flower metaphor to Web-related data and the results reported are
encouraging. Previous study reported that in an experiment setting, participants were
able to perform information retrieval tasks using flower glyphs more effectively and
efficiently [Zhu 2002]. Based on these advantages and review of the literature, it was
decided to design and evaluate the flower glyph for its application in Web search result
visualization.
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Fig. 1. The flower glyph.

Table I. Meaning of the Different Parts of the Flower Glyph

Flower part Representation/Meaning
Petals Number of keywords
Leaves Number of outgoing links
Stem Document length
Supporting ground Number of incoming links

It is important to note that the choice does not imply that other glyphs are not
suitable for this purpose; it only suggests that the flower glyph is a suitable choice
and thus is selected as an example metaphor in this study in order to demonstrate the
usefulness of glyphs.

4.1. Design of the Glyph

Using the flower metaphor, a glyph was designed for the visualization system. The ob-
jective is to design a glyph that can represent several common yet important attributes
of Web documents. The attributes include the frequencies of the search keywords, and
number of incoming links, the number of outgoing links, and document length. The
search keyword frequency shows users how many times a search query term appears
in the Web document under consideration in order to evaluate its possible relevance.
The number of incoming links is also an important feature of a Web document. It has
been suggested that a Web page with more incoming links is usually more authori-
tative such that it is cited by the authors of other Web pages [Brin and Page 1998;
Kleinberg 1998]. Another important feature is the number of outgoing links. This pro-
vides users with information on whether the page is a hub or directory page that is
likely to contain many links pointing to other pages [Kleinberg 1998]. Lastly, document
length is a useful feature that is included in the displays of some commercial search
engines (e.g., Yahoo.com). It shows users how much content is included in the docu-
ment, which allows users to estimate how much time is needed to read the document
and how informative it may be.

These parameters are represented by the different parts of the flower glyph. The
design of the glyph is shown in Figure 1. Based on the nature of flowers and the
characteristics of Web pages, different parts of the flower glyph have been assigned to
represent different attributes of a Web page. The representation scheme is shown in
Table I.

Petals are the most prominent parts of a flower, and therefore have been chosen
to represent the frequencies of keywords because the keywords in a search query are
probably the important attributes in judging the relevance of a document. The number
of different colors for the petals represents the number of keywords input by the user in
the search query. The size of the petals represents the order of the search keyword. The
first keyword is represented by the biggest petals in the outer ring, while subsequent
keywords are smaller. As the different numbers of petals can visually differentiate the
documents from one another [Rodrigues et al. 2007], a user can quickly tell whether a
document in the search result list has more occurrences of one of the search keywords
than other keywords.
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Fig. 2. Two examples of the flower glyphs. After getting familiar with the keys (shown on the right of
the figure), one can easily see that the document represented by the glyph in (a) has more occurrences
of Keyword 1 (more red petals), fewer occurrences of Keyword 2 (fewer yellow petals), similar document
length (similar flower height/stem length), more external outgoing links (more leaves in light green), same
number of internal outgoing links (similar number of leaves in dark green), and more incoming links (a
larger supporting ground) when compared to the glyph in (b).

If more than five keywords are input by the user, only information of the first five
keywords will be included in the flower. Although some information may not be repre-
sented in this case, this is a reasonable choice because of the limited space of the glyph
and the fact that more than 85% of English Web search queries contain no more than
five keywords [Spink et al. 2001]. Otherwise, the display may become too complicated
and cause cognitive overload to the user [Ives 1982].

The colors of petals for the first five keywords are red, yellow, pink, orange, and light
blue, respectively. These colors have been chosen as they are easily distinguishable from
each other, but of course they can be easily revised or customized if needed. Two glyphs
that represent two different Web documents are shown in Figure 2 as examples. In the
glyphs shown in the figure, it can be easily seen that the flower in glyph (a) contains
more red petals, meaning that document (a) has more occurrences of Keyword 1 than
document (b). Similarly, one can see that document (a) has only two occurrences of
Keyword 2 as it has only two yellow petals. The largest number of petals in a single
color which can be displayed in the flower is 45, that is, even if the frequency of a
certain keyword is 60, only 45 petals will be displayed.

Leaves have been chosen to represent the number of outgoing links in a page. One
reason is that leaves are spanning outwards from the flower and become an intuitive
choice for representing outgoing links. More outgoing links, represented by more leaves,
mean that the document of interest is more likely to be a hub or directory page and
contains many links to other useful resources [Kleinberg 1998]. There are two types
of leaves, one in light green color and the other in dark green. The leaves in light
green are larger in size and represent the number of external outlinks (hyperlinks
that point to documents outside the current Web domain) of the corresponding Web
page, whereas the other type of leaves are smaller in size and represent the number of
internal outlinks (hyperlinks that point to documents within the current Web domain)
of the page. External outlinks are represented by the bigger leaves because they are
often more important; internal outlinks are often used for navigational purpose only.
To keep the flower in shape, the maximum number of leaves is set at 12, that is, at
most 12 leaves will be displayed for each type of leaves even if the number of the
corresponding type of links is greater than 12. In the examples in Figure 2, one can see
that document (a) has more external outlinks than document (b), while both documents
have approximately the same number of internal outlinks.

