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Abstract

Although Web search has become the primary means by which people find and

access information on the Web, the interfaces used by the top Web search en-

gines have changed very little since the early days of the Web. Little support

is provided for the tasks of crafting and refining queries, and subsequently

exploring search results sets. The goal of this research is to explore meth-

ods by which interactive visualization can be used to support Web searchers.

A novel paradigm is presented that highlights the use of subject knowledge

to support interactive query refinement and interactive search results explo-

ration. Four prototype systems are presented that represent an exploration

of the design space. VisiQ provides a visual representation of a query, sup-

porting interactive query refinement. HotMap provides a visual representation

query term frequencies in the top search results, supporting interactive search

results exploration. Concept Highlighter uses concept information as a means

for exploring the search results. WordBars generates a term frequency his-

togram, supporting both interactive query refinement and interactive search

results exploration. In general, the evaluations conducted on these systems

produced very positive results. This research highlights the benefits of in-

teractive visualization for Web information retrieval; the prototype systems

represent instances of next-generation Web search systems that allow the user

to take a more active involvement in the Web search process.
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Chapter 1

Introduction

1.1 Motivation

While it is clear that significant effort has gone into creating Web search

engines that can index billions of documents and return the search results

in fractions of a second [13, 23], the methods by which users craft queries, and

the techniques used to present the search results to the users have remained

essentially unchanged since the early days of Web search. Commonly, users

simply type their query terms in a box and click the search button; the search

results generated from a user’s query are presented in a list-based format, with

each document surrogate being represented by its title, a snippet containing

the query terms in context from the source document, and the URL of the

document.

Studies of Web search user behaviour have shown that a large portion of

Web search queries consist of only one to three terms [48, 93]. These short

queries provide an indication that users of Web search engines often have diffi-

culties crafting queries that accurately reflect their information needs. Clearly,

most Web search engines provide little support for users as they attempt to

1



CHAPTER 1. INTRODUCTION 2

construct and reformulate their queries; it is up to the user to decide which

terms to use (both initially and during query reformulation), and manually

add or remove these terms from the query. As a result of this lack of support,

Web searchers seldom make subsequent modifications to their queries [89, 93].

Even if the users are able to effectively craft a query, few consider more

than three pages worth of search results [89, 93]. Spink et al. noted that

“the public has a low tolerance of going in depth through what is retrieved”

[93]. This low tolerance may be attributed to the static representations of Web

search results that are common in Web search engines. These require the users

to consider each document surrogate individually, and to some degree, in the

order provided. Most Web search engines provide little ability to manipulate

or explore the search results.

The goal for this research is to address the fundamental issues related

to these shortcomings of the current Web search engines by establishing a

new paradigm for visual and interactive Web search. Through the proposed

novel visual models, a set of prototype systems were developed for interactive

Web search that allow users to take a more active role within the information

retrieval process. The ability for users to explore and interact with their queries

and the corresponding search results represents a step towards Yao’s vision for

Web information retrieval support systems [118].

This research acknowledges that human decision making is fundamentally

important as users attempt to craft queries that capture their information

needs, and as they attempt to locate documents that are relevant and useful.

The development of next-generation Web search engines (of which this research

is a part) will have a significant impact on how people will search for and find

information in the future.



CHAPTER 1. INTRODUCTION 3

1.2 Web Search Challenges

In order to illustrate the challenges Web searchers face in crafting a query and

evaluating the results of their Web searches, a hypothetical search scenario

using the Google search engine is provided. Suppose a user wishes to find

information related to “clustering algorithms”. They may start by providing

this phrase to the Google search engine.

As a result of this query, Google returns the first ten document surrogates

from the nearly five million that match the query (see Figure 1.1a). The

normal procedure at this point is for the user to start viewing documents that

they think are relevant to their information need. Although the list-based

representation provides the search results in a simple and intuitive manner for

determining the relevance of individual document surrogates, it promotes a

sequential evaluation of the document surrogates.

As such, it is common for a user to consider the document surrogates one-

by-one, until one of the following three conditions are satisfied. The user may

find enough relevant documents to successfully satisfy their information need.

If few relevant documents are found, the user may decide to modify their query

to generate a new set of search results; or they may give up on finding relevant

documents for their current information need.

Of particular interest in this research are the two situations that are com-

mon when few relevant documents are found. Can a Web search system sup-

port the users in refining their queries? Can a Web search system assist the

users in finding relevant documents that are buried deep in the search results,

and thereby satisfy their information needs, rather than giving up?

In this example on “clustering algorithms”, although there are a number of

highly relevant documents on the general topic, the query is clearly too vague
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(a) Initial query

(b) Reformulated query

Figure 1.1: An illustrative example of using the Google search engine for
refining a query and finding relevant documents.
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to find useful and detailed information on the topic. Commonly, the next step

would be to attempt to craft a more specific query. However, the only support

for this process provided by Google is the availability of the query box at the

top of each search results page. It is up to the user to decide which terms to

add or remove from the query in order to construct a more effective description

of their information needs. Further, they must manually type these new terms

into the query box.

As the user reviews the list of document surrogates in the search results,

as well as the source documents identified as relevant to the topic, they may

identify the use of certain other terms that could be relevant to their informa-

tion needs. One such term may be “hierarchical”. After typing that term at

the end of their query, a new set of search results is provided (see Figure 1.1b).

As with the previous set of search results, the list based representation

promotes a sequential evaluation of the results from this new query. Although

it may be possible for the user to satisfy their information needs based on

the results from this more specific query, the users may wish to continue to

reformulate their query to focus on a more specific aspect on the topic. To do

so, they must again manually add or remove terms from their query, and then

consider the search results in the order provided.

What is clear from this example is that the Google search engine provides

little if any support for the users as they reformulate their queries to more

accurately capture their information needs. Further, there is no ability to

interactively explore the results of a search using Google; the search results

must be considered one-by-one, and to some degree, in the order provided. The

goal of this research is to explore methods by which interactive visualization

can be used to support the users in their Web information retrieval tasks,

and to further understand the potential benefits these visual and interactive
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systems can provide to the users.

1.3 Approach

In this research, a structured approach has been employed to address the

fundamental issues related to the shortcomings of the current state-of-the-art

Web search interface technology. The first step in this approach has been to

identify the problems and difficulties Web searchers may have with current

Web search engines. These problems have been highlighted in the previous

Section.

In the second stage of this research, a survey of the current methods for

providing visual and interactive support for Web search tasks was conducted.

In addition, models for information visualization and interaction were investi-

gated. The results of this survey and investigation are provided in Chapter 2.

The third stage of this research was to assess the current state of technology

for supporting Web information retrieval. This included analysing methods for

query expansion as well as techniques for exploring and clustering Web search

results. Based on this analysis, a new paradigm for Web information retrieval

has been proposed that supports interactive query refinement and interactive

search results exploration processes, with the goal of assisting users in fulfilling

their information needs. This information is provided in Chapter 3.

Two different sources of subject knowledge were identified as being avail-

able to support the processes of interactive query refinement and interactive

search results exploration: conceptual information from an external knowledge

base, and supplemental information extracted from the document surrogates

among the top search results of the current query. A concept knowledge base

was developed in order to store concept information about computer science
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Table 1.1: The design space explored in this research.
Information Available

Concept Information Top Search Results

Task

Query
VisiQ WordBars

Refinement
Search Results

Concept Highlighter
HotMap

Exploration WordBars

topics collected from the ACM Computing Classification System [1]. The top

100 search results were collected from the Google API [27] to form the basis for

the search results-based methods. Although this research has focused on using

only these two sources of information, others are available including Wikipedia

[111] and The Open Directory Project [62] for the the concept information,

and Yahoo! [116] or a traditional information retrieval system such as Apache

Lucene [5] for the search results-based techniques.

A classification of the design space was identified, based on two dimen-

sions: the tasks the users perform, and the information that is available (see

Table 1.1). A design-oriented research methodology was employed to investi-

gate the design space [20]. In this research methodology, knowledge discovery

is the main contribution; this knowledge comes from the design and study of

prototype systems which address problems or challenges within the research

domain. This process is in contrast to research-oriented design, in which the

main focus is product development. The outcomes of this design work are

described in Chapters 4 (focusing on interactive query refinement) and 5 (fo-

cusing on interactive search results exploration).

Where appropriate, empirical evaluations were conducted with users in

order to validate the design decisions and hypotheses made regarding the use

of visualization and interaction to support Web search tasks. In addition, the

methods used in HotMap and Concept Highlighter were analysed to determine
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the potential effectiveness for improving user performance. The results of

the experiments and evaluations conducted using the prototype systems are

provided in Chapter 6.

This dissertation concludes with a summary of the research activities, a

list of the contributions of this research, and an overview of future work in

Chapter 7.

1.4 Contributions

One of the fundamental contributions of this research is the new paradigm

for interactive Web search that extends the traditional model for Web search

to support visualization and a high degree of interaction. This paradigm has

formed the corner-stone for exploring methods for providing support for the

users’ Web search tasks through the use of visualization and interaction tech-

niques.

In exploring the various types of subject knowledge available upon which

to support the primary Web search tasks, a concept knowledge base was devel-

oped that followed conceptual semantic theories [24]. This concept knowledge

base was used to support interactive query refinement and interactive search

results exploration in two of the prototype systems developed in this research.

This contribution breaks form the norm of using thesaurus-based knowledge

bases to support information retrieval processes.

In order to explore the design space, four different prototype systems were

developed. The VisiQ system (see Figure 1.2) uses the concept knowledge base

to support interactive query refinement processes. A visual representation of

the query space is provided, which allows the users to interactively refine the

query and determine the potential outcomes of their refinement through a
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Figure 1.2: A screenshot of the VisiQ system supporting interactive query
refinement.

Figure 1.3: A screenshot of the WordBars system supporting interactive query
refinement and interactive search results exploration.
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Figure 1.4: A screenshot of the HotMap system supporting interactive search
results exploration.

Figure 1.5: A screenshot of the Concept Highlighter system supporting inter-
active search results exploration.
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preview of the search results.

WordBars (see Figure 1.3) uses a term frequency histogram generated from

the top 100 search results for an initial query. This system supports the users

in both the interactive query refinement process and the interactive search

results exploration process. Users can select terms in the histogram to re-sort

the search results based on their use within the search results. They can also

use the histogram to select terms to add or remove from their query.

HotMap (see Figure 1.4) uses a colour-coded grid representation of the

query term frequencies, which is represented at two levels of detail. The

overview map supports a visual inspection of all 100 documents in the top

search results; the document list window supports a detailed view of specific

document surrogates. Nested sorting features are provided to support inter-

active search results exploration.

Concept Highlighter (see Figure 1.5) uses the concept knowledge base to

provide a list of concepts that are relevant to the users’ queries, along with the

top 100 search results. The users are able to select concepts that are relevant,

resulting in a re-sorting of the search results based on a single-pass fuzzy

clustering algorithm. This supports a two-phase interactive search results

exploration process.

As a result of the user-based evaluations of these systems, the fundamental

hypotheses that visualization and interaction methods can be used to effec-

tively support users as they conduct their Web search tasks is supported.

Some of the techniques designed and studied in this research proved to be

very effective in assisting the users to find relevant document surrogates from

among the search results. This contributes greatly to the body of knowledge

regarding the effective use of visualization and interaction features to support

human-centric tasks.
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An added contribution of this research is in the evaluation methodologies

used to study the effectiveness of the prototypes developed in the course of

this research. In the studies on HotMap and Concept Highlighter a number

of new metrics are presented to measure the effectiveness of participants in

finding relevant documents using the systems under evaluation. In addition,

a categorization of the error types and their severity is used. In the study on

WordBars, novel methods for making a baseline comparison, and for ranking

the effectiveness of the features of the system are employed.

This dissertation contains sections that have been previously been pub-

lished during the course of this research. The underlying model for interactive

Web information retrieval was presented in [40]. The concept knowledge base

(Section 4.2) was first published in [43]. The VisiQ system (Section 4.2) was

introduced in [44]. The HotMap system (Section 5.2) was introduced in [41].

The Concept Highlighter system (Section 5.3) was introduced in [42]. The co-

ordinated views in HotMap and Concept Highlighter were discussed in [38], and

the results of the preliminary user evaluations of these systems (Sections 6.3

and 6.5) were presented in [37]. The WordBars system (Sections 4.3 and 5.4)

was introduced in [39].



Chapter 2

Visualization and Interaction

2.1 Fundamentals

Information visualization is a technique for creating graphical representations

of abstract data or concepts [110]. Moreover, information visualization pro-

motes a cognitive activity in which users are able to gain understanding or

insight into the data being graphically displayed by taking advantage of hu-

man visual information processing capabilities [91]. In essence, information

visualization provides a link between the human vision system and computer

systems [122], with the end result being an amplification of cognition [14].

At the most basic level, information visualization techniques are used when

one draws graphs to visually represent data sets. However, when these data

sets are large, high-dimensional, or complex, generating useful visual repre-

sentations can become a challenging problem. In general, information visual-

ization techniques allow the display of large or complex sets of abstract data

in a coherent manner, allowing the viewer to compare and explore the data

visually [104].

When graphically representing abstract objects in a visual representation,

13
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there are a number of visual features that are available for representing the

various dimensions or attributes of the data. These include spatial location,

colour, shape, and orientation, among others. Care must be taken to select

and use visual features that can be easily decoded and understood by the

viewer. For example, while the spatial location and colour of an object can be

perceptually separated to represent multiple dimensions in the information,

this cannot be done as easily with the shape and orientation of a glyph [110].

Readers interested in the human perception system and its relevance to in-

formation visualization are directed to Ware’s excellent book on the subject

[110].

When designing any information visualization system, careful considera-

tion and restraint must be employed so as to not overload the viewers with

unnecessary visual complexity that is difficult to perceive and interpret. Tufte

recommends a design strategy of the smallest effective difference: “make all

visual distinctions as subtle as possible, but still clear and effective” [103].

The use of colour often poses an especially challenging dilemma. Although

colour is an extremely valuable tool for encoding information within a visual

display, the overuse of colour has the effect of becoming noise within the in-

formation display. As noted by Tufte, the end result of the overuse of strong

colours is a “visual war with the heavily encoded information” [102]. Design

principles such as those suggested by Tufte [103, 102, 104] are of value, as is

an understanding of colour theory [98, 110].

A useful colour theory that has a direct implication for the use of colour in

information visualization systems is the opponent process theory [110]. This

theory proposes that there are six elementary colours which are arranged per-

ceptually as opponent pairs along three axes: black-white (luminance), red-

green, and yellow-blue (see Figure 2.1) [36]. Varying the colours monotonically
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Red Green

Blue

Yellow

Black White

Figure 2.1: Opponent process theory of colour perception.

on one or more of the chromatic channels can produce a perceptually ordered

colour scale (a feature which is not present in the rainbow colour scale, for

example) [102, 110]. In addition to playing a vital role in perceiving depth,

motion, and form, the luminance channel can also be valuable in making dis-

tinctions between values in an information display.

In order to further aid in the cognition supported by a good visual represen-

tation, the interactive manipulation of the visual representations is an integral

part of any information visualization system [14]. Clearly, one of the great

benefits of computer-generated visualizations are that they allow the users to

interact with and manipulate the information being graphically represented.

However, as with any interactive system, there is a challenge in ensuring that

the users remain in control, and that the system provides effective feedback
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that reflects the results of the user’s actions [8]. As such, when discussing any

visualization technique, the methods by which the user can interact with and

manipulate the graphical representation are important in understanding how

the information visualization system can support the users in conducting their

tasks.

While the techniques for information visualization are as numerous as the

types of data sets they graphically describe, this Chapter is constrained to

information visualization techniques that have been applied to information

retrieval systems, and in particular to those that support the visualization of

queries and search results, both of which primarily contain textual data. The

visualization of such unstructured or semi-structured data is difficult due to the

lack of well-defined features upon which to base the visual representation [122].

Often, there is a need to identify features within the data and to construct

data structures which support graphical representations.

Although many of the systems discussed in the remainder of this Chapter

are designed around traditional information retrieval systems, the primary

interest in this dissertation is whether and how these techniques can be applied

to Web search. As such, each technique is critiqued with respect to its utility

for supporting Web search tasks.

2.2 Query Visualization

The application of information visualization to queries has primarily been

focused on the visualization of Boolean queries [51, 119, 4, 94]. This research

in supporting Boolean queries addresses the great difficulties many users have

with crafting correctly specified queries of this type [33]. In the context of

visualizing free text queries, very little work has been done. For example, in
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Zhu and Chen’s survey of information visualization techniques for unstructured

textual documents [122], the only mention of visual techniques for supporting

query specification was through the use of subject hierarchies as a means for

suggesting appropriate query terms. However, no specific examples were cited.

Two systems that do provide visual representations of text queries are

those by Stojanovic and Joho. Stojanovic [95, 97] visually represents the cur-

rent query within the context of its neighbour queries using a simple box layout

(see Figure 2.2). Navigating within this query space can allow the users to

express their information needs more precisely. Although the visual repre-

sentation of the query space is secondary to the techniques for determining

neighbour queries, a visual representation of the query space provides a mean-

ingful organization of candidate queries. However, a requirement of this work

is that the corpus being search be represented as an annotated information

repository. Since this additional information is not available in the common

Web search indexes, the applicability of this approach to Web search is limited.

Joho [49, 50] uses a menu structure to visually represent a hierarchy of

terms to add to a query in an interactive query expansion system (see Fig-

ure 2.3). In this work, hierarchies are automatically generated based on the

co-occurrence of terms within a set of retrieved documents [87]. Although this

work addresses the problems of the simple list-based representation of poten-

tial query terms, it requires that a number of documents returned from the

initial search be retrieved in their entirety. For Web search, this may result

in the system introducing a significant delay for the users, which is contrary

to the preferences of Web users for fast Web search engines [28]. Further, al-

though the visual presentation of candidate query terms is superior to a simple

list-base representation, it results in candidate query terms being hidden from

view until the user navigates to the appropriate location.
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query. Define which part of the query is missing in the 
smallest equivalent query” 

For each of parameters query term(s) which effects the 
ambiguity most importantly are determined. In that way a 
user receives as much as specific suggestions.  

The current version of the Query Map module (see 
Section 3.3) allows a user to navigate through query 
neighbourhood. By clicking on a neighbour the focus 
of the map is changed and all parameters are calculated 
for that query. In that manner a user can inspect the 
queries around the initial query in order to find most 
suitable refinement. This process is called querying by 
navigation [2]. 

Figure 2. Query neighborhood for the query “Prof. 
and Project and KM” for the repository represented 

in the Figure 1. This representation reflects all 
features mentioned in motivating example as useful 

for the query refinement. 

4. A Way to Calculate the Query’s 

Neighbourhood 

By using the formal concept analysis  (FCA) [6] an 
annotated knowledge repository aKR=(O, M, ann) can be 
treated as the formal context, where O represents a set of 
objects, M a set of attributes and ann is a binary relation 
between the objects and the attributes (G, M and I in the 
FCA terminology, respectively). A formal concept of a 

formal context (G, M, I) is a pair (A, B) where A ⊆ G, B 

⊆ M, A = B’= {g ∈ G | ∀m ∈ B: (g,m) ∈ I} and B= A’ = 

{m ∈ M | ∀g ∈A: (g,m) ∈ I}. It is clear from definition 3 
that a query ),( yx OMQ = of our repository satisfies only 

a part of this definition of the concept, 

i.e. )},()({' moannMmOoMO xxy →∈∀∈== .

Consequently, we cannot directly reuse all the results 
accumulated in the last twenty years in the concept lattice 
theory. However, if we consider the relation structural 
equivalence (=) over the set Q(aKR), (see Definition 4) as 

an equivalence relation and for each equivalency class

containing aQ  we define equivalence class 

representatives as the maxaQ , i.e. the largest equivalent 

query of aQ , then each query Q from Q(aKR) can be 

uniquely mapped into a formal concept represented as its 

largest equivalent query maxQ .  Indeed, a structure which 

contains only the largest equivalent queries, 

),( maxmaxmax yx OMQ =  given in (7), satisfies both 

conditions for a formal concept, i.e. 'maxmax xy MO =   and 

'maxmax yx OM = . Since a lot of relations for a query are 

defined on the set of its object_terms (which is unique for 
all equivalent queries), such properties can be calculated 
using the methods provided by FCA. In that way we can 
reuse efficient algorithms developed in the FCA 
community. For example, the set of direct_parent of a 

query aQ is equivalent to the set of direct_parent of the 

maxaQ , which can be calculated using FCA as proposed 

in [13]: →<= bdiryaxaa Q)O,M(Q     

    }O/Og'})'g{O(,})'g{O{((Q yayayab ∈∪∪∈ .

Finding the set of direct_child is a dual problem. The 
time complexity of the described methods is proportional 
to ||O||.p, where p is the average number of the parents of 
a query, which is usually proportional to the size of the 
query’s properties (node’s intent) [13]. Using Theorems 
3, 4 and 5 (i.e. Corollaries 2 and 3) we can interpret the 
calculations of other relations of a query using the set of 
direct_parent and direct_child, so that the efficient 
methods from FCA can be used in these cases as well. For 

example, the specialisation of the query aQ  given in 

Theorem 3 can be calculated as:  

∧∪∈ }'})'{{()',''{( gMxxx xa

}OlM/Mg}})'l})'g{M{(({x xaxa ∈∧∈∧∪∪∪∉

As in the previous case, the ambiguity parameters can 
be calculated using formulas which depend on the given 
query (i.e. not on the largest equivalent query). For 
example, the smallest equivalent query for the 

)O,M(Q yaxaa = is the set 

)}/'})'{{(({ xaxaxa MMggMM ∈∪∩× .

Due to the lack of space we omit here the FCA 
interpretation of all mentioned structural ambiguity 
parameters. 

The efficient algorithms for calculating the FCA 
parameters, which we use in interpreting structural 
ambiguity, can be found in the systems TOSCANA and 
Anaconada [14].  

5. Evaluation 

The research presented in this paper is a part of the 
Librarian Agent, a management system we have 

Proceedings of the IEEE/WIC International Conference on Web Intelligence (WI’03) 

0-7695-1932-6/03 $17.00 © 2003 IEEE

Figure 2.2: A screenshot from the work of Stojanovic [97].

APPENDIX

A. SAMPLE USER INTERFACE

Figure 2.3: A screenshot from the work of Joho et al.[50].
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Visualization of a Web search query is challenging since there is often little

or no information available upon which to generate a visual representation.

For example, in the absence of additional information, how can one generate a

visual representation of a set of search keywords entered by a user? In Chap-

ter 4, the VisiQ system is described which makes use of a concept knowledge

base as a means of deriving additional information about a query, resulting in

a visual representation of the corresponding query space. The WordBars sys-

tem visually depicts term frequency histograms generated for all the unique

terms found in the top search results from an initial query. This histogram

supports the users in identifying and selecting terms to add or remove from

the query.

2.3 Search Results Visualization

Many systems have been developed in recent years to represent search re-

sults in a visual manner, both for Web search and for traditional information

retrieval systems. These can be categorized based on whether they provide

an entirely textual representation, a visual representation based on the entire

document contents, or a visual representation based on an abstraction of the

document (i.e., the document surrogate). While it is not feasible to provide

an exhaustive survey and analysis of all the methods for representing search

results, a brief review of relevant and interesting techniques is provided in the

following sections, with emphasis given to those techniques which are appro-

priate for Web information retrieval. A further discussion regarding the unique

challenges and opportunities in Web search is provided in Chapter 3.
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2.3.1 Textual Representations

While the supplemental information provided by the four primary Web search

engines (Google1, Yahoo2, MSN3, and AOL4) differs slightly, all use a textual

representation of the Web search results, displaying a list of ten document

surrogates per page. Within these lists, each document surrogate primarily

consists of the title of the document, a snippet showing the context of the

query terms, and the URL of the document.

Since the documents themselves are primarily textual, this textual repre-

sentation of Web search results is a logical method for displaying this informa-

tion. However, since the lists are static, they provide little ability to manip-

ulate 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 information (which can be time consuming), or scan the

information (which can be error prone). Further, since text can consume a

large amount of space in an interface, the list based representations commonly

limit the number of document surrogates displayed per page.

2.3.2 Document Visualization

Document visualization can be defined as the process of converting textual

information from a document into graphical representations that can be pro-

cessed visually rather than read. Since preattentive processing of certain types

of graphical information is significantly faster than the non-preattentive pro-

cessing required for reading [110], there is a great opportunity for taking ad-

vantage of the human visual processing capabilities when presenting textual

1http://www.google.com/
2http://www.yahoo.com/
3http://www.msn.com/
4http://www.aol.com/
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information.

However, the representation of textual information in a visual manner is

by no means a simple task. At the most fundamental level, one can think of a

document as a collection of terms, represented by a high dimensional vector.

Dimensional reduction techniques can be used to map a set of such document

vectors into two or three dimensional space, resulting in each document occu-

pying some point in space. The spatial proximity of two documents implies

similarity, resulting in a visual clustering of documents.

These vector-based techniques have been used for the visualization of col-

lections of documents in systems such as Galaxy of News [80] (see Figure 2.4),

and ThemeScape [113, 112] (see Figure 2.5). However, accessing and viewing

the information on specific documents is not well supported. Hearst noted

that “although intuitively appealing, graphical overviews of large document

spaces have yet to be shown to be useful and understandable for users” [33].

Other techniques retain the linear structure of the documents, and provide

abstract representations of their contents. For example, in SeeSoft [19], each

line of text is abstracted to a single horizontal line in the visual representation,

preserving the general layout of the document (see Figure 2.6). Colour is used

to highlight the lines containing specific terms within the document. While

useful in some situations, the resulting visual representation does not make

efficient use of display space.

Rather than retaining the layout of the document, the contents can be

divided into fixed blocks, and the frequency of the query terms can be repre-

sented by colour coding in each block, as in TileBars [32] (see Figure 2.7). The

result is a set of bars (one for each document) whose widths are relative to

the length of the documents, and whose heights are relative to the number of
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Figure 2.4: A screenshot from Galaxy of News [80].

Figure 2.5: A screenshot from Themescape [113].
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Figure 2.6: A screenshot from SeeSoft [19].

Figure 5: TileBar search on (patient medicine medical AND test scan cure diagnosis AND software program) with
stricter distribution constaints.

one might expect documents about computer networks used

in law firms, lawsuits involving illegal use of networks, and

patent battles among network vendors. Since retrieval is on

a collection of commercial computer texts, most instances of

the word network will refer to the computer network sense,

with exceptions for neural networks and perhaps some ref-

erences to computer science theory and telephone systems.

Since legal is an adjective, it can be used as a modifier in a

variety of situations, but a strong showing of hits in its term

set should indicate a legitimate legal discussion.

In the figure, the results have not been sorted in any man-

ner other than document ID number. It is instructive to com-

pare what the bars imply about the content of the texts with

what actually appears in the texts. Document 1433 stands

out because it appears to discuss both term sets in some de-

tail. Documents 1300 and 1471 are also prominent because

of a strong showing of the network term set. Document 1758

also has well-distributed instances of both term sets, although

with less frequency than in document 1433. Legal terms have

a strong distributional showing in 1640, 1766, 1781 as well.

There are also several documents with very few occurrences

of either term, although in some cases terms are more locally

concentrated than in others. Most of the other documents

look uninteresting due to their lack of overlap or infrequency

of term occurrences.

Looking now at the actual documents we can determine the

accuracy of the inferences drawn from the TileBars. Click-

ing on the first tile of document 1433 bringsup awindow con-

taining the contents of the document, centered on the first tile.

The search terms are highlighted with two different colors,

distinguishedby term set membership, and the tile boundaries

are indicated by ruled lines and tile numbers. The document

describes in detail the use of a network within a legal office.

Looking at document 1300, the intersection between the term

sets can be viewed directly by clicking on the appropriate

tile. From the TileBar we know in advance that the tile to

be shown appears about three quarters of the way through the

document. Clicking here reveals a discussion of legal rami-

fications of licensing software when distributing it over the

network. Document 1471 has only the barest instance of le-

gal terms and so it is not expected to contain a discussion of

interest – most likely a passing reference to an application.

Indeed, the term is used as part of a hypothetical question in

an advice column describing how to configure LANs. Note

that a document like this would have been ranked highly by

a mechanism that only takes into account term frequency.

The remaining documents with strong distributions of le-

gal terms, 1758, 1640, 1766, 1781, discuss a documentation

management system on a networked PC system in a legal of-

fice, a lawsuit between software providers, computer crime,

and another discussion of a law firm using a new networked

software system, respectively. Only the latter has overlap

5

Figure 2.7: A screenshot from TileBars [32].
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Figure 2.8: A screenshot from the work of Heimonen and Jhaveri [35].

query terms (or sets of query terms). Colour coding within these bars repre-

sents the frequency of use of the query terms relative to the location within the

document. This results in a more compact representation than the previous

example.

In the work by Heimonen and Jhaveri [35], each document is divided into

four equal sized blocks (see Figure 2.8). The occurrences of all of the query

terms within a 20-word window for each block are counted and depicted using

a visual indicator similar to the technique used in TileBars [32]. This indicator

is displayed beside each document surrogate in the list-based representation

of the search results.

One common theme among these systems is that they all require access

to the full textual contents of all the documents in the search results in order

to generate the visual representations. Since Web search engines generally

provided only document surrogates (i.e., titles, snippets, and URLs), to ap-

ply these techniques to Web search would require retrieving each document

individually. The additional time required to do this supplemental document
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retrieval would result in a Web search system that is unable to display the

search results in real-time, contrary to the preferences of Web users [28]. Since

one of the goals in this research is to provide an interactive Web search system,

of interest are the techniques for the visualization of document surrogates.

2.3.3 Document Surrogate Visualization

A meta-search system is a system which makes use of the search results pro-

vided by other search engines. Since access to the textual contents of each

document is not feasible for a meta-search system, the visual representation of

document surrogates is a viable alternative. A document surrogate consists of

summary information, attributes, and other meta-data that represent the doc-

ument in the search results. Document surrogates are the primary data objects

in the list-based representation used by many Web search engines, where they

commonly consist of the title of the document, a snippet showing the query

terms in context, the URL of the document, as well as other information. See

Section 3.5 for more details on meta-search for the Web.

Envision [70] uses a highly customizable scatterplot and iconic visualiza-

tion to represent the many different attributes available as part of their custom

information retrieval system (see Figure 2.9). Although this visual represen-

tation was shown to be very powerful, it makes use of information that is

not commonly available in the document surrogates returned by Web search

engines. Further, there is an added level of complexity in this highly cus-

tomizable interface that may make it too difficult for the general public to use

effectively.

In VIEWER [9], all possible combinations of the query terms are generated

and searched for in the document surrogates returned by the AltaVista search

engine (see Figure 2.10). A histogram of these query term combinations is
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Figure 2.9: A screenshot from Envision [70].

Figure 2.10: A screenshot from Viewer [9].
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provided to the user, which can be used to select subsets of the search results

for further investigation. Although this system provides valuable information

to the user in terms of how the query terms are used in the search results

set, the information is provided in the context of the query terms, with little

additional information provided with respect to specific document surrogates.

While this information is of value in narrowing the search results to smaller

subsets, and perhaps reformulating queries, it provides no additional support

beyond the list-based representations when evaluating the relevance of specific

documents.

xFind [3] provides three different interfaces to a custom Web document in-

dexing system: a simple list-based representation; a scatterplot representation

similar to that in Envision [70]; and a vector-based spatial clustering repre-

sentation similar to that in ThemeScape [113] (see Figure 2.11). While these

representations of the search results take advantage of the extra information

that is available through their indexing system, this information is not available

with other search engines. Further, the spatial layout of the two visual rep-

resentations maps the document surrogates to points in the two-dimensional

display, making it difficult to view the additional information present in the

document surrogate, or to make comparisons between document surrogates.

WaveLens [73] provides a focus+context representation of the search results

allowing the users to dynamically zoom into document surrogates of interest

(see Figure 2.12). The results are provided in the traditional list-based rep-

resentation. As users move their mouse over a document surrogate, its font

size increases as the font size of the other document surrogates not in focus

decrease. This results in a fisheye lens effect. Additional text from the docu-

ment is dynamically added or removed from a document surrogate by clicking

the mouse. While this technique may make it easier for the users to read the
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Figure 7. VisIslands: The metadata associated with Cluster 17 is displayed. Its most frequent terms
include “mind”, “human”, and “language”.

Figure 8. VisIslands: Cluster 22 deals with a variety of topics including “proceedings” and “confer-
ence”.
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Figure 2.11: A screenshot from xFind [3].

Figure 2.12: A screenshot from WaveLens [73].
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contents of the list of search results, the primary interaction method remains

a sequential evaluation of the document surrogates, with little support for

manipulating and exploring the search results.

Many other visualization systems exist for representing the document sur-

rogates returned by Web search engines, including a number of publicly ac-

cessible meta-search engines such as Kartoo5, Mooter6, and Grokker7. An

evaluation of the merits and problems with these systems is beyond the scope

of this dissertation, although one review indicated that some of these sys-

tems do not add any support for the users in assimilating or processing the

information [75].

In Chapter 5, three prototype systems are introduced that make use of vi-

sualization techniques based on the document surrogates. In HotMap, query

term frequencies are visually represented at two levels of detail. In Concept

Highlighter, fuzzy membership scores between each document in the search

results and a set of selected relevant concepts are visually depicted. In Word-

Bars, a term frequency histogram provides a visual overview of the search

results set.

2.4 Models for Interaction

Two theoretical models of human-computer interaction are described in the

remainder of this Chapter, with specific focus on how information visualization

can support the users’ tasks. These models are used to describe the benefits

of the Web search interfaces developed as part of this research.

5http://www.kartoo.com/
6http://www.mooter.com/
7http://www.grokker.com/
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2.4.1 Spence’s Navigation Framework

Spence suggests a framework for the human activity of navigating within in-

formation systems [90, 91]. This navigation process is concerned with learning

about the features of the information system, and interacting with the system

in order to satisfy a task goal (or a set of task goals). One of the fundamental

features of this framework is that it describes the navigation and interaction

with a system with respect to the development and subsequent interpretation

of an internal model in the mind of the user. That is, it is the user’s under-

standing of the features and information within the system that guides their

ability to make use of a system to fulfill their task goals.

Although searching and navigation are commonly thought to be two dif-

ferent (although complementary) activities, navigation within an information

system that supports searching allows the users to formulate mental models of

the information space and take appropriate steps to satisfy their information

needs. Therefore, this navigation framework is a useful model for discussing

the methods of interaction within Web search interfaces.

The navigation framework consists of a cycle of four cognitive activities:

browsing, formulating an internal model, interpreting the information, and

formulating a browsing strategy. A diagram of the framework is shown in

Figure 2.13. In three of these activities, the primary information provided by

the information system is the externalization of the data. While in general the

externalization of the data consists of the interface of the information system,

of specific interest is when this interface includes visual representations of the

data.

In the browsing activity, the user views and interacts with the interface of

the information system. Through the visual perception of the interface (i.e.,

the visual representation of the data) and the interaction with the features
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Figure 2.13: Spence’s navigation framework.

of the interface, the user absorbs content that is displayed within the system.

During this browsing process, the user develops an internal model of the con-

tent viewed. This internal model is also influence by internal models developed

from prior use of the system, or from similar systems. This explains why new

users of a system can easily learn the features when they are already familiar

with a similar system (the internal model of the system with which they are

already familiar contributes to the development of the internal model for the

new system).

The ability to generate an accurate internal model of the data within an

information system is greatly influenced by the manner in which the data is ex-

ternalized. In particular, when information visualization techniques are used,

the user’s understanding of complex data can either be enhanced or hindered,

depending on the appropriateness of the visualization technique. Further, the

degree to which the user can easily interact with the visual representation
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can also affect the user’s ability to generate an accurate internal model. The

manipulation of the visual representation can lead to insight into features of

the information space. As such, care must be taken to choose appropriate

visual representations and to allow the users to interactively manipulate the

information in order to more easily understand the underlying features of the

information presented to the user.

The ability of the user to understand how the process of navigation can as-

sist them in achieving their goals depends greatly on their interpretation both

of the internal model as well as the externalization of the data. A good visual

representation of the data supports the users in both generating an accurate

internal model, as well as subsequently interpreting that mental model and the

visual representation with respect to their current task goals. The resulting

interpretation supports the user in formulating a subsequent browsing strategy.

The cognitive activity of formulating a browsing strategy is rather complex

and varied. A user’s browsing strategy is developed based on a combination of

a number of factors, including cognitive determinants (i.e., the interpretation

of what the user has seen and done with the interface thus far, or a new idea

the user has) or a perceptual determinant (i.e., something the user sees in

the interface). The strategy may be part of a larger planned strategy with

a specific goal in mind, or may be an opportunistic strategy with a new, yet

possibly related, goal. The resulting browsing strategy is also influenced by

the user’s understanding of what they are able to do with the interface.

The output of this step is a browsing strategy that feeds back into the

cognitive activity of browsing within the interface. The process continues in a

cycle until the user chooses to stop using the system. In successful situations,

the user interprets their internal model as having successfully satisfied their

task goal. In unsuccessful situations, the user quits because they are unable
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to formulate a browsing strategy that they feel will lead to satisfying their

goal. These unsuccessful conditions are commonly due to problems in the

externalization of the data, leading to the generation of inaccurate mental

models or incorrect interpretations of the data that is available.

The starting point within this framework generally begins with the user

viewing an externalization of the data (i.e., viewing the interface of the infor-

mation system). From here, the user may begin with the cognitive activity of

interpreting what they see, formulating a browsing strategy, or simply begin-

ning browsing the interface. Subsequent cognitive activities and interaction

follow the cycle presented in this framework.

This framework is useful for this research in that it can assist in describing

the cognitive activities that a user must perform as they use an information

system. This framework is used in subsequent Chapters to describe how the

visualization and interaction features of the prototype Web search interfaces

(VisiQ, WordBars, HotMap, and Concept Highlighter) support the users in

fulfilling their Web search tasks.

2.4.2 Norman’s Stages of Action

Norman’s stages of action framework describes two gaps that exist between

users of a system and the system itself [68, 69]. The gulf of evaluation is the

cognitive distance between what the user sees on the display and their mental

representation of their tasks and goals. The gulf of execution is the cognitive

distance between the user’s current task and the actions the system supports

for fulfilling this task.

Although this framework was originally used to describe the use of any

device one might interact with, this discussion focuses on its application to
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Figure 2.14: Norman’s stages of action framework.

computer systems. In this context, the gulf of evaluation deals with the effec-

tiveness of the visual display of the system (including the information visual-

ization features); the gulf of execution deals with the ability of the users to

interact with the system. As noted by Rosson and Carroll, “Norman’s frame-

work emphasizes that people’s interactions with a computer are not simply a

matter of looking at the display and deciding what to do” [84].

In each of the gaps between the user and the computer system, there are

three stages of action that occur, as illustrated in Figure 2.14. The framework

is shown as a cycle to highlight the feedback between the user performing

an action with the system, and the resulting changes to the visual display.

This feedback is important not only in supporting the awareness of the user

in the outcome of their current action, but also in supporting the user in

understanding the current state of system with respect to their overall goal.
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Gulf of Evaluation

The three stages of action required by the users to cross the gulf of evaluation

are perception, interpretation, and evaluation. These actions are primarily

subconscious, often occurring automatically when one looks at a computer

display (or any physical device, for that matter).

In the perception stage, viewing the display reveals the basic structure

of the interface. The basic display elements, such as pixels, simple geometric

objects, and characters, are perceived first. These are grouped into higher-level

structures such as paragraphs, icons, and buttons. This grouping continues

into even higher-level structures based on Gestalt principles, such as proximity,

similarity, and symmetry [53, 84]. The outcome of this perception stage are

the objects and groups within the information display.

In the interpretation stage, the user recognizes the perceptual objects and

groups as specific types of display elements within the software system. This

interpretation is supported by the user’s previous experience with the current

system, as well as their previous experience with similar systems. A direct

result of interpreting a user interface element is knowing what can be done

with it [84].

In the evaluation stage, the user attempts to make sense of the information

that has been perceived and interpreted with respect to their current task and

overall goal. This requires that the user integrate what they see on the display

with their internal model of the system, their current task, and their overall

goal. If the system is operating as expected, the user’s internal model will be

reinforced and expanded. However, if the outcome is not what was expected,

the user may become confused and frustrated.
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Gulf of Execution

The three stages of action required by the users to cross the gulf of execution

are to create intentions, devise an action sequence, and then execute the action

sequence. While expert users conducting well-understood tasks will conduct

these actions subconsciously, in many situations, some of these actions may

require conscious thought.

In the intentions stage, the user must convert their goal for using the soft-

ware system into an intention to do some action within the user interface. The

ability to succeed in this stage depends greatly on the user’s internal model,

as well as their ability to cross the gulf of evaluation in order to determine the

current state of the system. The type of intention depends on the task, and is

normally a high-level goal.

In the action sequence stage, the user converts their high-level intentions

for performing some action into a specific action sequence consisting of fun-

damental interaction operations. For example, if the intention is to close a

window, the action sequence may include moving one’s hand to the mouse,

moving the mouse to the control that closes the window, and clicking the

mouse button. Clearly, for simple intentions, this all occurs subconsciously;

for more complex intentions, a significant amount of cognitive effort may be

necessary to decide how to achieve the desired outcome.

In the execution stage, the user must make use of the input devices of the

computer system to realize the action sequence. This is the physical aspect

of using the computer. As noted by Rosson and Carroll, “in some sense,

execution is an inconvenience - what users really want is to accomplish their

goals directly, but they must do this by carrying out a sequence of physical

actions” [84].
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Goals

In addition to the six stages of action described above, there is a seventh stage

that is concerned with the user’s goals for using the system 8. In the goal

stage, the user must form a goal for using the system. This goal will often

begin with a real-world goal, which must be converted into a system goal. This

system goal not only drives the intentions stage in the gulf of execution, but

is also considered during the evaluation stage of the gulf of evaluation.

In his discussion on the stages of action framework, Norman [69] noted:

The seven stages form an approximate model, not a complete psy-

chological theory. In particular, the stages are almost certainly not

discrete entities. Most behavior does not require going through all

stages in sequence, and most activities will not be satisfied by sin-

gle actions. There must be numerous sequences, and the whole

activity may last hours or even days. There is a continual feed-

back loop, in which the results of one activity are used to direct

further ones, in which goals lead to subgoals, intentions lead to

sub-intentions. There are activities in which goals are forgotten,

discarded, or reformulated.

