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Abstract Even when presented with a list of potential terms to
add to a query, research has shown that users may still
It has been well documented that web searchers have dif-have difficulties choosing good terms to add to their query
ficulties crafting queries to fulfill their information needs. [19, 14]. We suggest that one of the reasons users strug-
In this work, we use a concept knowledge base generatedile with choosing new terms is because they are not pro-
from the ACM Computing Classification System to generatevided with enough information about the relationship be-
a query space that represents the query terms in relation totween their original query terms and the new terms that are
the concepts they describe and the other terms that are re-made available to them. Rather than simply providing a list
lated to these concepts. A visual representation of this queryof additional terms, we use information visualization tech-
space allows the user to interpret the relationships betweenniques to represent the query space generated by the initial
their query terms and the query space. Interactive query re- query.
finement within this visual representation takes advantage One of the challenges in creating a visualization of the
of the user's visual information processing abilities, and query space is obtaining additional information regarding
allows the user to choose terms that accurately representthe query term relationships upon which to base the vi-
their information need. A preview of the search results from sual representation. The concept knowledge base devel-
Google provides the user with an indication of the current oped as part of our previous research in automatic query
state of their query refinement process. This work allows expansion is used for this purpose [10]. We have extended
the user to take an active role in the information retrieval this work and generated a new concept knowledge base us-
process, supporting the fundamental shift from information ing the ACM Computing Classification System [1] as the
retrieval systems to information retrieval support systems. source of conceptual knowledge. The resulting knowledge
base contains relationships between terms and the concepts
these terms describe, within the computer science domain.
By visually representing the query space generated by
the initial query, we provide a method that allows users to
take advantage of their visual information processing capa-
Studies of web search behaviour have shown that a largebilities and intelligence to determine the relationships be-
portion of queries to web search engines are very short, of-tween their query terms and the concepts they describe.
ten one to three terms in length [11, 24]. While the qual- Users may interactively refine their queries by choosing
ity of the search results from short queries can vary, this new terms that are also related to these concepts, or remov-
short length indicates that users often have difficulties for- ing terms (either previously selected or part of the origi-
mulating queries that accurately represent their information nal query) that do not adequately describe their information
needs. Additionally, there is evidence that users also haveneed. The query space is interactively re-calculated based
problems making subsequent modifications to their querieson these selections, and Google is accessed to provide users
[22, 24]. In this paper we present the design of a system andwith a preview of the search results.
a prototype implementation that supports the user’s task of  This work, which provides tools to support users in the
guery refinement, allowing the user to visually and interac- task of visually refining their queries, is a step in the di-
tively generate a query that is a more accurate representarection of developing an information retrieval support sys-
tion of their information need. tems (IRSS). Yao describes IRSS as the next evolution of