The length of the stem is used to represent the length of the document. A longer stem
represents a longer document. It is reasonable and intuitive to represent a document
with a larger length with a flower with a longer stem, which signals to users that the
document is in fact longer. For instance, the two glyphs in Figure 2 should represent
similar document length. Document length information is shown in the result list in
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Fig. 3. Overview of system architecture.

many commercial search engines (e.g., Google) and can help users judge whether the
document should be explored.

To represent the number of incoming links of a document, the length of the sup-
porting ground has been selected. A large number of incoming links on the Web often
means that a page is more authoritative and is well supported by the authors of other
Web pages [Brin and Page 1998; Kleinberg 1998]. In other words, a larger number of
incoming links often implies larger support and higher authority. Therefore, a longer
(stronger) ground of the flower (e.g., glyph (a) in Figure 2) represents a larger number
of incoming links and thus larger support from the community.

These representations are different from previous flower glyph designs as they have
been specifically designed for Web search result visualization.

4.2. Implementation

The system consists of three main components: query input, processing system, and the
result display. The system was implemented in Java Servlets and Java Server Pages
(JSP). The overview of the architecture is shown in Figure 3.

Query input. The first part of the system consists of a user interface that accepts
search queries from users. The query is checked for syntax errors. If no error is found
the query is then forwarded to the processing system.

Processing system. The processing system contains two subcomponents: a search
agent and a glyph generator. The search agent will parse the query from the user
interface and search for relevant documents on the Web. Instead of maintaining its
own search index, the system uses the Google Web Search API to search for relevant
documents [Google 2006]. After getting Google’s list of the top 10 search results, the
search agent will try to download the full content of these 10 documents in order to
perform further analysis. Ten parallel threads will be created to download the pages
and calculate the features of the page such as the number of keywords and the number
of outgoing links contained in the page. In addition, another call to the Google API is
performed for each document in order to get the count of incoming links [Google 2006].

After the search results and the document information have been obtained, the glyph
generator, written in Java, will be invoked for generating the flower visualization of
the search results. A flower glyph will be produced for each document and the glyph
will be saved as an image file.1

1One might think that such processing could be time consuming. However, in commercial search engines
like Google, all such information is already computed during the indexing phase. No extra time is needed for
such processing (counting of keywords and links) should these search engines adopt this system. The only
time needed is to retrieve and transmit the corresponding glyph images for display, while such images can
be easily cached.
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Fig. 4. Sample search result screenshots of the three displays using the query “Hubble telescope achieve-
ment”: (a) the glyph display: additional information (such as frequencies of keywords, the number of outgoing
links, and the number of inlinks) represented as glyphs; (b) the numeric display: additional information
displayed by numbers only, representing a traditional display; and (c) the combined display: additional
information displayed by both glyphs and numbers.

Result display. The search results returned from the processing system will be sent
to users through their Web browser. The title, snippet, URL, and other relevant in-
formation of each document will be presented to users. The flower glyphs also will be
displayed along with the search results. Users can browse and scroll through the list
of search results just like one would normally do for a regular search engine.

In the design, there are three ways to show the page features to users. The first two
displays are the glyph display which has the flower glyphs and the numeric display
which has the data presented as numbers only. The numeric display is the same as
a standard search engine display, except that numbers are added in order to allow
for a fair comparison. In addition, because the glyphs can be easily integrated with a
traditional list with numeric displays, a third display is used: the combined display
that presents both glyphs and numbers. Other information, such as document titles,
snippets, and URLs, would be displayed in all three systems in a way similar to popular
commercial search engines. Samples of the three displays are shown in Figure 4.

5. PERFORMANCE MEASURES

5.1. Information Tasks and Task Complexity

Because the visualization has been designed to help users with browsing the search
results but not directly related to accuracy of the search results (which are influenced
by other factors such as query understanding, document indexing, and result ranking),
it is more appropriate to evaluate the system with a focus on how it can help users
in browsing the search results. Therefore, a set of low-level visual tasks was used,
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such that features specific to the domain of the visualization application and search
queries could be eliminated. This approach is often known as the defeaturing approach
[Wehrend and Lewis 1990; Morse et al. 2000; Zhu and Chen 2001]. In this approach,
a set of low-level, domain-independent visual tasks are used to examine general and
fundamental steps users perform using an interface when trying to retrieve information
[Wehrend and Lewis 1990; Morse et al. 2000]. Examples of these low-level tasks include
locate, identify, distinguish, emphasize, reveal, categorize, cluster, distribution, rank,
compare, associate, and correlate [Wehrend and Lewis 1990; Morse et al. 2000; Zhou
and Feiner 1998; Xiang et al. 2005]. Using this approach, it would be possible to
evaluate the visualization design independent of the accuracy of the search engines.

These information tasks have different levels of task complexity. In information
processing tasks like Web searching, the task complexity is often affected by factors like
the amount of information cues, the number of processes involved, and the relationship
between information and processes [Wood 1986; Bonner 1994; Campbell 1988; Speier
2006].

The cognitive fit theory [Vessey 1991; Vessey and Galletta 1991] suggests that when
the information presentation format matches with characteristics of the task, users
will achieve better task performance because there is no need for users to transform
the information presented to a different mental model required to solve the task. On the
other hand, when the information presentation format does not match with the task,
users would need to transform the information into a different mental representation
that is required to solve the task. This extra step requires users to spend more time
and cognitive effort, leading to possible errors and lower performance.