This framework provides a valuable method for discussing information visu-

alization systems. The gulf of evaluation can be used to illustrate how a visual

representation supports the users in perceiving, interpreting, and evaluating

the information being represented. The gulf of execution can be used to high-

light how the visual representations support the users in forming intentions,

generating action sequences, and executing those action sequences. All this

8This might be considered the zeroth stage, since the user’s goal comes first when using
any system.
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occurs with the purposes of fulfilling a goal with the information visualization

system.



Chapter 3

Web Information Retrieval

3.1 Fundamentals

3.1.1 Traditional Information Retrieval

Information retrieval is the science of automated searching within digital col-

lections. In general, the discipline is concerned with finding a set of relevant

documents from a document collection that match a user’s specified informa-

tion need. The goal is to automatically find all the relevant documents, while

at the same time, selecting as few of the non-relevant documents as possible

[105]. Traditionally, the main emphasis of information retrieval has been on

document and text retrieval [109], although many of the principles also apply

to the retrieval of other types of information, such as images, video, and audio

[6].

In general, an information retrieval system has two inputs: the document

collection to be searched and the user-supplied query; and one output: the

set of documents that match the query. One of the fundamental challenges is

39
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to specify data structures for storing documents and queries that are space-

saving, yet support the efficient and accurate matching of queries to docu-

ments. Clearly, there is a great benefit to indexing the document collection

once, and storing the internal representation for future querying.

Given an indexed document collection and a user-supplied query that rep-

resents their information need, the matching process seeks to find documents

from the collection that are relevant to the query. This matching process is

highly dependent on the methods by which the document collection is indexed,

and the methods by which the user specifies their query. Common examples

are boolean matching, fuzzy matching, vector-based matching, and probabilis-

tic matching [105, 6].

The output of this matching process is a set of references to documents

from the collection. It is desirable that the set of matched documents be

sorted in order of relevance to the query. The goal of information retrieval

is for a large portion of this set of documents to be relevant to the user’s

information need (commonly measured using the precision metric) and for

this set of documents to contain many, if not all, of the relevant documents

from the collection (commonly measured using the recall metric).

Even within early information retrieval research, feedback was cited as a

method for improving information retrieval effectiveness [105]. In this early

work, feedback was described in terms of the users learning better ways of

specifying their queries. This has been extended to automatic and interactive

methods, and is commonly referred to as query expansion [18].

3.1.2 Information Retrieval on the Web

When people today think of information retrieval, text searching, and docu-

ment searching, they commonly think of Web search engines. The use of Web
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search engines have become common place among Web users, and is increas-

ingly being used in all aspects of society [56]. Nielsen reported that 88% of Web

users start with a Web search engine when provided with a task to complete

using the Web [67]. This is in support of earlier studies that reported nearly

85% of Web users find new Web pages using search engines [28]. Nielsen noted

that instead of looking for sites to explore and use in depth, Web searchers are

commonly seeking specific answers [67]. In essence, Web search engines have

become answer engines.

Given the importance Web users place on search engines, information re-

trieval on the Web has become a very active research area, both academically

and commercially. Although there are unique challenges posed by the Web

for information retrieval systems, there are also unique opportunities for im-

provements over traditional information retrieval systems.

Although the Web can be considered a single distributed document col-

lection, this collection has unique features that make many of the traditional

approaches to information retrieval impossible or impractical to implement

[117]. These features include the size of the Web (over four billion documents,

and growing), the generality of the collection (documents available on virtu-

ally any topic), and the potential generality of individual documents (single

documents may discuss multiple distinct topics). Yang noted that informa-

tion retrieval on the Web “must deal with mostly short and unfocused queries

posed against a massive collection of heterogeneous, hyper-linked documents

that change dynamically” [117]. Clearly, this is a much more challenging prob-

lem than those traditionally addressed by information retrieval research.

However, there are also features of the Web that can be used advanta-

geously to increase information retrieval performance. These features include

the general link structure of the Web, the implied relevance of the linking text,
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the structure of the Web documents, and the vast amounts of Web search

engine usage statistics. Many Web search engines go beyond traditional term-

based information retrieval, and take advantage of these additional features

of the Web. A prime example of this is the PageRank algorithm used by the

Google search engine [13].

Although a thorough evaluation of the techniques for conducting informa-

tion retrieval on the Web is beyond the scope of this dissertation, interested

readers are directed to a number of good survey papers and books on this

topic [6, 52, 54, 79, 117].

One topic that appears to get little consideration in the research litera-

ture on Web information retrieval is the user interface provided by the search

engine. The user interface is the gateway to the functionality provided by

the system. However, there seems to be a lack of acknowledgment of the im-

portance of the methods by which users are able to specify their queries, or

the methods by which search results are provided to the users. It seems that

the simple query box and the list-based representations of Web search engines

have become so common place that there is little if any discussion on whether

these features are providing adequate support the the users.

It is interesting to note that although user interfaces have been an active

research area of traditional information retrieval for many years [6, 33], few

of these results have been applied to Web information retrieval. Most Web

search engines continue to use a text-based interface, even though significant

advances have been made in visualization for traditional information retrieval

systems (some of which were discussed in Chapter 2).

As noted by Marchionini, “Much research and development is required to

produce interfaces that allow end users to be productive amid such complexity
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and that protect them from information overload” [60]. Although this com-

ment was made in regards to traditional information retrieval research, it is

valid for Web information retrieval as well. This provides a clear motivation

for this research on visualization and interactivity as a means of supporting

users in their Web search tasks.

3.1.3 Web Search User Behaviour

A number of studies have been conducted in recent years evaluating the Web

search behaviour patterns of users, as deduced from Web search transaction

logs. These studies include those by Silverstein et al. [89], Jansen and Pooch

[48], and Spink et al. [93].

A number of common themes regarding users’ abilities to craft a query have

emerged from these studies. In particular, these studies have shown that few

searchers provide queries containing more than three terms; more common are

the short one and two term queries [48, 93]. In addition, few searchers make

use of advanced query features, and those that do have a tendency to use

them incorrectly [93]. There was also a tendency for users to avoid making

subsequent modifications or refinements of their queries [89, 93].

A further user trait that was identified was the lack of willingness to eval-

uate many Web search results. Even when users were able to effectively craft

a query, few Web searchers consider more than three pages of search results

[89, 93]. As noted by Spink et al., “the public has a low tolerance for go-

ing in depth through what is retrieved” [93]. Users have a strong desire to

see relevant documents within the top few search results to avoid scrolling or

navigating to the next page [52].

Yang summarized a collection of Web search user behaviour studies suc-

cinctly: “Web searchers in general do not want to engage in an involved
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retrieval process. Instead, they expect immediate answers while expending

minimum effort” [117]. What is missing from these studies, however, is an

explanation for why Web searchers do not wish to engage in the information

retrieval process.

An important aspect of an information system is the ability to provide

information seeking functions which assist users in defining and articulating

their problems, and finding solutions to these problems [60]. It is clear that

the current Web search engines provide little of this assistance to the users. It

is up to the user to choose a query that accurately represents their information

need, with little support provided by the Web search engine beyond a box in

which to type their query. When provided with the list of search results, it is

up to the user to evaluate these document surrogates one-by-one, with little

support for the manipulation or exploration in order to find the solutions to

their information need.

This lack of support for the user’s tasks highlights the need for further study

on Web search interfaces and the support they provide for the searchers’ fun-

damental tasks of crafting a query that accurately represents the information

need, and evaluating the search results to find relevant documents. The goal

is to shift the cognitive burden of searching the Web from the user to the

system [117]. Information visualization, as noted in the previous Chapter, is

an effective method for supporting and amplifying the cognition of users [14].

Kobayashi and Takeda predicted that “future systems will have better user

interfaces to enable users to visually manipulate retrieved information” [52].

One of the goals of this research is to explore such interfaces for Web search.

In the remainder of this Chapter, the focus is on four aspects of Web infor-

mation retrieval that are relevant to this research: query expansion, search re-

sults representations, clustering of search results, and meta-search techniques.



CHAPTER 3. WEB INFORMATION RETRIEVAL 45

The Chapter concludes with the introduction of a new model for interactive

Web information retrieval that focuses on interactive support for the user’s

tasks of query refinement and search results exploration, facilitated by subject

knowledge dynamically generated based on the current query.

3.2 Query Expansion

Query expansion is the process of adding additional terms to a user’s orig-

inal query, with the goal of building a query that more accurately captures

the user’s information need. Query expansion is a well studied technique for

improving information retrieval performance by improving the user’s input,

and represents a type of relevance feedback [105, 6]. These techniques can

be classified along two dimensions: the work the user must perform in order

to generate the query expansion, and the source of the information used to

expand the query [18].

With respect to the work that needs to be performed by the user, there

are three options: manual query expansion, automatic query expansion, and

interactive query expansion. Manual query expansion techniques are those

which require the user to do the work of evaluating, selecting, and adding new

terms to their query (i.e., without any additional system support). Automatic

query expansion techniques choose and add new terms to the user’s query,

without the involvement of the user other than to submit an initial query.

Interactive query expansion techniques allow the user to interactively make

choices which are then used to generate the query expansion.

With respect to the source of the information used for expanding the query,

there are three options: using a subset of the initial search results, using

a collection-dependent knowledge base, and using a collection-independent
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Table 3.1: The classification of query expansion techniques according to the
work performed by the user.

Automatic Interactive
Query Query

Expansion Expansion

Harman, 1988 [30]
√

Salton & Buckley, 1990 [86]
√

Harman, 1992 [31]
√

Qiu & Frei, 1993 [77]
√

Voorhees, 1994 [108]
√

Chang & Hsu, 1999 [15]
√

Mandala et al., 1999 [58]
√

Xu & Croft, 2000 [114]
√

Billerbeck et al., 2003 [11]
√

knowledge base. Query expansion techniques that are based on an initial set

of search results evaluate a number of documents within the search results

set from the initial query in order to obtain potential terms for adding to the

query. Techniques based on collection-dependent knowledge bases generate the

query expansion by matching the original query to a knowledge base that was

created based on some or all of the collection being queried. Techniques based

on collection-independent knowledge bases match the original query to a knowl-

edge base that was created using a source of information that is independent

of the collection being queried.

Query expansion techniques, both automatic and interactive, and based on

the search results, a collection-dependent or collection-independent knowledge

base, have been well studied [114, 77, 108, 86, 15, 30]. Tables 3.1 and 3.2

provide a summary of the classifications of these works.

Since the focus of the query expansion work in this dissertation is on the

interactive nature of query refinement, the three interactive techniques noted

in Table 3.1 warrant further discussion. The primary difference between these
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Table 3.2: The classification of query expansion techniques according to the
source of the information used for the query expansion.

Initial Set Collection- Collection-
of Search Dependent Independent
Results Knowledge Base Knowledge Base

Harman, 1988 [30]
√ √ √

Salton & Buckley, 1990 [86]
√

Harman, 1992 [31]
√

Qiu & Frei, 1993 [77]
√

Voorhees, 1994 [108]
√

Chang & Hsu, 1999 [15]
√

Mandala et al., 1999 [58]
√ √

Xu & Croft, 2000 [114]
√

Billerbeck et al., 2003 [11]
√

techniques are the source of the query expansion information and the level of

user involvement required in order to generate an expanded query.

In the work by Salton & Buckley [86], the initial query is sent to the infor-

mation retrieval system, and the results are presented to the user. The users

can then indicate both relevant and non-relevant documents in this result set.

A new query is generated, using these relevant and non-relevant documents as

the source of the query expansion, wherein the terms present in the relevant

documents are given a higher importance in the new query and the terms in

the non-relevant documents are given a lower importance in the new query.

This technique is commonly referred to as relevance feedback, and was first

proposed by Rocchio [82]. While the results of this technique have been posi-

tive, the user must spend time evaluating a number of documents in order to

improve the results of their query.

Chang & Hsu [15] addressed the problem of having to tag individual doc-

uments as relevant or not relevant by clustering the search results from the

initial query and allowing the user to mark clusters of documents as relevant
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and non-relevant. While their technique does provide a savings in the amount

of time required by the user to make relevance selections, the quality of the

clusters depends primarily on the quality of results of the initial query. When

the quality of the initial results is low, the clusters may contain both relevant

and non-relevant documents, reducing the effectiveness of this technique.

Harman [30] used three different sources of information for new terms

to add to the query, and provided lists of terms from which the user could

choose. These term lists were generated via local analysis (relevance feedback),

query analysis (variations of the query terms), and global analysis (term co-

occurrence in the collection). While the results reported from this technique

were good when users made the perfect choices from the lists of available

terms, there is little evidence to show that users are able to make these perfect

choices. On the contrary, studies have shown that users are often unable to

make good query expansion choices when provided with a simple list of terms

[85, 57].

Other techniques that use manually constructed thesauri, such as WordNet

[61], have not proven to be very successful. This can be attributed to the nature

of general thesauri, wherein terms are grouped by their parts of speech and

relationships only exist within a given part of speech group. This restricts

query expansion techniques from adding a valuable new term because it is in

a different part of speech [59].

It is interesting to note that without any support for query expansion or

refinement, Web searchers may refine their queries manually, based on the sets

of previous search results they have seen. As described by Stojanovic [96], and

supported by a number of studies of Web search behaviour [93, 89], users com-

monly submit short queries to a search engine in order to increase the chance

of obtaining some relevant documents. They then review these documents and
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make refinements to their queries based on what they have learned from their

previous queries. The relevance feedback techniques described above [86, 15]

provide computer support that mimics this manual process.

3.3 Search Results Representations

The most common method for representing Web search results is through a

list-based representation. All of the four primary Web search engines (Google1,

Yahoo2, MSN3, and AOL4) use variations on this representation method. Al-

though the supplemental information provided may differ slightly, these search

engines provide a ranked list of ten document surrogates per page. Each doc-

ument surrogate primarily consists of the title of the document, a snippet

showing the context of the query terms, and the URL of the document.

Since the documents themselves are primarily textual, this textual rep-

resentation of Web search results is a logical method for displaying this in-

formation. However, since these lists are static, they provide little ability

to manipulate 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 information (which can be time consuming),

or scan the information (which can be error prone). Further, since text can

consume a large amount of space in an interface, the list based representations

commonly limit the number of document surrogates displayed per page.

Although graphical representations of search results have been explored

within the traditional information retrieval research [60, 33] (see Section 2.3),

1http://www.google.com/
2http://www.yahoo.com/
3http://www.msn.com/
4http://www.aol.com/
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few of these techniques have been explored within the Web search setting. One

of the challenges in providing a visual representation of Web search results is

gaining access to enough information to generate a useful visual representation

of the search results. Commonly, in traditional information retrieval systems,

the visualization system has access to the entire textual contents of each doc-

ument. However, for Web search, and especially for Web search interfaces

that are meta-search systems, the contents of the entire documents in the

search results set are not provided; the data provided is normally limited to

the document surrogate (title, snippet, and URL).

If a visualization technique requires access to the entire contents of the

documents in the search results set, these documents must be retrieved from

the Web. This has the result of introducing significant delays in generating

the visual representation, which will not be well received by Web searchers

[28]. As such, many of the visualization approaches discussed in Chapter 2 are

not directly applicable to Web information retrieval.

Clustering techniques have also been investigated as a means for supporting

the users in their search results evaluation tasks. Commonly, these systems add

additional interface elements to support the users in navigating the clusters.

However, they tend to continue to employ the simple list-based representations

that are common among the primary Web search engines. More details on

clustering techniques are discussed later in this Chapter.

Another interesting avenue for supporting users in evaluating the results of

their Web searchers is through re-sorting or re-ranking of the top Web search

results provided by some underlying Web search engine. The re-sorting of

search results based on Web search personalization is a rather active research

field [100, 101, 78]. These systems generally provide an automated re-sorting

and filtering of the search results based on the personalized profiles of the
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users. Generally, these personalized profiles are created through Web mining

techniques that take advantage of the vast amounts of Web search user data

[54].

Other work makes use of the Web page categories provided by the Open

Directory Project to re-rank Web search results [16]. The end result is sim-

ilar to the personalization techniques: the search results are provided in a

re-ranked order based on other knowledge present in the Web information

retrieval system. However, these re-sorting systems continue to provide the

search results in static list-based representation. There appears to be little re-

search on interactive tools to allow the users to control the re-sorting methods,

in personalized systems or otherwise.

3.4 Clustering Web Search Results

Clustering can be defined as the unsupervised classification of data objects

into groups of similar objects (called clusters) [47]. Clustering has been ex-

plored for a number of years both for browsing text collections [17, 34] and

for organizing Web search results [120, 121]. Hearst and Pedersen validated

the cluster hypothesis, showing that relevant documents tended to be more

similar to each other than non-relevant documents [34].

Recently, a number of publicly available Web search systems have been

developed that provide clusters of Web search results to the users, and allow

the users to browse the clusters to narrow down the set of search results. Many

of these systems use hierarchical clustering algorithms, and primarily differ in

the representation and interaction with the clusters. Two such systems are

Vivisimo [107] and Grokker [29] (see Figures 3.1 and 3.2).

The hierarchical clustering algorithms commonly used by these systems
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Figure 3.1: A screenshot from Vivisimo [107].

Figure 3.2: A screenshot from Grokker [29].
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partition the search results at various levels of similarity [47]. This results is a

tree-like structure representing the clusters, where parent clusters contain all

the objects of their children clusters.

In Vivisimo, these 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.

In addition to providing a tree-like navigation scheme, Grokker uses a visual

representation of the hierarchical cluster structure. This visual representation

uses nested circles to represent the clusters and their children, and provides the

ability for users to see the sizes of clusters and whether they contain additional

children or document surrogates. Like Vivisimo, when a cluster is selected, the

document surrogates that are contained within that cluster are displayed in a

separate frame.

One of the challenges in any clustering system is to provide meaningful

names for the clusters. Commonly, the names are generated by choosing the

most frequent terms or phrases within the cluster (ignoring very common terms

such as “is”, “and”, “the”, etc.) [121]. The ability to choose meaningful

descriptions of clusters in a Web search system has a direct impact on the

ability for users to correctly navigate the clusters to find relevant document

surrogates. If vague or misleading names are chosen for the clusters, this can

lead to users choosing clusters that are not relevant to their information needs

(resulting in the evaluation of documents that are likely not relevant), or not

choosing clusters that are relevant to their information needs (resulting in

missing documents that are relevant).

Commonly, the documents that are relevant to a user’s information need

will be distributed among multiple clusters. However, most clustering systems
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do not easily support the simultaneous exploration of multiple clusters. While

it is possible to view an intermediate cluster that contains all the document

surrogates of its children clusters, viewing the union of an arbitrary set of

clusters is generally not possible. This means that if users wish to explore

multiple clusters, they must do so separately.

A further difficulty with these Web search clustering techniques is that

they do not provide any additional information regarding the organization of

the document surrogates within the clusters. When a cluster is selected, the

documents are listed in the same order as provided by the underlying search

engine. There is no indication of which documents are most similar to the

cluster centroid, or the degree of membership to the cluster.

Recent research in Web search has addressed some of these shortcomings.

Kules et al. categorized Web search results into meaningful and consistently

named categories [55]. While this work shows promise in addressing the nam-

ing problem, the interface does not support the simultaneous selection of mul-

tiple categories, nor does it re-order the search results based on category se-

lection.

3.5 Meta-Search Techniques

Since the focus of this research is on providing visual and interactive support

for user’s Web search tasks, it does not introduce new information retrieval

techniques or methods. Instead, meta-search techniques are used in order to

make use of the Web search services provided by other systems.

In the prototype systems developed in this research, the Google API [27]

was used exclusively. However, other Web search engines also provide access

to their underlying data, such as Yahoo [115] and Alexa [2]. The data provided
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by these other Web search engines is similar. Although it is beyond the scope

of this research, it would be a trivial exercise to modify these prototypes to

support the data provided by other search engines.

In order to obtain a set of search results from the Google API, a well-

formed request must be sent to the Google server, which includes an access

code, the query, and the start point for the search results. The access code

is used by Google to limit the number of request that can be made by a user

per day (since the Google API is still considered a beta release). The query

is a simple text string containing a query in any format normally accepted by

Google. The start point enables the retrieval of search results that are deep in

the search results list. Other settings are also present; the reader is referred

to the documentation on the Google API for more details [27].

As the result of a request, a search results set is provided by the search

engine. This contains some data about the search results set itself, along

with ten document surrogates. Normally, this will be the first ten document

surrogates for the provided query. However, when the start point parameter is

set, a set of documents deeper in the search results set can be obtained (e.g.,

document surrogates 11 - 20).

3.5.1 Attributes of the Document Surrogate

For each document surrogate within the search results set, a number of at-

tributes are provided by the Google API. These include the title of the docu-

ment, a snippet from the document (usually showing the query terms used in

context from the original document), the URL of the document, and the Open

Directory Project [62] directory to which the document belongs (if any).

A number of attributes can be calculated based on the information within

each document surrogate. Based on the URL data, the type of the file can be
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deduced from the name of the file. Using the textual data from the title and

snippet, a query term vector can be calculated that represents the frequency

of the query terms found within this data (this technique is used in HotMap).

Higher dimensional vectors can also be created based on the occurrence of

each unique term within this data (these vectors are used in both Concept

Highlighter and WordBars).

3.5.2 Attributes of the Search Results Set

With each set of search results provided by the underlying search engine, there

is one core attribute that is automatically provided by the search engine: the

number of documents in the search results set. Although this data can be

useful in determining the generality or specificity of the query, it provides

little additional information to the user.

As with the individual document surrogates, other attributes of the search

results set can be calculated by analyzing the contents of the top document

surrogates in search results set (the top 100 document surrogates, for example).

By analyzing the URL, the file type can be determined, resulting in a count

for each unique file type. Alternately, the textual contents of title and snippet

for all the document surrogates can be analyzed in order to determine the

number of documents that use each of the query terms, as well as all possible

combinations of the query terms. This data can also be used to calculate a

frequency vector based on the query terms, or even a frequency vector based

on all unique terms in the entire set of the top search results. Note that this

last calculated attribute is a technique that is used in the WordBars system.
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3.6 A New Interactive Model for Web Infor-

mation Retrieval

Most Web search engine interfaces support a model of interaction based on

traditional information retrieval, consisting of a cycle of query formulation,

examining the search results, and either stopping or reformulating the query

[33]. The problem with this model is that there is little support for the users to

perform the two fundamental Web search tasks: query formulation and search

results evaluation. Evidence of this inadequate support is provided in the

studies of user Web search behaviour which showed that searchers commonly

use very short queries and seldom view many of the search results [89, 48, 93].

Further, Web users have reported that one of the most common problems they

experience when using the Web is finding information [28].

Common sense would dictate that the manual query reformulation process

that is supported by current Web search engines would lead to a higher rate of

success, even though the work must be done by the user. However, studies with

e-commerce systems have indicated that the opposite is true: the success rate

diminishes as users reformulate their queries [66]. While one can assume that

during the search results evaluation process, the users were able to identify

features of the documents that were not relevant to their information need,

little support is provided to assist the users in employing this information in

order to construct a better query. Therefore, techniques that provide support

for this task may be of great benefit to Web searchers.

Even when users are able to effectively craft a query that describes their

information needs, users are required to consider each document surrogate

one-by-one, and to some degree, in the order provided. There is no overview

of the search results, and no ability to manipulate or explore the search results.
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An extension of the traditional Web information retrieval model that uses

information visualization and interactive visual manipulation to support query

formulation and search results exploration is proposed. Since the ability to

read and assess textual information is a limiting factor for information retrieval

systems [113], visual representations of subject knowledge derived from the

users’ queries, and the compact and effective visual representation of search

results can aid the users to effectively interpreting and making sense of the

information provided. A high degree of interactivity allows the users to take

a more active role in the Web information retrieval process, rather than the

passive role supported by the traditional model.

3.6.1 Traditional Model

The traditional model for Web information retrieval consists of two primary

stages: query formulation and search results evaluation. At some point in the

search results evaluation stage, the users make a decision as to whether they

are satisfied with the search results or not. If they are satisfied, the Web search

is considered a success. Otherwise, the users must decide whether they wish

to reformulate their query. If they choose to not reformulate their query, the

Web search is considered a failure.

The two primary drawbacks of the traditional model are that there is little

support for the users in formulating queries, and little support for users in

evaluating the search results. Applying the principles of information visual-

ization and interactive visual manipulation in order to support the users as

they perform these complex tasks results in a model that allows the users to

take an active role in the Web information retrieval process. As illustrated

in Figure 3.3, this model adds two new cycles in addition to the traditional

query reformulation cycle: interactive query refinement and interactive search
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  traditional web information retrieval model

  extension to interactive web information retrieval model

query formulation

search results evaluation
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Figure 3.3: A model for interactive Web information retrieval.

results exploration. A fundamental difference from the traditional model is

the subject knowledge component which is dynamically generated based on

the users’ current query. This component plays a pivotal role in both interac-

tive cycles. A summary of the design principles in supporting this model are

provided in Table 3.3 and are elaborated upon in the following Sections.

3.6.2 Interactive Query Refinement

Within the traditional Web information retrieval model, the query reformula-

tion cycle can not occur until the users have first formulated an initial query

and viewed the results of this search. If they make poor choices for their query

terms that result in many non-relevant documents, there is little information
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Table 3.3: Design principles for interactive query refinement and interactive
search results exploration.

Interactive Query Refinement
Provide subject knowledge.
Focus on query formulation.
Provide visual representations of the query.
Support a preview of the search results.
Promote exploration and experimentation.
Interactive Search Results Exploration
Support the viewing of many document surrogates.
Provide the search results in multiple levels of detail.
Provide a visual representation of the document surrogates.
Exploration decisions lead to re-ranking and re-sorting.
Indicate which documents have been viewed.

provided to allow the user improve their query. Further, if they are unwilling

to view many documents (which is often the case), there is little ability to

glean additional information to support the query reformulation.

The interactive query refinement loop must provide specific subject knowl-

edge to the users that may be relevant as they craft a query. One of the

challenges of query refinement is finding a source for this supplemental infor-

mation that is relevant to the users’ information needs. External, topic-specific

knowledge bases may be necessary to resolve this challenge. There is also in-

formation present in the top search results that may be of use (assuming that

an adequate initial query is provided).

Any tool that provides support for interactive query refinement should

allow the user to focus on their query formulation task. It is desirable that

the information provided be in the context of the query, wherein the query is

the primary focus rather than the search results set. This is in contrast to the

traditional model, where the query reformulation cycle promotes linear steps

between query formulation, search results evaluation, and query reformulation.
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Information visualization techniques can promote an easier interpretation

and synthesis of the information provided regarding the users’ queries. Fur-

ther, the visual representations of complex data can result in much quicker

comprehension than the equivalent textual representations. As such, visual

representations of the query information for an interactive query refinement

tool is highly recommended.

As the users formulate their queries within this interactive query refinement

loop, it is important to allow them to see how they are progressing. As such,

a preview of the search results should be provided. This will help to promote

an understanding of whether the users’ queries are an accurate reflection of

their information needs.

The interactive query refinement loop should promote exploration and ex-

perimentation with the query. As the users make refinement decisions, the

results of these decisions should instantly be reflected in the visual represen-

tation of the query as well as in the preview of the search results. If minimal

effort is required to return the users’ queries to previous states, they will be

able to easily experiment with “what if” scenarios, and explore the query

space.

3.6.3 Interactive Search Results Exploration

In the traditional Web information retrieval model, the search results evalua-

tion exists as a static stage in which the users evaluate the document surrogates

one-by-one, and in the order provided by the Web search engine. While this

linear evaluation may be effective when there are a large portion of relevant

documents in the first few pages of the search results, it is not very effective

when the search results contain a mixture of relevant and non-relevant docu-

ments. It is in these cases that an interactive exploration of the search results
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is beneficial.

In order to promote an effective exploration of the Web search results,

many document surrogates must be retrieved and made available to the users.

Providing a large number of document surrogates can allow the user to discover

interesting features or patterns in the search results, and can direct the users

to sets of documents that are more likely to be relevant.

Since a much larger number of document surrogates will be present in an

interactive search results exploration tool, the user may wish to view both the

details of specific document surrogates and the features of the entire search re-

sults collection simultaneously. Providing coordinated views at different levels

of detail can allow the users to take both a micro- and a macro-view of the

Web search results.

Just as information visualization techniques can allow users to more ef-

fectively make sense of their queries, generating visual representations of the

document surrogates can allow the users to more effectively understand the

features of the search results. Although converting the textual features of doc-

ument surrogates into visual representations can be challenging, the benefits

include the ability to provide a compact representation, and allow the users

to “see” the information rather than “read” it.

As the users explore the Web search results, their decisions should result

in a re-ranking and subsequent re-sorting of the search results. This has the

effect of bringing relevant documents to a more prominent location in the

search results based on the features of the search results space. Further, the

exploration decisions the users make must be reflected instantly in the visual

representation of the search results. This will allow the users to more easily

determine the outcome of their choices, and will allow them to decide whether

their decisions are bringing them closer to fulfilling their information needs.
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In any system that represents Web search results, be it a static list or an

exploratory system, it should be very easy for the user to access the specific

documents. Further, as the users select documents to view, it should be made

clear that these documents have been viewed when the user returns to the

search results. This is especially important for a system that provides an

abstract visual representation of the document surrogates, and allows the users

to re-rank the search results.

Through the exploration of the search results, the users are directed to

the documents that are more relevant, and away from documents that are less

relevant. Ultimately, this is a transition from the users making decisions on

a document-by-document basis, to making exploration decisions which allow

individual document surrogates to be evaluated more easily. As a result, the

work performed in the exploration of the search results is transferrable to the

task of document surrogate evaluation.

3.6.4 Subject Knowledge

In this model, the cycles of interactive query refinement and interactive search

results exploration are supported by subject knowledge. This subject knowl-

edge is dynamically generated based on the users’ current query, and provides

a means for facilitating visualization and interactivity within these processes.

This subject knowledge may be based on concept information derived from

the current query, or it may be generated based on the top set of search re-

sults returned for the current query. Many other options for obtaining the

subject knowledge exist; the primary feature is that the subject knowledge

must provide supplemental information to the user to support the interactive

query refinement and interactive search results exploration processes.
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Interactive Query Refinement

4.1 Motivation

The primary motivation for exploring visual and interactive methods to sup-

port interactive query refinement is to improve upon the current methods Web

search engines provide for supporting users in crafting queries that accurately

capture their information needs. In particular, current Web search engines

require users to manually craft and edit their queries based on information

they have gleaned from the search results list and the documents they have

viewed. Interactive query refinement tools can assist users in making query

refinement decisions, reducing the cognitive burden required by the users to

craft queries, and increasing the quality of the queries.

The fundamental hypotheses in this research on supporting users in their

interactive query refinement processes is that providing computer support

through supplemental subject knowledge can allow the users to make effective

choices for refining their queries. One of the challenges, however, is represent-

ing information that supports these interactive query refinement processes in

a manner that allows the users to make effective choices. A further challenge

64
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is providing interactive support that allows the users to explore the potential

benefits of their decisions with respect to their primary Web search goals.

In early work on interactive query expansion, Harman [30] provided three

lists of terms from which users could select to add to their queries. Although it

was shown that making good selections from these lists could improve the ef-

fectiveness of the information retrieval system, it is not clear that users would

be able to make such selections. Other studies have shown that users are of-

ten unable to make good query expansion choices when provided with a list

of terms [85, 57]. Therefore, in this research, simple list-based representa-

tions are avoided. Instead, visual and interactive methods for presenting this

information to the user are explored.

In this Chapter, two systems that support interactive query refinement are

described in detail: VisiQ and WordBars. In the VisiQ system, a graphical

representation of the query space is provided for user-supplied queries. Users

can easily experiment and explore within this query space by selecting ad-

ditional terms to add to the query, or remove terms from the query. With

each change, a new query space is dynamically generated along with its corre-

sponding graphical representation, and a preview of the top search results is

provided.

In the WordBars system, all the unique terms in the top search results are

counted, and a vertically-oriented term frequency histogram is provided along

side the search results. Users can easily identify terms that may be relevant

to their information need. They can experiment with re-sorting the search

results based on these candidate terms, determining whether they are indeed

relevant. These terms can readily be added to the query; terms currently in

the query that are deemed to no longer be appropriate can easily be removed.

The newly refined query can then be sent to the search engine. Along with
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the new set of search results, a new term frequency histogram is generated to

support further refinement of the query.

4.2 VisiQ

The primary goal in the development of VisiQ was to explore the use of visual-

ization and interaction to support the users’ in crafting queries that accurately

reflect their information needs. However, generating a visual representation of

a query is a challenging task, due to the textual nature of Web search queries.

What is needed is additional information regarding the relationships between

query terms and other terms that could be of potential benefit to the users as

they refine their queries.

In this work, a domain-specific concept knowledge base was developed to

store relationships between terms and the high-level concepts that the terms

describe. A concept knowledge base was constructed using the ACM Com-

puting Classification System [1], which provides support for expanding queries

within the computer science domain.

By visually representing the query space generated by the initial query,

VisiQ allows users to take advantage of their visual information processing

capabilities and intelligence to determine the relationships between their query

terms and the concepts they describe. Users may interactively refine their

queries by choosing new terms that are also related to these concepts, or

removing terms that do not adequately describe their information needs. The

query space is interactively re-calculated based on these selections, and Google

is accessed to provide users with a preview of the search results.

Although others have attempted to address the problem of users properly

specifying their information needs by supporting natural language queries, one
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of the challenges with natural language queries is properly transforming them

into an internal representation that supports effective information retrieval.

Some have attempted to work around the natural language problem by having

the users provide their query specifications in a simple form that corresponds

to the internal query representation [63]. The work on VisiQ has instead

focused on building simple queries that consist of lists of terms. Although

these queries may not be as effective at addressing fact-based questions, they

are easier for the users to understand, and correspond to the types of queries

that the users commonly provide [93].

One of the principles that has guided the design of VisiQ has been to main-

tain a balance between computer automation and human control [88]. There

is a critical human role in the crafting of a query that accurately represents

a user’s information need. To this end, a prototype system has been devel-

oped that takes advantage of the computer’s ability to store, retrieve, and

process large amounts of data, and the human’s ability for visual information

processing, complex decision making, and judgement. One of the fundamen-

tal features is the method by which the human and the computer exchange

information and initiate tasks. Information visualization and interaction tech-

niques promote this exchange, allowing the users to interpret and make sense

of the query space and easily refine their query to more accurately reflect their

information needs.

In the remainder of this Section, the details on VisiQ are provided, along

with examples illustrating its utility in supporting the users through interactive

query refinement.
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4.2.1 Concept Knowledge Base

The concept knowledge base used in this work draws its inspiration from the

conceptual semantic theories, along with formal concept analysis. This is an

extension of earlier work that used a similar technique for generating automatic

query expansions based on concepts [43]. In this Section, background to these

theories are provided, followed by a formal definition of the concept knowledge

base, and a description of the method for automatically generating a concept

knowledge base from well-defined concept information.

Semantic Theories

Semantics, the study of the meanings of words in a language, provides many

theories that attempt to explain the meaning of a word or phrase. Of inter-

est for query expansion are both the structuralist and conceptual theories of

meaning [24].

The structuralist theories of meaning hold that in order to understand the

meaning of a word, one has to understand how it functions together with, and

in contrast to, other related words. The meaning of a word consists of the rela-

tionships it has with other words in the language (i.e., synonyms, homonyms,

polysems, antonyms, etc.). In order for two people to communicate, they must

have a similar understanding of how the words they use are related to other

words in the language [24].

In the conceptual theories of meaning, the meaning of a word is the concept

in the mind of the person using that word; communication is possible via a

shared connection between words and concepts. That is, there is a mapping

between the set of words in the vocabulary and the set of concepts in the minds

of the users. While there will not be a single unique mapping that all users
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of a language share, the individual mappings must be similar to one another

over the vocabulary used in order for communication to occur [24].

The structuralist and conceptual theories of meaning are similar in the

sense that they both infer the meanings of words used by an individual with

respect to other objects. Therefore, the semantics of a word is not provided

by a definition, a reference, or its use, as one is normally accustomed to when

using a dictionary; rather the meaning of a word is provided by its relationship

to other objects. The distinction between these theories is in the type of ob-

jects to which words are related (i.e., other words in the structuralist theories,

and higher-level concepts in the conceptual theories). Using the conceptual

semantic theory, one can infer a relationship between a pair of words if there

is a concept which they have in common. The generality or specificity of this

common concept provides a clue to the degree to which the terms are related;

terms linked through a high-level (general) concept may have a weak relation-

ship, whereas terms linked through a low-level (specific) concept may have a

strong relationship.

Much of the previous work on query expansion, including those that use

collection-dependent knowledge bases [30, 77, 58, 11] and those that use collection-

independent knowledge bases [30, 108, 58], follow the structuralist theories of

meaning (see Section 3.2). Queries are expanded to include additional terms

that are related to the original terms in the thesauri. The success of these

techniques varies depending on whether the query expansion is interactive or

automatic, as well as the specificity of the thesaurus used.

The concept knowledge base used by VisiQ follows the conceptual theories

of meaning. It also draws some features from formal concept analysis, which

is described in the following Section.
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Formal Concept Analysis

Formal concept analysis provides mathematical descriptions of concepts in

terms of extensions and intensions [22]. A formal context is required in order

to construct descriptions of concepts. A formal context is given by a triple

(G, M, I) consisting of the set of objects G, the set of attributes M , and a

binary relation I between G and M . If an object g ∈ G has attribute m ∈ M ,

then (g,m) ∈ I.

A formal context can be used to derive a concept lattice. For a set of

objects A ⊆ G, a set of attributes A′ = {m ∈ M | ∀g ∈ A, (g,m) ∈ I}

can be defined. Similarly, for a set of attributes B ⊆ M , a set of objects

B′ = {g ∈ G | ∀m ∈ B, (g,m) ∈ I} can be defined.

A formal concept in a formal context (G, M, I) is defined as a pair (A, B)

where A ⊆ G, B ⊆ M , A′ = B, and B′ = A. That is, given a set of objects

A and a set of attributes B, if all the attributes that can be derived from the

objects A are present in the set of attributes B, and if all the objects that

can be derived from the attributes B are present in the set of objects A, then

these sets A and B form a formal concept. In this case, the set of objects A

represents the extension of the concept, and the set of attributes B represents

the intension of the concept.

In terms of Web information retrieval, G is the set of all documents on

the Web, and M is the set of all terms used in these documents. The relation

I represents whether a document g ∈ G contains term m ∈ M . Discovering

a formal concept within this set of documents requires analysing subsets of

documents and subsets of keywords, seeking matches between the intensions

and extensions of possible concepts.

It is clear that for a set of documents as large as the Web, finding formal

concepts using formal concept analysis is not feasible. Suppose, however, that
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one is provided with the set of documents that are used to describe a concept,

such as the set of documents that belong to a particular node in a concept

hierarchy (eg. the Open Directory Project [62] or the ACM Computing Clas-

sification System [1]). While these documents may only be a subset of the

extension of the concept represented by the node, they can be analysed to

find a possible intension of the concept (i.e., the terms common among these

documents). While this intension may not exactly match the actual intension

of the concept when all possible documents on the concept are considered, if

the set of documents is a good representation of the extension of the concept,

the set of common terms will be a good representation of the intension of the

concept.

One of the difficulties of using formal concept analysis in the domain of

information retrieval is that the vocabulary or word mismatch problem [21]

(in particular, the synonymy problem) may result in two terms that have a

similar meaning being excluded from the intension of a formal concept. That

is, because two such terms may be used interchangeably, each term may not

be present in all documents that represent the extension of the concept, which

precludes them from being present in the intension of the concept.

The formal concept analysis theory influenced the development of the con-

cept knowledge base in this research. The concept knowledge base extends

the formal concept analysis work by including a weight factor for each term in

the intension of a concept, permitting the inclusion of intensions of a concept

which are not present in all the extensions of a concept. Even though two

terms are present in the same document, which is part of the extension of

the concept, this does not mean that these two terms will necessarily end up

being connected to this concept in the final concept knowledge base. As will

be shown shortly, the weight factor is calculated as the average term frequency
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in the documents that belong to the extension of the concept, normalized over

the entire set of concepts. Thus, terms that are used in the extension of many

of the concepts will have a much lower weight than terms that are used in

the extensions of few concepts. These extremely low weight edges in the con-

cept knowledge base can effectively be removed, since they do not represent a

connection between a term and a concept that is of value.

Concept Knowledge Base

The source of information for generating the query space is the concept knowl-

edge base, the design of which drew inspiration from the conceptual semantic

theories [24] and formal concept analysis [22]. A concept knowledge base is a

bipartite graph consisting of two sets of nodes: concepts and terms. In this

graph, edges are assigned a weight and can only exist between concept nodes

and term nodes. The result is a data structure capable of storing mappings

between concepts and the intensions of the concepts (i.e., between concepts

and the terms that have been used the describe these concepts).

More formally, a concept knowledge base CKB = {C, T, E} consists of

a set of concept nodes C, a set of term nodes T and a set of edges E =

{ci, tj, wij}, where ci ∈ C, tj ∈ T , and ci and tj are related with a weight wij.

The weight wij of an edge in the concept knowledge base represents the degree

to which the term represents the intension of the concept.

In the initial work on the concept knowledge base [43], a method for auto-

matically constructing such a knowledge base using a concept hierarchy such

as the Open Directory Project [62] was described. For the work on VisiQ, a

more specific and focused source of concept information was chosen: the ACM

Computing Classification System [1]. This classification is used to categorize

papers submitted to the ACM Press, and contains both a concept hierarchy
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representing the various disciplines within the computer science domain, and

short descriptions of these disciplines. In generating the concept knowledge

base, the nodes in this concept hierarchy become the concepts (i.e., disciplines

in the computer science domain), and the descriptions of these nodes are used

as the source of terms.

Porter’s stemming algorithm [74] is used to pre-compute the stems of all

terms contained in the concept knowledge base. This algorithm automatically

removes all prefixes and suffixes from words in the English language, resulting

in the roots or stems of the words. This allows terms to be matched based

on the stems of the words, rather than exact word matches. Therefore similar

terms that share a common stem (e.g., cluster and clustering) will be treated

as the same term in the concept knowledge base.