1. Introduction



retrieval systems, where the emphasis is on the functional-additional computer supportAutomatic query expansion
ity that supports the users tasks of browsing, investigating, techniqueschoose and add new terms to the user’s query,
analyzing, understanding, organizing, and searching a col-without the involvement of the user other than to submit an
lection [32]. As a first stage in the support of these tasks, initial query. Interactive query expansion techniquadkw
we provide a visual representation of the query space thatthe user to interactively make choices which are then used
allows the users to refine their queries in a visual manner,to generate the query expansion.
and a preview of the results of their query that allows the  Query expansion techniques may also be classified ac-
users to determine the status of their query refinement pro-cording to the type of information used in order to gen-
cess. The focus of our work is to allow the user to take an erate the expansion [4]. Query expansion techniques that
active role in the information retrieval process (rather than arebased on an initial set of search resuétgaluate the re-
the passive role that is common in traditional information sult set from the initial query to generate the query expan-
retrieval systems). sion. Techniguebased on collection-dependent knowledge
One of the principles that has guided our work has beenbasesgenerate the query expansion by matching the orig-
to maintain a balance between computer automation andnal query to a knowledge base that was created based on
human control [21]. There is a critical human role in the some or all of the collection being queried. Techniques
crafting of a query that accurately represents a user’s infor-based on collection-independent knowledge basasch
mation need. To this end, we have developed a system thathe original query to a knowledge base that was created us-
takes advantage of the computer’s ability to store, retrieve,ing a source of information that is independent of the col-
and process large amounts of data, and the human'’s abilityection being queried.
for visual information processing, complex decision mak-  Query expansion techniques that fit all the combinations
ing, and judgement. One of the fundamental features is theof these classifications have been well studied [31, 18, 29,
method by which the human and the computer exchange in-20, 3, 8]. Of particular interest is the work by Harman [8],
formation and initiate tasks. Information visualization and which used three different sources of information for new
interaction techniques promote this exchange, allowing theterms to add to the query, and provided lists of terms from
users to interpret and make sense of the query space angihich the user could choose. These term lists were gener-
easily refine their query to more accurately reflect their in- ated via local analysis (relevance feedback), query analysis
formation needs. (variations of the query terms), and global analysis (term
This paper is organized as follows: A overview of the co-occurrence in the collection). While the results reported
previous work on query expansion, information visualiza- from this technique were good when users made the per-
tion, and visual web search systems is provided in Section 2 fect choices from the lists of available terms, there is little
In Section 3, an overview of our prototype software frame- evidence to show that users are able to make these perfect
work and a description of how the concept knowledge basechoices. On the contrary, studies have shown that users are
is used to generate a visual representation of the query spaceften unable to make good choices when provided with a
is given. The process for interactively refining a query using list of terms [19, 14]. In our work, we seek to provide ad-
our system is explained in Section 4. The paper concludesditional information within a visual interface that will allow
with a discussion of the system in Section 5, and the con-ysers to make theses choices.
clusions and future work in Section 6.

2.2. Information Visualization
2. Background

Information visualization is a technique for creating a

As a background to our research, we provide a brief graphical representation of data or concepts [30]. More-
overview of query expansion and an introduction to infor- over, information visualization promotes a cognitive activ-
mation visualization techniques applied to the domain of jty in which users are able to gain understanding or insight

information retrieval. into the data being graphically displayed by taking advan-
) tage of the human’s visual information processing capabil-
2.1. Query Expansion ities [23]. At the most basic level, we use information vi-

sualization techniques when we draw a graph to visually
Query expansion, the process of adding additional termsrepresent a data set. However, when these data sets are
to the user’s original query, can be classified according large, high-dimensional, or complex, information visualiza-
to the work required by the user in order to generate thetion becomes a challenging problem. In general, informa-
expansion[4]Manual query expansion techniqua® those  tion visualization techniques allow the display of large data
which require the user to do the work of evaluating, select- sets in a coherent manner, allowing us to compare and ex-
ing, and adding new terms to their query (i.e., without any plore the data visually [28].



While the techniques for information visualization are
as numerous as the types of data sets they graphically de
scribe, we limit our discussion to information visualization
techniques that have been applied to information retrieval
systems, and in particular to those that support the visual-
ization of queries.

The application of information visualization to queries
has primarily been focused on the visualization of Boolean
queries [13, 33, 2, 25]. This activity in supporting Boolean
gueries can be attributed to the great difficulties that many
users have with crafting correctly specified Boolean queries
[9]. In the context of visualizing free text queries, very little
work has been done. Stojanovic [26] visually represented
the current query within the context of its neighbour queries
using a simple overlapping box layout. Joho [12] used a
menu structure to visually represent the hierarchy of terms
to add to a query in an interactive query expansion system.

Visualization of the query space is hot common since
there is often little or no information available upon which
to generate a visual representation. For example, in the ab
sence of additional information, how do we generate a vi-

sual representation of a set of keywords entered by a user?

In our work, we employ a concept knowledge base as a
means of deriving additional information about a query, in

terms of the concepts it is related to and the other terms that
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Figure 1. The framework for the visual query
refinement software. The primary software
components are highlighted in blue; the in-
teraction paths are illustrated by the thick red

have been used to describe those concepts. We call this ad- arrows.

ditional information thequery spaceyenerated for a given
query.