Following the cognitive fit theory, previous studies have demonstrated the effect
of task complexity on visualization system performance [Speier and Morris 2003;
Kumar and Benbasat 2004]. For high-complexity tasks, a graphical display often has
the advantages of revealing the relationships between multiple attributes and a graph-
ical display is likely to provide a better cognitive fit. For low-complexity tasks, on the
other hand, a numeric display often has the advantages of showing clearly the ex-
act values of selected attributes and a numeric display is likely to provide a better
cognitive fit. As task complexity is an important variable in evaluating visualization
system performance, two sets of tasks were therefore identified based on the charac-
teristics of Web searching. One set has high task complexity and one has low task
complexity. The set of tasks with low task complexity includes identify, distinguish,
and rank. The set of tasks with high task complexity includes compare, categorize, and
cluster.

The three tasks in the first set have relatively low task complexity because they
mainly involve a small number of given attributes (usually only one) that are relatively
easy to find and compare. These tasks do not require comparing and contrasting a large
number of attributes at the same time and require less information processing. In an
identify task, a user is asked to find an object with a specific property. This task is
important in Web searching because users often need to locate documents with some
particular characteristics such as high quality (reflected by a large number of inlinks)
or high frequencies of a particular search keyword. Similarly, the distinguish task,
which involves finding an item that is unlike other items for a given attribute, also
allows users to quickly identify items that are of particular interest based on certain
properties. For instance, a document with a large number of external outgoing links
should be given more attention if the user is looking for a hub which can provide
pointers to other useful resources. The rank task, which involves ranking items based
on a certain attribute value, allows users to find the items that are more worthy of
further exploration based on particular properties and prioritize their sequence of
viewing the search results.
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The three tasks with high task complexity are also useful for users when sifting
through search results. These three tasks demonstrate high task complexity because
they involve much more processing on the different attributes and more actions are
needed for comparing and grouping items [Wood 1986; Morse et al. 2000; Speier and
Morris 2003]. The compare task, which involves comparing the attributes among items,
is important in Web information searching because this task allows users to compare
the characteristics of different items and decide which items have a higher chance of
being useful (e.g., showing a higher frequency of a search keyword). The other two
tasks, categorize and cluster, are also common tasks that users would perform in Web
searching. The categorize task allows users to assign documents into groups based
on some predefined properties (e.g., with or without a particular keyword) in order to
organize the information collected. The cluster task allows users to group documents
that are similar to each other based on some patterns that may be previously unknown.
Both tasks are useful in allowing users to group similar items together, form a better
overview of the result set, and organize their findings in their information collection
process.

These low-level tasks are often needed for real Web search. A scenario is described in
the following. Suppose a user wants to search for information related to the relationship
between radio waves and brain cancer in order to write a simple essay (e.g., as a course
assignment). The user first submits the query “radio waves and brain cancer” to a
popular search engine like Google and the top ten search results are displayed in the
first result page. The user may simply click on the first result page and get some
background information, but want to explore more on the topic.

The user glances through the metadata of the top ten results and notices that some
Web pages are focused on brain cancer only but do not mention the phrase “radio
waves” frequently. The user decides to first cluster the search results into two groups:
one group with a roughly equal frequency for every keyword and another group with a
main focus on brain cancer only. The user may also want to identify the search results
that contain the word “radio” at least three times. To focus only on search results that
are highly relevant, the user may compare the results and find the one with the most
number of total search keywords. If the user is interested in a detailed Web page, the
user may need to distinguish the search result with the largest document length from
the set of all results.

After reading some Web pages, the user realizes that there are some pages with
misleading information. The user then wants to focus only on search results that are
more authoritative. The user may rank the search results by descending number of
incoming links and in order to estimate the authority of each search results. After
some exploration on these pages, the user decides to find more Web pages to do further
analysis. One way to do this is to categorize the search results into two groups: one
group with a large number of outgoing links and another group with a few outgoing
links only. The user can then visit those Web pages with more outgoing links because
these pages are possibly directory pages that provide pointers to other documents.2

5.2. Key Performance Variables

The key performance variables are accuracy, time, and perceived usability. Accuracy
measures whether users accomplish the information tasks correctly using the display.
Time measures the time spent by users to accomplish the information tasks. As dis-
cussed earlier, it is more appropriate to measure the time and accuracy for performing

2This scenario is artificially designed to contain all the six tasks included in the study. A real search scenario
would probably contain some but not all of these tasks. This scenario is therefore just an example to show
how all these tasks would be useful in satisfying a user’s overall information need.
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low-level information tasks rather than complete search tasks. This allows us to sepa-
rate the performance of the display from the search engine’s performance such as index-
ing accuracy and ranking algorithm. Lastly, users’ perceived usability measures how
users perceive and feel about the system’s usability. All these three measures are com-
monly used measures for information visualization systems [Morse et al. 2000; Zhu and
Chen 2001; Nielsen 2003; Speier and Morris 2003; Ong et al. 2005; Flavian et al. 2006].