A bag-of-words approach is used to count the occurrences of term stems

within each concept description. To calculate the edge weight values wij, the

set of descriptions Di = {di1, . . . , din} which are associated with a concept

ci ∈ C are each evaluated. For each description dik, the set of term stems used

in this description is Tik = {t1,ik, . . . , tm,ik}. The function f(dik, tj) is defined

as the occurrence count of term stem tj in description dik. The value for the

edge weight between concept ci and term stem tj is given by:

wij =

∑n
k=1

f(dik,tj)Pm
l=1 f(dik,tl,ik)

n

After all the concepts have been analysed, the edge weights from each

term stem in the concept network are normalized. For a term stem ti that is

connected to r concepts whose index is given by the relation f(x), x = 1 . . . r,



CHAPTER 4. INTERACTIVE QUERY REFINEMENT 74

the normalization is performed via the calculation:

w∗
ij =

wij∑r
k=1 wif(k)

In effect, the weights in the concept knowledge base represent the average

term stem frequency, which is then normalized with respect to the occurrences

of the term stem in other concepts. Term stems that have a high frequency

of occurrence in the descriptions of a concept will result in a high edge weight

between these nodes in the concept knowledge base. Term stems that have

a low frequency of occurrence in the descriptions of a document will result

in a low edge weight. Due to the normalization, term stems that are used

frequently to describe many different concepts will also have a low edge weight

to these concepts.

Using the normalized average term stem frequency rather than a simple

total of the term stem occurrences reduces the impact of different description

sizes and different numbers of descriptions (or documents) that represent a

concept in the calculation of the weight values. In particular, without this

normalization step, a single large description could provide term stem weights

that overshadow the weights provided by a number of smaller descriptions;

a similar situation is avoided for concepts that have a large number of de-

scriptions in relation to the number of descriptions present for other concepts.

Further, without the normalization, common term stems that are included in

many of the descriptions for a concept would have a very high weight value,

even though these term stems are often of little value in describing the concept.

This technique for constructing the concept knowledge base is somewhat
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similar to the TF-IDF (term frequency - inverse document frequency) weight-

ing scheme commonly used in traditional information retrieval [105, 6]. How-

ever, instead of re-weighting the term frequency by the inverse document fre-

quency, the edge weights begin with the average term frequency, and are then

normalized with respect to term usage in other concepts. Although the end

result is a re-weighted term frequency, the technique used takes into account

not only whether the term is used frequently, but also how many different

concepts make reference to the term.

4.2.2 System Architecture and Features

The system architecture for VisiQ consists of three primary components. The

query space generation component takes the query and the concept knowledge

base as input, and produces the query space. The query space visualization

component uses graph drawing algorithms along with techniques for colour

coding and data representation to create a visual display of the query space.

The Google preview component sends the current query to the Google search

engine via the Google API [27] and displays summary information about the

query results.

This system architecture is illustrated in Figure 4.1, the details of which

are provided in the remainder of this Section. The user interaction steps shown

in this diagram are described in Section 4.2.3.

Query Space Generation

In order to generate a visual representation of a user’s query, the first step is

to generate the query space. That is, the context or setting in which the query

terms exist must be determined. For this purpose, the concept knowledge base
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Figure 4.1: The VisiQ system architecture consists of three primary software
components (coloured in blue): query space generation, query visualization,
and Google preview. The interaction paths are illustrated by the thick red
arrows.

which was described in the previous Section is employed.

Given a concept knowledge base CKB = {C, T, E}, and a query Q =

{q1, . . . , qn} consisting of query terms qi, the process of generating the query

space QS = {C∗, T ∗, E∗} is given by the following five steps:

1. Match the query terms qi to the term set T to obtain a T ′ ⊆ T using

the stems of the terms.

2. Obtain the set of concepts C∗ ⊆ C which are connected to the terms
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in T ′. Two parameters are used to control this operation: a weight

threshold we, and a term ratio TR. First, all the concepts that are

connected to the terms in T ′ with a weight greater than we are chosen as

candidate concepts in C∗. Each of these concepts are then evaluated to

determine the ratio of the terms in T ′ to which they are connected with

a weight greater then we. If this ratio is less than TR, the candidate

concept is dropped from C∗.

3. Obtain the set of terms T ′′ ⊆ T which are connected to the concepts C∗.

A weight threshold parameter wd is used to control this operation. All

terms that are connected to the concepts in C∗ with a weight greater

than wd are chosen as the phrases in T ′′.

4. Perform a union of the original query terms and the new set of terms to

obtain the query space terms: T ∗ = Q ∪ T ′′.

5. Obtain the set of edges E∗ ⊂ E such that eij ∈ E∗ iff ci ∈ C∗ and

tj ∈ T ∗.

Borrowing terms from the field of morphological image processing [25], the

generation of the query space can be considered as a two step process: erosion

and dilation. When the process of erosion is followed by a process of dilation,

the result is called opening. We use this terminology since the meanings in

morphological image processing are analogous to the process of generating the

query space.

During the erosion process (step 2 in the above algorithm), the original

query is reduced to the set of concepts to which the terms are related. These

concepts represent an abstraction of the original query, eliminating much of

the specific detail of the query. The purpose of this step is to identify the core

concepts to which the user’s query is related.
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In the dilation process (step 3 in the above algorithm), the core concepts

identified for the query are expanded to include the terms to which they are

closely related. These additional terms broaden the information present, and

bridge the gaps between the concepts. The purpose of this step is to identify

new terms that may be relevant to the user’s query.

The opening process that results from the erosion and dilation processes

being executed sequentially produces the query space. By explicitly including

the original query terms as well as the edges between the concepts and the

terms (steps 4 and 5 in the above algorithm), the result is a sub-graph of

the concept knowledge base. Since the concept knowledge base is a bipartite

graph, so is the query space.

The thresholds we and wd, along with the term ratio TR, control the size

of the query space generated for a given query. Through initial experiments

with using the concept knowledge base generated from the ACM Computing

Classification System for query expansion, these values were set at we = 0.05,

wd = 0.10, and TR = 0.51.

Adjusting these parameters will have an impact on the features of the query

space. The we threshold parameter controls which concepts are selected from

the concept knowledge base to be included in the query space. Increasing this

value will cause only the concepts that are closely related to the query terms

to be selected; decreasing this value will cause many concepts, even those that

are loosely related to the query terms, to be included.

Similarly, the wd threshold parameter controls which terms are selected

from the concept knowledge base to be included in the query space. Large

values will result in only the terms that are closely related to the selected

concepts being included. Small values will allow many terms, including those

that are only slightly related to the concepts, to be included in the query space.
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The term ratio parameter TR becomes relevant when there are multiple

terms in the query. One may assume that when a user enters multiple terms

in a query, there is a relationship among these terms in regards to the user’s

information need. Therefore, it may not be desirable to select all the concepts

that are related to any of the query terms; instead, selecting only the concepts

that are related to multiple query terms may be of more value. Increasing the

TR parameter will result in selecting fewer concepts that are simultaneously

related to more of the query terms; decreasing the parameter will result in

selecting more concepts that are simultaneously related to fewer of the query

terms.

The current parameter settings represent a balance between very specific

and directed searching, and exploratory searching. A more specific and focused

query space can be generated by increasing all the values; a more general query

space can be generated by decreasing all the values. The challenge here is that

a very specific query space may result in few concepts and terms, and provide

little information to the user upon which they can base their query refinement.

Conversely, a very general query space may result in many concepts and terms,

which would be difficult to depict visually, and difficult for the user to interpret

and use to refine their query due to information overload.

Query Space Visualization

The key requirement in creating a visual representation of the bipartite sub-

graph that represents the query space is to ensure the users can properly per-

ceive, interpret, and make sense of the underlying features of the query space.

That is, users must be able to identify the three classes of nodes (concepts,

unselected terms, and selected terms), along with the relationships between

the concept nodes and the term nodes. To this end, it is necessary that the
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graph drawing algorithm represent the distance between two nodes as a func-

tion of the edge weight, and ensure that the edges are always visually present

to reinforce the relationship between connected concept-term pairs.

VisiQ uses the Java Universal Network/Graph Framework (JUNG) [72]

as the basis for generating the visual representations of the query space. A

heuristic-based graph drawing algorithm is used to satisfy two criteria: node

distance must represent the edge weights, and nodes must not be placed too

close to one another. The algorithm attempts to place nodes that are con-

nected to one another a distance that is a function of their edge weight.

Therefore, a concept-term pair with a high edge weight will be placed near

one another, and a concept-term pair with a low edge weight will be placed

away from one another. In addition, the system attempts ensure that two

nodes are not placed too close to one another, reducing the overlapping and

occlusion of nodes. In order to increase the speed at which a steady-state

solution is found, the concept nodes remain static and only the term nodes

are moved to satisfy these criteria.

Animation techniques are used to move the nodes to their locations as

the graph drawing algorithm iteratively attempts to satisfy the above criteria.

The purpose of this animation is to illustrate to the user that they too can

interact with the visual representation. For example, users can drag the nodes

to visually organize the query space, after which, the system will continue to

attempt to satisfy the graph layout criteria. An alternative would have been

to delay rendering the graph until a steady-state solution was found. However,

this delay would have been noticeable to the users, and would not convey the

dynamic nature of the visual representation.

In order to promote the perception of the different classes of nodes in

the visual representation, VisiQ uses colour coding techniques [102, 98, 110].



CHAPTER 4. INTERACTIVE QUERY REFINEMENT 81

Figure 4.2: The visual representation of the query space generated by the
terms “document” and “clustering”.

The colours were chosen to be visually distinct from one another, represent-

ing different locations within the three-dimensional colour space of the colour

opponent process model [36, 110].

Low luminance neutral colours (i.e., dark grey or black) are used to rep-

resent the underlying graph structure, including the edges between the nodes

and the borders of the nodes. As shown in Figure 4.2, a medium-high lumi-

nance red is used to represent the concepts; a medium luminance yellow is used

to represent the selected terms, and a medium-low luminance grey is used to

represent the unselected terms. This use of colour allows the users to easily

identify their original query terms (yellow), and deduce the meanings of the

concepts (red) and the other terms in the query space (grey).

By default, the visual representation of the query space shows all the con-

cepts and terms that are present. However, when the query space is large, a
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Figure 4.3: The visual representation of a query space with compacted con-
cepts (pattern recognition: clustering and mathematics of computing: math-
ematical software).

more compact representation is beneficial. To this end, a technique is provided

for compacting and expanding the terms that are connected to a concept in

the visual representation of the query space.

When a concept is to be displayed in an expanded representation, all the

terms that are connected to that concept are displayed as described above

(see Figure 4.2). A compacted representation is also available, wherein the

terms connected to the concept are displayed as thin layers below the concept,

providing the illusion that these terms are stacked behind the concept (see

Figure 4.3). However, when one of the terms connected to a compacted concept

is also connected to an expanded concept, that term remains external to the

compacted concepts to which it is connected until all its connected concepts

are also placed in the compacted representation.
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This feature allows the user to interactively adjust the level of detail of the

visual representation. In effect, this as a type of localized semantic zooming

[91] where information is hidden or shown, depending on the level of detail

the user has chosen for the concept. The benefit of this technique is that the

user can still identify the presence of terms and relationships to other terms

or concepts, and can choose to view this information in more detail easily.

The user’s original query terms are highlighted in the visual representation,

which results in the ability to visually identify the relationships between their

query and the concepts, as well as the relationships between these concepts

and new terms that can be added to the query. At the most basic level,

this allows the user to identify whether the terms they entered are actually

appropriate for their information need. That is, the resulting concepts should

have some relevance to the information the users are seeking. In addition,

users can easily identify whether their terms are very general (connected to

many different concepts) or very specific (connected to only a single concept).

Google Preview

In order to provide the user with an indication of the quality of their currently

generated query, VisiQ provides a preview of the Google search results for the

query. The Google Web API [27] is provided with the current state of the

refined query; the corresponding search results consisting of the number of

documents returned by the query, and the title and URL of each of the first

five document surrogates, are displayed along side the visual representation of

the query space. The snippet of text associated with each document surrogate

is made available via a tool tip on the document surrogate title.

This preview of the results returned by Google provides the users with an

additional source of information about the quality of their query. That is, as
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Table 4.1: User interaction features in VisiQ.
Object Operation Result

any node drag Move the location of the node.
concept node double-click Toggle between expanded and compacted

representations of the concept.
concept node shift double-click Remove the concept from the query space.
term node double-click Add or remove the term from the refined

query.
term node shift double-click Remove the term from the query space.
‘Google this’ click Open a new browser window and load the
button Google search engine using the refined query.

users interactively refine their query (as described in the following Section),

they can determine the quality of the results of their actions. In effect, this

feature provides the users with the ability to determine the outcome of their

actions in an interactive manner, rather than the manual cycle of altering their

query, submitting the query to Google, and viewing the results. The number

of documents in the search results can provide an indication as to whether the

query is becoming more general or more specific, and the individual documents

in the search results can provide an indication of whether the query is yielding

relevant documents.

4.2.3 User Interaction

Users of VisiQ can interactively refine their queries through the operations

supported within the visual representation of the query space. These oper-

ations are visually depicted by the thick red arrows in Figure 4.1, and are

described below. A summary of the operations that can be performed on the

different node types within the visual representation of the query space are

provided in Table 4.1.



CHAPTER 4. INTERACTIVE QUERY REFINEMENT 85

New Query

The user can initiate a new query by simply typing in the query text box, and

either pressing the Enter key, or clicking the “Visualize” button. In doing so,

the system will generate the query space, produce a visual representation of

this query space, and provide a preview of the Google results.

Studies of Web search behaviour have shown that users seldom make use

of advanced query behaviour such as Boolean queries or term exclusion opera-

tors [89, 93]. As such, VisiQ only supports queries consisting of simple lists of

terms. In future work, adding the ability for expert users to exert more control

over how their query is refined may be considered. This could include phrase

support, order of term control, and exclusion operators. However, these fea-

tures will add another level of complexity to the methods by which the users

can interact with the query space.

Add or Remove Terms From The Query

The users may interactively modify their query by double-clicking on term

nodes they wish to add to the query. Newly added terms are highlighted

in yellow, like the original query terms. As terms are added to the query,

a new query space is automatically generated, and the visual representation

is updated (i.e., concepts and terms that are no longer in the query space

are removed, and those that are new are added). In addition, a new Google

preview is generated, and the refined query box is updated to reflect this

change.

To support the users in refining their queries (rather than just expanding

them), the system also allows the user to remove terms from the query by
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double-clicking a highlighted term. Doing so will return this term to the non-

highlighted (grey) colour, and will regenerate the query space, update the

visual representation, and reproduce the Google preview.

Note that the user may choose to remove terms that are present in their

original query. This illustrates one of the key features of a query refinement

system over a query expansion system: in a query expansion system, additional

terms may only be added to the user’s original query; in a query refinement

system, the user may make modifications to the original query. This is a

valuable feature in situations where the user identifies a new term that is a

better description of their information need than one of the original query

terms.

Remove Concepts

In reviewing the visual representation of the query space, the user may identify

concepts which are not relevant to their current information need. These

concepts may be present in the query space if the query terms are very general

and have been used to describe multiple concepts. In order to make it easier

for the user to focus on the concepts that are relevant, the system allows a

user to remove a concept from the query space by holding down the control

key while double clicking on the concept. In all subsequent interaction steps

in the current user session, these removed concepts will not be present.

Expand or Compact Concepts

Users may choose to switch the representation of a concept between expanded

mode and compacted mode by double-clicking on a concept. Switching be-

tween these different modes (as described in Section 4.2.2 and illustrated in

Figures 4.2 and 4.3) allows the user to reduce the visual clutter generated by



CHAPTER 4. INTERACTIVE QUERY REFINEMENT 87

concepts which they no longer wish to consider.

Expanding and compacting concepts also provides the users of VisiQ with a

means for dealing with vague queries that generate large query spaces. Large

query spaces will generally result in a visual representation that is difficult

to interpret and make sense of (primarily due to edge crossings and node

occlusion, as well as the inability of the graph drawing algorithm to satisfy the

layout criteria). By compacting some of the concepts within the query space,

these large query spaces become easier to visually process, since the number of

nodes are significantly reduced. The user may then interactively expand and

collapse the concepts as needed to refine their query.

Google Search Using the Refined Query

In addition to providing a preview of the Google search results as the user

conducts their query refinement tasks, the system also allows the user to send

the query they have created to the Google search engine [26] by clicking the

“Google This” button. Doing so opens a new instance of the Web browser and

submits the query to Google automatically. This allows the user to access the

complete set of search results returned by Google, and to perform relevance

judgement within the popular list-based search results interface.

A complete query refinement scenario using VisiQ is illustrated in Fig-

ures 4.4 - 4.9. A video showing the use of this system for visualizing and

interactively refining a query is provided on the author’s Web site1.

In this scenario, the user beings with the query “document clustering”.

Upon viewing the visual representation of the query space, the user notices

that the term “document” is not a good descriptor of the information need,

and removes it from the query space. From the updated query space, the

1http://www.cs.uregina.ca/~hoeber/VisualQuery/
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Figure 4.4: The process of visual query refinement with VisiQ begins with
entering the initial query terms.

Figure 4.5: The process of visual query refinement begins with entering the
initial query terms.
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Figure 4.6: The users may choose to remove terms from the query.

Figure 4.7: The users may choose to add terms from the query.
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Figure 4.8: The users can determine the progress of their query refinement by
consulting the Google preview.

Figure 4.9: The refined query can be sent to the Google search engine with
the click of a button.
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user identifies “information” and “retrieval” as terms which are relevant, and

adds these to the query. Using the Google preview, the user determines that

the refined query is producing relevant documents, and completes the process

by choosing to send the refined query to Google for further evaluation of the

search results.

The benefit of using VisiQ in this example was that it illustrated to the

user how the terms “document” and “documentation” are used to describe a

number of concepts which are not relevant to the user’s information needs. By

removing the “document” term, the user is able to focus on the concepts that

are relevant, and consider additional terms that might be more useful, such as

“information” and “retrieval”. This scenario represents one of many different

situations where VisiQ can assist users in refining their queries.

Further examples are provided in the remainder of this Section to highlight

four different Web search situations: starting with vague query terms, starting

with specific query terms, starting with incorrect query terms, and conducting

an exploratory search.

Vague Terms

Users often have difficulty in choosing specific terms to add to their query.

Some terms that appear to be relevant to the user’s information needs are

sometimes poor choices since they are often used to describe many different

topics.

For example, in the query “clustering algorithms”, the term “algorithms”

is rather vague. Within the concept knowledge base constructed from the

ACM Computing Classification System, this term is connected with sufficient

weight to eight different concepts. Within the visual representation of the

query space, it is easy to identify these common terms, as well as other terms
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Figure 4.10: This example illustrates how VisiQ can be beneficial when the
user begins with a vague query. The user is able to identify terms that are
used by many concepts, and is given suggestions for other terms that might
be more specific and relevant to their information needs.

Figure 4.11: The refined query generated by removing vague terms and adding
more specific terms.
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that might be considered as replacements (see Figures 4.10 - 4.11).

The user may identify the concept “pattern recognition: clustering” as a

relevant concept, and choose to remove the vague term “algorithm” from the

query in favour of the terms “similarity” and “measures” in order to focus on

a specific aspect of clustering algorithms. This example illustrates how VisiQ

can be used to both identify vague terms (i.e., those that are connected to

many concepts), and to suggest other terms that might be more valuable to

the user’s query.

Specific Terms

It is common for users who are familiar with a topic to provide a number of

specific terms in their query in order to increase the likelihood of obtaining a

large portion of relevant documents in the search results. VisiQ can further

support this process by suggesting additional terms that are also relevant to

the topic of interest to the user.

Consider the example illustrated in Figures 4.12 - 4.13. When the user

submits a very specific query such as “library automation storage”, VisiQ

returns a query space consisting of the single concept “information storage

and retrieval: library automation”. Clearly, this is the concept which the user

intended by this query.

A number of additional terms are also suggested as being relevant to this

topic, including “archives”, “text”, “large”, “information” and “retrieval”.

The user may choose to use these additional suggestions to further refine their

query. For example, adding the terms “retrieval” and “archives” results in nar-

rowing down the set of search results from 13.2 million documents to 700,000.

While this is still many more documents than one would wish to consider, it

does provide an indication of how VisiQ can assist the user in taking a specific
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Figure 4.12: This example illustrates how VisiQ can be beneficial even when
the user begins with a specific query. Not only can the user verify that all
the terms are relevant for a specific topic, but they can also choose additional
terms to further focus and refine their query.

Figure 4.13: The refined query generated by adding even more specific terms.
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query and making it even more specific.

Incorrect Terms

It is common for users that are unfamiliar with a topic to use incorrect terms to

describe their information need. When this is the case, search engines seldom

provide enough information for the user to fix this mistake.

For the query “performance complexity”, the use of the term “perfor-

mance” is likely not what the user wanted, and results in many documents

that are not relevant to the user’s intended topic of algorithmic analysis and

computational complexity. Viewing the query space shown in Figure 4.14, the

user can easily identify that the concepts to which the term “performance” is

connected are not relevant to their information need.

By removing this incorrect term, the size of the query space is reduced,

and the user is able to identify a concept that is relevant: “computation by

abstract devices: complexity measures and classes”. From this concept, the

user can identify additional terms to add to their query, such as “classes” and

“relations”, arriving at a query that is a more accurate representation of their

original information need (see Figure 4.15).

Exploratory Search

Often, a user will enter a somewhat vague query in order to determine what

kind of information exists for this topic. This type of exploratory searching

can be further supported through VisiQ.

Starting with a vague query such as “parallel operating systems” returns

over 50 million documents. The query space generated by this query includes

six concepts, and 27 additional terms that can be added to the query (see

Figures 4.16 - 4.17). The user can easily review the concepts to gain a better
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Figure 4.14: This example illustrates how VisiQ can be beneficial when the
user chooses an incorrect term in their query. Incorrect terms can easily be
identified since they will often be connected to concepts that are not rele-
vant to the users information need. These can easily be removed, and more
appropriate terms can be added.

Figure 4.15: The refined query generated by replacing an incorrect term with
a better alternative.
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Figure 4.16: This example illustrates how VisiQ can be beneficial when the
user wishes to explore a topic. The concepts related to the topic can easily be
identified, along with suggestions for terms to further explore specific aspects
of the topic.

Figure 4.17: The refined query represents an aspect of the topic the user may
wish to explore further.
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understanding of the types of information that might be present, and can

choose to focus on one or more of these concepts by adding additional terms

to which they are connected.

For example, the user may decide that they would like to explore the

topics of “operating systems: communications management” and “computer-

communication networks: distributed systems”. Adding the terms “commu-

nication” and ”distributed” focuses the query on these topics.

Through the visual representation, the user is able to identify concepts of

interest, as well as additional terms that might assist the user as they explore

the information that is available. Further, through the interactive nature of

the query refinement, the user can easily add or remove terms, and preview

the search results, all in an exploratory manner.

4.2.4 Discussion

Following the classification discussed in Section 3.2, VisiQ is an interactive

technique based on a collection-independent knowledge base. However, VisiQ

is more accurately described as a query refinement technique, since it allows

the users to additionally remove some or all of their original query terms in

the crafting of a new query that accurately reflects their information needs.

One of the critiques of the work by Harman [30] is that it assumes that

users can make the perfect choices when presented with a list of potential query

expansion terms. Subsequent studies have shown that users are often not able

to make these good choices [85, 57]. One may argue that this is a failure of

the list representation used to display the potential query expansion terms.

Since the list representation is not able to convey the relationships between

the original query and the list of potential terms, nor the relationships between

the terms themselves, users have difficulties in determining the value of adding
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a term to their query.

A primary goal in the development of VisiQ was to provide the users with

additional information about the potential terms that can be added to their

query. This information comes in the form of the relationships between the

user’s query terms and the concepts they are related to, and the relationships

between these concepts and the other terms that have been used to describe

them. Providing this information in a visual manner allows the user to inter-

pret and make sense of these relationships as a result of their visual information

processing capabilities. That is, it is easier for the user to understand these

relationships by looking at a picture than by reading a list of terms.

The Google preview assists the users in determining the results of their

query refinement steps without the need to access the entire set of search

results. This supports a process of query refinement exploration, in which the

users can try modifying their queries, and easily determine the outcomes of

these modifications.

Another important aspect of VisiQ is that the query refinement process

occurs completely in the query space. The use of the concept knowledge base

allows the query space to be generated completely independent of the initial

search results or the collection of documents being searched. The value of this

approach is best illustrated by the simple example below.

Consider the situation where a user enters a query term that is used to

describe two different concepts. If one of these concepts is much more common

in the corpus, or is given a higher value by the information retrieval system,

then the top documents returned by the information retrieval system may

all be related to this concept. In this case, the terms suggested for query

expansion will be focused exclusively on this common or important concept.

If the user was actually interested in the other concept, then this method of
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basing the query refinement on the initial search results or the features of the

document collection will have failed.

In using a concept knowledge base and therefore keeping the query refine-

ment in the query space, this situation is avoided. That is, the user will be able

to easily identify the two different concepts to which the query term is related,

and can refine the query based on the concept that matches their informa-

tion need (rather than the one the information retrieval system automatically

selected).

It is clear that the quality of the query refinement process is directly im-

pacted by the quality of the concept knowledge base. The concept knowledge

base generated from the ACM Computing Classification System is of an ad-

equate quality for the purposes of demonstrating the results of this research,

although the query refinements are only possible within the computer science

domain. Future work includes investigating the further refinement of the con-

cept knowledge base using the top documents returned by the ACM Digital

Library for each of the disciplines (concepts), as well as constructing a gen-

eral purpose concept knowledge base using the Open Directory Project and

Wikipedia.

Spence’s Navigation Framework

As described in Section 2.4.1, Spence suggested a framework for describing the

human activities involved in navigating within an information system [90, 91].

This framework provides a useful tool for discussing the features and benefits

of VisiQ with respect to the cognitive activities the user conducts.

Browsing. During the browsing activity, the user views and interacts with

the VisiQ system, and absorbs the content displayed within the system. The
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user can easily identify their query terms, as well as view the concepts and

other related terms present in the query space. Further, the Google preview

presents the titles of the top five documents that match the current query,

allowing the user to browse the preview of the what the search results will

look like.

Formulate an Internal Model. Through the visual browsing activity, the

user develops an internal model of the content viewed. Because the query

space is provided in a visual representation that highlights the current query

terms, the concepts to which they are related, and the additional terms that

can be added to the query, VisiQ supports the user in formulating a mental

model of the query space that mimics this graph-based representation. Even

for queries that result in a large query space, the ability to interact with the

query space through compacting and expanding concepts, and manipulating

the locations of nodes, assists the user in formulating their internal model.

Further, because the concepts are static (i.e., based on the information stored

in the concept knowledge base), the generation of internal models for new

queries are supported by the internal models developed for prior queries that

resulted in common concepts.

Interpret the Information The ability of the user to understand what they

are seeing is affected greatly by the internal model that has been formulated

and the information they are viewing. In VisiQ, colour coding is used to

provide a clear distinction between the three classes of nodes in the visual

display: query terms, concepts, and additional terms. As such, little cognitive

effort is needed to make the proper interpretation of the query space, both

based on what they are seeing in the visual display, and based on the internal
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model they have developed. A well-formulated internal model results in an

easy interpretation of what the current query “looks like”.

Formulate a Browsing Strategy. A browsing strategy can be formulated

based on a number of different sources of information: the internal model (i.e.,

cognitive determinants), the visual representation being viewed (i.e., percep-

tual determinants), or even a new idea the user has had (also a cognitive de-

terminant). The resulting browsing strategy may be part of planned strategy

with a specific goal in mind, or an opportunistic strategy based on something

the user has thought of or seen.

In VisiQ, examples of browsing strategies that are based on the interpre-

tation of the internal model include choosing to add or remove terms from the

query (planned strategy), or trying “what if” scenarios and exploratory query

refinement (opportunistic strategies). Based on the visual representation of

the query space, the user may notice the Google preview and choose to view

some of the top ranked documents for the current query (planned strategy).

Alternately, while viewing the visual representation, the user may identify

some term which they had not yet considered, and may choose to add this to

their query (opportunistic strategy). Further, the user may have some idea

for a new search (opportunistic strategy), or for a new term to add to their

current query (planned strategy).

Norman’s Stages of Action Framework

Norman described two gaps that exist between the users of a system and the

system itself: the gulf of evaluation and the gulf of execution [68, 69]. How the

users of a system cross these gaps form Norman’s stages of action framework,

which is described in more detail in Section 2.4.2. As with Spence’s navigation
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framework, this framework provides a useful mechanism for commenting on

how the features of VisiQ support the users in fulfilling their task goal of

satisfying their information need.

Goals. The overall information retrieval goal is for the user to find a number

of documents that are relevant to their information needs. In order to fulfill

this goal, the user must first fulfill a supporting goal of crafting a query that

accurately reflects their information needs. This supporting goal is translated

into a system goal for using VisiQ to craft a query.

Gulf of Evaluation. While viewing the visual representation of the query

space, the user will normally move through the phases of perception, interpre-

tation, and evaluation subconsciously. In the perception phase, the user sees

the pixels in the information display, and groups these into perceptual objects.

The regular shapes of the nodes, as well as the visible connections between

concept nodes and term nodes support the user in correctly perceiving this

information. When the query space is large, there is the possibility of an oc-

clusion problem; however, the interactive nature of the visual representation

supports the user in manipulating the graph in order to separate overlapping

nodes.

In the interpretation phase, the user recognizes the three different types

of nodes within the graphical representation of the query space: query terms,

concepts, and additional terms. The colour coding of the nodes supports the

user in this interpretation. The user’s previous experience with using VisiQ

assists them in making a correct interpretation of the interface. Due to the

animated nature of the visual display, the users are able to interpret that they

too can move nodes around in the display. Further, the nodes themselves have
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the appearance of buttons, providing an affordance that they can be clicked.

As a result of making a correct interpretation of what the user has seen,

the user is able to evaluate the visual display with respect to their current

system goal. With VisiQ, the user is able to follow the connections between

their query terms and the concepts to which they are related, and follow the

connections between the concepts and the other terms that may be of value

in crafting the query. In effect, the user is able to make sense of the visual

display in terms of their current query.

Gulf of Execution. In the intentions stage, the user converts their system

goal of crafting a query that accurately reflects their information needs into

an intention to make a change to the query. In VisiQ, this intention will often

be in the form of adding or removing a term from the query. Other intentions

are also possible, such as moving a node that is occluding another, removing

a non-relevant concept from the display, or compacting a concept.

In order to fulfill the intention, the user must plan a sequence of actions

within the user interface. Since many of the operations are simple click or drag

operations, commonly, there is little planning required. However, there are a

few more complex actions, such as using the shift key when double clicking

on a node to remove it from the visual display. These actions may require

conscious planning, especially when the user is a novice.

The execution stage is where the user makes the physical actions with

the interface device to execute the planned action sequence. Since VisQ uses

standard interface devices such as a keyboard and mouse, this stage is trivial

for most computer users, requiring little cognitive effort.

After successfully executing the action sequence to add a term to the query,

the query space is re-calculated and a new visual representation is provided.
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All the nodes that were present in the previous query space remain in the same

location; old nodes are removed and new nodes are added to the graphical

representation. Further, the node the user clicked on is changed to have a

yellow background, indicating that it is a query node. This new query space

provides feedback to the user that they have correctly executed their action

sequence.

4.2.5 Summary

The primary benefit that VisiQ provides to Web searchers is the ability to

interactively refine queries based on supplemental information drawn from the

concept knowledge base. For a given query, the query space is generated and

displayed in an interactive graphical representation. Within this graphical

representation, the users can easily identify their query terms, the concepts to

which they are related, and additional terms that may be of value for the query.

Within this query space, the user can choose to add or remove terms from the

query, resulting in the generation of a new query space and the corresponding

graphical representation. A preview of the Google search results provides an

indication to the user of the progress of their query refinement tasks.

4.3 WordBars

One of the main drawbacks to the VisiQ system is that it requires that a

concept knowledge base exist for the domain in which the users wish to search.

If no such knowledge base exists, VisiQ is unable to support the users in the

refinement of their queries. To address this drawback, methods for supporting

interactive query refinement based on the top results from the initial search

were explored, resulting in the development of WordBars.
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The primary hypothesis in this work is that frequently used terms in the

results of an initial search can provide valuable information to Web searchers,

both for interactive query expansion as well as for interactive search results

exploration. Information visualization techniques are employed to convey the

term frequency information to the users in a compact manner that can easily

be interpreted, understood, and used. Although this system supports both

interactive query refinement and interactive search results exploration, the

focus in this Section is on the interactive query refinement features. The

interactive search results exploration features are discussed in more detail in

Chapter 5.

The WordBars system retrieves the top 100 document surrogates from

the Google API [27], and counts the frequencies of all the terms used within

the titles and snippets. The term frequencies are sorted and depicted in a

visual manner, allowing the users to easily identify the commonly used terms

within the top search results. Single-clicking on any term re-sorts the search

results based on the frequency of that term. Selecting multiple terms results

in a re-sorting of the search results based on the combined term frequencies.

Double-clicking a term either adds a new term to the query, or removes the

corresponding term from the query. New search results are retrieved by clicking

the search button.

As with VisiQ, a fundamental design principle in the development of Word-

Bars is the balance between computer automation and human control [88].

Crafting a query that accurately represents a user’s information needs is an in-

herently human task, as is the evaluation and exploration of the search results.

While some have suggested automatically expand users’ queries [114, 77, 108],

this eliminates the human decisions made in the query refinement process,

which are vitally important.
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4.3.1 System Architecture and Features

The system architecture for WordBars consists of four primary components.

The meta-search component obtains the set of top search results for the sup-

plied query from the Google API. The term frequency vector generation com-

ponent counts the occurrences of terms within the top search results, and

generates vector representations of this information. The term frequency vec-

tor visualization component generates a visual representation of the term fre-

quencies within the entire set of search results. The search results re-sorting

component re-sorts the search results based on the frequency of use of user-

selected terms.

This system architecture is illustrated in Figure 4.18, the details of which

are provided in the remainder of this Section. The user interaction steps shown

in this diagram are described in Section 4.3.2.

Meta-Search

Unlike VisiQ, which provided interactive query refinement features indepen-

dent of the search results set, WordBars integrates the query refinement func-

tionality together with the presentation of the search results. As such, Word-

Bars uses the Google API [27] to retrieve the top 100 search results for the

current query.

Since the Google API only provides ten document surrogates at a time, it

is the responsibility of the meta-search component to make ten different calls

to the Google API in order to collect all 100 document surrogates required by

the system. In order to avoid delays introduced by the multiple requests for

search results, as each set of ten document surrogates are received, they are

passed to the other components requiring them. Ultimately, the user will see
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Figure 4.18: The WordBars system architecture consists of four primary soft-
ware components (coloured in blue): meta-search, term frequency vector gen-
eration, term frequency vector visualization, and search results re-sorting. The
interaction paths are illustrated by the thick red arrows.

the search results list and term frequency histogram grow as the document

surrogates are obtained from the Google API.

Term Frequency Vector Generation

As each search results subset is provided by the meta-search component, the

following steps are followed in order to generate a single master vector and a

local vector for each document surrogate:
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1. The title and snippet from each document surrogate in the search results

subset are combined in a bag-of-words approach resulting in a document

descriptor for each document surrogate.

2. Common terms and terms that contain less than three characters are

eliminated from the document descriptors.

3. Porter’s stemming algorithm [74] is used to reduce all terms in the doc-

ument descriptors to their stem (root) forms.

4. For each document descriptor, the frequency of each unique stem is

counted and a local vector is created to store this information.

5. The local vector for each document surrogate is added to the master

vector.

In the master and local vectors, each dimension corresponds to a unique

stem found in the search results. As new stems are found, the dimensions of

the vectors are increased accordingly.

After processing a search results subset provided by the meta-search com-

ponent, the master vector is sorted to ensure that the most frequent terms are

always located at the top. This vector is used as the basis for visually repre-

senting the term frequencies, as explained in the following Section. A mapping

between this sorted master vector and the local vectors is maintained to sup-

port adding subsequent local vectors to the master vector (as more search

results subsets are processed), and re-sorting the document surrogates.

Term Frequency Vector Visualization

While some previous systems have used simple textual lists to provide recom-

mendations for additional terms to add to the query [30], providing additional
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information about the terms in a visual manner can be extremely beneficial.

For example, Joho et al. showed the benefits of using a cascading menu repre-

sentation of query expansion terms [49]. In WordBars, a simpler representation

is employed that both allows the user to browse the available terms, as well as

perceive and interpret the relative frequencies of these terms in the top search

results.

The visual representation of the term frequencies consists of a vertically

oriented, colour-coded histogram. Both the width of the bars in the histogram,

as well as the intensities of the colours, are used to represent the frequencies

of the commonly used terms in the top search results. Using multiple visual

features to represent the same data attribute provides redundant coding, and

results in an increase in the ease, speed, and accuracy in which the the users are

able to perceive and interpret the information [84]. The colour scale was chosen

to vary both on the red-green colour channel, as well as the luminance channel.

Visually, this colour scale produces a heat scale, resulting in high frequency

terms appearing hot, and low frequency terms appearing neutral or warm.

The colour scales used in WordBars were generated using the ColorBrewer

application [12].

The term labels are provided to the right of each frequency bar. The terms

that are present in the query are coloured red; all others are black. This

use of colour allows the users to easily identify their query terms within the

histogram, as well as identify frequently used terms that are not present in

the query. Further, these colour distinctions can be pre-attentively processed

[110], allowing the near-instant recognition of the distinction between the query

terms and the other terms.

Due to space considerations, only the 20 most frequently used terms are

displayed in the term frequency histogram. While there may be relevant terms
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beyond this cut-off mark, one may assume that the most beneficial terms are

those that are used frequently within the top search results. Although this

may not be the case in some search situations, providing a limited number of

terms produces a list that can be easily browsed and is not overwhelming for

the users to evaluate.

Grey boxes are used to indicate which terms the user has selected for

re-sorting the search results. This provides a simple yet effective method for

indicating the current state for the re-sorting of the search results. Figure 4.19a

shows a screenshot of the WordBars system for a sample query; Figure 4.19b

shows zoomed-in view of the visual representation of the term frequencies.

Search Results Re-Sorting

The purpose of the search results re-sorting component is to re-sort the set

of search results based on the terms selected by the users from the term fre-

quency histogram. Initially, when the search results subsets are provided by

the meta-search component, the document surrogates are simply stored and

passed to the user interface in the original order (as provided by the Google

API). As the local vectors are calculated by the term frequency vector gener-

ation component, these are stored along with their corresponding document

surrogate within this component.

When a user adds or removes a term for re-sorting purposes using the term

frequency histogram, this component uses the dimensions corresponding to all

the selected terms as a means for re-sorting the search results. A selection

vector is generated which contains a value of one in the dimension correspond-

ing to the selected terms, and a value of zero elsewhere. The re-sorting of the

search results set is based on the calculation of the inner product between the

selection vector and each of the local vectors (corresponding to each document
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(a) WordBars

(b) term frequency histogram

Figure 4.19: A screenshot of the WordBars system (a) and a zoomed-in view
of the top of the histogram (b). Note the re-sorted search results based on the
selected terms in the histogram.
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surrogate). The end result is that the search results set is provided to the user

interface in a re-sorted order, based on the frequency of use of the selected

terms.

4.3.2 User Interaction

As the search results are retrieved from the Google API, the document surro-

gates are automatically loaded into the document list window, and the term

frequency histogram is updated as each document surrogate is processed. This

has the effect of providing an animation of the growth and re-sorting of the

terms used in the search results. A video showing this animation, is available

on the author’s Web site2.

Once data begins to be displayed in the term frequency histogram, the

user can interact with this interface without waiting for the search results to

finish being retrieved. Users of WordBars can interactively refine their queries

through the operations provided by the term frequency histogram and the

other features of the interface. These operations are visually depicted by the

thick red arrows in Figure 4.18, and are described below. A summary of the

operations that can be performed using WordBars are provided in Table 4.2.

The interaction methods were chosen to be as simple as possible in order to

reduce the learning curve associated with using WordBars.

Investigate Term Use

Single-clicking terms within the term frequency histogram is used to initiate

a re-sort of the search results displayed in the document list window based on

the frequency of all the currently selected terms. Clicking a term toggles its

2http://www.cs.uregina.ca/~hoeber/WordBars/
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Table 4.2: User interaction features in WordBars.
Object Operation Result

term in click Toggle between selecting and unselecting the
histogram term. Re-sort the search results based on the

selected terms.
term in double-click Add or remove the term from the query.
histogram
‘Search’ click Initiate a new search with the refined query.
button
document click Open the document in a new browser window.
surrogate

status between selected and not selected. Selected terms are easily identified

by the grey box surrounding them. This simple process allows the users to

interactively investigate the use of terms within the current set of search results

that may be of value for query refinement.

The users can easily add or remove terms to be used for re-sorting, resulting

in an instantaneous re-sorting of the search results. This feature supports an

interactive investigation of term use within the current set of search results,

allowing the users to see how a term is used before committing to adding it

to the query. This is an important part of the support WordBars provides

for interactive search results exploration, as it supports the users in making

informed query refinement choices. This feature is also of value in interactive

search results exploration, and is discussed further in Section 5.4.

Add or Remove Term From The Query

Double-clicking is used to add or remove terms from the current query. All

terms that are in the current query are displayed in a red font in the term

frequency histogram. Double-clicking on any of these will remove that term

from the query; double-clicking on any term that is currently not in the query
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will add that term to the end of the query. This feature allows the users to

easily refine their query based on the terms that are present in the current set

of search results.

Submit the Refined Query

Adding or removing terms from the current query does not generate a new

set of search results automatically. A new set of search results and the corre-

sponding term frequency histogram are generated only once the user submits

the query by clicking on the ‘Search’ button. Although automatically produc-

ing a new set of search results whenever the query is changed was originally

proposed, this causes difficulties when the user wishes to add or remove multi-

ple terms from the current query. As such, the query is refined using the term

frequency histogram of the previous query until the user explicitly requests a

new set of search results (and corresponding term frequency histogram).

4.3.3 Examples

In order to illustrate the benefits WordBars provides to Web searchers through

the interactive query refinement features, four examples are provided to high-

light four different Web search situations: starting with vague query terms,

starting with specific query terms, starting with incorrect query terms, and

conducting an exploratory search.