3. Query Visualization
3.1. Framework
The framework for our visual query refinement soft-

ware consists of three primary components. Theery
space generation componetakes the query and the con-

terms exist. For this purpose, we use the concept knowledge
base, which we developed as part of our previous work on
automatic query expansion [10]. 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.
More formally, a concept knowledge bagek B
{C,T,E} consists of a set of concept nod€s a set of

cept knowledge base as input, and produces the query spaceerm nodesl’ and a set of edge8 = {¢;, t;, w;; }, where

Thequery space visualization componeises graph draw-
ing algorithms and techniques for colour coding and data
representation to create a visual display of the query space
The Google preview componesends the current query to
the Google search engine [6] and displays summary infor-
mation about the query results.

¢ € C,t; € T, andc¢; andt; are related with a weight
w;;. The weightw;; of an edge in the concept knowledge
base represents the degree to which the term represents the
intension of the concept.

In our initial work on the concept knowledge base, we
described a method for automatically constructing such a

This framework is illustrated in Figure 1, the details of knowledge base using a concept hierarchy such as the Open
which are provided in the following sub-sections. The user Directory Project [15]. In this work, we chose to use a
interaction steps shown in this diagram are described in Secmore specific and focused source of concept information:
tion 4. the ACM Computing Classification System [1]. This classi-
fication is used to categorize papers submitted to the ACM
Press, and contains both a concept hierarchy representing
the various disciplines within the computer science domain,

In order to generate a visual representation of a user'sand short descriptions of these disciplines. In generating
guery, we must first generate the query space. That is, wethe concept knowledge base, we use the nodes in this con-
must determine the context or setting in which the query cept hierarchy (i.e., disciplines in the computer science do-

3.2. Generation of the Query Space



main) as concepts, and the descriptions of these nodes a
the source of terms.

A bag-of-words approach is used to count the occur-
rences of terms within each document. To calculate the the
edge weight values;;, we consider the set of documents
(or descriptions)D; = {d;1, - .., d;} Which are associated
with a concept; € C. For each document;;, the set of
terms used in this document B, = {t1,ik,- -, tm,ik}-

We define the functiorf(d,x,t;) as the occurrence count
of term¢; in documentd;,. The value for the edge weight
between concept; and termy; is given by:

n f(dix,tj)
_ Zk‘:l Z’:

N f(dir,ti,ix)
n

wij

After all the concepts have been analysed, we normalize
the edge weights from each term in the concept network.
For a term¢; that is connected te concepts whose index is
given by the relatiorf(z), z = 1...r, the normalization is

performed via the simple calculation:
Wi

Wiy = =

Dk Wif (k)

In effect, the weights in the concept knowledge base rep-

resent the average term frequency, which is then normal-

ized with respect to the occurrences of the term in other
concepts. Terms that have a high frequency of occurrenc
in the descriptions of a concept will result in a high edge

these concepts are then evaluated to determine the ra-
tio of the terms irll” to which they are connected with

a weight greater thew.. If this ratio is less thaf'R,

the candidate concept is dropped fram.

S

3. Obtain the set of term&” C T which are connected
to the concepts™. We use a weight threshold param-
eterw, to control this operation. All terms that are
connected to the conceptsdr with a weight greater
thanwy are chosen as the phrasedin

. Perform a union of the original query terms and the
new set of terms to obtain the query space terfiis=
QUT".

5. Obtain the set of edgds" C E such thak;; € E* iff

c; € C*andt; € T,

We note that the query space generated above is a
sub-graph of the concept knowledge base bipartite graph.
Therefore, the query space is also a bipartite graph. We fur-
ther note that the thresholds andw,, along with the term
ratio T'R control the size of the query space generated for
a given query. Through initial experiments with the con-
cept knowledge base generated from the ACM Computing
Classification System, we set these valuesat= 0.05,
wg = 0.10, andTR = 0.51.

€,

3.3. Visualization of the Query Space

weight between these nodes in the concept knowledge base.