6. HYPOTHESES

6.1. High Complexity Tasks

Empirical studies based on the cognitive fit theory have shown that for complex tasks,
users perform better on average with graphical (spatial) displays, which are good at
revealing relationships between different attributes when there is a fit between the
task complexity and the display [Vessey 1991, 1994; Vessey and Galletta 1991; Speier
2006]. In high complexity tasks, users need to examine a large number of attributes and
process the information involved. They also have to compare a large number of items
and process a large amount of information. In these tasks, graphical displays such as
glyphs have been shown helpful in lowering such cognitive demand when compared
with working with numbers only [Kosslyn 1989; Pinker 1990; Lohse 1997], by providing
a good mapping between the presented information to the reality or the user’s mental
model and allowing users to perform comparison more easily [Chernoff 1973; Card et al.
1996; Tufte 1990; Speier 2006]. In addition, it has been suggested that glyphs can more
easily tap into the access to users’ associative, intuitive, and automatic processing of
information [Pflughoeft et al. 2005a, 2005b], thus assisting users in performing tasks
that involve comparison of multiple objects and attributes. Appropriate visual cues
also can help users focus on data that are relevant to accomplishing the task at hand,
thus they can process a smaller amount of information and make better judgments
[Simon 1979; Speier and Morris 2003]. On the other hand, when using the numeric
displays, users would need to put more cognitive effort in memorizing previously seen
information for later comparison. They would need to work with more information,
requiring more working memory, which has limited capability [Miller 1956]. To deal
with cognitive overload, users would spend more time or try to minimize their efforts
by trading off accuracy [Johnson and Payne 1995; Speier 2006]. This would result in
a lower performance (lower accuracy and longer time) with the numeric display than
with the graphical display. Therefore, the following hypotheses are posed.

H1a: Accuracy will be higher with a glyph display than with a numeric display when
task complexity is high.

H1b: Time required will be shorter with a glyph display than with a numeric display
when task complexity is high.

Both the numeric display and the glyph display could have advantages over the other
for different tasks. In order to make use of the advantages of both displays, it is possible
to combine both numbers and glyphs by providing both displays to users in a combined
display. Previous studies have suggested that such integration of visualizations has the
potential to achieve better performance [Xiang et al. 2005]. With the combined display,
users can choose to rely on either the glyphs or the numbers, or both of them, in
performing their tasks. As users try to reduce their efforts in problem solving because
of their limited processing capabilities [Newell and Simon, 1972], they can choose the
presentation that matches their tasks best in the combined display. When compared
with the numeric display, the combined display offers glyphs which are a better fit for
the high complexity tasks. Therefore, we suggest that the combined display would be
able to achieve a higher level of performance than the numeric display in the high
complexity tasks. The following hypotheses are posed.
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H2a: Accuracy will be higher with a combined display than with a numeric display
when task complexity is high.

H2b: Time required will be shorter with a combined display than with a numeric
display when task complexity is high.

When compared with the glyph display, the combined display would show the extra
number, which would not cause too much overload to users. In both displays, users
can rely on the glyphs to accomplish their tasks. Therefore, we suggest that the com-
bined display would achieve the same level of performance as the glyph display and
hypothesized the following.

H3a: There is no significant difference between accuracy with a combined display
and that with a glyph display when task complexity is high.

H3b: There is no significant difference between the time required with a combined
display and that with a glyph display when task complexity is high.

6.2. Low Complexity Tasks

When task complexity is low, only a few attributes and objects need to be examined and
compared [Wood 1986]. Users can easily accomplish their tasks by simply extracting
a few pieces of data. According to the cognitive fit theory and previous studies, nu-
meric display provides a better match with this type of task [Vessey 1991; Vessey and
Galletta 1991; Speier 2006]. As the task complexity is low, a mental mapping between
the display models and the real information is not necessary [Speier and Morris 2003].
On the other hand, in the glyph display, because of the misfit between information
presentation and task, users have to map the features of a glyph to the characteristics
of the corresponding document before they can make any judgment. In addition, visu-
alization systems often may not show sufficient details for users to make judgments
and more effort is required from users for knowing such details [Shneiderman 1996].
These processes for the glyph display would be more error prone and time consuming.
Based on these grounds, the following are hypothesized.

H4a: Accuracy will be higher with a numeric display than with a glyph display when
task complexity is low.

H4b: Time required will be shorter with a numeric display than with a glyph display
when task complexity is low.

Similarly, using a combined display, users can try to use the information presentation
that best fits the given task and choose to make use of the numbers when performing
low complexity tasks. As the numbers can help users finish their tasks quickly, users
can pay less attention to the glyphs despite that they are present. This can save their
time in mapping the glyph model to their mental model. Therefore, we hypothesize the
following.

H5a: Accuracy will be higher with a combined display than with a glyph display
when task complexity is low.

H5b: Time required will be shorter with a combined display than with a glyph display
when task complexity is low.

When compared with the numeric display, the combined display would show the
extra glyphs, which would not cause too much overload to users. In both displays, users
can rely on the numbers to accomplish their tasks. Therefore, we suggest that the
combined display would achieve the same level of performance as the numeric display
and hypothesize as follows.
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H6a: There is no significant difference between the accuracy with a combined display
and with a numeric display when task complexity is low.