Vague Terms

It is common for users to provide vague queries for their Web search tasks.

This may be due to incomplete knowledge on the topic of interest, a desire

to explore a general topic, or choosing a query term that is inherently vague.
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The search results for a vague query are often vague themselves. Sometimes

these search results will all be relevant to some general topic that is clearly

not specific enough to satisfy the users’ information needs; other times, the

search results may be relevant to two or more very different topics. In these

situations, users tend to spend a lot of time considering document surrogates

that are not relevant to their information need. Web search engines provide

little support to help users improve their queries or to focus on more specific

aspects of their information need.

With WordBars, the users can benefit from being able to easily browse

the commonly used terms in the search results. Vague search results can be

identified by the high frequency of the query terms, and the relatively low

frequency of all the other terms in the histogram. This is due to the search

results being a mixture of documents on multiple topics or sub-topics, all of

which use different terms in their descriptions.

Users of WordBars benefit from the support that the system provides as

they explore and browse the search results. If relevant documents are found

near the top of the list after re-sorting the search results, the selected terms

can be added to the query, and other less valuable terms removed. As a

result, the user can first consider documents that make use of a potential new

query terms, and then easily add these terms to the query. All this interaction

occurs within the same interface, allowing the user to readily flip back and

forth between their task of search results exploration and their task of query

refinement.

Suppose the user starts with the vague initial query: “document cluster-

ing”. Clearly, the query terms are used frequently; but few other terms are

used consistently in many of the search results, indicating the vagueness of

the initial query (Figure 4.20). The user can explore the search results by
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Figure 4.20: Starting with a vague query, WordBars produces a term frequency
histogram with a mix of relevant and non-relevant terms.

Figure 4.21: How the terms are being used in the top search results can easily
be explored.
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Figure 4.22: More specific terms can easily be added to the query, generating
a new term frequency histogram.

Figure 4.23: Vague terms can easily be removed from the query, generating a
new term frequency histogram.
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selecting terms that are better descriptors of their information need, such as

“hierarchical” and “documents” (Figure 4.21). If the top documents are rele-

vant, the user may choose to add these terms to the query by double-clicking

on them (Figure 4.22). The user may decide that some of the query terms are

not very descriptive, and may choose to remove these, such as “algorithms”

(Figure 4.23).

From this example, it is easy to see the value of being able to re-sort

and explore the search results in support of the interactive query refinement

process. This is supported using the simple interaction features provided by

the term frequency histogram. The terms presented in the histogram can easily

be considered for relevance, and can be used to focus on a subset of the search

results that are relevant to a specific sub-topic (i.e., by re-sorting the search

results), or focus and refine the query with respect to this sub-topic (i.e, by

adding the terms to the query).

In this scenario, the user was able to start with a vague initial query,

and explore the search results using the term frequency histogram to find

additional terms that were also relevant to their goal. The user recognized

terms in the histogram that were relevant to their information need, and was

able to evaluate how these terms were being used in the search results. This

exploration is further supported by allowing the user to craft a new query

using terms from the histogram, which can then be further explored.

Specific Terms

In general, when a user is able to provide a specific initial query that accurately

reflects their information needs, Web search engines do a very good job of

providing highly relevant documents within the first few pages of the search

results. Even in these situations, there is a benefit to using WordBars.
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By providing a term frequency histogram to represent the commonly used

terms in the top search results, the users can easily verify that their initial

query is indeed returning documents that are relevant. In these situations,

many of the top terms in the histogram should be relevant to the user’s infor-

mation need. By providing a visual indication of the frequency of the terms,

the users can easily interpret the relative frequency differences between terms.

The user may use the term frequency histogram to re-sort the search results

to further focus on and explore a particular aspect of the information need.

The user may also add new terms to the query, resulting in a search that is

even more specific than the initial query.

Suppose the user starts with a specific initial query “library automation

storage”. By reviewing the top terms provided in the term frequency his-

togram, the user can easily verify that many of the documents are relevant to

their information need (Figure 4.24). The user can easily focus on a specific

aspect of the search results, such as “network” and “software” by clicking on

these terms in the histogram (Figure 4.25). Alternately, the user may choose

to select the term “backup” to obtain a different sorting of the search results

(Figure 4.26). The user may decide to add this term to their query by double-

clicking on it, generating a more specific set of search results (Figure 4.27).

This scenario shows how the user is able to explore the search results

using WordBars. This allows them to interactively manipulate the search

results as they evaluate how various terms are being used within the document

surrogates. In some cases, the users may find that exploring the search results

from their initial query is sufficient to satisfy their information needs. In other

cases, after exploring how some of the terms are being used in the search

results, they may wish to refine their query, resulting in a new set of search

results that can be further explored using the new term frequency histogram.
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Figure 4.24: Starting with a specific query, WordBars produces a term fre-
quency histogram with many relevant terms.

Figure 4.25: How the terms are being used in the top search results can easily
be explored.
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Figure 4.26: The user can easily investigate the use of many different terms.

Figure 4.27: Additional terms can be added, resulting in an even more specific
query.
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Incorrect Terms

When users are unfamiliar with the topic upon which they wish to conduct

a Web search, it is common for them to use incorrect terms to describe their

information need. Although these terms may appear to the user to be relevant,

they may not be commonly used to describe the desired topic. This poses

a challenging problem for the users, as there is little help provided by the

traditional Web search engines in refining their queries to accurately reflect

their search goals. In these situations, it is probable that many of the top

search results will not be relevant, making it difficult for the users to identify

what the problem is with their query.

The term frequency histogram can assist the user in identifying that there

is a problem with their query. If many of the terms are not relevant to their

information need, this provides a clear indication of errors within the query.

While browsing the histogram, the user may be able to identify some terms

that are better descriptors of what they are seeking than those originally used.

These terms can easily be evaluated by re-sorting the search results to bring

the document surrogates that make use of them to the top of the list; the

terms can then be added to the query if they are found to be of value.

Suppose a user wishes to search for documents on the topic of algorithmic

analysis and computational complexity. If they are not very familiar with

the topic, they may begin with a query such as “performance complexity”.

However, the use of the term “performance” may not be correct since it is often

used to describe actual system performance rather than algorithmic analysis

topics. Viewing the term frequency histogram, the user can see that there are

many terms that are not directly related to the intended topic (Figure 4.28).

However, in this histogram, the user may be able to identify a few terms

that may be more relevant to their information need. The search results can
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Figure 4.28: Starting with an incorrect term in the query, WordBars produces
a term frequency histogram with a mix of relevant and non-relevant terms.

Figure 4.29: Potentially better terms can easily be explored based on how they
are being used in the top search results.
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Figure 4.30: The user can replace the incorrect terms with better alternatives.

Figure 4.31: Additional terms can be added, resulting in an even more specific
query.
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be re-sorted based on the use of some of these terms, allowing the user to

evaluate their relevance (Figure 4.29). Once the user identifies a few relevant

terms, they may wish to start crafting a better query. In this example, the

user may decide to add the term “algorithms”, as well as replace the term

“performance” with “analysis” (Figure 4.30). Viewing the subsequent term

frequency histogram and the corresponding Web search results, they may wish

to further refine their query by adding the term “theory” as well (Figure 4.31).

In this example, the benefits WordBars provides is clear. Even though

the user began with an incorrect term, there were enough marginally relevant

terms in the top search results to provide some information to the user re-

garding potentially better terms. While it is still up to the user to make the

proper selection from the term frequency histogram, the histogram supports

the recognition of relevant terms, rather than requiring the user to recall the

terms.

Exploratory Search

Exploratory search is a technique used by many Web searchers, both for finding

out what information exists for a topic to which they are unfamiliar, and for

finding out what is new in a topic to which they are familiar. In either case,

exploratory searches seldom have a specific goal at the beginning of the search,

although they may develop one as they explore the topic of interest.

The features of WordBars provide support to the users in exploratory Web

search processes. Starting with an initial query, the users can readily identify

terms of interest within the WordBars histogram. Selecting some of these

terms will move the documents that make use of them to the top of the list,

making it easy for the user to decide whether this is an aspect of the search

results that they would like to explore further. These terms can easily be
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added to the query and a new set of search results generated. In this manner,

users of WordBars are able to both explore the current search results, as well

as refine their queries as they seek to explore and discover information about

their topic of interest.

Suppose the user starts with a query such as “parallel operating systems”,

with the goal of exploring this general topic to discover what is there. Al-

though there are many relevant documents returned as a result of this search

(see Figure 4.32), the user is more interested in exploring specific aspects of

this topic. As such, the user may choose to explore how specific terms such

as “distributed” and “processing” are used in the top search results (see Fig-

ure 4.33).

If these re-sorted results look like a promising avenue to pursue further, the

user may choose to add these terms to their query and review the subsequent

search results (see Figure 4.34). From here, the user may note the term “grid”

in the term frequency histogram, and choose to add this to the term in place of

“distributed processing”, resulting in the exploration of a related, but different,

aspect of the general topic (see Figure 4.35).

In this scenario, the term frequency histogram provides the user with an

overview of the contents of the search results. By browsing this information,

the user can identify specific aspects of the search results set, which can easily

be explored further by refining the query.

4.3.4 Discussion

Following the classification of query expansion techniques discussed in Sec-

tion 3.2, WordBars is an interactive technique based on the initial set of search

results. However, as with VisiQ, WordBars is more accurately described as

a query refinement technique, since it allows the users to additionally remove
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Figure 4.32: Starting with an exploratory query, many of the terms in the term
frequency histogram generated by WordBars will be relevant to the general
topic.

Figure 4.33: Terms of interest can easily be explored.
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Figure 4.34: The query can be refined based on terms of interest identified in
the term frequency histogram.

Figure 4.35: Alternate queries can easily be generated.
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some or all of their original query terms in the process of crafting of a new

query that accurately reflects their information needs.

One of the primary limitations of WordBars is that there is little ability

to support the users in their exploratory Web search tasks when a very poor

initial query is provided. If no relevant document surrogates are returned

within the top 100 search results, then the ability to explore the use of these

terms within the search results is of little value to the users. The terms that

are common among these top search results will likely not be relevant to the

user’s information need, making it difficult for them to choose from the term

frequency histogram. However, the lack of relevant terms in the term frequency

histogram may indicate to the user that they need to start with a better initial

query than the one provided.

Supposing that at least some of the document surrogates returned from

the initial search are relevant, WordBars can be very beneficial in assisting

the users in their information retrieval tasks. The term frequency histogram

provides a visual indication to the users of the relative frequencies of the terms

used in the top document surrogates from the search results. The users may

explore the search results through re-sorting based on the terms they select as

relevant to their information need. They can use these terms to further refine

their query, commonly resulting in a more specific set of search results that

can then be explored further.

The term frequencies in WordBars are generated from a subset of the actual

document: the title and the snippet provided by the Google API. The title

is often descriptive of the information within the document, and the snippet

contains contextual information regarding the use of the query terms within

the document. These both provide valuable information about the documents

in the search results, and may even result in a better list of terms than if the
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entire textual documents were considered.

Since only a simple pre-processing of the title and snippet are performed, it

is possible for terms that are not meaningful to appear in the term frequency

histogram. For example, the word “two” may appear somewhat frequently in

the top search results for a given query, even though this word is not meaningful

for search results exploration or query refinement. While it is possible to add

such terms to the stop-words list, in some situations, these terms may be

relevant and meaningful. As such, the stop-words list is limited to commonly

used verbs, adverbs, pronouns, and prepositions, which are of little value in

exploring the search results or refining the queries.

As noted previously, users may have difficulties choosing good terms to

use for query expansion when presented in a list format [85, 57]. WordBars

enhances the simple list-based format by providing a visual representation of

the frequency of the terms, as well as an indication of which terms are present

in the current query. The ability to re-sort the search results allows the users to

see how potential query expansion terms are used within the top search results.

This additional information allows the users to make informed decisions for

query expansion that would not be possible when simply considering the terms

in a list.

In the examples provided in the previous Section, the users are provided

with a visual indication of the term frequencies, and are able to take advantage

of their human intelligence as they use this information to interactively refine

their queries. One of the key benefits of the term frequency histogram in

WordBars is that it allows the users to recognize terms from the list, rather

than having to recall relevant query terms for a given topic. Recognition rather

than recall is a primary usability principle, suggesting that users should be able

to see the information they need, rather than having to remember it [65]. In
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WordBars, this allows the users to begin with an initial query, and use their

recognition ability to explore and subsequently add or remove terms from their

query, resulting in a refined query that did not require the user to remember

the specific terms that are relevant to their information need.

Spence’s Navigation Framework

Spence’s navigation framework, as described in Section 2.4.1, describes the

human activities involved in navigating within an information system [90, 91].

This framework is used to discuss the features and benefits of WordBars. The

focus here is on the support of interactive query refinement through the term

frequency histogram; a further discussion with regards to interactive search

results exploration is provided in Section 5.4.2.

Browsing. While visually browsing the term frequency histogram, the user

can see information about the commonly used terms within the top search

results. The query terms can be readily identified in the histogram due to

the font colour. The histogram can easily be seen to represent the relative

frequencies of the terms with little or no training. By selecting terms in the

histogram, the search results are re-sorted and the user can see how those

terms are used within the top search results.

Formulate an Internal Model. As the user performs the browsing activi-

ties, they develop an internal model of the content being viewed. This internal

model will be greatly influenced by the visual representation of the query term

frequencies. Further, as the user explores the use of candidate terms within

the term frequency histogram, the internal model will be supplemented by

information they learn about the use of these terms within the search results.
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The user’s internal model will also be influenced by previous internal models

generated for searches on the same or similar topics. Over time, the user will

be able to learn which terms represented in the term frequency histogram are

of value for their common search topics.

An important aspect in the development of an internal model for a given

search is that the user is able to recognize terms within the term frequency his-

togram, rather than needing to recall them while constructing the query. This

recognition ability provides a link between what they see in the externalization

of the data (i.e., the visual representation), and their previously constructed

internal models. Without the externalization of the data, the user would be

required to recall their previously constructed internal models without any

support from the system, requiring significant cognitive effort.

Interpret the Information Before the user can act upon the information

they have gained through the use of the WordBars system, they must make a

proper interpretation of their internal model, as well as what they are currently

viewing in the system. The colour coding of the query terms versus the other

terms found in the top search results supports the proper interpretation of

which terms are currently in the query. Further, the width and colour coding of

the bars within the term frequency histogram support the user in interpreting

the relative frequencies of the terms. As the user explores how candidate

terms are being used in the top search results, they are able to make effective

interpretations of the relevance of these terms with respect to their current

information need.

Formulate a Browsing Strategy. When formulating a browsing strategy,

a number of different sources of information can be used: the internal model,
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the visual representation being viewed, or a new idea the user has had. The

resulting browsing strategy may be part of planned strategy with a specific

goal in mind, or an opportunistic strategy based on something the user has

thought of or seen.

Based on the interpretation of the internal model, the user may choose

to pursue a browsing strategy consisting of refining the query based on what

they have learned (planned strategy), or conduct a new exploratory search

on a topic that is not relevant to their current goal, but is based on one or

more terms they have discovered (opportunistic strategy). While viewing the

WordBars user interface, the user may wish to explore a specific document

in more detail (planned strategy), or may view a specific document that is

not relevant to the current goal, but is of interest to the user none-the-less

(opportunistic strategy). Further, as with VisiQ, the user may have some idea

for a new search (opportunistic strategy), or for a new term to add to their

current query (planned strategy).

Norman’s Stages of Action Framework

In Norman’s stages of action framework, two gaps exist between the users of

a system and the system itself: the gulf of evaluation and the gulf of execu-

tion [68, 69]. The steps that users take as they cross these gaps are described

in more detail in Section 2.4.2. As with Spence’s navigation framework, this

framework provides a useful mechanism by which the interactive query refine-

ment features of WordBars can be discussed.

Goals Although the overall information retrieval goal is to find a number of

documents which are relevant to the user’s information needs, a supporting

goal of crafting a query that accurately reflects the user’s information needs
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must first be fulfilled. The system goal is to use the features of WordBars

to craft a query that captures the user’s information needs. Note that once

this system goal is achieved, WordBars also supports a system goal of using

the system to explore the search results and find specific relevant documents.

This additional system goal is discussed with respect to WordBars support of

interactive search results exploration in Section 5.4.2.

Gulf of Evaluation During the perception stage, viewers of WordBars per-

ceive the low level objects in the interface, and group these together into

higher-level objects such as the bars and terms in the term frequency his-

togram. The regular shapes of the histogram bars, and the proximity of the

corresponding terms support the user in making the perceptual connection of

the terms to their histogram bars.

In the interpretation phase, the user identifies the histogram bars as repre-

senting some sort of value for the corresponding term. The representation of

the value is provided both through the width of the bar, as well as the colour

coding of the bar. This redundant coding is used to ensure a fast and accurate

interpretation of the information. Although the interface does not explicitly

state the meaning of the histogram values, logical interpretations include fre-

quency, value, and importance. As users move beyond the novice user stage,

prior experience will support the proper interpretations of this data.

The user will also be able to interpret that the there is a difference be-

tween the terms which use a red font and those that use a black font. Since

the users likely just finished typing in their initial query terms to start the

search, it requires little cognitive effort to recognize that the red terms are the

query terms. This interpretation is further supported by subsequent use of the



CHAPTER 4. INTERACTIVE QUERY REFINEMENT 136

system. Although the term frequency histogram does not provide much infor-

mation to the user as to how it can be used, with a small amount of training,

the user can make the proper interpretation that the histogram bars can be

clicked and double-clicked.

The final stage to overcome in the gulf of evaluation is for the user to make

a correct evaluation of the term frequency histogram with respect to their

current system goal. The user can readily identify their query terms in the

histogram, and can make sense of the meanings of the other terms as well.

For the goal of crafting an accurate query, this evaluation stage will result in

the identification of one or more terms that might be good candidates for the

query.

Gulf of Execution For the intentions stage, the user’s system goal of craft-

ing an accurate query is converted into an intention of adding one or more

terms to the query that were identified while crossing the gulf of evaluation.

Other intentions may include removing a query term, or selecting a term which

to evaluate further in the search results list.

Since the action sequence required to add or remove a term is a simple

double-click, little planning required. Further, since many users of the system

will have had prior computer use experience, little cognitive effort is needed

to double-click the mouse button.

After double-clicking a term and adding it to the query, the term is shown

in the query box, and the term’s font colour is changed to red to highlight that

it is now in the query. This feedback provides the user with an indication that

they have successfully executed the planned action sequence.
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4.3.5 Summary

WordBars supports the users in interactively refining their queries by providing

a graphical representation of the commonly used terms found in the top search

results. This term frequency histogram allows the users to recognize terms

that may be of value for their query, rather than requiring that they remember

them. New terms can easily be added to the query, and poor choices can easily

be removed. Refined queries can be submitted to the search engine, providing

a new set of search results and a corresponding term frequency histogram.

Further query refinement can then be performed based on the new query,

resulting in an iterative improvement of the query.



Chapter 5

Interactive Search Results

Exploration

5.1 Motivation

While it is clear that significant effort has gone into creating Web search

engines that can index billions of documents and return the search results

in fractions of a second [13, 23], the presentation of these search results has

remained essentially unchanged since the early days of Web search. Commonly,

the search results generated from a user’s query are presented in a list-based

format, with each document being represented by its title, a snippet containing

the query terms in context, and its URL.

Even though this simple list-based representation provides the search re-

sults in a clear and effective manner for determining the relevance of individual

document surrogates, it requires that each document surrogate be evaluated

in turn, and to some degree, in the order provided. Further, there is little

support for determining the overall properties of the search results, nor for

manipulating and exploring the search results set.

138
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It is common for Web searchers to encounter difficulties as they attempt

to determine the relevance of the document surrogates that comprise Web

search results lists. While some of these difficulties can be attributed to poorly

crafted queries, even when the users provide a query that adequately describes

their information needs, the search results are often a mixture of documents

with varying degrees of relevance. This inability of Web search engines to

provide highly relevant search results for users’ queries can be attributed to

the generality of the collection of documents being searched, the ambiguity of

language, and the word mismatch problem [21].

Because most searches result in a combination of relevant and irrelevant

documents to the users’ information needs, the users are required to make

relevance decisions on a document-by-document basis. This can be time con-

suming, and can result in the users giving up when a large portion of the

search results considered are not relevant.

Studies evaluating the behaviour Web searchers have found that users sel-

dom view more than three pages of search results [89, 93]. When the users

are able to craft an effective query, they may be able to find enough relevant

documents in the first few pages to satisfy their information needs. However,

when vague or misleading queries are provided, it is more common for users

to either re-formulate their query or give up, rather than continue to evaluate

a set of seemingly non-relevant search results.

In evaluations of the search results from a number of vague queries, many

highly relevant documents were found to be buried deep in the search results,

even when there were many non-relevant documents in the first three pages

of the search results. The interactive exploration of the Web search results

can allow the users to access these relevant documents easily and efficiently,

resulting in fewer non-relevant documents being viewed as the users seek to
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fulfill their information needs.

In this Chapter, three prototype systems that have been developed to sup-

port the users’ tasks of interactive search results exploration are discussed in

detail. HotMap provides a visual representation of the query term frequencies

in the top search results, and supports both a visual inspection and nested re-

sorting of the search results to assist the users in finding relevant documents

buried deep in the search results set. Concept Highlighter provides a list of

concepts from which the user may choose. As a result of choosing the relevant

concepts, the search results are re-sorted using a single-pass fuzzy clustering

algorithm. The users can interactively select and un-select concepts, allowing

them to explore the set of search results. WordBars provides a visual repre-

sentation of the frequency of use of the top terms found in the search results

set. Selecting terms from the term frequency histogram allows the users to

re-sort the search results based on the use of the selected terms. Note that

WordBars has already been described with respect to supporting interactive

query refinement; the discussion in this Chapter is with respect to interactive

search results exploration.

5.2 HotMap

To address the shortcomings of the list-based representation, and to promote

interactive search results exploration, HotMap was developed as a means for

visualizing and interactively manipulating Web search results. This meta-

search system retrieves the top search results returned by the Google API

[27] and presents these results in a compact visual manner that supports both

visual information processing and user-directed exploration. Although the

current prototype retrieves only the first 100 document surrogates from the
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search results, the visual representation is compact and flexible enough to

support the display of thousands of document surrogates in a single display

screen.

The motivation for this work is based on a common method for evalu-

ating the relevance of a document surrogate: identifying which of the query

terms appear in the title and snippet. The list-based representation of the

document surrogates often provides query term highlighting (i.e., bolding the

query terms) which helps the users to identify their query terms, but still re-

quires the users to read or at least recognize the terms. 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 5.1, this colour coding allows the users to see the “hot” documents

easily, and provides the inspiration for the name of this system: HotMap.

In HotMap, the search results are presented in a grid-based layout at two

levels of detail: an overview map provides a compact representation of the top

search results, and a detail window provides a focused view of approximately

20 document surrogates at a time. Coordinated scrolling between these two

views allows the user to easily track the location of the detail window with

respect to the overview map, as well as easily jump to a location of interest

identified in the overview map. Of the document surrogate information pro-

vided by the Google API, only the title of the document is displayed in the

detail window; tool tips are used to hide and dynamically show the additional

details of the document surrogate, such as the snippet and the URL. To pro-

mote the manipulation and exploration of the search results, the users can

perform nested sorting operations on the search results, based on the query

term frequencies. Doing so automatically updates the order of the document
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(a) HotMap screen shot

(b) magnification of overview map

Figure 5.1: The visual representation of the Web search results consists of a
detail window and an overview map (a). The magnified view of the overview
map (b) shows that the first document surrogate is “hot” with respect to the
first two query terms and “warm” with respect to the fourth term; the second
document surrogate is “hot” with respect to the third query term and “warm”
with respect to the last two query terms; and the third document surrogate
is “warm” with respect to the third query term and “hot” with respect to
the last two query terms . These search results were returned from the query
“search results visualization information retrieval”.
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surrogates in both the overview map and the detail window.

In the design of HotMap, the focus was on supporting the users as they

evaluate and explore the search results for vague queries. For queries that

are very specific, many highly relevant documents will commonly appear in

the first few pages of the search results. In these situations, the list-based

representations of the search results are rather effective. However, when the

query is vague, the search results will commonly be a mixture of relevant

and non-relevant documents, and will require the users to consider many non-

relevant documents as they attempt to find relevant documents. Interactive

search results exploration, as provided by HotMap, can assist the users in

finding more relevant documents from vague search results.

5.2.1 System Architecture and Features

The system architecture of HotMap consists of four primary components. The

meta-search component obtains the set of top search results for the current

query from the Google API. The document surrogate augmentation component

augments each document surrogate with information regarding the frequency

of use of each of the terms in the current query. The document surrogate

visualization component generates the visual representation of the document

surrogates based on the query term frequency information. The search results

re-sorting component re-sorts the search results based on the nested sorting

selections made by the users.

This system architecture is illustrated in Figure 5.2, the details of which

are provided in the remainder of this Section. The user interaction steps shown

in this diagram are described in Section 5.2.2.
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Figure 5.2: The HotMap system architecture consists of four primary software
components (coloured in blue): meta-search, document surrogate augmenta-
tion, document surrogate visualization, and search results re-sorting. The
interaction paths are illustrated by the thick red arrows.

Meta-Search

HotMap is a meta-search system that retrieves the top 100 document surro-

gates from the Google API [27] for the current query. Since the Google API

only provides ten document surrogates at a time, it is the responsibility of

the meta-search component to make ten different calls to the Google API in

order to collect all 100 document surrogates required by the system. In order

to avoid delays introduced by the multiple requests for search results, as each
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set of ten document surrogates are received, these are passed to the document

surrogate augmentation component for processing. Ultimately, the user will

see the search results list in HotMap grow as the document surrogates are

obtained from the Google API.

Document Surrogate Augmentation

HotMap augments the document surrogate information provided by the Google

API by calculating an additional set of attributes for each document surrogate

that represents the frequency of each of the query terms. These attributes

correspond to a user’s question of “how often do my query terms appear in

these documents?”.

As each search results subset is provided by the meta-search component,

the following steps are followed for each document surrogate in order to aug-

ment the document surrogate with additional information:

1. The title and snippet for the document surrogate are combined together

into a document descriptor using a bag-of-words approach.

2. Porter’s stemming algorithm [74] is used to calculate the stems for each

of the terms in the document descriptor.

3. The frequency of occurrence of each of the n query terms are counted

in the stemmed document descriptor, resulting in frequency attributes

{q1, q2, . . . , qn}.

4. The frequency attributes {q1, q2, . . . , qn} are added to the document sur-

rogate to produce the augmented document surrogate.

Note that matching the query terms to the terms in the document sur-

rogate uses the stemmed versions of both the query terms and the terms in
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the document surrogate. Matching based on these stems is more effective than

exact word matches, since it takes into account different variations of the same

root word.

Document Surrogate Visualization

The goal of any visualization technique is to support the users in seeing the

information rather than reading the information. This can be a difficult goal

to meet for information that is inherently textual, such as Web search re-

sults. However, the query term frequency attributes present in the augmented

document surrogate can be easily represented in a visual manner.

While some argue in favour of three-dimensional layouts, not only are there

problems with occlusion, but judging the relative positions of objects can be

difficult [110]. Instead, HotMap uses a two-dimensional grid layout and colour

coding to represent the document surrogate attributes. This results in a tile

mosaic metaphor similar to that used in TileBars [32]. In the HotMap colour

grid, each row represents a document surrogate in the search results, and

each column represents one or more attributes or elements in the document

surrogate.

Since the spatial position of an object and its colour can be perceptually

separated, colour coding of the query term frequencies can be used without

interfering with the spatial layout of the data [110]. Further, since colour is

pre-attentively processed, this information is absorbed by the users far faster

than if the users were required to read the numerical values [110].

The choice of a colour scale is not as simple as it might seem. Since it is

necessary to represent an ordered sequence of values, a colour sequence that

varies monotonically on at least one colour channel is required [102, 110]. A set

of perceptually distinct colours on the red end of a red-green colour scale were
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chosen to represent the term frequencies. This colour scale varies on both the

luminance channel as well as the red-green colour channel. Visually, this colour

scale appears to be a heat scale, resulting in higher frequency terms appearing

hot, and lower frequency terms appearing neutral or warm. The colour scales

used in HotMap were generated using the ColorBrewer application [12].

Search Results Re-Sorting

The search results re-sorting component provides the ability to re-sort the

search results based on a nested sort operation requested by the user. Ini-

tially, when this component receives the augmented search results subset and

the corresponding grid layout and colour coding information from the other

components, no re-sorting is performed. As such, the search results are pre-

sented in the order provided by the underlying search engine.

When a user specifies a nested sorting operation, this component uses the

query term frequency attributes in each augmented document surrogate as the

basis for the re-sorting. A nested sorting operation will consist of an ordered

list of the query terms along with the direction in which to sort for each query

term in the list. Starting with the first query term in the list, the search

results are sorted based on the corresponding frequency attribute, and in the

direction specified (ascending or descending). For each additional query term

in the list, where there are ties in the sort order, the document surrogates are

sorted based on the corresponding frequency attributes.

Coordinated Views at Different Levels of Detail

As illustrated in the screen shot in Figure 5.1a, two different levels of detail of

the search results are simultaneously displayed in HotMap. The detail window

shows a fraction of the search results set at a time, and provides links to access
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the target documents. The overview map displays the first 100 search results

in a compressed format by showing the query term frequencies and an abstract

representation of the document surrogate title. Coordination between these

views allow the user to both investigate the document surrogates in detail, as

well as gain insight into the features of the entire set of search results displayed.

Detail Window In the detail window, a compact representation of approx-

imately 20 document surrogates is provided. The first column contains the

document surrogate number, allowing the user to easily identify the degree of

importance placed on each document surrogate by the underlying search en-

gine algorithms, as well as supporting data collection in the user evaluations.

The next n columns hold the frequencies of the query terms, represented by a

colour value. The final column contains the title of the document and a tool

tip to access the hidden information including 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 selected 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 document 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 de facto standard for new and

visited links in a Web page.

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
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number of pixels available to represent this information. Therefore, an abstract

representation of the Web search results is necessary.

While many of the standard display resolutions have more horizontal space

than vertical space, the overview map is displayed in a vertical orientation.

Since the search results are represented in a vertical layout in the detail win-

dow, coordinating the orientation allows the users to more easily make visual

connections between the two representations.

Given the small amount of vertical pixels available in many computer dis-

plays, and the large amount of search results to represent, a choice was made

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 (see Figure 5.1).

Even though a small number of pixels are used to represent each document

surrogate, it is still important to convey information about the features of the

search results. The overview map provides a three by three pixel block to

visually represent the frequency for each term in the user’s query. In order to

make it easier for the users to make a visual connection between the overview

map and the detail window, lines were drawn in the overview map whose

lengths are relative to the lengths of the document surrogate titles. These

lines use the same colour as the titles in the detail window. 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 coding of the frequency, the length of the title

line, and the link colour of the title line all provide landmarks allowing the
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user to recognize the features of the search results and remain oriented within

these visual representations. This consistency between the overview map and

the detail window makes comparisons between the views easier for the users

to perform [7].

Coordination of Views When multiple views of the same data at different

levels of detail are provided, as in HotMap, it is very important to ensure

that the views remain coordinated, and that this coordination is self-evident.

Synchronized scrolling provides the primary means for coordinating the detail

window and the overview map. In addition, perceptual cues are provided to

make the relationships between these views apparent to the user [7].

In order to aid the user in remaining aware of the coordination 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

detail window (see Figure 5.1). As the users scroll in the detail window, the

location of the scroll box is automatically updated.

To support the users’ task of visually exploring the search results within the

overview map, clicking or dragging the mouse on any location in the overview

map automatically 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 valuable in HotMap, where

“hot” documents can be easily identified deep within the search results simply

through a visual inspection of the overview map.

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 relationships between the document surrogates they are viewing
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Table 5.1: User interaction features in HotMap.
Object Operation Result

overview click Jumps the document list to the selected
map location.
overview drag Scrolls the document list to the selected
map location.
term click Re-sort the search results based on the term
header frequency.
term control-click Re-sort the search results based on a nested
header term frequency.
document click Open the document in a new browser window.
surrogate
document hover Show the snippet and URL in a tool tip.
surrogate mouse

in the detail window and the 100 document surrogates in the overview map,

and remain oriented within the visual representations as they explore the Web

search results.

5.2.2 User Interaction

As the search results subsets are obtained from the Google API, and aug-

mented with the query term frequency attributes, this information is displayed

in the detail window and overview map. The user does not need to wait for

the entire collection of document surrogates to be retrieved; they can begin

interacting with the system immediately. The operations for interactively eval-

uating the search results are depicted by the thick red arrows in Figure 5.2, and

are described below. A summary of the operations that can be performed using

the overview map and detail window of HotMap are provided in Table 5.1.



CHAPTER 5. INTERACTIVE SEARCH RESULTS EXPLORATION 152

Visual Inspection

By providing an abstract graphical representation of the top search results in a

single view, the overview map supports a visual inspection of the entire search

results set retrieved (i.e., 100 document surrogates). The HotMap colour cod-

ing allows the users to visually identify “hot” document surrogates - those that

make frequent use of one or more of the terms in the user’s query.

When such a document surrogate or group of document surrogates is iden-

tified, the user can easily scroll the detail window to the general vicinity of

these document surrogates through a simple click or drag of the mouse in the

overview map. A visual indication of this scroll is provided by the re-location

of the scroll box over the point of interest.

The user can then direct their attention to the detail window to consider

the document in more detail. Because the colour codes used in the overview

map and the detail window are the same, the document surrogates identified

in the overview map can readily be located in the detail window.

Nested Sorting of Search Results

The search results can be further explored through a nested sorting feature

in the detail window. This feature allows the users to interactively re-sort

the search results based on the frequencies of query terms they deem to be

important to their information need.

This feature is initiated by clicking on the header of the column that cor-

responds to the query term by which the user wishes to sort Doing so will

immediately re-sort the search results based on the selected query term. This
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re-sorting is reflected both in the detail window and the overview map. Click-

ing a second time sorts the search results in the reverse order, with those doc-

ument surrogates that make the least frequent use of the query terms moved

to the top. Clicking a third time removes the sorting. A small arrow at the

top of the column header indicates the current state of the sorting.

In addition to this single-query term sorting, a nested sorting can be ini-

tiated by holding down the control key while clicking on the column headers.

The query term selected first is given the highest priority, followed by the

second, third, and so on. The status of the sort is indicated by arrows of

decreasing sizes for the selected query terms.

All the nested sorting features can be removed by clicking on the column

header above the title of the document surrogates. This returns the search

results list to the order provided by the Google API.

Deciding Relevance

An important step in using any interface that represents search results is to

allow the users to decide the relevance of the document surrogates before

choosing to view the corresponding document. This is supported in the detail

window.

The title of each document surrogate is provided, along with the snippet

and URL, which are accessed via a tool tip. This compact representation

allows many document surrogates to be viewed at the same time, supporting

scanning of the titles. Access to the additional information is provided as

needed.

When a document surrogate is selected to be viewed (i.e., clicked), the

document is opened in a new browser window. When the user returns to the

HotMap system, the link colour for the selected document indicates that it
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has been viewed. This feature ensures that the user is made aware of which

documents have been viewed, and which have not. Being able to identify which

documents have already been viewed is vitally important for any system that

supports search results re-sorting, since after re-sorting the users need to be

informed of which document surrogates they have already considered.

5.2.3 Example

In order to illustrate the benefits HotMap provides to the users as they seek to

interactively explore their Web search results, an example is provided. When

a user submits a query to HotMap, the search results are retrieved from the

Google API and are added to both the detail window and the overview map

as they are received. Figure 5.3 shows the status of the HotMap system after

submitting the query “search results visualization information retrieval”.

The user can scan the visual representations of the query term frequencies

for the search results both in the detail window and the overview map. “Hot”

documents can easily be identified at both levels of detail. If such a document

or group of documents is found in the overview map, the user can easily jump

to that location by clicking in the vicinity of the documents of interest in the

overview map (see Figure 5.4).

Alternately, the user may wish to re-sort the search results based on the

importance of individual query terms with respect to their information need.

In this example, the user may wish to perform a nested sort first by “visual-

ization”, then “information” and “retrieval”. The result of such a re-sorting

of the search results is displayed in Figure 5.5.

Since only the titles of the documents are displayed in the detail window,

the users must hover the mouse pointer over the titles to activate the tool tip

which contains the snippet and URL of the document. This is illustrated in
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Figure 5.3: The initial search results are presented at two levels of detail in
HotMap.

Figure 5.4: The overview map can be visually inspected to identify documents
of interest.
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Figure 5.5: A nested sorting of the search results can bring relevant documents
buried deep in the search results to a more prominent location.

Figure 5.6: The compact representation in the detail window supports brows-
ing; the details can be easily accessed via tool tips.
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Figure 5.6. A video showing the HotMap system in use is available on the

author’s Web site1.

5.2.4 Discussion

Wise et al., noting that “the need to read and assess large amounts of text

that is retrieved 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” [113], gave a very clear motivation for investigating other

methods for presenting information retrieval results in non-textual manners.

Providing the results of a search in a visual manner may allow this upper limit

to be exceeded.

However, for a Web search interface implemented as a meta-search, there

are additional constraints beyond what would be present for a traditional

information retrieval system. In addition to dealing with a collection that

includes billions of documents, access to the textual contents of the individual

documents is not provided with the search results, and there is an expectation

from the users that the results be displayed in near real-time [28]. For these

reasons, it was necessary to restrict the visualizations to the information that

is present in the document surrogates that are provided in the search results.

Although the process of counting the occurrences of the query terms in the

document surrogates may seem simplistic, it has its basis in how some users

evaluate the search results presented in the common list-based representation.

That is, users will often try to find which documents make use of the terms in

their query. While query term highlighting in the title and snippet do support

this task, visualizing this information can be more effective since it allows the

users to see the information rather than having to read the information. This

1http://www.cs.uregina.ca/~hoeber/HotMap/
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has the added benefit of allowing the document surrogate to be presented in

a far more compact manner. Since the users may still wish to see how their

query terms are used in the document, access to the snippet is provided via a

tool tip.

The ability to re-sort the search results based on query term frequencies

support the users’ tasks of manipulating and exploring the search results in

order to more easily identify relevant documents. This, coupled with the ability

to identify documents of interest in the overview map provides support for the

interactive exploration of the search results.

Spence’s Navigation Framework

Spence’s navigation framework, as described in Section 2.4.1, describes the

human activities involved in navigating within an information system [90, 91].

This framework is used to discuss the interactive search results exploration

features of HotMap.

Browsing. While browsing the HotMap user interface, there is a large amount

of information for the user to view and absorb. The visual representation of

the query term frequencies for the entire set of search results can be seen in

the overview map. In the detail window, specific document surrogates can be

browsed (with the details being shown as the user hovers their mouse of the

title text) and selected (with the document being displayed in a new window).

As the user selects terms to use for re-sorting, the use can identify patterns of

use of their query terms.

Formulate an Internal Model. As the user browses the top search results

in HotMap, they develop an internal model for the search results set. The
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visual representation of the query term frequencies supplements the user’s

internal model of each document surrogate with information on how frequently

the query terms are appearing in the title and snippet. As the user views

specific documents, this information contributes to the development of the

internal model of the search results.

The internal models developed from previous searches support the devel-

opment of the internal model for the current search. For example, as the

user learns the meanings of the colour codes, and the mapping between the

overview map and the detail window, this information becomes part of the

internal model for the current search. What the user has learned about the

features of the HotMap interface will support the development of future inter-

nal models while using the system.

As the user browses the interface, they may choose to view a specific doc-

ument they feel may be relevant to their information need. Doing so opens

the document in a new window, allowing them to read and evaluate the doc-

ument in detail. The information they gain by viewing the documents further

contributes to the development of their internal model, both for the specific

document and for the search results set.

Interpret the Information. A fundamental step in a user being able to act

upon the information they have gained through using an interface is being able

to make a correct interpretation, based on what is in their internal model and

what they are currently viewing. Although the colour coding used to represent

the term frequencies may not be easy to decode into exact frequency values,

it can be easily interpreted in terms of relative frequency of use. The users

can interpret the potential importance of a document based on the query term

frequency information they have gained through browsing the interface.
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As the user views specific documents, their internal model will begin to

include specific information that is relevant to their information need. It is in

this interpretation activity that the user will decide whether they have found

enough information to fulfill their information need.

Formulate a Browsing Strategy. When formulating a browsing strategy,

a number of different sources of information can be used: the internal model,

the visual representation being viewed, or a new idea the user has had. The

resulting browsing strategy may be part of planned strategy with a specific

goal in mind, or an opportunistic strategy based on something the user has

thought of or seen.

Based on the user’s current interpretation of their internal model, they

may choose to re-sort the search results based on one or more of their query

terms, or decide that they have a chosen a good method for re-sorting the

search results and wish to start evaluating the search results (planned strate-

gies). Alternately, the user’s internal model may have been influenced by the

appearance of a term that is not relevant to their current task, resulting in

them choosing to alter their query (opportunistic strategy). While viewing the

interface, the user may choose to view a specific document that is relevant to

their current task (planned strategy), or view a document that is not relevant

to their current task, but is still of general interest to the user (opportunistic

strategy). The user may have a new idea for something they wish to search

(opportunistic strategy), or may browse the search results for a specific term

or phrase they have thought of (planned strategy).
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Norman’s Stages of Action Framework

Norman’s stages of action framework describes two gaps that exist between

the users of a system and the system itself: the gulf of evaluation and the

gulf of execution [68, 69]. The steps that users take as they cross these gaps

are described in more detail in Section 2.4.2. As with Spence’s navigation

framework, this framework provides a useful means by which the interactive

query refinement features of HotMap can be discussed.

Goals The real-world goal for the user is to find a number of relevant docu-

ments that satisfy the user’s information needs. In terms of a system goal, the

user’s task is to use the features of HotMap (visual inspection and nested re-

sorting of the search results) in order to explore the search results and discover

documents that are relevant.

Gulf of Evaluation In the perception stage, the user is able to view the

HotMap interface and identify the two primary interface components: the

overview map and the detail window. In the overview map, the user perceives

the coloured boxes and lines. The regular grid layout and variable length of

lines (which represent the length of the titles of the documents) support the

user in grouping the objects as rows of data. In the detail window, the user is

able to perceive the table control elements as distinct from the coloured boxes

and the other text, and is able to make the row-wise connection between the

boxes and the text.

In the interpretation stage, the user is able to identify the objects they have

perceived as specific types of display elements, such as table headers, docu-

ment surrogates, term frequency indicators, overview map scroll indicators,
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etc. Although a first-time user may not be able to make an accurate interpre-

tation of the system, with a small amount of instruction and experience, the

ability to accurately interpret the features of the system will be improved.

The table headers (containing the terms from the query) appear as buttons,

providing an affordance that they can be clicked. The document surrogate

titles appear as Web links, allowing the user to interpret them as clickable

objects as well.

In the evaluation stage, the user attempts to make sense of what they are

seeing with respect to their system goal of finding relevant documents. The

user is able to identify the detail window as a place where document surrogates

can be evaluated, the table header buttons as means for re-sorting the search

results, and the overview map as a way of viewing the set of search results in

a compact and abstract manner.

Gulf of Execution Within the intentions stage, the user attempts to con-

vert their system goal of finding relevant documents into an intention to do

some action within the interface. This action may be to re-sort the search

results based on the use of a specific query term; or it may be to scroll to

some location of interest identified in the overview map. The user may wish

to view the details of a specific document surrogate; or they may wish to view

the actual document.

In order to realize the intention to use the system, the user must plan a

sequence of actions, and then execute those actions. Since the user interface

actions are simple clicks and drags, there is little cognitive effort involved in

the action sequence stage and the execution stage. The only exception is the

method for specifying a nested sorting. The user must hold down the control
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key, while the column headers are selected in the order of the nested sort de-

sired. Although this may requires some planning for novice users, experienced

users have little difficulty in making such selections.

As the user executes an action sequence, the interface is instantly updated

with the results of the action. When specifying a re-sorting of the search

results, the user will be able to see that the search results are provided in a

sorted order, both in the overview map and the detail window. This feedback

indicates to the user the success of their action. Similar feedback is provided

for the other types of interaction as well.

5.2.5 Summary

By providing a visual representation of the frequencies of the query terms

within the top search results, HotMap supports the user in interactively ex-

ploring the search results. This exploration can occur through a visual inspec-

tion of the overview map, as the user seeks to identify documents that make

frequent use of their query terms. Or it can occur through a nested re-sorting

of the search results, based on the importance the users place on their query

terms. The list of search results are provided in a compact format, support-

ing the scanning of the document titles. The snippet and URL can readily

be accessed via tool tips, and the source document can readily be viewed by

clicking on the title.

5.3 Concept Highlighter

A common method for assisting users in becoming more efficient as they eval-

uate the results of a Web search is to cluster the search results, resulting in

documents that are similar to one another being grouped together [47]. In
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such systems, the users can navigate the clusters in order to narrow down the

search results and avoid clusters of non-relevant documents. In the best case

scenario, the users will select the relevant clusters and view lists of document

surrogates in which a large portion are relevant to the users’ information needs.

One of the primary challenges in clustering is determining an appropriate

name or description of the clusters. If this information does not correctly

describe the document surrogates contained in the cluster, the users will ei-

ther choose clusters that are not relevant to their information need, or will

entirely miss clusters that contain relevant documents. Further problems with

clustering Web search systems include an inability to select multiple clusters

simultaneously, and a lack of ability to re-sort or re-order the documents within

the clusters.

To address these drawbacks of clustering in Web information retrieval, Con-

cept Highlighter was developed as a tool for visually exploring concept-based

clusters in Web search results. This tool makes use of the concept knowledge

base described in Section 4.2.1 in order to automatically generate a set of

concepts related to the users’ queries. The concepts generated from the con-

cept knowledge base are used as the centroids for a single-pass fuzzy c-means

clustering algorithm [10, 47] that is applied to the search results as they are

retrieved via the Google API [27]. A list of concepts and a visual represen-

tation of the fuzzy membership scores allows the users to interactively select

and change concepts of interest, and identify how this affects the clustering

and re-sorting of the search results.

The primary focus in the development of Concept Highlighter was to sup-

port the users as they evaluate and explore the search results for vague queries.
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For queries that are very specific, many highly relevant documents will com-

monly appear in the first few pages of the search results; the list-based repre-

sentations of these search results are rather effective. However, when the query

is vague, there is an opportunity to interactively re-order the search results to

bring more of the relevant documents that are similar to the selected concepts

to the top of the list.

5.3.1 System Architecture and Features

The system architecture for Concept Highlighter consists of five primary com-

ponents. The query space generation component uses the current query and

the concept knowledge base to generate a query space. The meta-search com-

ponent obtains the set of top search results for the supplied query from the

Google API. The concept-based fuzzy clustering component calculates fuzzy

membership scores for each concept-document surrogate pair. The clustering

visualization component generates a visual representation of the fuzzy mem-

bership scores. The search results re-sorting component re-sorts the search

results based on the fuzzy membership scores.

This system architecture is illustrated in Figure 5.7, the details of which

are provided in the remainder of this Section. The user interaction steps shown

in this diagram are described in Section 5.3.2.

Query Space Generation

The first step in generating concept-based fuzzy clusters is to obtain a set

of concepts associated with the users’ queries. The source of the conceptual

information is a concept knowledge base. This is the same concept knowledge

base used to support users in constructing better queries using VisiQ (see
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Figure 5.7: The Concept Highlighter system architecture consists of five pri-
mary software components (coloured in blue): query space generation, meta-
search, concept-based fuzzy clustering, cluster visualization, and search results
re-sorting. The interaction paths are illustrated by the thick red arrows.
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Section 4.2).

The process for obtaining the concepts that are related to a user’s query

is similar to the process for generating the query space for interactive query

expansion. Given a concept knowledge base CKB = {C, T, E}, and a sim-

ple query Q = {q1, . . . , qn} consisting of a set of query terms qi, the query

space QS = {C∗, T ∗, E∗} can be obtained by following the steps described in

Section 4.2.2.

As with the technique used in VisiQ, the thresholds we and wd, along

with the term ratio TR control the size of the query space generated for a

given query. Through experiments with using the concept knowledge base

generated from the ACM Computing Classification System, these values are

set at we = 0.1, wd = 0.05, and TR = 0.26.

Meta-Search

As with HotMap, the meta-search component is responsible for interacting

with the Google API in order to obtain the top search results for the current

query. These search results subsets are provided by the Google API in groups

of ten document surrogates at a time. As these subsets are obtained, they are

provided to the other components within the system.

Concept-Based Fuzzy Clustering

In the work on VisiQ, the purpose for generating the query space for a user’s

query was to support an interactive query refinement process. In this work, the

query space is used to identify potential cluster centroids that may be relevant

to the users’ information needs. For each concept C, a vector is created using

the set of stems or terms T that were selected from the concept knowledge

base. The weight of the edge E between the concept-stem pair is used to
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set the magnitude of the concept vector in the dimension associated with the

stem.

Therefore, as a result of this query space generation, a set of concept vectors

C∗ = {c1, c2, . . . , cm} are easily obtained. If the total number of unique stems

that were selected from the concept knowledge base is p, then the dimension

of all vectors ci (i = 1 . . . m) is p. Further, the magnitude of the vector ci

(i = 1 . . . m) on dimension j (j = 1 . . . p) is given by the concept knowledge

base edge weight between concept i and term j, Ei,j.

After the concepts have been obtained from the concept knowledge base,

and the concept vectors have been created, the system can start processing

the search results subsets being provided by the meta-search component. For

each document surrogates retrieved, a single-pass fuzzy c-means clustering

algorithm [10, 47] is performed. The title and snippet from the document sur-

rogate are processed using Porter’s stemming algorithm [74], and the frequency

of each unique stem is calculated. These frequencies are used to generate vec-

tors for each of the document surrogates. Although some argue against using

term frequencies (TF) as the sole source of information in a text retrieval

system [81], using other global information such as the inverse document fre-

quency (IDF) is not feasible when the document surrogate vectors need to be

generated as each document surrogate is retrieved (to achieve a near real-time

Web information retrieval system).

Given a set of concept vectors C∗ = {c1, c2, . . . , cm} and a document sur-

rogate vector di, the fuzzy membership of document surrogate di with respect

to concept cj is given by:

ui,j =
1∑m

k=1(
sim(di,cj)

sim(di,ck)
)2
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In this calculation, the similarity between a document surrogate vector and

a concept vector is given by the Euclidean distance metric [47]:

sim(xi, xj) = (

p∑
k=1

(xi,k − xj,k)
2)1/2

Normally, when evaluating the document surrogates, all unique stems would

contribute to the construction of the document surrogate vector. However,

since the distance calculations in this single-pass fuzzy clustering algorithm

are always between concept vectors and document surrogate vectors, only the

stems that are already present in the concept vectors need be considered.

This reduction in the dimension of the document surrogate vectors results

in an increase in the speed at which the fuzzy clusters are generated. In

the prototype system, the fuzzy cluster membership scores are calculated as

quickly as the underlying search engine (i.e., the Google API) can provide the

document surrogates to the system.

While it is common to run the fuzzy c-means clustering algorithm in mul-

tiple passes, each time re-calculating the centroids of the clusters, in Concept

Highlighter the algorithm is run in a single pass resulting in a fuzzy mem-

bership score for each concept-document surrogate pair. Although this may

reduce the accuracy of the clusters, it ensures that the fuzzy clusters remain

centred around the concepts.

Since the concepts represent the centroids of the clusters, the clusters can

be named using the concept names. This is a valuable benefit since the names

of the concepts are derived from the source knowledge upon which the concept

knowledge base was constructed (in this case, the ACM Computing Classifi-

cation System). Further, since the clusters always remain centred on the con-

cepts, they are independent of the search results. Therefore, while two similar
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queries will result in two different sets of search results, they will commonly

result in a very similar set of concepts. This feature can assist the users learn

which concepts are of interest to their general information seeking needs, and

may be extended in the future to support personalized concept selection. Fur-

ther, the use of stable concept names amortizes the investment the users make

in learning their meanings over future searches [55].

Cluster Visualization

When visualization fuzzy clusters of document surrogates, the ultimate goal

is to allow users to see the clusters without limiting their ability to view the

entire set of document surrogates. The vector-based approach to clustering

commonly leads to clusters being represented in two or three dimensional

space [3, 113]. Similarly, when hierarchical clustering is used, a tree-based

representation is common (e.g., Vivisimo [107] and Grokker [29]). The tech-

niques used in Concept Highlighter depart from these methods, and instead

use colour coding to represent fuzzy membership scores.

As with the colour coding in HotMap, since the spatial position of an

object and its colour can be perceptually separated, colour coding of the fuzzy

membership scores can be used without interfering with the spatial layout of

the data [110]. In many cases, colour can be pre-attentively processed, allowing

the information to be absorbed by the users faster than if they were required to

read the corresponding numerical values [110]. While identifying specific values

in the colour scale used in Concept Highlighter may not be pre-attentively

processed, identifying a relative ordering as well as a few high values from

many low values will be processed faster than reading the numerical values.

Since it is necessary to represent an ordered sequence of values, a colour

sequence that varies monotonically on at least one colour channel is required
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[102, 110]. A set of nine perceptually distinct colours on a yellow-green-blue

colour scale were chosen to represent the fuzzy membership scores. This colour

scale varies on all three colour channels: luminance, yellow-blue, and red-green.

The ColorBrewer application [12] was used to select this colour scale.

Search Results Re-Sorting

The purpose of the search results re-sorting component is to re-sort the set

of search results based on the concepts selected by the users. Initially, when

the search results subsets are provided by the meta-search component, the

document surrogates are simply stored and passed to the user interface in

the original order (as provided by the Google API). As the fuzzy member-

ship scores are calculated by the concept-based fuzzy clustering component,

these are stored along with their corresponding document surrogate within

this component.

When a user selects or un-selects a concept within the Concept Highlighter

interface, this component uses the fuzzy membership scores corresponding to

all the selected concepts as a means for re-sorting the search results. The fuzzy

membership scores for all the selected concepts are added together, forming

the basis by which the document surrogates are sorted. This re-sorting of the

search results occurs in real-time, as the users make concept selections.

Coordinated Views at Different Levels of Detail

As illustrated in the screen-shot in Figure 5.8, two different levels of detail of

the search results are simultaneously displayed in Concept Highlighter, in a

manner similar to that used in HotMap. The detail window shows approx-

imately 25 document surrogates at a time, and provides links to access the

target documents. The overview map displays the first 100 search results in a
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Figure 5.8: The visual representation of the Web search results consists of an
overview map (right) and a detail window (left).

compressed format, showing the colour coding of the fuzzy membership scores

and an abstract representation of the document surrogate title. Coordination

between these views allow the user to both investigate the document surro-

gates in detail, as well as gain insight into the features of the entire set of

search results displayed.

Detail Window and Overview Map

The detail window and overview map follow the same fundamental principles

as those described for HotMap (see Sections 5.2.1 and 5.2.1). The primary

difference is that instead of representing the query term frequencies visually,
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Table 5.2: User interaction features in Concept Highlighter.
Object Operation Result

concept check Use concept in calculation of fuzzy membership
scores. Re-sort search results.

concept uncheck Remove concept from calculation of fuzzy
membership scores. Re-sort search results.

overview click Jumps the document list to the selected
map location.
overview drag Scrolls the document list to the selected
map location.
document click Open the document in a new browser window.
surrogate
document hover Show the snippet and URL in a tool tip.
surrogate mouse

these displays show the fuzzy membership scores for each document surrogate

with respect to the selected concepts. The coordination between the detail

window and the overview map in Concept Highlighter also operates in a man-

ner similar to HotMap.

5.3.2 User Interaction

As with the other prototype systems developed, as the search results are re-

trieved and processed by Concept Highlighter, these are displayed in the detail

window. This allows the user to start interacting with the interface to inter-

actively explore the Web search results almost immediately. The primary

operations the users can perform with the system are visually depicted by the

thick red arrows in Figure 4.18, and are described below. A summary of the

operations are provided in Table 5.2.

The primary method by which users of Concept Highlighter can interac-

tively explore the search results is the selection of relevant concepts. A list

of the concepts matched to the users’ queries is provided at the top of the
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display (see Figure 5.8). Beside each concept is a checkbox which can be used

to enable or disable the corresponding fuzzy cluster.

When the user checks a cluster, the fuzzy membership scores for all the

document surrogates are updated and visually represented in both the overview

map and detail view. The user may check multiple concepts, the result of which

generates a summation of the fuzzy membership scores corresponding to the

selected concepts. Therefore, as multiple concepts are selected, the document

surrogates that are nearer to both clusters are represented with a darker colour

on the colour scale, indicating their higher fuzzy membership score.

As the documents that belong to the selected clusters are highlighted,

the user may visually inspect both the overview map and the detail view to

find relevant documents. Clicking on any location in the overview map will

automatically scroll the detail view to that location. Therefore, the users can

easily scan the entire 100 documents shown in the overview map, and jump to

locations of interest based on the fuzzy membership score visualization. The

user interaction within the detail window and the overview map is the same

as that described for HotMap (see Section 5.2.2).

The interactive nature of concept cluster selection, and the re-sorting of

the documents based on the total fuzzy membership score allows the users to

interactively explore the search results. Using the fuzzy clusters as a means

for organizing the search results in this exploration process can help to bring

documents that are relevant to the users’ information needs into focus, even

if these documents are buried deep in the search results.

5.3.3 Example

In order to highlight the primary features of Concept Highlighter, an example

is provided. When a user submits a query to the system, the concepts from
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the query space are added to the concept list, and the search results retrieved

from the Google API are added to both the detail window and the overview

map. Figure 5.9 shows the status of Concept Highlighter after submitting the

query “addressing schemes resources networks”.

The first step for the user in interactively exploring the search results is to

select one or more concepts that are relevant to their information need. Doing

so will re-sort the search results based on the sum of the fuzzy membership

scores for these selected concepts. Figure 5.10 illustrates the status of Con-

cept Highlighter with the concepts of “computer-communications networks:

network architecture and design” and “operating systems: communications

management” selected.

Once the document surrogates are re-sorted based on the selected concepts,

the user may evaluate the individual document surrogates for relevance. Tool

tips can be used to access the snippet and URL for each of the document

surrogates, as illustrated in Figure 5.11.

The user can click on any of the document surrogates in the detail window

to open the corresponding document in a new window. When the user returns

to Concept Highlighter, the previously selected documents will be apparent

since the link colour will have changed from blue to purple (see Figure 5.12).

Note that at any time, the users may revisit their selection of relevant

concepts to further explore the search results. For example, if the users find

that there are many non-relevant documents near the top of the list, they can

check or uncheck other concepts to achieve a new ordering of the search results.

A video of Concept Highlighter in use is provided on the author’s Web site2.

2http://www.cs.uregina.ca/~hoeber/ConceptHighlighter/
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Figure 5.9: An initial query in Concept Highlighter generates a list of concepts
and a set of search results.

Figure 5.10: Selecting concepts results in a re-sorting of the search results
based on the fuzzy membership scores.
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Figure 5.11: The compact representation in the detail window supports brows-
ing; the details can be easily accessed via tool tips.

Figure 5.12: Previously visited documents can easily be identified, even when
a change in the concept selection results in a new order of the search results.
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5.3.4 Discussion

Even for well crafted queries, the results of Web searches often contain doc-

ument surrogates of varying degrees of relevance to the users’ information

seeking goals. Clustering of the search results allows the users to navigate the

clusters in order to narrow down the set of search results to a smaller collection

containing a larger ratio of relevant documents. However, most Web search

clustering systems use simple keyword-based cluster naming techniques; they

do not allow the users to select multiple clusters simultaneously; and they do

not organize the search results once a cluster is selected.

Concept Highlighter provides a means for generating concept-based fuzzy

clusters of Web search results, and an interface for visually representing the

fuzzy membership scores and interactively exploring Web search results. The

visual exploration of the concept-based fuzzy clusters allows the users to in-

teractively select the concepts they think may be relevant to their information

seeking goal, and see the results of these concept selections in the highlighting

of the document surrogates that belong to the corresponding fuzzy clusters.

The ability of Concept Highlighter to allow the users to find relevant docu-

ment surrogates depends on the ability of the tool to match the users’ queries

to the concept knowledge base. If there are few concepts returned, or if all

the concepts returned are relevant to the users’ information needs, the ability

to assist the users in narrowing down the search results is diminished. This

can occur when the users’ queries are very specific, and will often lead to very

specific search results.

More often, the users’ queries are less specific. This results in multiple

concepts being selected from the concept knowledge base, and a more gen-

eral collection of documents being returned from the search engine. It is in

these situations Concept Highlighter can assist the users in finding relevant
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documents. The interactive exploration of the Web search results using the

concept-based fuzzy clusters can lead the users to groups of document surro-

gates that are relevant, and away from groups of document surrogates that

are not relevant.

Spence’s Navigation Framework

Spence’s navigation framework provides a structure in which the features of

Concept Highlighter can be discussed. As described in Section 2.4.1, this

framework deals with the human activities involved in navigating within an

information system [90, 91].

Browsing. As the user browses the Concept Highlighter interface, they will

see information relating to the concepts that may be relevant to their informa-

tion need, the top search results set, and a visual representation of the current

fuzzy clustering status. As the user selects or un-selects concepts from the

concept list, they can begin to browse and explore the relationships between

the concepts and the top search results. This is represented by a colour coding,

which can be viewed both in the entire set of search results (in the overview

map), and for specific document surrogates (in the detail window).

Specific document surrogates can be browsed by hovering the mouse over

the document title text. The user can view these documents by clicking on

them, which is also considered a browsing activity.

Formulate an Internal Model. Throughout these browsing activities, the

user develops an internal model for their current search. This internal model

contains information related to the set of concepts, information related to

the search results set and specific documents, and information related to the
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relationship between the concepts and the search results set.

The internal models developed from previous searches support the devel-

opment of the internal model for the current search. Since there are a finite

number of concepts available in the concept knowledge base, the users will

develop internal models regarding the relevance of previously seen concepts to

their past Web search tasks. When these concepts appear in the current Web

search task, the internal model created will be influenced by what the user

previously learned about this concept.

As the user browses the interface, they may choose to view a specific doc-

ument they feel may be relevant to their information need. Doing so opens

the document in a new window, allowing them to read and evaluate the doc-

ument in detail. The information they gain by viewing the documents further

contributes to the development of their internal model for the current search

task.

Interpret the Information. Before the user can act upon the information

within their internal model, they must make a correct interpretation of this in-

formation, along with what they currently see in the interface. Of fundamental

importance within Concept Highlighter is making a proper interpretation of

the relevance of a concept with respect to their current information needs. This

interpretation is supported through the user’s ability to learn the meanings of

the concepts as they use the system.

As relevant concepts are selected, the user must also make a correct inter-

pretation of the colour codes that represent the fuzzy membership scores. This

interpretation supports the user in identifying the potential importance of a

document to the selected concepts, and therefore, to their information need.

As the user views specific documents, their internal model will begin to
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include specific information that is relevant to their information need. The

user will decide whether they have found enough information to fulfill their

information need by interpreting the completeness of their internal model with

respect to their information need.

Formulate a Browsing Strategy. When formulating a browsing strategy,

a number of different sources of information can be used: the internal model,

the visual representation being viewed, or a new idea the user has had. The

resulting browsing strategy may be part of planned strategy with a specific

goal in mind, or an opportunistic strategy based on something the user has

thought of or seen.

Based on the user’s internal model, they may choose to select one or more

concepts in order to re-sort the search results based on their fuzzy membership

scores (planned strategy), or they may experiment with selecting marginally

relevant concepts that they have no prior knowledge of (opportunistic strat-

egy). When viewing the interface, the users may choose to view specific doc-

uments that appear to be relevant (planned strategy), or they may identify

and view a document of interest that is not relevant to their current task (op-

portunistic strategy). The users may choose to browse the search results list

looking for a term they have thought of (planned strategy), or may simply

begin a new search based on something that has come to their mind (oppor-

tunistic strategy).

Norman’s Stages of Action Framework

The two gaps between the user of a system and the system itself that Nor-

man’s stages of action framework describe are the the gulf of evaluation and

the gulf of execution [68, 69]. The steps that users take as they cross these
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gaps are described in more detail in Section 2.4.2. This framework provides a

useful means by which the interactive features of Concept Highlighter can be

discussed.

Goals As with the discussion on HotMap, the real-world goal for the user

is to find a number of relevant documents that satisfy the user’s information

needs. In terms of a system goal, the user’s task is to select relevant concepts

and then explore the search results in order to discover documents that fulfill

the user’s information need.

Gulf of Evaluation In the perception stage, the user is able to see the

fundamental interface objects of pixels, geometric objects, and characters, and

group these together into higher level objects. In the list of concepts, the user

is able to perceive the connection between the check boxes and the names

of the concepts. In a similar manner the user is able to make a perceptual

connection between the fuzzy membership colour indicators and the title of

the document surrogates, both in the detail window, and the zoomed-out view

of the overview map.

For the interpretation stage, the user identifies the perceived objects as

specific types of user interface objects. For example, the user is able to readily

interpret the check-boxes in the concept list, as well as understand that they

can place a check within these boxes. They can also interpret the titles of the

document surrogates as representing documents in the search results set. The

Web link representation of these assists the user in interpreting that they can

be clicked.

Although first-time users may have difficulty making a correct interpreta-

tion of the colour coded boxes beside each document surrogate, as they use the
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system by selecting relevant concepts, they will be able to learn the meanings

of these boxes. With experience, the difficulties with this interpretation will

be reduced and eventually eliminated.

In the evaluation stage, the user attempts to make sense of what they

are seeing with respect to their system goal of finding relevant documents.

The user is able to identify the concept list as a place where concepts can be

selected, the detail window as a place where the document surrogates can be

evaluated, and the overview map as a compact and abstract representation of

the entire set of search results.

Gulf of Execution In the intentions stage, the user attempts to convert

their system goal of finding relevant documents into an intention to do some

action with the interface, such as select a concept for re-sorting the search

results, or view the details of a specific document surrogate, or view an actual

document. The ability to choose an intention is based on the user’s ability to

effectively cross the gulf of evaluation.

Since the action sequence required to select a concept from the concept

list requires a simple click, little planning required. Since many users of the

system will have had prior computer use experience, little cognitive effort is

required to click the mouse button on the desired term. The other actions are

just as simple, requiring virtually no planning or thought to execute.

As the user executes an action sequence, the interface is instantly updated

with the results of the action. When selecting a concept from the concept list,

the user will be able to see that the search results are provided in a sorted order,

both in the overview map and the detail window. This feedback indicates to

the user the success of their action. Similar feedback is provided for the other

types of interaction as well.
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5.3.5 Summary

The goal of finding a set of relevant documents using Concept Highlighter is

supported in two stages of interaction. In the first stage, the user considers

the concepts provided in the concept list, and selects those that are relevant

to their information need. This results in an interactive re-sorting of the

search results based on the fuzzy similarity of the document surrogates to

the selected concepts. In the second stage, the user considers the re-sorted

document surrogates for relevance. Due to the interactive nature of the concept

selection, and the speed at which the changes are reflected in the search results

list, the user can easily return to the concept selection stage at any time, and

then return to considering the document surrogates for relevance. The benefit

in using Concept Highlighter is that macro-scale decisions in selecting relevant

concepts results in re-sorted search results with those documents that are most

similar to the concepts near the top of the list.

5.4 WordBars

In addition to supporting the interactive query refinement process (as de-

scribed in Section 4.3) WordBars can also support interactive search results

exploration. In the description of the features of WordBars, it was pointed out

that the search results could be re-sorted based on the use of selected terms

in order to determine whether these selected terms are appropriate for query

refinement. However, once the user is satisfied with their query, they can con-

tinue to use the WordBars as a means for exploring the current search results

set.

There is no operational difference in WordBars when supporting interactive

search results exploration versus interactive query refinement. The difference
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is in how the Web searcher makes use of the features. That is, if the user

chooses to double-click on terms to add or remove from the query, then they

are performing interactive query refinement steps. If instead they choose to

single-click on terms to re-sort the search results, then they are performing

interactive search results exploration steps.

The benefit that WordBars has over the other three systems discussed in

this dissertation is that it supports both query refinement and search results

exploration processes within the same interactive interface. The other three

support only interactive query refinement or interactive search results explo-

ration processes, but not both. While it is possible to combine the features of

some of these systems together (e.g., VisiQ and Concept Highlighter), because

the visual interfaces are fundamentally different, switching between the two

tasks would require an explicit switch in the interface mode (i.e., switching

from query mode to search results mode).

The visual interface of WordBars supports both tasks simultaneously, with-

out requiring any explicit switching of modes. This is very beneficial since it

does not require the users to make the conscious decision about which task

they are performing. Therefore, they can switch back and forth between these

tasks with ease. For example, after refining a query and then exploring the

search results, if the user finds another term that they would like to add to the

query, they can do so quickly and easily, and then return to their exploration

tasks again. This seamless transition reduces the cognitive effort required in

making such decisions.

5.4.1 Example

Although a number of examples were provided in Section 4.3.3 to illustrate

the benefits of WordBars for interactive query refinement tasks, one more
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example is provided here to illustrate the benefits for interactive search results

exploration.

Suppose the user starts with the very specific query “search results visual-

ization information retrieval” (perhaps after having used the WordBars system

in order to craft the query). The initial set of search results will be presented

in the order provided by the Google API (see Figure 5.13).

The term frequency histogram provides the user with information regard-

ing the commonly used terms within the top search results. The user can

select terms from this list that may be relevant to their information need. For

example, the user may identify the term “clustering” as an avenue of interest,

resulting in a re-sorting of the search results based on the use of this term

(see Figure 5.14). Note how the document surrogates on clustering that were

buried deep in the search results have been moved to the top of the list of

search results.

The user may wish to explore other aspects of these search results. For

example, they may wish to focus on those document surrogates that make use

of the term “web” (see Figure 5.15). Alternately, they may identify the terms

“digital” and “library” as interesting (see Figure 5.16).

With each change in the term selections made in the term frequency his-

togram, the search results are re-sorted based on the use of the selected terms.

This re-sorting occurs instantaneously, allowing the users to easily experiment

and explore the search results. As such, the users can easily make alternate

selections for re-sorting, with little effort.

5.4.2 Discussion

The primary benefit WordBars provides to users is the ability to interactively

manipulate the order by which the document surrogates are sorted. Most
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Figure 5.13: An initial query in WordBars generates a term frequency his-
togram and a list of the top search results.

Figure 5.14: The search results can be re-sorted based on the use of the terms
selected in the term frequency histogram.
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Figure 5.15: Terms can easily be selected and unselected in the term frequency
histogram, resulting in an interactive re-sorting of the search results.

Figure 5.16: Multiple selections can be made, re-sorting the search results
based on the combined frequency of all the selected terms.
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Web search engines provide automated rankings of the search results based

on complex and proprietary algorithms, such as PageRank [13]. However,

these algorithms result in a static ordered list of search results. Interactive

exploration, drawing upon the user’s understanding of their information need,

can allow highly relevant documents located deep in the search results to be

brought to the attention of the user. This is especially valuable when the

search results consist of a mixture of relevant and non-relevant documents,

which is often the case.

The term frequency histogram provides to the users a clear indication of

which terms are commonly used in the top search results, along with an indi-

cation of their relative frequencies of use. This visual representation can assist

the users in exploring the search results, and focusing on specific aspects of

their information need, without having to remember the exact terms used to

describe what it is that they are seeking.

Spence’s Navigation Framework

As with the previous systems, Spence’s navigation framework provides a basis

for discussing the features of WordBars, with respect to supporting interactive

search results exploration. See Section 2.4.1 for more details on this framework.

A discussion of WordBars with respect to interactive query refinement tasks

is provided in Section 4.3.4.

Browsing. While visually browsing the term frequency histogram, the user

can see information about the commonly used terms within the top search

results. The frequency bars within the histogram can be seen to represent

the relative frequencies with little or no training. By selecting terms in the

histogram, the search results are re-sorted and the user can see the document
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surrogates that make frequent use of those terms. The users can view the

documents themselves by clicking on a document surrogate, and can easily

identify which document surrogates have previously been viewed (due to a

change in the link colour).

Formulate an Internal Model. As the user browses the visual interface,

they develop an internal model of what they see. The user’s internal model

will be influenced by the visual representation of the term frequencies. As

the user re-sorts the search results, their internal model is expanded with

an understanding of which document surrogates make frequent use of their

terms of interest. When the user chooses to view a particular document, their

internal model with respect to that specific document is further re-enforced.

If the user makes frequent use of the WordBars system to search for in-

formation on related topics, the internal models from previous searches will

influence the development of the internal model for the current search. For

example, the user’s internal model of the relevance of terms from previous

searches will affect the internal model for the relevance of those terms in the

current search. Over time, the user will be able to learn which terms repre-

sented in the term frequency histogram are of value for their common search

topics.

An important aspect in the development of an internal model for a given

search is that the user is able to recognize terms within the term frequency his-

togram, rather than needing to recall them while exploring the search results.

This recognition ability provides a link between what they see in the exter-

nalization of the data (i.e., the visual representation), and their previously

constructed internal models.
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Interpret the Information. Before the user can act upon the information

they have gained through the use of the WordBars system, they must make a

proper interpretation of their internal model, as well as what they are currently

viewing in the system. The width and colour coding of the bars within the term

frequency histogram supports the user in interpreting the relative frequencies

of the terms found in the top search results. As the user explores how candidate

terms are being used in the top search results, they are able to make effective

interpretations of how these terms are being used within the search results.

Further, due to the colour coding of the document surrogate links, the users

can easily interpret which documents they have already viewed, and which

they have not. If the user interprets their internal model as having enough

information to satisfy their information need, then they will make a decision

to complete their task.

Formulate a Browsing Strategy. As noted in the previous discussions,

there are three different sources of information for formulating a browsing

strategy: the internal model, the visual representation, and a new idea. The

resulting browsing strategy may be a planned strategy, or opportunistic.

Based on the current interpretation of the internal model, a user’s browsing

strategy may be to evaluate some of the top document surrogates in the list

(planned strategy), or to re-sort the search results based on one or more terms

they have discovered (opportunistic strategy). Based on viewing the interface,

the user may choose to view a potentially relevant document by clicking on

it (planned strategy), or may choose to view a document that is not relevant

to the current information need, but is of interest to the user (opportunistic

strategy). The user may think of a term that is relevant to their current task

and actively search for that term in the term frequency histogram (planned
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strategy). Of they may think of some other topic in which they are interested,

and start a completely new search (opportunistic strategy).

Norman’s Stages of Action Framework

Norman described two gaps that exist between the users of a system and the

system itself: the gulf of evaluation and the gulf of execution [68, 69]. How the

users of a system cross these gaps form Norman’s stages of action framework,

which is described in more detail in Section 2.4.2. As with Spence’s navigation

framework, this framework provides a useful mechanism for commenting on

how the features of WordBars support the users in fulfilling their task goal of

satisfying their information need.

Goals In the previous discussion on WordBars (see Section 4.3.4), the focus

was on fulfilling the system goal of crafting a query that describes the user’s

information needs. Once a query is crafted, WordBars supports the user’s

system goal of exploring the search results through the re-sorting features,

with the purpose of finding a number of documents that are relevant to the

user’s information need.

Gulf of Evaluation During the perception stage, viewers of WordBars per-

ceive the low level objects in the interface, and group these together into

higher-level objects such as the bars and terms in the term frequency his-

togram. The regular shapes of the histogram bars, and the proximity of the

corresponding terms support the user in making the perceptual connection of

the terms to their histogram bars. They also perceive the text in the detail

window as distinct objects due to the regular structure (title, snippet, URL)

and the gap between document surrogates.
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In the interpretation phase, the user is able to easily identify the text

blocks as document surrogates. This interpretation is supported by previous

experience using WordBars, as well as previous Web search experience. Within

the term frequency histogram, the user can identify the histogram bars as

representing a value for the corresponding term. Although the interface does

not explicitly state the meaning of the histogram values, logical interpretations

include frequency, value, and importance. As users move beyond the novice

user stage, prior experience will support the proper interpretations of this data.

Although the term frequency histogram does not provide much information

to the user as to how it can be used, with a small amount of training, the user

can make the proper interpretation that the histogram bars can be clicked in

order to re-sort the search results. The use of the de facto standard for Web

links in the list of search results supports the user in interpreting these as

clickable objects leading to the source documents.

The final stage to overcome in the gulf of evaluation is for the user to make

a correct evaluation of the document surrogate list and the term frequency

histogram with respect to their current system goal. With a goal of finding

relevant documents, the user can readily identify the document surrogates as

fundamentally important objects. With experience, the user will also be able

to evaluate the term frequency histogram as they seek terms that may support

their system goal of finding relevant documents.

Gulf of Execution For the intentions stage, the user’s system goal of finding

a number of relevant documents to their information need is converted into

an intention of re-sorting the search results based on relevant terms identified

in the term frequency histogram. In subsequent cycles of use, the user may

form intentions to evaluate the document surrogates in the search results list,
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or select to view specific documents.

Since the action sequence required to select a term from the term frequency

histogram is a simple click, little planning is required. Further, since many

users of the system will have had prior computer use experience, little cognitive

effort is required to click the mouse button on the desired term.

After clicking on a term in the term frequency histogram, the user is pro-

vided with instant feedback in the form or re-sorting the search results. This

feedback is further supported by the placement of a gray box around the se-

lected term to indicate its selected status. These changes are easy for the user

to perceive, interpret, and evaluate, and provide the user with an indication

that they successfully executed their planned action sequence.

5.4.3 Summary

In addition to providing support for interactive query refinement, the term

frequency histogram in WordBars supports the users in interactively exploring

the search results. The visual representation of the term frequency histogram

provides information to the user regarding how frequently the terms are be-

ing used, providing a summarization of the search results set. Browsing the

histogram allows the users to recognize terms that are used in the top search

results as being relevant to their search task. Selecting these terms results in

an instant re-sorting the search results based on their use, allowing the users

to easily consider these documents for relevance.



Chapter 6

Experiments and Evaluations

6.1 Purpose

In many user-oriented research fields, such as human computer interaction

and information visualization, conducting user studies is not only an accepted

practice, it is an expectation. User evaluations provide the researchers with a

means to verify and validate design assumptions, confirm or reject hypotheses,

and make comparisons between different systems and techniques. Within these

domains, there are numerous accepted methods and procedures that can assist

researchers as they evaluate their work. Many of these techniques are covered

in textbooks in the domain of human computer interaction [64, 88, 84, 76].

A common procedure for conducting user evaluations with software is to

assign the participants various tasks to perform, measure the time it takes to

complete the tasks and the number of errors made, and make observations

about how the software is being used. Subjective reactions by the participants

can also be collected in order to measure the user’s confidence and satisfaction

in completing the task, and the ease of use of the software. The assigned tasks

will commonly be a representative set of operations that the users would need

195
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to perform in the real-world use of the software. Alternately, tasks may be

assigned to explore specific new features of the system in order to understand

whether these new features are indeed an improvement over the existing prac-

tice. It is also common to assign tasks of various degrees of difficulty in order

to measure how this can affect user performance.

Applying these user evaluation methods in the study of Web search results

interfaces is not as well understood as in other domains. Su noted that “the

study of end-user searching on Web search engines is still in its infancy” [99]

In some cases, researchers have tested their Web search interfaces using tra-

ditional information retrieval collections [9], while others have evaluated their

work based solely on usage logs [121]. A number of researchers have allowed

participants to conduct searches based on their own interests [121, 92, 99, 71];

others have assigned specific search task to the participants [9, 106].

Even for something as fundamental to information retrieval research as

relevance judgments, there have been a wide range of methods for measuring

this data. Zamir and Etzioni based the relevance on the documents viewed

by the participants [121]. Berenci et al. collected binary relevance judgments

from the participants [9]. Nowicki required the participants to provide the top

documents in their ranked order of relevance [71], as did Vaughan [106]. Su

had the participants rank the documents as well as score the documents on a

three-point relevance scale [99]. Spink used a combination of a four-point rele-

vance scale and a continuous relevance scale [92]. Even within user evaluations

of traditional information retrieval systems, the measurement of relevance de-

cisions can range from binary decisions [34] to a continuous relevance scale

[46].

These studies also showed a high degree of variability in how the exper-

iments were designed, whether a system was evaluated independently or in
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comparison to other systems, how the data was collected, and by what means

the data was analysed. As one might expect, there are many factors involved

in choosing the methods by which to evaluate Web search systems. Since there

is no single “best practices” methodology for evaluating the interfaces for Web

search, in this research, methods were selected that were best suited to the

evaluation of each prototype system.

As noted in Chapter 1, a design-oriented research methodology [20] was

used in this work to explore ways in which visualization and interaction could

be used to support users in their fundamental Web search tasks. In this

methodology, the knowledge discovered comes from the design and study of

the prototype systems which address the problems and challenges in the re-

search domain. In the previous two Chapters, the design of four prototype

systems has been described; in this Chapter, these systems are studied through

experiments and evaluations.

The study of such prototype systems can be a challenging task. In general,

there is a need to conduct controlled experiments and make comparisons to

some baseline performance level. Not all aspects explored within a specific

problem domain can be studied in a controlled manner. Query refinement is

one such aspect of the Web search domain that proves to be exceptionally

challenging for study.

There are two aspects of Web search query refinement that make its exper-

imental evaluation difficult and error prone. The ability to effectively refine a

query (manually, or with the support of a software system) is largely depen-

dent on the user’s prior knowledge on the topic and their ability to learn about

the topic during the search task. This is a difficult variable to control in an

experimental setting. Determining the success or failure of a query refinement

task is also difficult, since for a given task, many different queries may be
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crafted with varying degrees of correctness.

As such, the techniques suggested to support interactive query refinement

are presented in this dissertation without study on their effectiveness. Instead,

extensive examples were provided in Chapter 4 to illustrate the potential ben-

efits of these systems in various Web search scenarios. In order to evaluate

such systems, real-world evaluations in longitudinal settings are needed. These

studies are beyond the scope of this dissertation.

The focus in the remainder of this Chapter is on the experimentation and

evaluations of the systems which support interactive search results exploration.

The goal is to be able to comment on the success of the selected visualization

and interaction techniques versus the list-based representations used by Google

with respect to supporting the users in being more effective, efficient, and

satisfied in conducting their tasks.

In this research, two different types of studies of the prototype systems were

conducted: validation of specific features, and empirical evaluations through

user studies. In the validation studies, specific features of the systems were

studied to verify fundamental assumptions in the system design. Two such

studies were conducted in order to determine the potential effectiveness of

HotMap (see Section 6.2) and Concept Highlighter (see Section 6.4) in terms

of re-sorting the search results.

Two different user studies were also conducted in the course of this re-

search. In these user studies, participants were recruited from the University

community to conduct Web searches with the prototype systems in a con-

trolled setting. In the first study, participants used the Google search engine,

HotMap, Concept Highlighter, and a fourth system that proved to be ineffec-

tive (and is not discussed in this dissertation). In order to focus on the specific

benefits of the prototype systems, the results of the comparison of HotMap
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vs. Google and Concept Highlighter vs. Google are reported separately (see

Sections 6.3 and 6.5).

In a second user study, WordBars was evaluated independently of the other

two prototype systems (see Section 6.6). This second study benefited greatly

from the lessons learned in the first study. The independent evaluation allowed

an in-depth analysis of the various features of WordBars using two distinct

classes of participants (expert and intermediate users). The initial sets of

search results were presented in the order provided by Google, allowing a

baseline comparison. Although the primary focus was on the evaluation of

WordBars as an interactive search results exploration system, an interactive

query refinement step was also included and evaluated in terms of the relevant

documents found as a result.

In these user evaluations, the focus was on measuring improvements in the

effectiveness, efficiency, and subjective user reactions when conducting pre-

scribed Web search tasks. Where appropriate, Google was used as a baseline

for comparison purposes, since it is the current market leader in the Web

search domain. The end result is a comparison of the list-based representa-

tions of Google to the visual and interactive features of the prototype systems

developed in this research.

6.2 Determining the Potential Effectiveness of

HotMap

One of the fundamental assumptions in the design of HotMap is that it may

be possible to move relevant documents that are buried deep in the search

result to more prominent locations near the top of the list through search
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results re-sorting based on query term frequencies. For vague queries, the

search results will commonly consist of a mixture of relevant and non-relevant

documents; often there will be relevant documents buried deep in the search

results list. The re-sorting features in HotMap allow the users to specify a

nested sort, resulting in document surrogates that make frequent use of the

specified query terms being moved to the top of the search results list.