H6b: There is no significant difference between the time required with a combined
display and with a numeric display when task complexity is low.

6.3. Perceived Usability

Perceived usability is a measure often used to evaluate how easy it is to use a system
from the user interface perspective [Nielsen 2003; Flavian et al. 2006]. Out of the
three displays, a glyph display has the advantages of being more aesthetic and visually
appealing. It also has the advantages of showing the overview which allows users to
compare between items, and using sharp visual cues which allows users to compare
attributes [Chernoff 1973; Chuah and Eick 1998; Zhu 2002]. A numeric display, on
the other hand, provides concrete numbers for users to work with and is a model with
which users are most familiar.

A combined display brings together the advantages of both glyph and numeric dis-
plays. Users are often more satisfied and find a system more usable when they have
more information as long as it is not overloading [O’Reilly 1980]. In the combined dis-
play, users can choose to use either just the numbers or the glyphs, or both of them when
performing a task, based on the task type and user individual preference. Therefore,
the following are hypothesized.

H7: Users’ perceived usability of the combined display will be higher than that of the
numeric display.

H8: Users’ perceived usability of the combined display will be higher than that of the
glyph display.

In addition, as the numeric display and the glyph display both have their advantages
and disadvantages for different tasks, the following are hypothesized.

H9: There is no significant difference between users’ perceived usability of the glyph
display and that of the numeric display.

7. EVALUATION

This section reports an empirical study conducted to examine the effectiveness and
efficiency of the flower glyph in the visualizer. Three different displays were evaluated
in the study, as discussed earlier.

The following conditions were satisfied in all the three displays in order to make the
evaluation fair: (1) all three displays connected to the same search agent (using the
Google Web Search API and user interface); (2) all of them listed the search results
based on the ranking from the search engine in the form of a list; and (3) all had the
same layout and provided similar functions such as scrolling.

Based on earlier discussion, six tasks were identified for the evaluation. A summary
of the task types and some sample tasks are shown in Table II. It should be noted that
the task complexity here is manipulated; for instance, one could design a rank task
with high task complexity or a cluster task with low complexity. In the evaluation, the
low complexity tasks involving only one to two attributes while the high complexity
tasks require comparing and contrasting three or more attributes.

7.1. Experiment Design

A 3 × 2 design was used in the experiment to test the hypotheses. The two factors were
display (glyph, numeric, or combined) and task complexity (high or low). To reduce the
effect of individual differences, both factors were used as within-subject variables.

Task complexity was manipulated according to earlier discussion. Based on the six
task types identified, four task sets (each with six tasks) were created with different
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Table II. Task Types and Examples

Task
Complexity Task Type Description Example Task
Low Identify Find a document with some

specific properties
Find results with equal frequencies of

the two keywords found.
Distinguish Find a document that is unlike

others for a given attribute
Try to find out the result that is unlike

others in terms of incoming links.
Rank Rank documents based on certain

attribute values
Rank the first 3 results in ascending

order of total number of keywords
found.

High Compare Compare the attributes among
documents

Find the result with the lowest total
keyword frequencies.

Categorize Assign documents into group based
on some predefined attributes

Categorize the results into 2 groups.
One with every attribute value > 0
and the other one with some attribute
value = 0

Cluster Group documents that are similar Which subsets of the documents are
similar?

search topics. Six of the fifty search topics created by the National Institute of Standards
and Technology (NIST) for the TREC-6 ad hoc task were selected and adopted for use
in the context of Web searching. The TREC (Text Retrieval Conference) series has been
sponsored by the NIST and the Defense Advanced Research Projects Agency (DARPA)
to encourage research in information search. The experimental tasks were based on
these TREC topics which have been well-studied and many evaluation results of which
can be found in the literature [Cormack et al. 1998; Singhal 1998]. This provides a
solid foundation and reference framework for the research. The six topics used in the
experiment were Hubble telescope achievement, implant dentistry, radio waves and
brain cancer, undersea fiber optic cable, new fuel sources, and health and computer
terminals. These six topics have been used in previous studies on Web search and
visualization systems [Chau et al. 2001; Chen et al. 2002].

One hundred and seventeen undergraduate subjects were recruited in the experi-
ment. These subjects were randomly selected and their participation was voluntary.
The average age of the subjects was 21.06. The group consisted of 35.0% female and
65.0% male subjects. The majority of subjects (78.6%) gave a response of 5 or above
(out of a 10-point scale with 0 being the lowest and 9 being the highest) when asked
about their familiarity with Web searching. Each participant went through four steps
in the evaluation: (1) introduction and training, (2) demographic information survey,
(3) performing tasks using the systems, and (4) posttest questionnaire survey.

One of the four task sets was first used by the experimenter to help each subject
get familiar with the three displays. Afterwards, each subject was asked to fill in a
pretest demographic survey. The subjects were told that their performance would be
measured by both the accuracy and the time spent for each task. In order to ensure
that they would try their best in the experiment, they were also informed that a prize
incentive (in the form of cash coupons) would be given to the top three participants
with the best performance.