This re-sorting assumption is based on a manual evaluation of the search

results of a number of different vague queries. For such queries, it was found

that although there were many non-relevant documents in the search results,

there were also many relevant documents; finding the relevant documents re-

quired the viewing of more than the common three-page limit of search results

(i.e., the point at which most users stop viewing the search results [89, 93]).

Many of the highly relevant documents were found to make frequent use of

the query terms. Re-sorting the search results can bring some of these highly

relevant documents that are buried deep in the search results near the top of

the list, resulting in a higher portion of relevant documents among the top

documents in the search results.

In this Section, the methods for testing this re-sorting assumption is pre-

sented, along with the experimental results.

6.2.1 Methods

To test these assumptions, four vague search tasks were composed, each con-

sisting of descriptions of the information need and corresponding queries:

Task 1 You are a network manager for a small company. You are looking for

information on tools, software, or services to assist you in managing your

company’s communications network (i.e., a data and/or voice network).
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query: “communications network management”

Task 2 You are a software developer working on a new project that requires

complex knowledge and information to be stored and maintained. You

are looking for information about how to represent this information in

your software system.

query: “representing knowledge information”

Task 3 You are conducting research on operating systems. You are looking

for information on the communication mechanisms between processes

that are running within the same computer.

query: “communication mechanism processes”

Task 4 You are looking for information relating to addressing schemes for

resources within a network. Examples include IP addressing and URL

addressing.

query: “addressing resources networks”

Each of these queries was submitted to the Google API, and the top 100

search results were retrieved. Each document surrogate was evaluated in-

dependently by both the author and his doctoral supervisor, and assigned

relevance scores on a four-point relevance scale (see Table 6.1). Where there

was disagreement in the relevance scores assigned, the document surrogate was

considered again and consensus was achieved on the relevance score. Having

multiple expert reviewers of the search results reduced the errors in evaluating

individual document surrogates.
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Table 6.1: The relevance scores used to rate document surrogates.
Score Description

4 This document is relevant.
I would definitely click on it.

3 This document is probably relevant.
I would likely click on it.

2 This document is probably not relevant.
I might click on it.

1 This document is not relevant.
I would not click on it.

Note that in traditional information retrieval research, test collections (such

as those provided by TREC, Cranfield, or CACM) are commonly used. These

test collections usually consist of a set of documents, a set of queries, and

expert relevance judgments for each document-query pair. When conducting

research using live Web information retrieval data, the relevance judgments are

not available and must be provided by the researchers. Due to the dynamic

nature of Web search results, a cached copy of the search results was used to

ensure that the reviewers considered exactly the same set of search results.

All unique combinations of nested sorting based on the query term frequen-

cies were calculated, and the number of relevant documents within the top 10,

top 20, and top 30 documents was counted. Note that any document assigned

a score of three or four on the four-point relevance scale (see Table 6.1) was

considered “relevant”. This represents those documents that were marked as

“relevant” and “probably relevant” by the expert reviewers.

6.2.2 Results

Table 6.2 summarizes the results of this experiment for all four tasks. Note

that there are exactly 78 unique ways to specify a nested sort based on three
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query terms. The results are reported separately for each query since the

effectiveness of re-sorting the search results depends primarily on the specific

search results returned by for each search task.

For the four search tasks evaluated in this experiment, there is much evi-

dence to support the re-sorting assumptions. In all cases except for one (i.e.,

Task 4, considering 20 documents), there was at least one way to re-sort the

search results based on query term frequencies that resulted in more relevant

documents being present in the top documents when compared to the order

provided by Google. In multiple cases, more than 35% of the ways for specify-

ing a nested sort of the search results provided better results than the Google

order. However, in other cases, there were very few ways for specifying a

nested sorting in order to achieve an improvement.

For Task 4, when considering 20 documents, re-sorting the search results

based on query term frequencies was unable to achieve a better order than that

provided by Google, although a better order was achieved when considering 10

and 30 documents for this task. The results for Task 4 illustrate the difficulty

in this type of research, where the use of the query terms does not necessarily

imply the relevance of the document. In general, however, the results of this

study were rather positive.

As a result of this study, it is concluded that there is sufficient support

for the fundamental assumptions of the re-sorting features in HotMap. When

considering the top 10 documents in the re-sorted search results, there were

many different ways to specify a nested sorting of the search results that re-

sulted in more relevant documents at the top of the list. When considering

the top 20 and top 30 documents, the results were generally positive, but less

conclusive.

To further illustrate the benefit of these re-sorting methods, the number of
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Table 6.2: The potential effectiveness of re-sorting the search results using
HotMap.
Number of sort methods... 10 Documents 20 Documents 30 Documents
Task 1: “communications network management”
better than Google 29 (37%) 23 (29%) 31 (40%)
equivalent to Google 2 (3%) 3 (4%) 6 (8%)
worse than Google 47 (60%) 52 (67%) 41 (53%)
Task 2: “representing knowledge information”
better than Google 28 (36%) 6 (8%) 22 (28%)
equivalent to Google 9 (12%) 7 (9%) 3 (4%)
worse than Google 41 (53%) 65 (83%) 53 (68%)
Task 3: “communication mechanism processes”
better than Google 13 (17%) 3 (4%) 11 (14%)
equivalent to Google 16 (21%) 6 (8%) 6 (8%)
worse than Google 49 (63%) 69 (88%) 61 (78%)
Task 4: “addressing resources networks”
better than Google 28 (36%) 0 (0%) 4 (5%)
equivalent to Google 3 (4%) 8 (10%) 0 (0%)
worse than Google 47 (60%) 70 (90%) 74 (95%)

relevant documents found using best nested sort method in HotMap was com-

pared to the number of relevant documents found using the order of the search

results provided by Google. These results are provided in Table 6.3. There was

as much as a 100% improvement in the number of relevant documents in the

top search results for the best re-sorting methods. The average improvement

when the best re-sort method was selected, was 71% for the top 10 documents,

18% for the top 20 documents and 30% for the top 30 documents.

Note that there appears to be a trend in these results, where there is a great

improvement when considering the top 10 documents, a marginal improvement

when considering the top 20 documents, and a moderate improvement when

considering the top 30 documents. This can be attributed to the fact that

there were on average 7 relevant documents on the second page of the search

results in the Google order, but only 3 relevant documents on the third page.
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Table 6.3: Comparing the number of relevant documents in the Google order
to the best order achieved by re-sorting in HotMap.

10 Documents 20 Documents 30 Documents
Task 1: “communications network management”
Google 4 12 16
Best Sort 8 16 23
percent improvement 100% 33% 44%
Task 2: “representing knowledge information”
Google 6 13 15
Best Sort 9 15 20
percent improvement 50% 15% 33%
Task 3: “communication mechanism processes”
Google 6 13 16
Best Sort 8 16 20
percent improvement 33% 23% 25%
Task 4: “addressing resources networks”
Google 3 9 11
Best Sort 6 9 13
percent improvement 100% 0% 18%

Therefore, the ability to improve upon the search results order when consid-

ering the top 30 documents was greater than when considering the top 20

documents.

Although it has been shown that in many cases there exist ways to re-sort

the search results in order to provide more relevant documents at the top of

the list, it is not clear that a user of HotMap will be able to make the proper

decisions as they explore the search results. Clearly, there are many re-sorting

methods that result in an order that is worse than that provided by Google

(see Table 6.2). To verify that the users are able to make good decisions

when using HotMap, a user evaluation was conducted, the results of which are

reported in the following section.
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6.3 HotMap vs. Google

Although it has been shown that it is possible to achieve a higher number of

relevant documents among the top documents in the search results for vague

queries via query term re-sorting, it is not clear whether the users will be able

to effectively make use of this feature to explore the search results and find

relevant documents. To test the effectiveness of this nested sorting feature, as

well as the other visual and interactive features of HotMap, a user study was

conducted. The design and results of this study are provided in the remainder

of this section.

6.3.1 Methods

To test the efficiency, effectiveness, and subjective reactions when conducting

information seeking tasks, a 4x2 (interface x task) within-subjects design was

employed. Although two other interfaces for representing and exploring search

results were also evaluated in this study (one being Concept Highlighter, which

is discussed in Section 6.5), the focus is on the comparison between HotMap

and Google. Since all the participants were already frequent users of Google,

they were exposed to this interface first. In order to reduce the biasing effects,

the task order and remaining interface order were varied among the participant

pool.

The first two tasks in Section 6.2.1 were used in this experiment. To ensure

that the interfaces provided the same set of search results to each participant,

the search results for each task were cached and provided to each interface.

These cached results were the same as those evaluated by the expert reviewers

in the potential effectiveness analysis in the previous section. The Google

interface was altered to include document numbers to facilitate data collection.
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6.3.2 Procedure

Each participant completed a pre-task questionnaire, two searches with each of

the interfaces, an in-task questionnaire following each search, and a post-task

questionnaire after all the searches were complete. The entire procedure took

between 60 and 90 minutes for each participant.

Before the participants were exposed to an interface, a short training task

was provided, along with a brief description of the features of the interface.

This ensured that each participant had a basic understanding of the interface,

how it was to be used in the search task, and how the data was to be collected.

Each search task included a written description of the information need,

along with the query to be used. After submitting the search to the assigned

interface, the participants were asked to use the interface to evaluate the search

results. For each document surrogate considered, a relevance score on a scale

from 1 to 4 was assigned (see Table 6.1). The participants were asked to speak

these scores; this information was logged by the investigator, along with the

elapsed time. Only the document surrogates were considered for relevance;

the participants were asked to not view the actual documents. After ten

document surrogates were assigned a relevance score of either three or four,

the participants were instructed that the task was complete.

At the end of each task, the participants were provided with an in-task

questionnaire to measure their subjective reaction and feelings regarding their

experience with using the assigned interface to find documents relevant to

the assigned task. These subjective measures were based on the participants’

confidence in finding a good set of documents, the ease of use of the interface,

satisfaction in using the interface, and impressions of ambiguity in the search

results set.

After all the search tasks were completed, a post-task questionnaire was
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administered to measure the participants’ impressions of various features of

the interfaces. In addition, the participants were asked to provide a ranking of

their preference for an interface, and textual comments regarding the features

of the interfaces.

6.3.3 Analysis

The quantitative results (time to task completion, perceived and corrected

precision, and error rates) were analysed independently for each task using

analysis of variance (ANOVA). The subjective evaluations were analysed using

nonparametric Friedman tests. The preference ranks were analysed pair-wise

using Wilcoxon signed ranks tests. Where relevant, the statistical significance

of these tests are highlighted by a bold font.

6.3.4 Results

Participant Demographics

28 participants were recruited from undergraduate computer science courses

to participate in this study. The results from the pre-task questionnaire ad-

ministered to these participants are presented in Table 6.4. The participants

were primarily Google users, with a moderate to high degree of Web search

experience. However, since none had been exposed to HotMap prior to this

study, they are considered novice users of this system.

Prior to starting the first search with each new task, the participants were

asked to report their familiarity with the assigned task. These results are

illustrated in Figure 6.1. Clearly, the participants showed a wide range in

familiarity with the search tasks.
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Table 6.4: Features of the participant demographics.
Computer Use 10+ times per week: 96%

5-10 times per week: 0%
1-5 times per week: 4%

Computer Experience high degree: 64%
moderate degree: 36%
low degree: 0%

Web Searches 10+ per week: 75%
5-10 per week: 18%
1-5 per week: 8%

Search Engine Preference Google: 93%
Yahoo: 7%

Pages Viewed 1-2 pages: 32%
3-4 pages: 25%
5-6 pages: 25%
7+ pages: 18%

Web Search Experience high degree: 46%
moderate degree: 54%
low degree: 0%

Time to Task Completion

In order to measure and make comparisons among the times taken to complete

the assigned information seeking tasks, it is necessary to provide clear task

completion criteria. For this study, two levels of fulfillment of the assigned

information need were specified: finding five relevant documents, and finding

ten relevant documents. In this criteria, any document assigned a relevance

score of three or four was considered a relevant document. This represented

documents the participants felt were either certainly or probably relevant (see

Table 6.1 for the complete relevance score scale).

Figure 6.2 illustrates the average time the participants took to find five and

ten relevant documents for each of the two tasks. On average, the participants
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Figure 6.1: The pre-test familiarity with the tasks reported by the participants.

were able to find relevant documents faster with HotMap than Google. How-

ever, the differences in these times only proved to be statistically significant

for finding ten relevant documents for Task 1. The results of ANOVA tests

are provided in Table 6.5.

These results are interesting since HotMap requires the participants to in-

teract with the interface features before they can evaluate the search results;

by contrast, Google allows the participants to start evaluating the search re-

sults immediately. Even though the participants did not perform significantly

faster using HotMap in all cases, neither did they perform significantly slower.

This indicates that the extra work required by HotMap can be offset by the

users’ ability to more easily evaluate and explore the search results.

Furthermore, even though a large disparity existed in the experience the

participants had with Google versus HotMap, the participants were able to

complete the tasks using both interfaces in similar times. One would expect

that the task completion times for HotMap would improve as the users become

more experienced using these systems.
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(a) (b)

Figure 6.2: The average time to find five relevant documents (a) and ten
relevant documents (b). The error bars represent the standard error about
the mean.

Table 6.5: ANOVA tests for the time to completion data show that the differ-
ences between the task completion times are not statistically significant except
for finding 10 documents in Task 1.

5 Relevant Documents 10 Relevant Documents

Task 1 F (1, 54) = 2.94, p = 0.09 F(1,54) = 5.74,p = 0.02
Task 2 F (1, 54) = 0.25, p = 0.61 F (1, 54) = 0.03, p = 0.87

Perceived Precision

Two common metrics employed in information retrieval research are precision

and recall. Precision is the ratio of relevant documents retrieved to the to-

tal number of documents retrieved; recall is the ratio of relevant documents

retrieved to the total number of relevant documents in the collection being

searched [109]. Although Vaughan [106] indicates that it is very difficult to

apply these metrics to the evaluation of Web information retrieval systems,

Kobayashi and Takeda [52] suggest that only recall is unfeasible.

Instead of using the traditional precision metric which requires prior knowl-

edge of document relevance, a new metric is defined that is inspired by the

precision metric: perceived precision. In this metric, only the documents that
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have been viewed by the users are considered as having been retrieved. Fur-

thermore, the user’s judgments of relevance are considered to be accurate and

error-free. This metric measures the users’ perceptions of their ability to find

relevant documents in the search results, rather than the information retrieval

system’s ability to find relevant documents in the collections.

Perceived precision is a critical metric in the evaluation of Web search inter-

faces since it indicates what percent of the documents evaluated by the users

were considered to be relevant to their information need. Clearly, an interface

that results in a high perceived precision is of more value than one that results

in a lower perceived precision. However, the definition of the traditional pre-

cision metric implies a binary distinction between relevant and non-relevant

documents. When a multi-point relevance scale is used to measure relevance

judgments, such as the four-point scale used in this study (see Table 6.1), this

data must be partitioned into sets that represent relevant and non-relevant

documents. In a technique similar to that used by [92], those documents that

are given a relevance score of three or four are considered “relevant”, and

those given a relevance score of one or two are considered “not relevant”. This

results in the following formula for perceived precision:

pp =
|r3|+ |r4|

|r1|+ |r2|+ |r3|+ |r4|

where |ri| represents the number of documents assigned a relevance score of i.

This partition method can be generalized to allow different levels of rele-

vance to be used to represent “relevant” documents. For example, one might

specify strong perceived precision using only documents that have been given a

score of four as relevant, or weak precision precision using documents given a

score of two, three, or four as relevant. However, it is not clear that participants



CHAPTER 6. EXPERIMENTS AND EVALUATIONS 213

(a) (b)

Figure 6.3: The average perceived precision (calculated assuming that there
are no errors in the participants’ relevance judgments) in finding five relevant
documents (a) and ten relevant documents (b). The error bars represent the
standard error about the mean.

Table 6.6: ANOVA tests show that the differences in the perceived precision for
Task 1 are statistically significant, while that the differences in the perceived
precision for Task 2 are not statistically significant.

5 Relevant Documents 10 Relevant Documents

Task 1 F(1,54) = 19.88,p < 0.01 F(1,54) = 23.66,p < 0.01
Task 2 F (1, 54) = 3.06, p = 0.09 F (1, 54) = 0.81, p = 0.37

are able to accurately distinguish among the range of available relevance scores.

Therefore, this discussion focuses on a medium perceived precision, which uses

documents that have been given a score of three or four as relevant.

Figure 6.3 illustrates the average perceived precision the participants achieved

in finding five relevant and ten relevant documents for the two assigned tasks.

On average, participants were able to find a higher ratio of relevant documents

using HotMap than Google. For Task 1, the differences in the perceived pre-

cision scores proved to be statistically significant; for Task 2, the differences

were not be statistically significant. The results of ANOVA tests are provided

in Table 6.6.
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Corrected Precision

One thing that is not clear with user studies involving participant-provided

relevance judgments is how to handle errors when calculating perceived preci-

sion metrics. In traditional information retrieval research, test collections such

as TREC, Cranfield, and CACM are used since they include expert evalua-

tions of the relevance of each document with respect to each test query. The

use of these test collections and test queries allow the researchers to calculate

the precision and recall metrics for their information retrieval algorithms in a

controlled manner. However, in this research, it is not always the case that the

participants will be able to make error-free relevance judgments. For example,

if a participant provides a relevance score of four to a document that is not

relevant, then the perceived precision metric will not be accurate.

To address this issue, a new metric called corrected precision is defined.

Whereas the perceived precision metric is based solely on the participants’

relevance scores, the corrected precision uses expert evaluation scores to correct

each participant’s relevance score assignments. If a participant’s relevance

scores differ from the expert relevance scores by zero or one (i.e., they are very

similar), the participant’s relevance score is used. In all other cases, where

the difference is two or three (i.e., the scores are in disagreement), a relevance

score of 1 is used. This corrected precision gives a more accurate indicator

of actual effectiveness in the Web search tasks since only documents that are

considered relevant by both the participant and the expert are considered

relevant for the corrected precision metric. If the difference between these two

precision metrics is large, this is an indication of significant user error (errors

are discussed in more detail in the following Section).

Figure 6.4 illustrates the average corrected precision the participants achieved

in finding five relevant and ten relevant documents for the two assigned tasks.
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(a) (b)

Figure 6.4: The average corrected precision (calculated using the participants’
relevance judgments that are in agreement with the expert relevance judg-
ments) in finding five relevant documents (a) and ten relevant documents (b).
The error bars represent the standard error about the mean.

Table 6.7: ANOVA tests for the corrected precision data show that the dif-
ferences in the precision for Task 1 are statistically significant, and that the
differences in the precision for Task 2 are not statistically significant.

5 Relevant Documents 10 Relevant Documents

Task 1 F(1,54) = 10.42,p < 0.01 F(1,54) = 17.31,p < 0.01
Task 2 F (1, 54) = 2.42, p = 0.13 F (1, 54) = 0.15, p = 0.70

On average, participants were able to find a higher ratio of relevant documents

using HotMap, even when corrected for errors. For Task 1, the differences in

the corrected precision scores proved to be statistically significant; for Task 2,

the differences proved to not be statistically significant. The results of ANOVA

tests are provided in Table 6.7.

Comparing the perceived and corrected precision in Figures 6.3 and 6.4,

one can see that the general trends in these precision measures are similar.

This implies that regardless of the users’ abilities to evaluate documents for

relevance, the visual representations and interactive exploration features of

HotMap help to support the users in exploring the search results to find rele-

vant documents.
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The primary hypothesis in the development of HotMap is that partici-

pants would need to consider fewer non-relevant documents using HotMap

than Google, for finding 5 and 10 relevant documents. The perceived precision

and corrected precision metrics provide evidence in support of this hypothe-

ses. High values in these metrics mean that fewer non-relevant documents

were considered; low values result from many non-relevant documents being

considered. On average, HotMap resulted in the participants considering fewer

documents, both when seeking 5 and 10 relevant documents. This proved to

be the case for both tasks, although the results were statistically significant

only for Task 1.

The differences in statistical significance between Tasks 1 and 2 can be

attributed to the fundamental differences between the two tasks. Although

both tasks were chosen to be similar in their degree of ambiguity, the end

result was that two different sets of document surrogates were evaluated by

the participants. The participants may have found it easier to use HotMap

to explore the search results from Task 1 than Task 2. While it is difficult to

generalize the results from these two tasks to all possible Web search tasks, it

is clear that in some situations, there can be a significant improvement in the

perceived and corrected precision, resulting in fewer non-relevant documents

being considered.

Error Rates

Calculating error rates in the relevance judgments of the participants is an

important part of analysing the results of a comparative study of competing

Web search interfaces. Under controlled conditions, the differences between

relevance judgement error rates is a direct consequence of the interface to

which the participants were exposed.
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Table 6.8: The error types can be classified based on the difference between
the expert relevance scores and the participant relevance scores.

Major Error Minor Error

Miss -3 -2
False Hit 3 2

Using the same expert relevance scores as were produced to determine the

potential effectiveness of query term re-sorting (see Section 6.2), two different

classes of errors can be specified: misses and false hits. Misses occur when

participants assign low relevance scores to documents that were labeled as

highly relevant by experts. These errors result in the users not choosing to view

relevant documents. False hits occur when participants assign high relevance

scores to documents that were labeled as not relevant by experts. These errors

result in the users choosing to view documents that are not relevant. The

different classes of errors can have different effects on the users’ perceptions

of the search results evaluation experience. Too many misses can result in the

users either giving up, or at least re-formulating their queries. Too many false

hits are frustrating, but users may be willing to continue searching anyway.

In addition, two different levels of error severity can be specified when

a relevance scale is used: major errors and minor errors. For the four-point

relevance scale in Table 6.1, major errors occur when the difference between the

scores for a specific document is three (i.e., a 4-document assigned a score of 1,

or a 1-document assigned a score of 4). Minor errors occur when the difference

between the scores for a particular document is two. Although differences of

one will also be present, these errors are less significant and may be the result

of personal preferences rather than actual errors in relevance judgement. A

summary of this classification of errors is provided in Table 6.8.

The average number of errors for each error type is provided in Figure 6.5.
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(a) major miss errors (b) minor miss errors

(c) major false hit errors (d) minor false hit errors

Figure 6.5: The average number of errors by classification type. The error
bars represent the standard error about the mean.

As is to be expected, the number of errors occurring when finding 10 relevant

documents is consistently higher than the number of errors occurring when

finding 5 relevant documents. The number of miss errors, both major and

minor, are significantly higher when using Google versus HotMap. Although

there appear to be more false hit errors produced from HotMap in some cases,

this did not prove to be statistically significant. A statistical analysis of this

data is provided in Table 6.9. These analyses include the removal of one outlier

data point resulting from a participant producing seven major miss errors on

Task 1 using HotMap.

Given that the same information is being provided to users of both Google

and HotMap, one might expect there to be little differences in the error rates.
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Table 6.9: ANOVA tests for the error data show that the differences in the
number of errors between HotMap and Google is statistically significant for
the miss errors (when ignoring the outlier), and not statistically significant for
the false hit errors.
Major Miss 5 Relevant Documents 10 Relevant Documents

Task 1 F (1, 54) = 1.36, p = 0.25 F(1,54) = 4.49,p = 0.04
Task 1 F(1,52) = 8.21,p < 0.01 F(1,52) = 21.68,p < 0.01
(without outlier)
Task 2 F(1,54) = 5.83,p = 0.02 F(1,54) = 6.24,p = 0.02

Minor Miss 5 Relevant Documents 10 Relevant Documents

Task 1 F(1,54) = 6.79,p = 0.01 F(1,54) = 19.79,p < 0.01
Task 2 F(1,54) = 7.75,p < 0.01 F(1,54) = 6.28,p = 0.02

Major False Hit 5 Relevant Documents 10 Relevant Documents

Task 1 F (1, 54) = 0.57, p = 0.45 F (1, 54) = 2.29, p = 0.14
Task 2 F (1, 54) = 1.71, p = 0.20 F (1, 54) = 0.00, p = 1.00

Minor False Hit 5 Relevant Documents 10 Relevant Documents

Task 1 F (1, 54) = 0.73, p = 0.40 F (1, 54) = 0.00, p = 1.00
Task 2 F (1, 54) = 0.98, p = 0.33 F (1, 54) = 0.92, p = 0.34

Although the differences in false hits were negligible, the differences in misses

were significant. The participants were more apt to give a relevant document a

low relevance score using Google than HotMap, resulting in miss errors. While

the reasons for this difference are not clear, it may stem from a general dissat-

isfaction with current Web search engines. This may result in an expectation

of many non-relevant documents being present in the search results, and a gen-

eral reluctance to view the documents that are perceived to be non-relevant

(even if they are indeed relevant).

That the error rates produced using HotMap are not worse than Google

(and in some case, they are better than Google) provides support in favour of

the compact representation of the search results used by HotMap. Although

some participants did not like that the compact representation required them

to access the snippet for each document using the mouse and tool tips, this
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feature did not result in a higher error rate.

Subjective Measures

After each task, participants completed a short in-task questionnaire to mea-

sure their subjective reactions to using the assigned interface as they completed

the assigned task. Of interest were the participants’ degree of confidence, feel-

ings of ease of use, satisfaction in using the interface, and perceptions of am-

biguity. The data from these subjective measures for both tasks is reported

in Figure 6.6. The results of Friedman tests measuring statistical significance

are reported in Table 6.10.

For the confidence measure, the participants rated how confident they

were in their ability to find a good set of relevant documents (Figure 6.6a).

For both tasks, the participants showed a higher degree of confidence using

HotMap than Google. For Task 1, this measure is significantly more positive

for HotMap. By providing the users with the ability to interactively explore

the search results, they are able to take an active role in the search process,

resulting in increased feelings of confidence and control.

For the ease of use measure, the participants rated how easy they found

it to use the interface to evaluate the search results (Figure 6.6b). Although

the participants reported a higher degree of ease of use with HotMap for both

tasks, this is only statistically significant for Task 1. The interactive features

of HotMap were designed to be simple to use, yet provide powerful abilities to

explore the search results set. Clearly, many of the participants found these

features simple to understand and operate.

For the satisfaction measure, the participants rated how satisfied they were

in using the interface to evaluate the search results (Figure 6.6c). The satis-

faction reported by the participants was significantly higher for HotMap than
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(a) confidence in ability to find a good set of relevant documents

(b) ease of use for evaluating the search results

(c) satisfaction with using the interface to evaluate the search results

(d) ambiguity of the search results set

Figure 6.6: Subjective measures reported by the participants for Task 1 (left)
and Task 2 (right). Note that the participants consistently provided more
positive subjective rankings for HotMap.
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Table 6.10: Friedman tests for the subjective reactions show that the differ-
ences in the subjective reactions between HotMap and Google are statistically
significant for Task 1, but not so for Task 2.

Measure Task 1 Task 2

confidence χ2(1) = 12.25,p < 0.01 χ2(1) = 2.88, p = 0.09
ease of use χ2(1) = 8.07,p < 0.01 χ2(1) = 3.56, p = 0.06
satisfaction χ2(1) = 8.00,p < 0.01 χ2(1) = 2.91, p = 0.09
ambiguity χ2(1) = 13.76,p < 0.01 χ2(1) = 8.05,p < 0.01

Google on Task 1. For Task 2, there was an improvement in satisfaction, but

not significantly so. As with the confidence measure, the ability to explore the

search results using HotMap had a positive effect on the feelings of satisfaction

from the users.

For the ambiguity measure, the participants rated how ambiguous they

thought the search result set was (Figure 6.6d). Since the goal of HotMap was

to direct the users towards more relevant documents, this measure provides

an indication of the success of this goal, considering that the search results

sets were identical for each interface. In both tasks, the participants reported

the search results to be much more specific using HotMap than Google. This

result is statistically significant for both tasks.

For most of these measures, the participants reported a significant im-

provement in Task 1. For Task 2, while an improvement is apparent, it is not

statistically significant. As with the differences in the perceived and corrected

precision metrics, this difference between the two tasks can be attributed to

the participants’ abilities to find relevant documents for each task. Clearly,

the participants found HotMap to be very beneficial when completing Task

1. However, for Task 2, not only did the participants find it more difficult

to identify relevant documents, this difficulty was also made apparent in the
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Table 6.11: The majority of the participants ranked the use of HotMap above
that of Google after completing the tasks. However, these results are not
statistically significant

Rank Number of Responses

HotMap ranked higher than Google 19 (68%)
HotMap ranked lower than Google 9 (32%)

Wilcoxon signed rank test Z = −1.89, p = 0.06

subjective measures. Although the results for Task 2 did not prove to be sta-

tistically significant, on average, the participants were still able to perform

better on this task using HotMap.

Preference Rank

After all the tasks were completed by the participants, a post-task question-

naire was administered which included a question asking the participants to

rank their preference for a search results interface, assuming that the under-

lying search results sets are the same. These rank responses are reported in

Table 6.11.

Although a large portion of the participants ranked HotMap higher than

Google in terms of their interface preference, this result did not prove to be

statistically significant. A number of participants noted that they ranked

Google as their preferred interface because of their prior familiarity with it,

resulting in a skewing of these results in favour of Google.

6.3.5 Discussion

While on average, the participants were able to complete the tasks of finding

five and ten relevant documents faster using HotMap than Google, this result

did not prove to be statistically significant. However, it is interesting to note
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that the extra time taken to visually inspect the search results, as well as

make nested sorting decisions, did not adversely affect the time taken to find

relevant documents.

The ability of the participants to find relevant documents was evaluated

using both perceived precision (measuring the portion of relevant documents

among those that were considered by the participant) and corrected precision

(taking into account the expert relevance scores to eliminate major errors in

the relevance judgments). In both of these measures of precision, HotMap

proved to be superior. However, the difference between Google and HotMap

was only statistically significant for Task 1.

Error rates were evaluated for each participant using the expert evaluations

of the search results. The participants missed significantly fewer relevant doc-

uments using HotMap than Google. While there were more false hits produced

when using HotMap in some cases, this result was not shown to be significant.

As the participants completed the Web search tasks, subjective data on the

topics of confidence, ease of use, satisfaction, and ambiguity were collected.

For Task 1, the responses to all four measures were significantly more posi-

tive when using HotMap versus the responses provided when using Google.

There was also an improvement in the responses for Task 2, although only the

ambiguity response proved to be statistically significant. When asked to rank

their preference for a Web search interface, 68% of the participants preferred

HotMap.

From this user study, it was found that the features of HotMap can indeed

be used effectively by many participants to find more relevant documents from

the search results. Although the results were shown to be statistically signif-

icant for Task 1, many of the results were not significant for Task 2. The
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difference in statistical significance can be attributed to the fundamental dif-

ferences between the two tasks. Although both were chosen to be vague search

tasks, it is possible that finding relevant documents in Task 2 was more diffi-

cult.

It should be noted that in this user evaluation, all the participants reported

a moderate to high degree of Web search experience, and all except one used

Google as their primary Web search engine. By contrast, none had previously

been exposed to HotMap. Therefore, this study compared experienced users of

Google to novice users of HotMap, resulting in a bias in favour of Google. This

bias was especially apparent when the participants were asked to rank their

preferred Web search interface. That the participants were able to perform

better using HotMap in many cases is promising. One can reasonably expect

that as users become more experienced with the features of HotMap, they will

be able to more effectively make use of these features to interactively explore

Web search results.

The results of these studies provide evidence in support of the fundamental

assumption in the design of HotMap: that visual and interactive tools that

make use of the query term frequency statistics from the top search results

can provide valuable information to the users for re-sorting and exploring the

search results.

6.4 Determining the Potential Effectiveness of

Concept Highlighter

In Concept Highlighter, the user selects one or more concepts that are relevant

to their information need, resulting in a re-sorting of the search results based
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of the fuzzy similarity of each document surrogate to the selected concepts.

The assumption is that document surrogates that are similar to the selected

relevant concepts will also be relevant. As with the evaluation of HotMap,

vague queries are used since their search results commonly consist of a mixture

of relevant and non-relevant documents. It may be possible to move more

relevant documents near the top of the list by re-sorting the search results

based on their fuzzy membership scores to selected relevant concepts.

In this section, the methods for testing this fuzzy similarity assumption are

described, along with the experimental results.

6.4.1 Methods

To test these hypotheses, the same four vague search tasks developed for the

evaluation of HotMap were used, along with their search results sets and the

expert evaluations for relevance to the task. The reader is referred to Sec-

tion 6.2.1 for the details on these tasks and the methods for providing expert

relevance scores for the search results sets.

All 2n possible combinations of concept selections were evaluated for the

test queries, where n is the number of concepts provided by the concept knowl-

edge base for the query. There were eight concepts provided for Task 1; seven

concepts for Task 2; eight concepts for Task 3; and five concepts for Task 4.

For each of the concept selections, the number of relevant documents within

the top 10, top 20, and top 30 documents was calculated using the expert

evaluations. Any document assigned a score of three or four on the four-point

relevance scale (see Table 6.1) was considered “relevant”. This represents those

documents that were identified as “relevant” and “probably relevant” by the

experts.
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Table 6.12: The potential effectiveness of re-sorting the search results using
fuzzy membership scores in Concept Highlighter.
Number of sort methods... 10 Documents 20 Documents 30 Documents
Task 1: “communications network management”
better than Google 16 (6%) 0 (0%) 5 (2%)
equivalent to Google 49 (19%) 1 (0%) 14 (6%)
worse than Google 189 (74%) 253 (100%) 235 (92%)
Task 2: “representing knowledge information”
better than Google 19 (15%) 3 (2%) 30 (24%)
equivalent to Google 17 (13%) 3 (2%) 10 (8%)
worse than Google 90 (72%) 120 (96%) 86 (86%)
Task 3: “communication mechanism processes”
better than Google 0 (0%) 0 (0%) 0 (0%)
equivalent to Google 1 (0%) 0 (0%) 5 (2%)
worse than Google 253 (100%) 254 (100%) 249 (98%)
Task 4: “addressing resources networks”
better than Google 15 (50%) 0 (0%) 0 (0%)
equivalent to Google 6 (20%) 1 (3%) 1 (3%)
worse than Google 9 (30%) 29 (97%) 29 (97%)

6.4.2 Results

Table 6.12 summarizes the results of this experiment for all four tasks. The

results are reported separately for each query since the effectiveness of concept-

based fuzzy clustering depends primarily on the concepts chosen from the

concept knowledge base for the query and the search results returned for each

search task.

The results from this experiment are somewhat mixed. When considering

the top 10 documents, there were multiple ways of selecting concepts that

resulted in more relevant documents at the top of the list for all tasks except

Task 3. But for 20 and 30 documents, the concept-based fuzzy clustering

method was not effectiveness for any of the tasks.
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Table 6.13: Comparing the number of relevant documents in the Google or-
der to the best order achieved by concept-based fuzzy clustering in Concept
Highlighter.

10 Documents 20 Documents 30 Documents
Task 1: “communications network management”
Google 4 12 16
Best Concept Selection 6 12 17
percent improvement 50% 0% 6%
Task 2: “representing knowledge information”
Google 6 13 15
Best Concept Selection 8 15 21
percent improvement 33% 15% 40%
Task 3: “communication mechanism processes”
Google 6 13 16
Best Concept Selection 6 11 16
percent improvement 0% -15% 0%
Task 4: “addressing resources networks”
Google 3 9 11
Best Concept Selection 5 9 11
percent improvement 67% 0% 0%

To further explore the potential benefit of the concept-based fuzzy cluster-

ing methods, the results from the best concept selection were compared to the

search results order provided by Google. These results are provided in Table

6.13. There was as much as a 67% improvement in the number of relevant

documents in the top 10 search results for the best selection of concepts. Al-

though for one task there was no improvement, the average improvement for

the best set of concepts was 38% for the top 10 documents. When considering

the top 20 or top 30 documents, the improvement was good in some cases

and negligible in others. In one case, the best concept selection resulted in a

decrease in the number or relevant documents when compared to Google.

Since there are multiple ways of selecting concepts to achieve a superior

order of the top 10 search results for most of the test queries, this can be
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exploited by the users of the system as they seek relevant documents. For

example, due to the ease of concept selection, the users can readily make a

selection of relevant documents, and consider the top ranked search results.

They can then make a change to their concept selection, and consider other

documents that they have not previously seen. This exploration process may

allow the users to find more relevant documents than if they make an initial

selection of relevant concepts and do not re-visit this selection as they seek

relevant documents from the search results list.

The ability for concept highlighter to improve the order of the search re-

sults and support the users as they explore the search results depends greatly

on a number of factors. The concept knowledge base used in these evalua-

tions was based on computer science topics provided by the ACM Computing

Classification System [1]. Although the descriptions for each concept were

clear and concise, the vocabulary was somewhat limited. This coupled with

the limited information provided for each document surrogate (i.e., the title

and snippet) may have resulted in a mismatch between the terminology in the

concept knowledge base and that available in the document surrogates. As a

result, the concept-based fuzzy clustering algorithm may have provided mis-

leading fuzzy membership scores in some cases. The capabilities of Concept

Highlighter can be improved by improving the quality and depth of the con-

cept knowledge base, and by obtaining more descriptive information for each

document surrogate in the search results.

Although this evaluation has shown that for most of the tasks there exist

concept selections that provide more relevant documents among the top 10

search results, it is not clear that a user of this system will be able to make the

proper concept selection decisions as they explore the search results. Clearly,

there are many concept selections that result in an order that is worse than
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that provided by Google (see Table 6.12). To explore the ability of the users to

make good decisions with this interface and the concept information provided,

a user evaluation has been conducted. The results of this user evaluation are

reported in the following section.

6.5 Concept Highlighter vs. Google

Although it has been shown that it may be possible to achieve a higher number

of relevant documents among the top documents in the search results for vague

queries through concept-based fuzzy clustering, it is not clear whether the users

will be able to effectively select the proper concepts in order to explore the

search results and find relevant documents. To test the effectiveness of the

features of Concept Highlighter, a user study was conducted. The methods,

procedure, and analysis are the same as the user study for HotMap (see Section

6.3). The details are repeated in this Section for completeness.

6.5.1 Methods

To test the efficiency, effectiveness, and subjective reaction when conducting

information seeking tasks, a 4x2 (interface x task) within-subjects design was

employed. Although two other interfaces for representing and exploring search

results were also evaluated in this study (one being HotMap, which is discussed

in Section 6.3), the focus is on the comparison between Concept Highlighter

and Google. Since all the participants were already frequent users of Google,

they were exposed to this interface first. In order to reduce the biasing effects,

the task order and remaining interface order were varied among the participant

pool.

The first two tasks in Section 6.2.1 were used in this experiment. To ensure
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that the interfaces provided the same set of search results to each participant,

the search results for each task were cached and provided to each interface.

These cached results were the same as those evaluated by the expert reviewers

in the potential effectiveness analysis in the previous section. The Google

interface was altered to include document numbers to facilitate data collection.

6.5.2 Procedure

Each participant completed a pre-task questionnaire, two searches with each of

the interfaces, an in-task questionnaire following each search, and a post-task

questionnaire after all the search tasks were complete. The entire procedure

took between 60 and 90 minutes for each participant.

Before the participants were exposed to an interface, a short training task

was provided, along with a brief description of the features of the interface.

This ensured that each participant had a basic understanding of the interface,

how it was to be used in the search task, and how the data was to be collected.

Each search task included a written description of the information need,

along with the query to be used. After submitting the search to the assigned

interface, the participants were asked to use the interface to evaluate the search

results. For each document surrogate considered, a relevance score on a scale

from 1 to 4 was assigned (see Table 6.1). The participants were asked to speak

these scores; this information was logged by the investigator, along with the

elapsed time. Only the document surrogates were considered for relevance;

the participants were asked to not view the actual documents. After ten

document surrogates were assigned a relevance score of either three or four,

the participants were instructed that the task was complete.

As the participants used Concept Highlighter, they were instructed to first

select the concepts they thought were relevant to the assigned task, and then
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evaluate the re-ordered search results. If at any time they wished to make

changes to their previous concept selections, they were encouraged to do so.

At the end of each task, the participants were provided with an in-task

questionnaire to measure their subjective reactions and feelings regarding their

experience with using the assigned interface to find documents relevant to the

assigned task. These subjective measures were based on the participants’

confidence in finding a good set of documents, the ease of use of the interface,

satisfaction in using the interface, and impressions of ambiguity in the search

results set.

After all the search tasks were completed, a post-task questionnaire was

administered to measure the participants’ impressions of various features of

the interfaces. In addition, the participants were asked to provide a ranking of

their preference for an interface, and textual comments regarding the features

of the interfaces.

6.5.3 Analysis

As with the HotMap user evaluations, the quantitative results (time to task

completion, perceived and corrected precision, and error rates) were analysed

independently for each task using analysis of variance (ANOVA). The sub-

jective evaluations were analysed using nonparametric Friedman tests. The

preference ranks were analysed using pair-wise Wilcoxon signed ranks tests.

Where relevant, the statistical significance of these tests are highlighted by a

bold font.
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6.5.4 Results

Participant Demographics

Since the evaluation of Concept Highlighter occurred simultaneously with the

evaluation of HotMap, the participant groups were the same for both studies.

The participant demographics, along with the participant familiarity with the

tasks, are reported in Section 6.3.4.

Time to Task Completion

As with the HotMap user study, two levels of fulfillment of the assigned in-

formation need were specified: finding five relevant documents, and finding

ten relevant documents. In this criteria, any document assigned a relevance

score of three or four was considered as a relevant document. This represented

documents the participants felt were either certainly or probably relevant (see

Table 6.1 for the complete relevance score scale).

Figure 6.7 illustrates the average time the participants took to find five and

ten relevant documents for each of the two tasks. On average, the participants

were able to find relevant documents faster using Google than with Concept

Highlighter. This is to be suspected, given that the users of Concept High-

lighter needed to first make concept selections before they started evaluating

the search results. These results did not prove to be statistically significant

(see Table 6.14). This lack of statistical significance is promising since it im-

plies that the time required by the participants to use the features of Concept

Highlighter is not that much greater than the time required to use Google. It

is possible that the extra time taken to make concept selections (and subse-

quent re-selections) is offset by the users’ ability to more easily evaluate and

explore the search results.
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(a) (b)

Figure 6.7: The average time to find five relevant documents (a) and ten
relevant documents (b). The error bars represent the standard error about
the mean.

Table 6.14: ANOVA tests for the time to completion data show that the
differences between the task completion times are not statistically significant
for either task.

5 Relevant Documents 10 Relevant Documents

Task 1 F (1, 54) = 1.89, p = 0.18 F (1, 54) = 1.06, p = 0.31
Task 2 F (1, 54) = 3.70, p = 0.06 F (1, 54) = 1.74, p = 0.19

Perceived Precision

The perceived precision metric, as described in Section 6.3.4, considers only

the documents that have been viewed by the user as having been retrieved,

and assumes that the users’ judgments of relevance are always correct. This

metric measures the users’ ability to find relevant documents in the search

results, rather than the information retrieval system’s ability to find relevant

documents in the collections. An interface that results in a high perceived

precision is of more value than one that results in a lower perceived precision.

Figure 6.8 illustrates the average perceived precision the participants achieved

in finding five relevant and ten relevant documents for the two assigned tasks.

On average, participants were able to find a higher ratio of relevant documents

using Concept Highlighter than Google, both for finding five and ten relevant
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(a) (b)

Figure 6.8: The average perceived precision (calculated assuming that there
are no errors in the participants’ relevance judgments) in finding five relevant
documents (a) and ten relevant documents (b). The error bars represent the
standard error about the mean.

Table 6.15: ANOVA tests show that the differences in the perceived precision
for both tasks are not statistically significant.

5 Relevant Documents 10 Relevant Documents

Task 1 F (1, 54) = 1.71, p = 0.20 F (1, 54) = 1.61, p = 0.21
Task 2 F (1, 54) = 2.40, p = 0.13 F (1, 54) = 0.44, p = 0.51

documents. However, these results are not statistically significant for either

task, as shown in Table 6.15.

Corrected Precision

Corrected precision was defined in Section 6.3.4. Whereas the perceived preci-

sion metric is based solely on the participants’ relevance scores, the corrected

precision uses expert evaluation scores to correct each participant’s relevance

scores. If a participant’s relevance scores differ from the expert relevance scores

by zero or one (i.e., they are very similar), the participant’s relevance score is

used. In all other cases, where the difference is two or three (i.e., the scores

are in disagreement), a relevance score of 1 is used. This corrected precision

gives a more accurate indicator of actual effectiveness in the Web search tasks
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(a) (b)

Figure 6.9: The average corrected precision (calculated using the participants’
relevance judgments that are in agreement with the expert relevance judg-
ments) in finding five relevant documents (a) and ten relevant documents (b).
The error bars represent the standard error about the mean.

Table 6.16: ANOVA tests for the corrected precision data show that the results
are rather varied.

5 Relevant Documents 10 Relevant Documents

Task 1 F (1, 54) = 3.51, p = 0.07 F(1,54) = 5.11,p = 0.03
Task 2 F(1,54) = 3.99,p = 0.05 F (1, 54) = 0.00, p = 0.99

since only documents that are considered relevant by both the participant and

the expert are considered relevant for the corrected precision metric. If the

difference between these two precision metrics is large, this is an indication

of significant user error (errors are discussed in more detail in the following

Section).

Figure 6.9 illustrates the average corrected precision the participants achieved

in finding five and ten relevant documents for the two assigned tasks. Whereas

the participants were able to achieve a higher average perceived precision us-

ing Concept Highlighter (as illustrated in Figure 6.8), the results are more

varied for the corrected precision measure. For Task 1, the corrected precision

shows that the participants performed worse using Concept Highlighter both

for finding five and ten relevant documents. For Task 2, the participants still
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performed better than Google for finding five relevant documents, but there is

little difference for finding ten relevant documents. In terms of statistical sig-

nificance, the participants performed significantly worse than Google in Task

1 for finding ten relevant documents, and significantly better than Google in

Task 2 for finding five relevant documents (see Table 6.16).

The differences between the perceived and corrected precision metrics sug-

gest that the participants made significant errors in deciding the relevance

scores for some of the documents they considered. Based solely on their rel-

evance scores, it appeared that the participants considered fewer documents

using Concept Highlighter in order to find five and ten relevant documents.

However, in some cases, many of these documents the participants thought

were relevant while using Concept Highlighter were identified as being not

relevant by the expert reviewers, resulting in a substantial reduction in the

corrected precision. This casts some doubt on the effectiveness of Concept

Highlighter, and merits a further analysis of the error rates.

Error Rates

In the evaluation of HotMap, two different types of errors were defined, at two

different levels of severity (see Section 6.3.4). Misses occur when participants

assign low relevance scores to documents that were labeled as highly relevant

by experts. False hits occur when participants assign high relevance scores to

documents that were labeled as not relevant by experts. For the four-point

relevance scale used in these studies (as shown in Table 6.1), major errors

occur when the difference between the scores for a specific document is three

(i.e., a 4-document assigned a score of 1, or a 1-document assigned a score of

4). Minor errors occur when the difference between the scores for a particular

document is two. A summary of this classification of errors is provided in
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(a) Major Miss Errors (b) Minor Miss Errors

(c) Major False Hit Errors (d) Minor False Hit Errors

Figure 6.10: The average number of errors by classification type. The error
bars represent the standard error about the mean.

Table 6.8.

The average number of errors for each error type are provided in Figure

6.10; the statistical analysis is reported in Table 6.17. As is to be expected, the

number of errors occurring when finding 10 relevant documents is consistently

higher than the number of errors occurring when finding 5 relevant documents.

In all cases except one, the participants made more miss errors, both major

and minor, using Google versus Concept Highlighter. However, this was only

statistically significant for major miss errors in finding ten relevant documents

for Task 1.
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Table 6.17: ANOVA tests for the error data show that the differences in the
number of errors between Concept Highlighter and Google are statistically
significant primarily for Task 1.
Major Miss 5 Relevant Documents 10 Relevant Documents

Task 1 F (1, 54) = 2.95, p = 0.09 F(1,54) = 5.30,p = 0.03
Task 2 F (1, 54) = 0.61, p = 0.44 F (1, 54) = 3.38, p = 0.07

Minor Miss 5 Relevant Documents 10 Relevant Documents

Task 1 F(1,54) = 4.32,p = 0.04 F(1,54) = 7.26,p < 0.01
Task 2 F (1, 54) = 0.01, p = 0.90 F (1, 54) = 0.64, p = 0.43

Major False Hit 5 Relevant Documents 10 Relevant Documents

Task 1 F(1,54) = 7.57,p < 0.01 F(1,54) = 9.25,p < 0.01
Task 2 F (1, 54) = 1.71, p = 0.20 F (1, 54) = 0.04, p = 0.85

Minor False Hit 5 Relevant Documents 10 Relevant Documents

Task 1 F(1,54) = 4.51,p = 0.03 F(1,54) = 7.17,p < 0.01
Task 2 F (1, 54) = 0.00, p = 1.00 F (1, 54) = 3.64, p = 0.06

In many cases, the participants produced more false hit errors using Con-

cept Highlighter versus Google. This increase in false hits proved to be sta-

tistically significant for Task 1, both for major and minor false hits, as well

as for finding five and ten relevant documents. The high number of false hits

is an indication that for Task 1, many of the participants gave high relevance

scores for documents that the expert reviewers did not consider relevant. The

significantly higher number of errors on Task 1 resulted in a major reduction

from perceived to corrected precision for Task 1 (see Figures 6.8 and 6.9).

Although it was thought that there would be little difference in the error

rates between Google and Concept Highlighter, clearly, this was not the case.

In some instances, there was a significant reduction in misses when using

Concept Highlighter, but also a significant increase in false hits. However, all

the cases where the differences were statistically significant were from Task

1, indicating that difficulties or misunderstandings of this task may have had

an effect on the error rates. Subsequently, these error rates had the effect of
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significantly reducing the corrected precision metrics.

The general trend of participants missing fewer documents using Concept

Highlighter provides support in favour of the compact representation of the

search results used by Concept Highlighter. As with HotMap, although some

participants did not like that the compact representation required them to

access the snippet for each document using the mouse and tool tips, this

feature did not appear to result in the participants missing relevant documents.

However, this may have also contributed to the increase in false hit errors.

The general trend of participants indicating more non-relevant documents

as relevant using Concept Highlighter may also stem from an increase in the

expectation of documents being relevant. Because the participants first se-

lected one or more concepts that are relevant to the assigned task, this may

have given the participants the impressions that they were going to find more

relevant documents. As a result, marginal documents may have appeared to

be more relevant since they were moved to a more prominent location in the

list.

Subjective Measures

After completing each search task, participants completed a short in-task ques-

tionnaire to measure their subjective reactions to using the assigned interface

to find documents relevant to the assigned task. Of interest were each partic-

ipant’s degree of confidence, feelings of ease of use, satisfaction in using the

interface, and perceptions of ambiguity. The data from these subjective mea-

sures for both tasks is reported in Figure 6.11. The results of Friedman tests

measuring statistical significance are reported in Table 6.18.

For the confidence measure, the participants rated how confident they were

in their ability to find a good set of relevant documents (Figure 6.11a). For
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(a) confidence in ability to find a good set of relevant documents

(b) ease of use for evaluating the search results

(c) satisfaction with using the interface to evaluate the search results

(d) ambiguity of the search results set

Figure 6.11: Subjective measures reported by the participants for Task 1 (left)
and Task 2 (right). Note that the participants consistently provided more
positive subjective responses for Concept Highlighter.
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Table 6.18: Friedman tests for the subjective reactions show that the dif-
ferences in the subjective reactions between Concept Highlighter and Google
were only statistically significant for the satisfaction measure in Task 2, and
the ambiguity measure for both tasks.

Measure Task 1 Task 2

confidence χ2(1) = 2.88, p = 0.09 χ2(1) = 2.33, p = 0.13
ease of use χ2(1) = 1.14, p = 0.29 χ2(1) = 2.00, p = 0.16
satisfaction χ2(1) = 1.32, p = 0.25 χ2(1) = 3.77,p = 0.05
ambiguity χ2(1) = 5.56,p = 0.02 χ2(1) = 5.76,p = 0.02

both tasks, the participants showed a higher degree of confidence using Con-

cept Highlighter than Google. However, these results did not prove to be

statistically significant. The higher confidence with Concept Highlighter can

be attributed to the support this system provides to the users as they inter-

actively explore the search results. This active role that the users take in the

search process results in increased feelings of confidence and control.

For the ease of use measure, the participants rated how easy they found it

to use the interface to evaluate the search results (Figure 6.11b). Although the

participants reported a higher degree of ease of use with Concept Highlighter

for both tasks, this difference did not prove to be statistically significant for

either task. It is promising that even though the participants were required to

perform an extra concept selection step before they could evaluate the search

results, they still found the interface at least as easy to use as Google. One

can expect that as they become more accustomed to the features of Concept

Highlighter, this ease of use measure will increase further.

For the satisfaction measure, the participants rated how satisfied they were
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in using the interface to evaluate the search results (Figure 6.11c). The satis-

faction reported by the participants was significantly higher for Concept High-

lighter than Google on Task 2. For Task 1, there was an improvement in sat-

isfaction, but not significantly so. As with the confidence measure, the ability

to explore the search results using Concept Highlighter had a positive effect

on the feelings of satisfaction from the users.

For the ambiguity measure, the participants rated how ambiguous they

thought the search result set was (Figure 6.11d). Since the goal of Concept

Highlighter was to direct the users towards more relevant documents through

relevant concept selection, this measure provides an indication of the success

of this goal, considering that the search results sets were identical for each

interface. In both tasks, the participants reported the search results to be

much more specific using Concept Highlighter than Google. This result is

statistically significant for both tasks.

It is interesting to note that even though many of the participants made

significant errors in deciding the relevance of documents in Task 1, there was

still an increase in all the subjective measures for Concept Highlighter over

those reported for Google. Clearly, the participants had an impression of

being more confident in the search results, that the system was easy to use,

that they were satisfied with the results of the search, and that the search

results were more specific. Although many of these results did not prove to be

statistically significant, they do indicate a positive trend in favour of Concept

Highlighter. Also, given that this evaluation compared expert Google users to

novice Concept Highlighter users, the results are very promising. As the users

become more experienced with the concepts available in Concept Highlighter,

their subjective reactions, as well as their performance, will increase due to

their ability to learn the meanings of the concepts that commonly appear for
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Table 6.19: The majority of the participants ranked the use of Concept High-
lighter below that of Google after completing the tasks. These results are not
statistically significant

Rank Number of Responses

Concept Highlighter ranked higher than Google 11 (39%)
Concept Highlighter ranked lower than Google 17 (61%)

Wilcoxon signed rank test Z = −1.13, p = 0.26

their search tasks.

Preference Rank

After all the tasks were completed by the participants, a post-task question-

naire was administered which included a question asking the participants to

rank their preference for a search results interface, assuming that the under-

lying search results sets are the same. These rank responses are reported in

Table 6.19.

Although more than half of the participants reported a preference of Google

over Concept Highlighter, this result did not prove to be statistically signifi-

cant. A number of participants noted that they ranked Google as their pre-

ferred interface because of their prior familiarity with it, resulting in a skewing

of these results in favour of Google. Others may have preferred the ease at

which they could start considering documents for relevance using Google, as

opposed to the two-step process supported by Concept Highlighter.

6.5.5 Discussion

These investigations have highlighted both the successes and challenges of

Concept Highlighter. When a good set of concepts are provided by the concept

knowledge base and are selected by the users, and when these concepts use a
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similar vocabulary to that of the relevant search results, Concept Highlighter

has a great ability to bring more relevant documents to the top of the search

results. However, when the concepts selected by the users are not relevant,

or when they use a different vocabulary from the relevant documents in the

search results, the performance of the users as they seek relevant documents

can be hampered. It is expected that the development of a more complete and

detailed concept knowledge base will greatly improve the ability of concept-

based fuzzy clustering to differentiate relevant and non-relevant documents

based on user-controlled concept selection.

As expected, the participants in the user study took longer to find relevant

documents using Concept Highlighter versus Google. While this extra time

can be attributed to the added step of first choosing relevant concepts, it is

promising that the extra time taken did not prove to be statistically signifi-

cant. One may assume that users conducting searches on topics with which

they have some familiarity will decrease the amount of time needed to choose

relevant concepts. Similarly, as users become novice and expert users of Con-

cept Highlighter, they will learn the concepts that tend to be relevant to many

of their searches, resulting in a further decrease in the extra time taken.

While there was a marginal increase in the perceived precision using Con-

cept Highlighter, the results were much more varied when considering the

corrected precision. For Task 1, the participants made a significant number of

errors (primarily false hits) resulting in a corrected precision that was worse

than that of Google. For Task 2, there was a significant improvement in finding

five relevant documents, but virtually no improvement in finding ten relevant

documents. These results imply that in some cases, Concept Highlighter can

be very effective, but in others, it can be a detriment (e.g., when the concepts

available use a different vocabulary than the relevant documents, or when the
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users make poor choices from among the concepts).

In general, the ability for users to effectively find relevant documents using

this system depends greatly on their ability to first choose relevant concepts

to their information need. If the task is not well understood, errors can be

made in choosing the relevant concepts, resulting in an ineffective re-sorting of

the search results. When good choices are made, in many cases, more relevant

documents are provided among the top documents in the search results.

Although there was a reduction in user efficiency, and the results were

rather varied in terms of user effectiveness, the subjective measures were pos-

itive. In all cases, the participants reported a higher degree of confidence,

ease of use, and satisfaction, and that the search results were more specific

when using Concept Highlighter. Although more than half of the participants

reported that they preferred the use of Google, this does not come as a sur-

prise since nearly all of them were already Google users. It is expected that

these subjective responses will continue to improve as the users become more

familiar with the features of Concept Highlighter.

While the results from these studies may not be conclusive, this system

is illustrative of the advancements that can be made in terms of interactive

search results exploration. Since the concept knowledge base used by Concept

Highlighter is specific to the computer science domain, the usefulness for gen-

eral Web searching is somewhat limited. However, as a research tool within

specific domains, there is great value in the ability to use concepts to re-sort

the search results into a more effective and relevant order. The development

of a more general concept knowledge base would broaden the applicability of

this tool to more general Web searching.
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6.6 WordBars vs. Google

WordBars provides features that support the users in their tasks of interactive

query refinement and interactive search results exploration. However, in order

to improve their Web search performance, users must make appropriate selec-

tions of terms from the WordBars histogram. To test whether the users could

make effective use of the WordBars features, a user study was conducted. The

design and results of this study are provided in this Section.

6.6.1 Method

In order to evaluate and compare the effectiveness of the features of WordBars,

a 4x3x2 (feature x task x participant group) within-subjects design was used.

Unlike the previous two studies where HotMap and Concept Highlighter were

compared to Google (see Sections 6.3 and 6.5), in this study, all comparisons

are made among the features of WordBars.

The features tested in the evaluation are described in more detail in the

following Section. In order to reduce the biasing effects, participants were pro-

vided the tasks in a pseudo-random order. Two separate participant groups

were used: expert Web searchers consisting of graduate students and interme-

diate Web searchers consisting of undergraduate students. To ensure that the

system provided the same set of search results to each participant, the results

of each initial search task were cached.

6.6.2 Procedure

After completing a pre-task questionnaire, each participant was provided with

a training session in which all the features of the WordBars system were ex-

plained. In addition, the procedure for the user study was described using this
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training task as an example. This explanation and description of the research

procedures took approximately 10 minutes.

When provided with each of the search tasks, the investigator answered

any questions the participants had about the task itself. Each participant

was asked to rate how well they understood the task. For each task, the

participants were asked to perform the following steps:

1. Provide relevance scores for the top ten documents from the initial query

in the order provided by the Google API using a four-point relevance

scale (see Table 6.1).

2. Select one or more terms from the histogram in order to re-sort the search

results (with the goal of moving relevant documents to the top of the

list), and provide relevance scores for the top ten documents.

3. Refine the query by adding or removing terms from the query (with the

goal of constructing a better query for the assigned task), and provide

relevance scores for the top ten documents from the new query.

4. Select one or more terms from the histogram in order to re-sort the search

results (with the goal of moving relevant documents to the top of the

list), and provide relevance scores for the top ten documents.

These steps represent an example of an exploratory Web search scenario,

in which a user would start with an initial query and attempt to find relevant

documents in the top search results. The user would then attempt to explore

certain aspects of the search results by selecting a few relevant terms from the

histogram, and then evaluating the top documents in the list. Next, having

learned something about the search results and the terms in the histogram, the

user would attempt to refine their query and evaluate the top search results
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from this new query. Having previously had success with using the histogram

to re-sort the search results, the user may attempt to do so again using this

new set of search results. While in real-world use, this cycle of refining the

query and exploring the search results may continue until the user is satisfied

that they have fulfilled their information needs, in this study the participants

finish after only one cycle.

After each of these steps, an in-task questionnaire was administered re-

garding the participants feelings of confidence and satisfaction, and impres-

sions of ambiguity among the search results considered. Once all three tasks

were completed, a post-task questionnaire was administered. In addition, the

participants were asked to provide a ranking of their preference among the

features of WordBars to which they were exposed. The entire procedure took

approximately 60 minutes for each participant.

Each search task included a written description of the information need,

along with the initial query to be used. These were selected from the TREC

2005 HARD Track1 test topics, and were intentionally chosen to be difficult

tasks, yet understandable by a wide range of participants. The search tasks

are listed below:

Task A Identify hydroelectric projects proposed or under construction by

country and location. Detailed description of nature, extent, purpose,

problems, and consequences is desirable.

query: “new hydroelectric projects”

Task B Isolate instances of fraud or embezzlement in the international art

trade.

1http://trec.nist.gov/data/t14_hard.html
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query: “international art crime”

Task C Identify documents that discuss opposition to the introduction of the

euro, the European currency.

query: “euro opposition”

As the participants evaluated the sets of search results, they were asked to

speak the relevance scores using a four-point relevance scale (see Table 6.1).

This information was logged by the investigator, along with the time required

to evaluate the top ten documents. In addition, the time taken to choose terms

for re-sorting, and the time taken to refine the queries were also logged.

In this study, the primary interest was in the Web search results interface

and the ability for the participants to explore the search results and refine the

queries. As such, the participants were asked to only consider the document

surrogates for relevance; they were asked to not view the actual documents.

The fact that a non-relevant document may appear to be relevant based on

the title and snippet provided by the underlying search engine is beyond the

scope of this research.

6.6.3 Analysis

Since the participants have different abilities to identify relevant documents,

as well as different thresholds for viewing marginally relevant documents, per-

forming a statistical analysis on the raw relevance data may not be meaningful.

Instead, each participant’s performance using the features of WordBars was

compared to a baseline provided by their performance using the original order

of the search results. In addition, each participant’s performance in finding rel-

evant documents was ranked, and pair-wise Wilcoxon signed rank tests were
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used to identify the statistical significance of these results. The tasks were

analysed both independently and in aggregate form.

The subjective evaluations, which were provided on a Likert scale, were

analysed using nonparametric Friedman tests. The preference ranks were anal-

ysed using pair-wise Wilcoxon signed ranks tests. For all of these statistical

tests, the expert participants were evaluated separately from the intermediate

participants in order to identify the differences in their performance and sub-

jective reactions. Where relevant, the statistical significance of these tests are

noted and highlighted by a bold font.

This methodology for evaluating WordBars is a novel approach to evalu-

ating information retrieval systems. Often, test collections are available that

include test queries and expert relevance judgments for all documents in the

collection. However, for Web search evaluations, it is difficult to obtain ex-

pert relevance judgments, even just for the top search results. Instead, the

improvements individual participants are able to make throughout the ex-

ploratory search scenarios are evaluated.

6.6.4 Results

Participant Demographics

Twenty-four computer science students were recruited to participate in this

study, and were classified into two groups. The expert group consisted of twelve

graduate students; the intermediate group consisted of twelve undergraduate

students (registered in first and second year computer science courses). All

though there were some duplicates between the participants in this study and

those in the HotMap and Concept Highlighter study, the two studies were

conducted almost one year apart. The results from the pre-task questionnaire
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administered to these two participant groups are presented in Table 6.20.

All the participants in this study indicated that they use a computer more

than ten times per week. This should come as no surprise since all the par-

ticipants were students in computer science courses or programs. As is to be

expected, the expert group indicated a higher degree of computer experience,

and conducted more searches per week than the intermediate group. All the

participants showed a preference for the Google search engine.

In terms of pages of search results viewed, the expert group showed a ten-

dency to view fewer pages in the search results than the intermediate users.

Although it is difficult to determine the reasons for these differences, it may

have to do with the ability and confidence the participants have in crafting

queries. The members of the expert group may have had a high degree of

confidence in constructing an effective query, resulting in fewer pages of doc-

uments being viewed before they either satisfied their information needs or

refined their query. Among the intermediate group, a number of participants

reported viewing many more than the three pages of search results that are

common [89, 93]. This may be due to having a strong need to satisfy their

information needs, but an inability to craft or refine a query; in these cases,

the only alternative is to view many pages of search results.

While both groups showed similar tendencies for adding terms to their

initial queries, the intermediate group expressed more likelihood of removing

terms from their query than the expert group. This may be due to the expert

group having more confidence in the terms selected for their initial queries

than the intermediate group. It is interesting to note that both participant

groups self-reported a similar degree of Web search experience.

Prior to starting each search task, the participants were asked to report

their understanding of the assigned task. In asking this question, the concern
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Table 6.20: Demographic features of the participant sample for the WordBars
user study.

Computer Use Expert Group Intermediate Group
10+ times per week: 100% 100%

Computer Experience Expert Participants Intermediate Group
high degree: 100% 100%

Web Searches Expert Group Intermediate Group
10+ per week: 84% 67%
5-10 per week: 8% 25%
1-5 per week: 8% 8%

Search Engine Preference Expert Group Intermediate Group
Google: 100% 100%

Pages Viewed Expert Group Intermediate Group
1 page: 17% 8%

2 pages: 25% 8%
3 pages: 33% 17%
4 pages: 17% 17%
5 pages: 8% 25%
6 pages: 0% 0%
7 pages: 0% 17%
8 pages: 0% 8%

Likelihood of Adding Expert Group Intermediate Group
Terms to a Query

always: 33% 42%
often: 55% 42%

sometimes: 17% 17%
seldom: 0% 0%

Likelihood of Removing Expert Group Intermediate Group
Terms from a Query

always: 0% 25%
often: 33% 17%

sometimes: 50% 50%
seldom: 17% 8%

Web Search Experience Expert Group Intermediate Group
high degree: 58% 42%

moderate degree: 42% 50%
low degree: 0% 8%
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Figure 6.12: The pre-task understanding of the assigned topics, as reported
by the expert group (left) and the intermediate group (right).

was not with their prior knowledge on the topic, but instead how well they

understood the description of the information they were to be finding. These

results are illustrated in Figure 6.12. For both participant groups, most par-

ticipants reported a moderate to high degree of understanding of the topics,

although there was some variability in these results between the tasks and

between the groups.

Comparison to Baseline

Although it is common to use variants of the precision metric for evaluating in-

formation retrieval systems [52], these metrics generally assume the existence

of expert relevance scores for the documents. In this study, obtaining such ex-

pert evaluations was difficult since for each of the three tasks, each participant

was asked to craft a new query using the features of WordBars. In the worst

case, with each of the 24 participants of this study generating a unique new

query for each task, experts would have had to decide the relevance of the first

100 search results for 72 different queries. Clearly, this resulted in a barrier to

using expert evaluations in this study.

Instead, the effectiveness of the features of WordBars were analyzed under
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the assumption that the participants all made accurate relevance judgments.

Although this assumption may not be valid for all participants, each partici-

pant believed they were making accurate relevance judgement choices to the

best of their abilities. Therefore, evaluating the effectiveness of WordBars un-

der this assumption provides a meaningful analysis of the performance of each

participant using the features of the system.

In order to make a comparison for each participant’s performance using

the features of WordBars, their performance in evaluating the search results

from the initial query in the original order provided by the Google API was

used as the baseline. For all four sets of documents considered (original order,

first re-sort, refined query, and second resort), the number of documents that

were given scores of three or four (i.e., the documents that were indicated as

“probably relevant” and “relevant” by the participants) were counted.

The difference between the number of relevant documents found using the

baseline, and the number found for the other three sets of search results gen-

erated using the features of WordBars were counted. This allowed for the

labeling of each participant as having done “better”, “same” or “worse” using

each feature of WordBars for each task assigned.

As is to be expected, the ability for the participants to use the features of

WordBars to find more relevant documents depends greatly upon the specific

search task. It is also expected that there will be differences in the abilities of

the participants in the expert and intermediate groups. As such, the results of

this comparison to the baseline performance data are reported separately for

each task and each participant group in Figure 6.13. These results show that

a large portion of the participants from both groups were able to effectively

use the features of WordBars in each task to find more relevant documents

than in the original order of the search results from the initial query.
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(a) first re-sort (initial search results)

(b) refined query

(c) second re-sort (refined query search results)

Figure 6.13: A comparison of the number of relevant documents found in the
baseline (original order from the initial query) versus (a) the first re-sort, (b)
the refined query, and (c) the second re-sort. The results for both the expert
group (left) and the intermediate group (right) are shown.
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For each of the participant groups, 108 different comparisons are reported

in Figure 6.13 (i.e, 12 expert or intermediate participants, 3 WordBars fea-

tures, 3 tasks). For the expert group, the participants performed worse than

the original order from the initial query in only 10 instances (9%); in 19 in-

stances (18%) the participants performed the same; in 79 instances (73%) the

participants performed better. For the intermediate group, the participants

performed worse than the original order from the initial query in 23 instances

(21%); in 16 instances (15%) the participants performed the same; in 69 in-

stances (64%) the participants performed better.

A visual comparison of the results between the expert and intermediate

groups for each tasks reveals a similarity in the general trends of perform-

ing better, the same, or worse using the WordBars features. In particular,

it appears that one to three more participants from the intermediate group

achieved worse results than the baseline when compared to the expert group.

This difference may be due to the different levels of experience and skill in Web

searching. Clearly the expert participants were able to make more effective

use of the features of WordBars.

Rank Comparison

To further analyse the performance data, a ranking of the relative performance

of each participant in finding relevant documents from the original order of

the search results (i.e., the baseline in the previous comparison), as well as

from each of the three other sets of search results generated using the fea-

tures of WordBars was produced. This provides a more detailed view of the

performance of the features of WordBars, since it considers the relative per-

formance between the various features, rather than comparing the results only

to the baseline performance of the original order of the search results from
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the initial query. The results of this rank comparison are provided in Figure

6.14, grouped by participant group and task (including an aggregate of all the

tasks). The results of pair-wise Wilcoxon signed rank tests are provided in

Table 6.21.

Task A For Task A (see Figure 6.14a and Table 6.21a), it is clear that

the best results for the expert group were achieved by re-sorting the search

results from the original query. Many of the expert participants had difficulties

constructing a new query that accurately captured the assigned information

need. However, when re-sorting the search results from the refined query, these

participants were able to perform nearly as well as when they re-sorted the

search results from the original order.

For the participants in the intermediate group, the best results for Task

A were achieved by resorting the search results from the refined query. These

participants appeared to have some difficulty in the first re-sort of the search

results from the initial query, as well as in constructing an effective refined

query. However, most were able to achieve good results from the second re-

sorting (of the refined query).

For the expert group, the improvements over the original order of the search

results proved to be statistically significant after re-sorting the results of the

original query, as well as re-sorting the results from the refined query. There

was also a significant improvement over the refined query after re-sorting. For

the intermediate group, none of the results form Task A were statistically

significant.

Task B For Task B (see Figure 6.14b and Table 6.21b), the expert group

performed moderately better than the original search by re-sorting the search
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(a) Task A

(b) Task B

(c) Task C

(d) All Tasks (aggregate)

Figure 6.14: A rank comparison of the original order, the first re-sort, the
refined query, and the second re-sort (of the refined query search results) for
each of the three tasks as well as all the tasks aggregated together. Note that
ties in the number of relevant documents result in ties in the ranking. The
results for both the expert group (left) and the intermediate group (right) are
shown.
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Table 6.21: Pair-wise Wilcoxon signed rank tests indicate the statistical sig-
nificance of the features of WordBars.

(a) Task A Expert Group Intermediate Group

first re-sort performed Z = −2.46,p = 0.01 Z = −0.79, p = 0.43
better than original order
refined query performed Z = −0.58, p = 0.80 Z = −0.27, p = 0.79
better than original order
second re-sort performed Z = −2.27,p = 0.02 Z = −1.32, p = 0.19
better than original order
second re-sort performed Z = −2.12,p = 0.03 Z = −1.03, p = 0.30
better than refined query

(b) Task B Expert Group Intermediate Group

first re-sort performed Z = −2.76,p = 0.01 Z = −1.66, p = 0.10
better than original order
refined query performed Z = −2.81,p = 0.01 Z = −2.45,p = 0.01
better than original order
second re-sort performed Z = −3.02,p < 0.01 Z = −2.27,p = 0.02
better than original order
second re-sort performed Z = −0.65, p = 0.52 Z = −0.43, p = 0.67
better than refined query (negative ranks)

(c) Task C Expert Group Intermediate Group

first re-sort performed Z = −1.98,p = 0.05 Z = −0.91, p = 0.36
better than original order
refined query performed Z = −2.84,p < 0.01 Z = −2.70,p = 0.01
better than original order
second re-sort performed Z = −2.26,p = 0.02 Z = −2.69,p = 0.01
better than original order
second re-sort performed Z = −0.81, p = 0.42 Z = −0.26, p = 0.79
better than refined query (negative ranks)

(d) All Tasks (aggregate) Expert Group Intermediate Group

first re-sort performed Z = −4.03,p < 0.01 Z = −1.99,p = 0.05
better than original order
refined query performed Z = −3.20,p = 0.01 Z = −3.18,p = 0.01
better than original order
second re-sort performed Z = −4.34,p < 0.01 Z = −3.79,p < 0.01
better than original order
second re-sort performed Z = −1.49, p = 0.14 Z = −0.54, p = 0.59
better than refined query
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results. In refining their queries, the participants performed much better than

the original order in most cases. Re-sorting the search results from the refined

query resulted in the best performance.

The participants from the intermediate group performed similarly to the

expert group in that they showed a moderate improvement by re-sorting the

original search results, and then a large improvement when refining the query.

However, when re-sorting the refined query results, their performance de-

creased.

The improvements over the original order of the search results for the expert

group proved to be statistically significant for all of the features of WordBars.

Although the participants were able to improve upon the refined query by

re-sorting these search results, this improvement was not significant. For the

intermediate group, the improvement over the original order for the first re-sort

was not statistically significant, although the results from the refined query

and the second re-sort were. The decrease in the performance after re-sorting

the refined query results did not prove to be statistically significant.

Task C For the expert group on Task C (see Figure 6.14c and Table 6.21c),

re-sorting the search results resulted in moderately better performance than

the original order. Refining the query for this task produced the best results.

Re-sorting the search results of this refined query resulted in a decrease in

the performance compared to the refined query, but still a substantial increase

over the original order.

The participants from the intermediate group showed a continued improve-

ment over the original search results through the steps of re-sorting the original

search results, refining the query, and then re-sorting the results of the refined

query. The refined query and the re-sorted results from the refined query were
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substantially better than the original order and the re-sorted results from the

original order.

For the expert group, the improvements over the original order for all the

features of WordBars proved to be statistically significant. The decrease in

the performance after re-sorting the refined query results did not prove to be

statistically significant. The moderate improvement by the intermediate group

in re-sorting the original search results did not prove to be statistically signifi-

cant. However, the refined query and the second re-sort were significant. The

improvement of the second re-sort over the refined query was not significant.

Negative Performance In Task B for the intermediate group, and Task

C for the expert group, there was a reduction in the performance of the par-

ticipants when re-sorting the results of the refined query. This negative per-

formance did not prove to be statistically significant in either case. It can be

attributed to a number of participants finding all 10 documents to be relevant

in the refined query search results, leaving no room for improvement from the

re-sorting features. In other cases, poor choices of terms from the histogram

resulted in a re-sorting of these search results that was not effective.

All Tasks (Aggregate) When considering the data from all tasks as an

aggregate (see Figure 6.14d and Table 6.21d), the improvement in finding rel-

evant documents using the features of WordBars is clear. The participants

showed an increase in their ability to find relevant documents after re-sorting

the original search results, a further increase after refining their query, and a

continued increase after re-sorting the results from their refined query. These

improvements over the original search results were shown to be statistically

significant. The results from this analysis are very positive, and illustrate the
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potential effectiveness of interactively exploring the search results and interac-

tively refining a query through the features of the WordBars term frequency

histogram.

However, when considering each task and participant group separately, it

is not clear which feature of WordBars is the most effective. In some cases, the

participants performed best when re-sorting the results of the original query.

In other cases, the participants were able to effectively refine their queries,

resulting in a significant improvement. Some participants were able to further

improve their performance through re-sorting the search results from their

refined queries. Although the aggregate analysis shows that with each step an

improvement can be made, one of the great benefits of the exploratory features

of WordBars is that each user can choose the method that works best for

them for a given search task. One user may only take advantage of the search

results exploration features of WordBars, whereas another may find the query

refinement features most beneficial. As these users become more familiar with

the features of WordBars and the support it provides for their exploratory Web

search tasks, they will be able to more readily take advantage of the support

WordBars provides as they seek to fulfill their information needs.

Time to Make Selections

In order to comment on the time performance of WordBars, the amount of

time it took the participants to evaluate the first ten documents in the search

results lists, as well as the amount of time it took them to make selections

from the term frequency histogram in order to re-sort the search results and

refine the queries was measured. Although the times each participant took to

evaluate ten documents was consistent within a given task, the amount of time

taken to re-sort the search results and refine the queries was highly variable.
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Figure 6.15: The amount of time required to make the re-sorting and query
refinement selections, as compared to each participant’s average time taken to
consider ten documents. The error bars represent the standard error about
the mean, and illustrate the high degree of variability in this data. The expert
group results are shown on the left; the intermediate group results are shown
on the right.

Rather than reporting absolute time values, the ratio of the time taken to

make the selections versus the average time taken to evaluate ten documents is

reported. This provides a more meaningful representation of this data, since it

reports the amount of time the participants took to make selections from the

histogram in relation to the speed at which they evaluated the search results.

This data is reported in Figure 6.15 for all three tasks and both participant

groups. Clearly, both groups of participants spent more time considering the

terms for re-sorting than selecting terms to add or remove from their query.

Although the relative times are different for each task and participant group,

the patterns are similar. That the query refinement tasks were performed

quickly should not be a surprise, since each participant would have already

considered the term frequency histogram while performing the first re-sort of

the original search results.

The error bars in Figure 6.15 illustrate the high variability in this data.

This variability can be attributed to the different techniques participants used

while considering the terms in the histograms. Some participants quickly
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evaluated each term, and selected all that they considered to be relevant.

Others carefully considered each term, and experimented with the results of

selecting and un-selecting terms. Because of the variability of this data, it

is difficult to make any strong statements regarding the amount of time users

might take to make useful selections using WordBars. However, one can expect

that as users become more familiar with the WordBars interface, they will

spend less time experimenting with the interface itself, and more time focusing

on fulfilling their information needs.

Subjective Measures

After each task, participants completed a short in-task questionnaire to mea-

sure their subjective reactions to using the features of WordBars to find rele-

vant documents for the assigned task. Of interest were the participants’ feel-

ings of confidence in completing the task, satisfaction with the search results

considered, and perceptions of ambiguity among the search results set. In gen-

eral, these subjective measures were very positively in favour of the features of

WordBars, and showed little differences between the expert and intermediate

groups.

For the confidence measure, the participants rated how confident they

were in their ability to find a good set of relevant documents (Figure 6.16a).

Whereas the confidence in the search results from the original order followed

a normal distribution, the confidence from re-sorting of the original search re-

sults, refining the query, and re-sorting the refined query search results were all

positively skewed. In particular, the highest degree of confidence from the ex-

pert group was reported for re-sorting the refined query results, followed closely

by the refined query. The highest degree of confidence from the intermediate

group was reported for refining the query, followed closely by re-sorting the
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(a) confidence in ability to find relevant documents

(b) satisfaction in the search results

(c) impressions of ambiguity in the search results

Figure 6.16: Subjective measures reported by the participants after completing
each stage of the study. Note that the features of WordBars were consistently
scored higher than the original order of the search results from the initial
query, both for the expert group (left) and the intermediate group (right).
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Table 6.22: Friedman tests for the subjective reactions show that the differ-
ences in this data are statistically significant.

Measure Expert Group Intermediate Group

(a) confidence χ2(3) = 36.12,p < 0.001 χ2(3) = 22.92,p < 0.001
(b) satisfaction χ2(3) = 29.25,p < 0.001 χ2(3) = 21.80,p < 0.001
(c) ambiguity χ2(3) = 36.17,p < 0.001 χ2(3) = 24.03,p < 0.001

refined query results.

For the satisfaction measure, the participants rated how satisfied they were

with the documents considered in the search results set (Figure 6.16b). Like

the confidence measure, the satisfaction measure for the original order followed

a normal distribution. The satisfaction measure for the three steps of using

WordBars for conducting the search were all positively skewed. For both the

intermediate and expert groups, the highest confidence was reported for the

refined query, followed closely by the re-sorted results from the refined query.

For the ambiguity measure, the participants rated how ambiguous they

thought the search result set was (Figure 6.16c). Again, the responses for the

original order of the search results followed a normal distribution, and the

responses for the features of WordBars showed positive skew. For the expert

group, the responses were slightly more positive for the re-sorted search results

from the refined query. For the intermediate group, the responses were in

favour of the refined query.

The results of Friedman tests on these responses showed them to be sta-

tistically significant. These statistics are reported in Table 6.22.

Perference Rank

After all the tasks were completed by the participants, a post-task question-

naire was administered which included a question asking the participants to
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rank their preference for the search results considered. The options were (a)

search results in the original order, (b) the search results after re-sorting, (c)

the search results after refining the query, and (d) the search results after

re-sorting the refined query. These rank responses are reported in Figure 6.17.

The original order of the search results was almost unanimously ranked last

by participants in both groups (although one participant from the intermediate

group ranked it first). This result provides a clear indication that almost all

the participants found value in the interactive query refinement and interactive

search results exploration features of WordBars.

Among the participants in the expert group, the rank depended greatly

upon their ability to refine the query. Those who were able to effectively choose

relevant terms to add to their query (as well as replace or remove ambiguous

terms) tended to select (c) the refined query as their top preference, followed

by (d) the second re-sorting of the refined query as their second choice, and

(b) the first re-sort of the original search results as their third choice. The

participants who had difficulty choosing terms with which to refine their query

tended to indicate (b) the first re-sorting of the original search results to be

most preferable. They also had a tendency to indicate that (d) the second

re-sorting of the refined query was preferable to (c) the refined query itself.

It is interesting to note that for the expert group, their preference ranks

did not follow their performance when considering all tasks in aggregate (see

Table 6.14d). This may be due to the difficulties some had with refining their

queries, as well as their generally high level of confidence in initial queries

due to their expert Web search abilities. Further, many of these participants

reported viewing few pages of search results, which indicates a low tolerance

for spending time searching. For some, this low tolerance may have resulted

in lower rankings for the tasks that would have taken more time (i.e., refining
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Figure 6.17: Preferences ranks reported by the participants for the features of
WordBars. Note that the re-sorting and query refinement features of WordBars
were almost unanimously ranked higher than the original order of the search
results, both for the expert group (left) and the intermediate group (right).

and further exploring the search results).

For the intermediate group, there was a clear preference for the ability to

(c) refine their queries as well as (d) subsequently re-sort the results from the

refined query. This followed closely their performance when considering all

tasks in aggregate (see Table 6.14d). The low rank responses for re-sorting

the results of the original query may be due to the lower experience and Web

search skill levels of the participants in this group. This may have resulted low

confidence in the initial search results, and therefore, in their ability to re-sort

and explore these search results.

A pair-wise analysis of the rank responses using Wilcoxon signed ranks tests

are reported in Table 6.23. For the expert group, all the features of WordBars,

including (b) the first re-sort, (c) the refined query, and (d) the second re-sort,

were shown to be preferable to (a) the original order of the search results,

with statistical significance. However, there was no clear preference between

the features of WordBars themselves. For the intermediate group, (c) the

refined query and (d) the re-sort of the refined query results were shown to

be preferable to (a) the original order of the search results, with statistical
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Table 6.23: Pair-wise Wilcoxon signed ranks tests for all possible comparisons
of the rank data.