During the main experiment, each subject was asked to perform six tasks (3 with
high complexity and 3 with low complexity) using each of the three displays. A different
task set was used for each display. As there were four task sets in total, each subject
would use each task set exactly once (1 for training and 1 for each of the three displays).
Two measures were collected from each task performed: the average accuracy of the
answers given by the user and the average time required to complete the tasks. The
averages were taken for each task type (high or low complexity). Both accuracy and
time have been widely used in the evaluation of visualization systems [Vessey and
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Table III. Measures of Accuracy and Time Spent with Each Display

Task Accuracy Time (seconds)
Complexity Display N Mean (s.d.) Mean (s.d.)
High Glyph 117 0.738 (0.243) 30.04 (15.61)

Numeric 117 0.678 (0.239) 30.61 (16.22)
Combined 117 0.769 (0.278) 27.98 (15.01)

Low Glyph 117 0.738 (0.273) 18.53 (12.23)
Numeric 117 0.766 (0.271) 16.22 (9.26)
Combined 117 0.758 (0.268) 15.90 (11.04)

All Glyph 234 0.738 (0.184) 24.28 (12.53)
Numeric 234 0.722 (0.195) 23.41 (11.18)
Combined 234 0.764 (0.222) 21.94 (11.58)

Table IV. Results of Pairwise Comparison Tests for Accuracy and Time

Task Wilcoxon Signed Hypothesized Significant
Complexity Comparison DV Rank Test p-value Hypothesis difference? difference found?
High Glyph vs. Numeric Accuracy 0.041 H1a Yes Yes

Time 0.332 H1b Yes No
Combined Accuracy 0.015 H2a Yes Yes
vs. Numeric Time 0.084 H2b Yes Yes
Combined vs. Glyph Accuracy 0.486 H3a No No

Time 0.302 H3b No No
Low Numeric vs. Glyph Accuracy 0.183 H4a Yes No

Time 0.021 H4b Yes Yes
Combined vs. Glyph Accuracy 0.252 H5a Yes No

Time 0.007 H5b Yes Yes
Combined Accuracy 0.644 H6a No No
vs. Numeric Time 0.377 H6b No No

Galletta 1991; Heo and Hirtle 2001; Chau et al. 2001; Xiang et al. 2005; Speier 2006].
The accuracy was judged by two independent judges who went through the answers
given by all subjects. When the two judges had a conflict (which rarely happened, as
most of the tasks had definite answers), they discussed the answers and came up with
an agreed upon judgment.

In order to make sure that the results would not be affected by training effect,
primacy effect, and tiring effect, both the assignment of the task sets to the displays
and the order of the displays used by subjects were rotated in the experiment.

After performing all the tasks, each subject was asked to fill in a posttest question-
naire. The questionnaire was designed to collect the subjects’ demographics information
and measure their perceived usability towards the three displays by eight items. The
questions for measuring these items were designed based on a modified QUIS instru-
ment, which is a robust and widely used instrument for measuring user satisfaction for
computer user interfaces and visualization systems [Chin et al. 1988; Zeng et al. 2003].
For each item, each subject had to choose a value on a 10-point scale, with 0 being least
favored and 9 being most favored. In the last part of the questionnaire, the subjects
were also asked to give open-ended comments about the experiment and the displays.

7.2. Experiment Results

A summary of the accuracy and time measures collected is shown in Table III. First,
hypotheses H1 to H6 were tested by performing data analysis on accuracy and time. The
Kolmogorov-Smirnov test was first conducted on the data and showed that the accuracy
and time data did not follow normal distribution (p < 0.05). Because both accuracy and
time did not satisfy the assumption of pairwise t-tests, the nonparametric Wilcoxon
signed rank tests were performed for pairwise comparisons among the three displays.
The results are shown in Table IV and the charts are shown in Figure 5.
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Fig. 5. Experimental results for accuracy and time.

The experimental results are consistent with hypotheses H1a, H2a, H2b, H3a, H3b,
H4b, H5b, H6a, and H6b. When task complexity was high, the accuracies achieved
by both the combined display (0.769) and the glyph display (0.738) were significantly
better than that of the numeric display (0.678). This supported H1a and H2a. There was
no significant difference between the time spent for the glyph display (30.04 seconds)
and the numeric display (30.61 seconds), but the combined display (27.98 seconds)
performed better than numeric display. The results did not support H1b but supported
H2b.

There was no significant difference between the accuracies and time spent achieved
by the glyph display and the combined display. The results did not reject hypotheses
H3a and H3b.

When task complexity was low, there is no significant difference between the ac-
curacies of the combined display (0.758), the numeric display (0.766), and the glyph
display (0.738). H4a and H5a were not supported. One possible reason is that the low
complexity tasks were fairly easy and most participants, regardless of what display
they used, were able to achieve the same level of accuracy.

The average times spent by subjects for the low complexity tasks with the numeric
display (15.22 seconds) and the combined display (15.90 seconds) were significantly
better than that of the glyph display (18.53 seconds). Both H4b and H5b were
supported. For low complexity tasks, the numbers available in both the numeric
display and the combined display match with the characteristics of the task and
therefore subjects finish the task more efficiently as predicted by cognitive fit theory.
When using the glyph display, subjects had to perform the mental mapping of the
visualization to the real-world data and to examine the attributes using visual cues.
This resulted in more time spent in accomplishing the tasks. There was no significant
difference between the accuracy and the time spent with combined display and the
numeric display, and the result was consistent with H6a and H6b.
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Table V. Perceived Usability

Perceived Usability
Display N Mean (s.d.)
Glyph 117 4.10 (1.57)
Numeric 117 5.71 (1.22)
Combined 117 6.54 (1.36)

Table VI. Results of t-Tests for Perceived Usability

t-test Hypothesized Significant
DV Comparison p-value Hypothesis difference? difference found?
Perceived Usability Combined vs. Glyph <0.001 H7 Yes Yes

Combined vs. Numeric <0.001 H8 Yes Yes
Numeric vs. Glyph <0.001 H9 No Yes

Table VII. Summary of Hypothesis Testing Result

Hypothesis (> denotes
perform better than; Pairwise Significant

Task = denotes no difference Comparison Hypothesized difference
Hypothesis Complexity in performance) Measures p-value difference? found?
H1a High Glyph > Numeric Accuracy 0.041 Yes Yes
H1b Time 0.332 Yes No
H2a Combined > Numeric Accuracy 0.015 Yes Yes
H2b Time 0.084 Yes Yes
H3a Combined = Glyph Accuracy 0.486 No No
H3b Time 0.302 No No
H4a Low Numeric > Glyph Accuracy 0.183 Yes No
H4b Time 0.021 Yes Yes
H5a Combined > Glyph Accuracy 0.252 Yes No
H5b Time 0.007 Yes Yes
H6a Combined = Numeric Accuracy 0.644 No No
H6b Time 0.377 No No
H7 All Combined > Numeric Perceived Usability <0.001 Yes Yes
H8 Combined > Glyph Perceived Usability <0.001 Yes Yes
H9 Numeric = Glyph Perceived Usability <0.001 No Yes

The data collected from the posttest questionnaires were analyzed to test hypothe-
ses H7 to H9.3 The reliability of the instrument was first validated by calculating
Cronbach’s alpha. The alpha value of perceived usability is 0.905, showing that the
construct is highly reliable. The questionnaire data on perceived usability are sum-
marized in Table V. The Kolmogorov-Smirnov test was conducted on the perceived
usability and showed that the data do not depart from normal distribution (p > 0.650).
Pairwise t-tests were performed and the results are shown in Table VI.

H7 and H8 were both supported. In other words, the subjects demonstrated a higher
perceived usability (6.54/9.00) towards the combined display when compared with the
other two displays. One possible reason for the preference towards the combined display
was that the subjects liked to have access to both numbers and glyphs and felt that they
were in more control in this case. The data also showed a higher perceived usability
towards the numeric display (5.71) and the glyph display (4.10) and did not support
H9. A summary of all hypothesis testing results is shown in Table VII.

3In the experiment, each participant filled in one usability questionnaire for the three designs, without a
separation on high complexity and low complexity tasks. Therefore, it was not possible to analyze the results
on perceived usability separately according to different levels of task complexity due to the experiment
design.
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8. DISCUSSIONS

8.1. Summary of Findings

The experimental results were encouraging. Overall, it was found that both the glyph
display and the numeric display have their own strengths and weaknesses. In general,
the glyph display performed better for high complexity tasks and the numeric display
performed better for low complexity tasks. These results were in accordance with the
findings of previous studies that glyphs are especially effective at tasks which involve
examining and comparing a large number of items and attributes [Chernoff 1973;
Chuah and Eick 1997, 1998].

The results also showed that the performance of the combined display was better
than the numeric display for high complexity tasks, and was better than the glyph
display for low complexity tasks. In addition, users preferred the combined display
to the other two displays in terms of perceived usability (H7 and H8). Combining
all factors, the combined display appeared to be the best. One may intuitively think
that the combined display would always perform better than the other two displays
as more information is available. However, it was noticed that the combined display
sometimes performed worse. The only difference between the combined display and
the numeric display is that the former contains more information: the flower glyphs.
For high complexity tasks, the glyphs were useful and helped the combined display
to achieve a better accuracy than the numeric display. However, for low complexity
tasks, the glyphs provided extra visualization for the users to process, and sometimes
distracted users.

Because Web search often involves both high complexity and low complexity tasks
and it is impractical to separate them during a user’s information search session, it
is difficult to decide when one display should be strictly preferred to another. One
possible way to incorporate glyphs into Web search system is to let users have a choice
on whether they would like to see numbers only (a traditional display), glyphs only, or
both, that is, the three displays tested in the study. This would allow users to select
what they are most comfortable with. These suggestions could possibly be applied to
other visualization systems in which multiple displays can be used [Chen et al. 2003;
Speier and Morris 2003; Xiang et al. 2005], but further testing would be needed.

Another suggestion is that the metaphor used for the glyph should be customizable by
users. Although a flower glyph was designed and used in the study, it is also possible
to design and implement other glyphs. As stated by one subject in the open-ended
comments in the posttest questionnaire, it would be desirable to use various different
types of glyphs and allow users to select their glyphs according to their preferences.
For example, one user may choose the flower glyphs while another may choose human
faces or other metaphors.