Comparison Expert Group Intermediate Group

first re-sort preferable Z = −3.11,p < 0.01 Z = −1.73, p = 0.08
to original order
refined query preferable Z = −2.50,p = 0.01 Z = −2.86,p < 0.01
to original order
second re-sort preferable Z = −2.78,p = 0.01 Z = −2.36,p = 0.02
to original order
refined query preferable Z = −0.56, p = 0.58 Z = −1.73, p = 0.08
to first re-sort (negative ranks)
second re-sort preferable Z = −0.58, p = 0.56 Z = −0.37, p = 0.71
to refined query
second re-sort preferable Z = −0.12, p = 0.90 Z = −2.17,p = 0.03
to first re-sort

significance. Further, (d) the second re-sort was shown to be significantly

preferable to (b) the first re-sort.

6.6.5 Discussion

There are four features of the user evaluations that are worth discussing in

further detail: the tasks, the participants, the relevance judgments, and the

search procedures. The three search tasks used in this study were intentionally

chosen to be easy to understand, yet somewhat ambiguous. By choosing easy

to understand tasks, prior knowledge or experience in the task domain was

not necessary. By choosing tasks that were also somewhat ambiguous, the

top search results returned by the Google API included a mixture of relevant

and non-relevant documents. With very specific tasks, Google and other Web

search engines perform very well, providing many highly relevant documents

in the top search results, leaving little room for improvement. However, for

ambiguous tasks, there is a great opportunity to improve the performance of
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the users through interactive query refinement and interactive search results

exploration, as this study has shown.

Conducting the user evaluations with two distinct participant groups, not

only allowed the potential effectiveness of WordBars to be evaluated for these

groups, but also provided opportunities for comparisons between these groups

to be made in terms of the participants’ abilities to use this exploratory Web

search system to find relevant documents. While the aggregate performance

over all three tasks was very similar for both groups, the expert group per-

formed much better than the intermediate group when re-sorting the search

results from the initial query. The time taken to make selections from the

term frequency histogram were very similar for both groups, as were the sub-

jective reactions. As is to be expected from the aggregate performance results,

the intermediate participants ranked the refinement and subsequent re-sorting

features as most preferable. By contrast, the expert participants also indi-

cated the first re-sort as a preferable feature, even though their performance

results for this feature were not as good as re-sorting the search results from

the refined query.

Since expert evaluations of the documents were not available, the perfor-

mance of the participants in terms of finding relevant documents was based

solely on the relevance scores provided by the participants. This assumption

that the participants were able to give accurate relevance judgments ignores

the situations where the title, snippet, and URL for a document are mislead-

ing, or where the participant incorrectly interprets the information provided.

These errors can be ignored since it was possible for the participants to make

them during all stages of the study (including the baseline evaluation of the

search results in the original order). Therefore, from the perspective of the

user, the assumption of accurate relevance judgments does not invalidate the
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results reported in this study. Evaluating whether users are able to accu-

rately make relevance judgments given the limited information provided by

Web search engines is worth further study, not just with WordBars, but with

Web search results in general.

Even though the results of this study were very positive, and indicate

that in most cases the features of WordBars can help the users to find more

relevant documents, real-world use may result in even better results. This

study required the participants to use WordBars in a structured and measured

manner, by first evaluating the top ten documents, then re-sorting the search

results and evaluating the top ten documents, followed by refining the query

and evaluating the top ten documents, and then re-sorting the search results

again and evaluating the top ten documents. The participants had only one

chance to select terms for re-sorting, as well as for refining their query. In

real-world use, users can easily experiment with “what-if” scenarios, selecting

terms for re-sorting, considering a few documents, making further selections

or changes, considering the results of these changes, etc. Similarly, for refining

the query, if the users feel that they have made a mistake in modifying the

query, they could easily return to the previous query, or attempt to make a

further refinement of the query.



Chapter 7

Conclusions and Future Work

7.1 Summary of Research

The goal of this research has been to explore methods by which visualization

and interaction can be used to support Web searchers in their fundamental

information seeking tasks, and to further understand the potential benefits

these visual and interactive systems can provide to users. A new model for

interactive Web search was proposed, and a design-oriented research method-

ology was employed, in which prototype systems that address the fundamental

problems with Web search were developed and studied. As a result, VisiQ and

WordBars were developed to support interactive query refinement processes;

and HotMap, Concept Highlighter, and WordBars were developed to support

interactive search results exploration.

Two different user studies were conducted to evaluate the effectiveness of

the interactive search results exploration systems. In the first study (n=28),

the visual and interactive features of HotMap and Concept Highlighter were

evaluated against the list-based representation of Web search results provided

by Google in terms of efficiency, effectiveness, and subjective reactions. In this

273



CHAPTER 7. CONCLUSIONS AND FUTURE WORK 274

study, HotMap proved to be an effective method for supporting the users in

finding more relevant documents from among the top search results. Although

Concept Highlighter showed promise in terms of allowing the users to inter-

actively cluster and re-sort the search results, it required an extra evaluation

step and introduced some errors in the relevance judgments.

In the second study (n=24), two classes of participants (expert and inter-

mediate) used WordBars to find relevant documents for assigned Web search

tasks. The original order of the search results was provided by Google, allow-

ing a baseline comparison of the list-based representation of the Web search

results to the visual and interactive features of WordBars. The results from

this study were very positive, illustrating the benefits of allowing users to

interactively manipulate and explore the Web search results.

In this Chapter, the primary contributions of this research are highlighted

and an outline of future research work is provided.

7.2 Contributions of Research

Interactive Model for Web Information Retrieval. One of the fun-

damental contributions of this research has been the development of a new

paradigm for interactive Web information retrieval. In the traditional model

of Web search, little support is provided to users in their tasks of query formu-

lation and search results evaluation. In this new paradigm, cycles of interactive

query refinement and interactive search results exploration support the users

in crafting a query and finding relevant documents from among the search

results set.

This interactive model has provided a framework for exploring interactive

visualization support for Web search tasks in this research. It also provides a
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number of design principles that may help to guide future research on next-

generation Web search systems.

Design Space. A two-dimensional design space was proposed within the

domain of Web search. In one dimension are the primary tasks the users must

perform, drawn from the interactive model for Web information retrieval: in-

teractive query refinement and interactive search results exploration. In the

second dimension are the types of subject knowledge that are available to sup-

port the users in their tasks: concept information and information extracted

from the top search results. This design space has guided the development of

the prototype systems in this research, and provides a framework for future

research in next-generation Web search systems.

Concept Knowledge Base. One of the fundamental difficulties in provid-

ing a visual representation of queries in support of query refinement is the lack

of information upon which to base the visualization. Queries are primarily tex-

tual and seldom provide information regarding the relationships between the

query terms. The queries themselves provide little information in terms of how

better queries can be constructed.

The concept knowledge base was devised to address these problems. It

draws inspiration from conceptual semantic theories and formal concept anal-

ysis. Methods were developed to automatically generate a concept knowledge

base from a well-formated classification of concepts (such as the ACM Com-

puting Classification System). This concept knowledge base is used in VisiQ to

generate the query space, which is then presented in a graphical representation

to support interactive query refinement. In addition, the concept knowledge

base is used in Concept Highlighter to form the basis for the fuzzy cluster
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centroids in this interactive search results exploration system.

Prototype Development. In the course of this research, four different pro-

totype systems were developed to explore the design space. The modular ar-

chitecture of the prototype systems supports the inclusion of other sources of

information in the future, such as new knowledge bases, other search engines,

etc. The architecture and implementation technologies developed in the course

of creating these prototypes provides an example for future researchers in this

area. Further, these prototype systems provide a basis for future development

of publicly available Web search tools.

Benefits of VisiQ. The primary benefits of VisiQ are that it provides a vi-

sual representation of the query space, allows the users to interactively refine

their queries resulting in the instantaneous generation of new query spaces, and

provides a preview of the Web search results. These interactive visualization

features provide significant improvements over the list-based representation

of potential query terms used in traditional interactive query refinement tech-

niques. Extensive examples have been provided to illustrate the support VisiQ

provides to Web searchers when they provide vague queries, specific queries,

incorrect terms, and in exploratory search scenarios.

Benefits of HotMap. HotMap provides a visual representation of the fre-

quencies of the query terms within the top 100 search results, displaying this

information at two levels of detail. The overview map allows the users to vi-

sually inspect the entire set of search results to identify potentially relevant

documents. The users may also interactively re-sort the search results through

a nested sorting feature.

The user study reported in this dissertation illustrated the benefits of
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HotMap over Google in terms of considering fewer non-relevant documents

in order to find a set of relevant documents, reduced error rates, and positive

subjective measures. Although not all these results were statistically signifi-

cant, the potential benefits of HotMap for interactive search results exploration

are clear.

Benefits of Concept Highlighter. Concept Highlighter provides a visual

and interactive interface to a single-pass fuzzy clustering of Web search re-

sults. The users can interactively select the concepts that are relevant to their

information need, resulting in a re-sorting of the search results and a visual

indication of the fuzzy membership score for each document in the search re-

sults. The consistent naming of the clusters based on the concept knowledge

base supports the users in learning the meanings of the concepts relevant to

their common information seeking goals.

The results of the Concept Highlighter user study were inconclusive, how-

ever. In some cases, there was an improvement over Google, whereas in others,

Google performed better. Although the subjective reactions when using Con-

cept Highlighter were marginally better than Google, the participants ranked

Google as a more preferable system to use. While these results were not as

positive or significant as those from HotMap, they do illustrate the potential

benefits of the interactivity and visualization provided by Concept Highlighter

in some situations.

Benefits of WordBars. The primary benefits of WordBars is that it pro-

vides a graphical representation of the frequencies of term use within the top

search results, supporting both interactive query refinement and interactive

search results exploration. The term frequency histogram provides an overview
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of the search results set, as well as a means for selecting terms for re-sorting

the search results, and adding or removing terms from the query. A key benefit

is the ability to seamlessly transition between the query refinement and search

results exploration tasks within the same visual interface. This reduces the

cognitive overhead associated with consciously deciding to switch tasks.

The user study illustrated the benefits of the WordBars system, both for

improving the queries as well as improving the performance of the participants

in finding relevant documents. The participants reported a high degree of con-

fidence and satisfaction while using the features of WordBars, and a reduction

in the ambiguity of the search results sets. The features of WordBars were

almost unanimously ranked higher than the original order of the search re-

sults set. These strongly positive results illustrate the benefits that WordBars

provides to Web searchers.

Evaluation Methodologies An added contribution of this research has

been in the evaluation methodologies used to study the effectiveness of the

prototypes systems. In traditional information retrieval research, collections

of locally stored documents and expert relevance scores for corresponding test

queries are available for conducting evaluations of proposed techniques. How-

ever, when conducting research using live Web search results, collecting the

source documents for conducting the evaluations is often not practical. Fur-

thermore, expert relevance scores are not available for such Web documents.

In this research, a number of new evaluation methodologies were employed.

In the evaluation of HotMap and Concept Highlighter, expert evaluations were

manually determined for pre-cached Web search results of test queries. Two

new metrics were devised based on the user and expert relevance scores: per-

ceived precision and corrected precision. A categorization of error rates was
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developed (misses and false hits) along with a severity measure (major and mi-

nor). In the evaluation of WordBars, a novel method for comparison to a base-

line performance was employed. In addition, the user performance was ranked

in order to determine which features were most effective. These contributions

to Web search evaluation methodologies may help to guide the evaluations of

future Web search systems.

7.3 Future Work

Further Exploration of the Design Space. Opportunities exist to ex-

tend the two-dimensional design space for interactive Web search in a number

of different ways. Along the task dimension, other tasks that support users

finding information on the Web may be explored, including managing informa-

tion needs over time, and storing potentially relevant documents for further

evaluation either later in the current session, or in a future session. Along

the information dimension, other sources of information may be of value in

supporting the users’ Web search tasks, including personalized information

preferences, browsing histories, and other domain-specific knowledge bases.

A third dimension within this design space may also be explored: the type

of Web search procedure used by the searcher. Along this dimension, users’

Web search procedures may include information seeking, exploratory search,

and question answering. This extension of the design space supports research

into discovering why some systems are effective in certain situations, and less

effective in others.

Further Research on Subject Knowledge. The concept knowledge base

was developed in this research to store conceptual knowledge extracted from
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well-formated categorizations of domain-specific knowledge. The ACM Com-

puting Classification System was used as the source of the information. There

is value in moving towards generating similar knowledge bases for other do-

mains, perhaps based on patent or medical databases, for example. This work

may also be extended to support more general purpose knowledge bases using

concept information derived from Wikipedia, the Open Directory Project, or

other sources.

This concept knowledge base represents an example of subject knowledge

that can be used in interactive Web search systems. Other intelligent com-

puting techniques may also be explored in order to provide useful knowledge

to the users as they conduct their interactive query refinement and interactive

search results exploration tasks.

Personalization Since subject knowledge provides the basis for the support

of interactive query refinement and interactive search results exploration in

all four prototype systems developed, there is an opportunity to explore the

personalization of this subject knowledge. This personalization may take the

form of providing custom subject knowledge based on other users searching

for similar topics, or only based on the prior searching behaviour of individual

users. This topic warrants further exploration, and may result in significant

improvements in the capabilities of the prototype systems described in this

research.

Further Evaluation of Interactive Query Refinement. Due to the com-

plexities involved in designing controlled experiments to evaluate the interac-

tive query refinement tools, these systems were presented without a thorough
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verification of their effectiveness. The studies with WordBars, however, il-

lustrated a potential avenue for evaluating interactive query refinement tools

indirectly through their abilities to provide relevant documents to the users.

Further evaluations of VisiQ and WordBars along these lines is needed. Also,

comparing the abilities of these interactive tools to some of the well-known

automatic query expansion systems will illustrate the benefits of taking into

account the user’s intelligence and understanding of their search task. In ad-

dition, there is a need for longitudinal, real-world evaluations of these systems

to validate the finding of the controlled experiments.

Further Evaluation of Interactive Search Results Exploration. Al-

though extensive evaluations of HotMap, Concept Highlighter, and WordBars

were conducted in this research, there is a need for additional evaluations of

these systems. Although the results for HotMap were rather positive, there

remain some features that warrant further exploration, such as the specific

utility of visual inspections of the overview map, or the usability of the nested

sorting features. The result of the user study with Concept Highlighter were

rather mixed; further study on the use of the concept knowledge base for

clustering and categorization of Web search results is needed. While the user

evaluations of WordBars were very positive, it may be of value to explore other

methods for generating the subject knowledge, including using TF-IDF mea-

sures and other information retrieval-inspired measures of term importance.

For all three systems, there is a need for evaluations in real-world setting to

validate the findings of the controlled experiments.

Combining Features into a Unified Web Search System. With the ex-

ception of WordBars, each of the prototype systems developed in this research
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addressed a specific aspect of Web search: either query refinement or search

results exploration. Combining the positive features of multiple prototype sys-

tems will result in the development of unified interactive and visual Web search

systems that support the entire Web search process. Steps have already been

taken along these lines, through the development of HotMap+WordBars. Sim-

ilarly, the features of VisiQ and Concept Highlighter complement each other,

and may be combined together.

VisiQ 2.0. Opportunities for further development of VisiQ include expand-

ing the system to support a wider range of domains, improving the graph-

drawing methods for representing the query space, supporting the refinement

of more complex queries, and providing a tighter integration with the Web

search results. In addition, VisiQ may be extended to support a personalized

concept knowledge base using machine learning methods.

HotMap 2.0. The features of HotMap may be extended and improved in

a number of different ways. It may be desirable to allow the users to choose

between a compact representation of the Web search results that shows just

the title, and an expanded representation that shows the title, snippet, and

URL. Support for query phrases may also be beneficial, as would improved

methods for specifying and indicating nested sorting features.

Concept Highlighter 2.0. Given the inconclusive results from the Con-

cept Highlighter user study, there are many opportunities to improve upon

this work. These include exploring different clustering and classification algo-

rithms, providing better methods for selecting relevant concepts, and provid-

ing more informative visual representation of the fuzzy membership scores (or

other scores provided by the clustering or classification algorithms used). One
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of the findings of the evaluation of the fuzzy clustering techniques was that

there was an increase in relevant documents among the top 10 documents, but

little increase when considering the top 20 or 30. This may be exploited by

providing access only to the top 10 documents for a given concept selection.

Other improvements include using a colour scale that is normalized with re-

spect to the range of values being represented, rather than representing static

values as in the current implementation. As with VisiQ, there is an opportu-

nity to employ a personalized concept knowledge base using machine learning

techniques.

WordBars 2.0. Further research on the use of WordBars for both inter-

active query refinement and interactive search results exploration is already

underway. In terms of supporting query refinement, features to support the

construction of complex queries will be of value, including the ability to indi-

cate an exclusion term, specify phrases, and to manipulate the order the terms

in the query. There are also benefits in providing a visual distinction in the

term frequency histogram between original query terms, new terms that have

been added to the query, and other terms that are available to be added.

In terms of supporting search results exploration, users may benefit greatly

from the ability to visually specify a utility function using the term frequency

histogram. By indicating weights (both positive and negative) to use when re-

sorting the search results set, the users will be able to exert more control over

the re-sorting process, at the expense of increasing the complexity in using

the system. These weights may also be used to provide a colour coding of

the corresponding terms within the search results set, resulting in an easier

identification of how the candidate terms are being used within the document

surrogates in the search results set.
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Other future work include exploring other methods from information re-

trieval for deducing the potential importance of terms found within the top

search results. In the exploration of these techniques, it is vitally important

to continue to keep the users in control of the Web search process.

Commercialization Venture. One thing that has become clear throughout

the development of the prototype systems is the potential for commercial value

in this research. As such, with the support of the University-Industry Liaison

Office, four patent applications have been filed to protect the intellectual prop-

erty associated with this research (see Appendix A). Plans are underway to

develop commercial-grade Web search and domain-specific search tools based

on this research.



Appendix A

Patent Applications

With the support of the University-Industry Liaison Office, four patent appli-

cations were prepared and filed based on this research. The applications are

listed below:

1. O. Hoeber, X. D. Yang, Y. Yao, Method and Apparatus for Construction

and Use of Concept Knowledge Base. Application filed in June 2006 in

both Canada and the United States.

2. O. Hoeber, X. D. Yang, Method and Apparatus of Visual Representa-

tions of Search Results. Application filed in August 2006 in both Canada

and the United States.

3. O. Hoeber, X. D. Yang, Y. Yao, Method and Apparatus for Concept-

Based Visual Presentation of Search Results. Application filed in Septem-

ber 2006 in both Canada and the United States.

4. O. Hoeber, X. D. Yang, Interactive Web Information Retrieval Using

Graphical Word Indicators. Application filed in December 2006 in both

Canada and the United States.
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Appendix B

User Study 1

In the first user study conducted in this research, participants used a number of

different Web search systems with the goal of finding ten relevant documents.

The systems used were HotMap, Concept Highlighter, Google, and a fourth

system which was not very effective, and is not discussed in this dissertation.

This appendix includes the formal approval received from the Research

Ethics Board for this study, as well as supplemental approval memo for changes

that were made as the results of conducting a pilot study. All the evaluation

documents are provided as well.
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INFORMED CONSENT BY SUBJECTS TO PARTICIPATE IN 
 

Investigating the Effectiveness of Visualization for Search Results Evaluation 
 

I understand that this form and the information it contains are given to me for my protection and full 
understanding of the procedures. My signature on this form signifies that I have received a copy of this consent 
form, that I understand the procedures to be used in this study and the personal risks and benefits to me in taking 
part, that I voluntarily agree to participate in the project, that I understand that I may withdraw my participation 
in this study at any time, and that my decision to participate in this study, and my subsequent involvement in it, 
will have absolutely no bearing on any other dealings I have with Mr. Hoeber or Dr. Yang. 
  
Knowledge of my identity is not required. I will not be required to write my name or any other identifying 
information on the research questionnaires. Comments relevant to the web search tasks, or to the use of the 
software will be transcribed. All research materials will be held confidential by the Principal Investigators and 
kept in a secure location. 

 
I agree to participate by completing a pre-task questionnaire; a set of control search tasks using a Google-like 
interface; a training task using each of the three visual interfaces; a set of a search tasks using each of the three 
visual interfaces; and a post-task questionnaire. I understand that these activities will require approximately one 
and a half hours, and will be conducted on campus. 
 
I understand that this project was approved by the Research Ethics Board, University of Regina. If I have any 
questions or concerns about my rights or treatment as a subject, I may contact the Chair of the Research Ethics 
Board at 585-4775 or by e-mail: research.ethics@uregina.ca. 
 
I may obtain copies of the results of this study, upon its completion, by contacting Dr. Yang, in care of the 
Computer Science Department, University of Regina. 
 
 
 
NAME (please type or print legibly):  ________________________________________________ 
 
 
SIGNATURE:  ________________________________   
 
 
WITNESS: ________________________________ 
 
 
DATE:  ________________________________ 
 
 
 
Investigators: 
 Orland Hoeber      Xue-Dong Yang 
 Department of Computer Science    Department of Computer Science 
 University of Regina     University of Regina 
 hoeber@cs.uregina.ca     yang@cs.uregina.ca 
 306-337-2345      306-585-4692  

DEPARTMENT OF 
COMPUTER SCIENCE 

Regina, Saskatchewan 
Canada S4S 0A2 
phone: (306) 585.4663 
fax: (306) 585.4745 
www.cs.uregina.ca 
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PRE-TASK QUESTIONNAIRE 
 
The following questions relate to your background and experience using computers as well as web search 
engines. Please answer each question by checking the most appropriate response immediately following 
each question. Your answers to these questions will allow for more accurate analysis of the data collected 
during the study.  
 
1. What is your gender? 
 

 Male   Female 
 
2. To which age category do you belong? 
 

 18 - 25   26 - 35   36 - 49   50+ 
 
3. How many years education have you completed past high school? 
 

 0    1 - 4    5 - 6    more than 6 
 
4. Which of the following general categories best describes your main area of interest? 
 

 Fine Arts   Business   Arts/Humanities  Science/Engineering 
 
5. How many times per week do you use a computer? 
 

 Less than 1   1 - 5    5 - 10   more than 10 
 
6. How would you rate your level of experience with using a computer? 
 

 Low    Medium   High  
 
7. How many web searches do you perform per week? 
 

 Less than 1   1 - 5    5 - 10   more than 10 
 
8. What is your preferred web search engine? 
 

 Google   Yahoo   MSN   Other (please specify) 
 
         _____________________ 
9. How many pages of search results do you normally review before stopping? 
 

 1 - 2   3 - 4   5 - 6   7 - 8    9 - 10  more than 10 
 
 
10. How would you rate your level of experience with searching the web? 
 

 Low    Medium   High 
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TASK QUESTIONNAIRE (HotMap) 
 
1. Please familiarize yourself with the following description of your search task.  
 
“communications network management” 
 
You are a network manager for a small company. You are looking for information on 
tools, software, or services to assist you in managing your company’s communications 
network (i.e., a data and/or voice network). 
 
 
2. Use HotMap to search for relevant documents. Rank the documents you consider using the 
following scale until you have found 10 documents that are relevant (given a rank of 4): 
 1 – This document is not relevant. 
 2 – This document might be relevant.  
 3 – This document is probably relevant. 
 4 – This document is relevant. 
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3. Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
4. Please rate how easy you found it to use this interface to evaluate the search results: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

 
5. Please rate how satisfied you are using this interface to evaluate the search results: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
6. Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 
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TASK QUESTIONNAIRE (HotMap) 
 
1. Please familiarize yourself with the following description of your search task.  
 
“representing knowledge information” 
 
You are a software developer working on a new project that requires complex knowledge 
and information to be stored and maintained. You are looking for information about how 
to represent this information in your software system. 
 
 
2. Use HotMap to search for relevant documents. Rank the documents you consider using the 
following scale until you have found 10 documents that are relevant (given a rank of 4): 
 1 – This document is not relevant. 
 2 – This document might be relevant.  
 3 – This document is probably relevant. 
 4 – This document is relevant. 
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3. Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
4. Please rate how easy you found it to use this interface to evaluate the search results: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

 
5. Please rate how satisfied you are using this interface to evaluate the search results: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
6. Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 
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TASK QUESTIONNAIRE (Concept Highlighter) 
 
1. Please familiarize yourself with the following description of your search task.  
 
“communications network management” 
 
You are a network manager for a small company. You are looking for information on 
tools, software, or services to assist you in managing your company’s communications 
network (i.e., a data and/or voice network). 
 
 
2. Use Concept Highlighter to search for relevant documents. Rank the documents you consider 
using the following scale until you have found 10 documents that are relevant (given a rank of 4): 
 1 – This document is not relevant. 
 2 – This document might be relevant.  
 3 – This document is probably relevant. 
 4 – This document is relevant. 
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3. Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
4. Please rate how easy you found it to use this interface to evaluate the search results: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

 
5. Please rate how satisfied you are using this interface to evaluate the search results: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
6. Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 
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TASK QUESTIONNAIRE (Concept Highlighter) 
 
1. Please familiarize yourself with the following description of your search task.  
 
“representing knowledge information” 
 
You are a software developer working on a new project that requires complex knowledge 
and information to be stored and maintained. You are looking for information about how 
to represent this information in your software system. 
 
 
2. Use Concept Highlighter to search for relevant documents. Rank the documents you consider 
using the following scale until you have found 10 documents that are relevant (given a rank of 4): 
 1 – This document is not relevant. 
 2 – This document might be relevant.  
 3 – This document is probably relevant. 
 4 – This document is relevant. 
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3. Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
4. Please rate how easy you found it to use this interface to evaluate the search results: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

 
5. Please rate how satisfied you are using this interface to evaluate the search results: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
6. Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 
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TASK QUESTIONNAIRE (Google) 
 
1. Please familiarize yourself with the following description of your search task.  
 
“communications network management” 
 
You are a network manager for a small company. You are looking for information on 
tools, software, or services to assist you in managing your company’s communications 
network (i.e., a data and/or voice network). 
 
 
2. Use Google to search for relevant documents. Rank the documents you consider using the 
following scale until you have found 10 documents that are relevant (given a rank of 4): 
 1 – This document is not relevant. 
 2 – This document might be relevant.  
 3 – This document is probably relevant. 
 4 – This document is relevant. 
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3. Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
4. Please rate how easy you found it to use this interface to evaluate the search results: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

 
5. Please rate how satisfied you are using this interface to evaluate the search results: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
6. Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 
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TASK QUESTIONNAIRE (Google) 
 
1. Please familiarize yourself with the following description of your search task.  
 
“representing knowledge information” 
 
You are a software developer working on a new project that requires complex knowledge 
and information to be stored and maintained. You are looking for information about how 
to represent this information in your software system. 
 
 
2. Use Google to search for relevant documents. Rank the documents you consider using the 
following scale until you have found 10 documents that are relevant (given a rank of 4): 
 1 – This document is not relevant. 
 2 – This document might be relevant.  
 3 – This document is probably relevant. 
 4 – This document is relevant. 
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3. Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
4. Please rate how easy you found it to use this interface to evaluate the search results: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

 
5. Please rate how satisfied you are using this interface to evaluate the search results: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
6. Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 
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POST-TASK QUESTIONNAIRE 
The following questions relate to your experience using the visual representation of web search results to 
identify relevant documents. Your answer to these questions will allow for a more accurate analysis of the 
data collected during the study.   
 
INSTRUCTIONS: Please rate how strongly you agree or disagree with each of the following statements 
by circling the appropriate number. 
 

n/a strongly 
disagree 

disagree neutral agree strongly 
agree 

 

0 1 2 3 4 5 I found the list of search results in the Google 
interface easy to use. 

0 1 2 3 4 5 I found the title of the document in the Google 
interface to be useful. 

0 1 2 3 4 5 I found the snippet of the document in the Google 
interface to be useful. 

0 1 2 3 4 5 I found the URL of the document in the Google 
interface to be useful. 

 
n/a strongly 

disagree 
disagree neutral agree strongly 

agree 
 

0 1 2 3 4 5 I found the document list window in HotMap easy to 
use. 

0 1 2 3 4 5 I found the overview map in HotMap easy to use. 
 

0 1 2 3 4 5 I found the tool tips that contained the document 
snippet and URL in HotMap easy to use. 

0 1 2 3 4 5 I found the single-term sorting feature in HotMap 
easy to use. 

0 1 2 3 4 5 I found the multi-term sorting feature in HotMap 
easy to use. 

0 1 2 3 4 5 I found the colour-coding of the query term 
frequency in HotMap to be useful. 

0 1 2 3 4 5 
I found the coordination between the document list 
window and the overview map in HotMap to be 
useful. 

0 1 2 3 4 5 I found the ability to jump to documents of interest 
in HotMap to be useful. 

 
n/a strongly 

disagree 
disagree neutral agree strongly 

agree 
 

0 1 2 3 4 5 I found the document list window in Concept 
Highlighter easy to use. 

0 1 2 3 4 5 I found the overview map in Concept Highlighter 
easy to use. 

0 1 2 3 4 5 
I found the tool tips that contained the document 
snippet and URL in Concept Highlighter easy to 
use. 

0 1 2 3 4 5 I found the concept selection in Concept 
Highlighter easy to use. 

0 1 2 3 4 5 I found the concept-based sorting feature in 
Concept Highlighter easy to use. 

0 1 2 3 4 5 I found the colour-coding of the concept scores in 
Concept Highlighter to be useful. 

0 1 2 3 4 5 
I found the coordination between the document list 
window and the overview map in Concept 
Highlighter to be useful. 

0 1 2 3 4 5 I found the ability to jump to documents of interest 
in Concept Highlighter to be useful. 
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n/a strongly 

disagree 
disagree neutral agree strongly 

agree 
 

0 1 2 3 4 5 I found the document list window in ConceptMap 
easy to use. 

0 1 2 3 4 5 I found the overview map in ConceptMap easy to 
use. 

0 1 2 3 4 5 I found the tool tips that contained the document 
snippet and URL in ConceptMap easy to use. 

0 1 2 3 4 5 I found the concept-based sorting feature in 
ConceptMap easy to use. 

0 1 2 3 4 5 I found the colour-coding of the concept scores in 
ConceptMap to be useful. 

0 1 2 3 4 5 
I found the coordination between the document list 
window and the overview map in ConceptMap to 
be useful. 

0 1 2 3 4 5 I found the ability to jump to documents of interest 
in ConceptMap to be useful. 

 
Assuming the search results provided are the same, please rank your search interface preference (order 
from 1 to 4): 
 

____________ Google 
____________ HotMap 
____________ Concept Highlighter 
____________ ConceptMap 

 
1. Is there any other information not provided by the software that you would find useful when deciding 

if a document is relevant to your search task? 
 
 
 
 
 
 
 
 
 
 
2. Are there any other features that you would like to see in a visual web search tool? 
 
 
 
 
 
 
 
 
 
 
 
3. Please make any other comments about the software and/or the search tasks. 
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Appendix C

User Study 2

In the second user study conducted in this research, participants used the vari-

ous features of WordBars with the goal of finding as many relevant documents

as possible among the first ten considered. The only system used in this study

was WordBars, although the initial order of the search results was provided

by Google.

This appendix includes the formal approval received from the Research

Ethics Board for this study. All the evaluation documents are provided as

well.
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INFORMED CONSENT BY SUBJECTS TO PARTICIPATE IN 
 

Investigating the Use of Term Frequency Histograms for Search Result  
Re-Ordering and Query Refinement 

 
I understand that this form and the information it contains are given to me for my protection and full 
understanding of the procedures. My signature on this form signifies that I have received a copy of this consent 
form, that I understand the procedures to be used in this study and the personal risks and benefits to me in taking 
part, that I voluntarily agree to participate in the project, that I understand that I may withdraw my participation 
in this study at any time without any penalty, and that my decision to participate in this study, and my subsequent 
involvement in it, will have absolutely no bearing on any other dealings I have with Mr. Hoeber or Dr. Yang. I 
understand that the researchers are willing to respond to any questions about the procedures and/or goals of the 
study, as well as questions about the potential benefits and risks associated with the study. 
  
Knowledge of my identity is not required. I will not be required to write my name or any other identifying 
information on the research questionnaires. Comments relevant to the web search tasks, or to the use of the 
software will be transcribed. All research materials will be held confidential by the Principal Investigators and 
kept in a secure location. 

 
I agree to participate by completing a pre-task questionnaire; a training task using the web search tool; three web 
search tasks based on information provided; and a post-task questionnaire. I understand that these activities will 
require approximately one hour, and will be conducted on campus. 
 
I understand that this project was approved by the Research Ethics Board, University of Regina. If I have any 
questions or concerns about my rights or treatment as a subject, I may contact the Chair of the Research Ethics 
Board at 585-4775 or by e-mail: research.ethics@uregina.ca. 
 
I may obtain copies of the results of this study, upon its completion, by contacting Dr. Yang, in care of the 
Computer Science Department, University of Regina. 
 
 
 
NAME (please type or print legibly):  ________________________________________________ 
 
 
SIGNATURE:  ________________________________   
 
 
WITNESS: ________________________________ 
 
 
DATE:  ________________________________ 
 
Investigators: 
 Orland Hoeber      Xue-Dong Yang 
 Department of Computer Science    Department of Computer Science 
 University of Regina     University of Regina 
 hoeber@cs.uregina.ca     yang@cs.uregina.ca 
 306-337-2345      306-585-4692  

DEPARTMENT OF 
COMPUTER SCIENCE 

Regina, Saskatchewan 
Canada S4S 0A2 
phone: (306) 585.4663 
fax: (306) 585.4745 
www.cs.uregina.ca 
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PRE-TASK QUESTIONNAIRE 
 
The following questions relate to your background and experience using computers as well as web search 
engines. Please answer each question by checking the most appropriate response immediately following 
each question. Your answers to these questions will allow for more accurate analysis of the data collected 
during the study.  
 
1. What is your gender? 
 

 Male   Female 
 
2. To which age category do you belong? 
 

 18 - 25   26 - 35   36 - 49   50+ 
 
3. How many years education have you completed past high school? 
 

 0    1 - 2    3 - 4    more than 4 
 
4. Which of the following general categories best describes your main area of interest? 
 

 Fine Arts   Business   Arts/Humanities  Science/Engineering 
 
5. How many times per week do you use a computer? 
 

 Less than 1   1 - 5    5 - 10   more than 10 
 
6. How would you rate your level of experience with using a computer? 
 

 Low    Medium   High  
 
7. How many web searches do you perform per week? 
 

 Less than 1   1 - 5    5 - 10   more than 10 
 
8. What is your preferred web search engine? 
 

 Google   Yahoo   MSN   Other (please specify) 
         _____________________ 
9. How many pages of search results do you normally review before stopping? 
 

 1    3    5    7     9    more than 10 
 2   4   6   8    10  

 
10. If a query does not lead to the information you are seeking, how likely are you to add new terms to the 

query? 
 

 Seldom   Sometimes   Often   Always 
 
 
11. If a query does not lead to the information you are seeking, how likely are you to remove terms from 

the query? 
 

 Seldom   Sometimes   Often   Always 
 
12. How would you rate your level of experience with searching the web? 
 

 Low    Medium   High 
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 TASK QUESTIONNAIRE Topic A 
 
Please familiarize yourself with the following description of your search task.  
 
“new hydroelectric projects” 
 
Identify hydroelectric projects proposed or under construction by country and location.  
Detailed description of nature, extent, purpose, problems, and consequences is desirable. 
 
 
Using the original order of documents, rank the first 10 documents you consider on a 4-point scale. 
 

 
  
 
 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 
Select one or more terms from the histogram to re-sort the search results. Once you are satisfied, 
rank the first 10 documents you consider on a 4-point scale. 
 

 Terms Selected: 
  
   
 Time to Select: ___________________ 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 

Document Rank Document Rank 
1  6  
2  7  
3  8  
4  9  
5  10  

Document Rank Document Rank 
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Select one or more terms from the histogram to add or remove from your query. When you are done, 
click the search button, and rank the first 10 documents you consider on a 4-point scale. 
 

 New Query: 
 
 Time to Select: ___________________ 
 
 Time to Get Results: _______________ 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 
Select one or more terms from the histogram to re-sort the search results. Once you are satisfied, 
rank the first 10 documents you consider on a 4-point scale. 
 

 Terms Selected: 
  
   
 Time to Select: ___________________ 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 
 
Please rate how easy you found it to use this interface to evaluate the search results: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

Please rate how easy you found it to use this interface to select terms to add or remove from your 
query: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

 

Document Rank Document Rank 
1  6  
2  7  
3  8  
4  9  
5  10  

Document Rank Document Rank 
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 TASK QUESTIONNAIRE Topic B 
 
Please familiarize yourself with the following description of your search task.  
 
“international art crime” 
 
Isolate instances of fraud or embezzlement in the international art trade. 
 
 
 
Using the original order of documents, rank the first 10 documents you consider on a 4-point scale. 
 

 
  
 
 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 
Select one or more terms from the histogram to re-sort the search results. Once you are satisfied, 
rank the first 10 documents you consider on a 4-point scale. 
 

 Terms Selected: 
  
   
 Time to Select: ___________________ 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 

Document Rank Document Rank 
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2  7  
3  8  
4  9  
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Document Rank Document Rank 
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Select one or more terms from the histogram to add or remove from your query. When you are done, 
click the search button, and rank the first 10 documents you consider on a 4-point scale. 
 

 New Query: 
 
 Time to Select: ___________________ 
 
 Time to Get Results: _______________ 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 
Select one or more terms from the histogram to re-sort the search results. Once you are satisfied, 
rank the first 10 documents you consider on a 4-point scale. 
 

 Terms Selected: 
  
   
 Time to Select: ___________________ 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 
 
Please rate how easy you found it to use this interface to evaluate the search results: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

Please rate how easy you found it to use this interface to select terms to add or remove from your 
query: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

 

Document Rank Document Rank 
1  6  
2  7  
3  8  
4  9  
5  10  

Document Rank Document Rank 
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 TASK QUESTIONNAIRE Topic C 
 
Please familiarize yourself with the following description of your search task.  
 
“euro opposition” 
 
Identify documents that discuss opposition to the introduction of the euro, the European 
currency. 
 
 
Using the original order of documents, rank the first 10 documents you consider on a 4-point scale. 
 

 
  
 
 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 
Select one or more terms from the histogram to re-sort the search results. Once you are satisfied, 
rank the first 10 documents you consider on a 4-point scale. 
 

 Terms Selected: 
  
   
 Time to Select: ___________________ 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 

Document Rank Document Rank 
1  6  
2  7  
3  8  
4  9  
5  10  

Document Rank Document Rank 
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Select one or more terms from the histogram to add or remove from your query. When you are done, 
click the search button, and rank the first 10 documents you consider on a 4-point scale. 
 

 New Query: 
 
 Time to Select: ___________________ 
 
 Time to Get Results: _______________ 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 
Select one or more terms from the histogram to re-sort the search results. Once you are satisfied, 
rank the first 10 documents you consider on a 4-point scale. 
 

 Terms Selected: 
  
   
 Time to Select: ___________________ 
 
 Time to Completion: _______________ 

 
Please rate your confidence in your ability to find a good set of documents that are relevant to the 
search task: 

 1  2  3  4  5 
(not confident)  (moderately confident)  (very confident) 

 
Please rate how satisfied you are with the search results set: 

 1  2  3  4  5 
(not satisfied)  (moderately satisfied)  (very satisfied) 

 
Please rate how ambiguous you thought the search results set was: 

 1  2  3  4  5 
(very ambiguous)  (moderately ambiguous)  (very specific) 

 
 
 
Please rate how easy you found it to use this interface to evaluate the search results: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

Please rate how easy you found it to use this interface to select terms to add or remove from your 
query: 

 1  2  3  4  5 
(not easy)  (moderately easy)  (very easy) 

 

Document Rank Document Rank 
1  6  
2  7  
3  8  
4  9  
5  10  

Document Rank Document Rank 
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POST-TASK QUESTIONNAIRE 
The following questions relate to your experience using the visual representation of web search results to 
identify relevant documents. Your answer to these questions will allow for a more accurate analysis of the 
data collected during the study.   
 
INSTRUCTIONS: Please rate how strongly you agree or disagree with each of the following statements 
by circling the appropriate number. 
 

n/a strongly 
disagree 

disagree neutral agree strongly 
agree 

 

0 1 2 3 4 5 I found it easy to evaluate the list of search results 
in the original order provided. 

0 1 2 3 4 5 I found the title of the document to be helpful in 
determining the relevance. 

0 1 2 3 4 5 I found the snippet of the document to be helpful in 
determining the relevance. 

0 1 2 3 4 5 I found the URL of the document to be helpful in 
determining the relevance. 

 
n/a strongly 

disagree 
disagree neutral agree strongly 

agree 
 

0 1 2 3 4 5 I found the histogram of term frequencies to be 
helpful as an overview of the search results. 

0 1 2 3 4 5 I found it easy to select terms from the histogram to 
re-order the search results. 

0 1 2 3 4 5 I found it easy to add new terms to the query using 
the histogram. 

0 1 2 3 4 5 I found the colour coding of the histogram easy to 
understand. 

0 1 2 3 4 5 I found the length of the bars in the histogram easy 
to understand. 

0 1 2 3 4 5 I found the combination of length and colour 
coding in the histogram to be beneficial. 

0 1 2 3 4 5 I found good terms in the histogram that I 
wouldn’t have thought of to use in my queries. 

0 1 2 3 4 5 I found bad terms in the histogram that clearly 
were not relevant to my queries. 

 
n/a strongly 

disagree 
disagree neutral agree strongly 

agree 
 

0 1 2 3 4 5 I found the search results to be more relevant after 
re-ordering the results based on my selected terms. 

0 1 2 3 4 5 I found the search results to be more relevant after 
refining the query. 

0 1 2 3 4 5 I found the search results to be more relevant after 
re-ordering the search results of the refined query. 

0 1 2 3 4 5 I found the original search results in the original 
order to be the best. 

 
 
Please rank your preference of the search results considered from 1 (best) to 4 (worst): 
 

____________ search results in original order 
____________ search results after re-ordering 
____________ search results after refining the query 
____________ search results after refining the query and re-ordering 

 
If you have any other comments, you may write them on the back of this page. 
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