The findings also have important practical implications. The results have demon-
strated that visualization techniques such as glyphs can help users in satisfying their
information needs for certain tasks. However, as discussed, the adoption of visualiza-
tion in commercial search engines such as Google or Yahoo is still wanting. Web search
engine companies should put more resources in designing and evaluating different
visualization techniques and deploy the ones that are helpful. As these search engines
have already computed these metadata in their indexing process, the overhead cost of
using such a display is very small. As users perceive better user satisfaction and us-
ability with these techniques, the search engine may be able to draw more customers
and traffic to their sites and thus more revenue. Based on the findings, a combined
display would be helpful for users. It is also desirable to investigate under what cir-
cumstances such display should be used. It would be good to make it as an optional
rather than a compulsory setting, such that users who do not like such display can use
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the simple text display. The improved user interface for search result display will also
help managers and decision makers in their information search tasks.

8.2. Limitations of the Study

While the results of the study are encouraging, a few limitations of the study should
be noted when interpreting the findings. First, only the flower glyphs were used in
the study. Although we believe the findings are generalizable, caution should be taken
when applying the results to other glyphs, such as faces, stars, and polygons, in the
Web searching context. More studies would be needed.

Some of the design choices, such as the maximum number of links and the maximum
frequencies of each keyword that can be represented by the glyphs, were decided based
on design and display constraints and the characteristics of Web pages used for testing.
This may not be applicable to Web pages with different characteristics, for example, a
set of Web pages all having a large number of outgoing links. It is possible that differ-
ent design choices may affect the performance of the proposed display. A mechanism
to dynamically adjust the maximum numbers of links or keyword frequency will be
desirable. Further testing on the optimal numbers of links will also help improve the
display.

Another limitation of this study is that a small sample of student subjects in a single
city was used in the experiment. These undergraduate subjects could be possibly more
familiar with computer graphic displays (e.g., video games) than other populations.
The average age of the subjects was only slightly above 21, which could be different
from the average age of Web users. The gender ratio is not perfectly balanced. Cultural
differences may also affect the generalizability of the findings, as people with different
cultures may have different perceptions towards visualization systems and user inter-
face design [Marcus and Gould 2000]. The results of this study may not generalize well
to other populations. The findings should be interpreted with caution when applying
to a larger and broader population, and more studies would be needed in this aspect.

9. CONCLUSIONS

In this article, we have reported research on designing, implementing, and evaluating
a flower glyph for information search on the Web. This study has several important
contributions. Using a design science approach, two artifacts were created, namely
a flower glyph design and a Web search visualization system based on glyphs. This
instantiation is a new design which is different from previous research using flower
glyphs. The study has addressed the lack of research and practical systems in the area
and demonstrated the feasibility and strengths of the design. In addition, a system-
atic user evaluation on the artifacts was reported. The results suggest that a display
that combines both numbers and glyphs would be the most appropriate, while users
should also be given choices on what kind of display and what kind of glyph are to be
used based on their preferences. With the continuous growth of the Web, this study
sheds light on how Web search engines and visualization systems could be further im-
proved in order to help managers and other decision makers in their information search
processes.

One direction for future work would be to expand the evaluation study in order
to address some of the limitations outlined earlier. Besides having a larger sample
size, some potential variables, such as individual differences, cultural differences, user
mathematical ability, and user spatial ability [Speier and Morris 2003], should be inves-
tigated. This could provide insights on how glyphs should be designed for individuals
with different abilities and backgrounds.

It would also be interesting to customize the display for different types of queries.
For example, for a search query that contains a phrase (i.e., multiple words enclosed
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by double quotations that require the words to appear consecutively), the glyph can be
customized such that each petal represents a phrase instead of a single word. In many
situations, it would also be desirable to remove stop-terms (such as “to” and “of”) from
the display unless the user has explicitly specified that these terms are needed. The
incorporation of these options should be considered when adopting the display.

Another research direction is to explore the design of glyphs and its effect on user
performance. The number of features included in the current design could be increased
or decreased. More evaluation will be needed to find out the desirable balance between
information richness and simplicity. Moreover, while the flower metaphor is used in
the design, other metaphors may perform equally well or even better. For example,
Chernoff ’s faces have the advantage of being easily processed by humans [Chernoff
1973], while a book metaphor has the advantage of being a closer mapping with user’s
mental models of documents and reading [Card et al. 1996]. What would be the effect of
glyph design on user performance? This would be an interesting question to investigate.

Another possible direction for future research is to study how glyphs should be
positioned in a search result display. In the current study, the glyphs are listed on
the right side of the search results in the display. One limitation is that users have to
scroll up and down in order to see all the glyphs. This may require more effort from
users to make comparisons between different items. In addition, when the number
of top search results is not 10 (e.g., 5 or 20), some of the findings of this article may
be affected. Previous research has tried to design displays, called garden, where a
larger number of flower glyphs are visible without any scrolling [Xiong and Donath
1999; Zhu and Chen 2001]. It would be interesting to study the performance of a Web
document garden by displaying different numbers of search results and combining
glyph visualization and document clustering techniques.

In recent years, a quickly increasing number of Web searches are being conducted
on devices with small screens, such as mobile phones. The display of search results
on these displays has become an interesting research problem as well. One possible
extension of the present research is to investigate how visualization techniques can
be used to display search results on small screens, for example, by summarizing and
aggregating search results into glyphs.
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