Terms that have a low frequency of occurrence in the de-

The key to creating a visual representation of this bipar-

scriptions of a document will result in a low edge weight. tite sub-graph is to ensure the users can properly interpret

Due to the normalization, terms that are used frequently tothe underlying features of the query space. That is, users
describe many different concepts will also have a low edge Must be able to identify the three classes of nodes (concepts,

weight to these concepts.
A further extension of our previous work was to use
Porter's stemming algorithm [17] to pre-compute the stems

unselected terms, and selected terms), along with the rela-
tionships between the concept nodes and the term nodes. To
this end, we require that our graph drawing algorithm rep-

of all terms contained in the concept knowledge base. Thisfésents the distance between two nodes as a function of the
allows terms to be matched based on the stems or roots ofdge weight, and ensure that the edges are always visually

the words, rather than exact word matches.

Given a concept knowledge baé&B = {C,T, E},
and a quen® = {qu,-..,qn} consisting of query phrases
q;, the process of generating the query sp#@gg€ =
{C*,T*, E*} is given by the following five steps:

1. Match the query termg to the term sef” to obtain a
T’ C T using the stems of the terms.

. Obtain the set of concepts* C C which are con-
nected to the terms ifi”. We use two parameters to
control this operation: a weight threshald, and an
term ratioTR. First, all the concepts that are con-
nected to the terms iff” with a weight greater than
w, are chosen as candidate concept§’in Each of

present to reinforce the relationship between concept-term
pairs.

We use a heuristic-based graph drawing algorithm that
attempts to satisfy two criteria: node distance must repre-
sent the edge weights, and nodes must not be placed too
close to one another. The algorithm attempts to place nodes
that are connected to one another a distance that is a func-
tion 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 to satisfying this crite-
ria, the system will also ensure that no two nodes are placed
too close to one another, reducing the overlapping and oc-
clusion of nodes. In order to increase the speed at which
a steady-state solution is found, the concept nodes remain



stacked behind the concept. 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 it is connected to until all the concepts
it is connected to are placed in compacted representation.
_ The user can choose between the expanded and com-
e pacted visual representation of a concept by double-clicking
=] the concept node. This feature allows the user to interac-
tively adjust the level of detail of the visual representation.
In effect, we can consider this as a type of localized seman-
- tic zooming [23] where information is hidden or shown, de-
T pending 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 end result of these features is an animated visual rep-
resentation of the query space that provides the user with
the ability to gain insight and understanding of the features
of the query space. From Norman’s stages of action the-
ory, this visual representation supports the user in crossing
the gulf of evaluation [16]. In particular, the visual repre-
static and only the term nodes are moved to satisfy theseSentation takes advantage of the user’s visual information
criteria. processing capabilities to quickly perceive the fundamental

Animation techniques are used to move the nodes toObjects in the visual display (i.e., the three classes of nodes
their locations as the graph drawing algorithm iteratively @nd their edges), interpret the meanings of these objects,
attempts to satisfy the above criteria. The purpose of this2nd make sense of the information being displayed with re-
animation is to illustrate to the user that they too can inter- SPECt to the initial query.
act with the visual representation. For example, users can 1he users’ original query terms are highlighted in the vi-
drag the nodes to visually organize the query space, afte/Sual representation, which results in the ability to visually
which, the system will continue to attempt to satisfy the identify the relationships between their query and the con-
above criteria. cepts, as well as the relationships between these concepts

In order to promote the perception of the different classes 2Nd Néw terms that can be added to the query. At the most
of nodes in the visual representation, we use colour coding®2Sic level, this allows the user to identify whether the terms
techniques [27, 30]. Neutral colours are used to represemthey entereq are actuallly appropriate for their information
the underlying graph structure; contrasting colours are used'®€d- Thatis, the resulting concepts should have some rele-
to highlight nodes of interest. As illustrated in Figure 2, the V&nce to the information the users are seeking. In addition,
red nodes represent the concepts, and the yellow nodes ref!S€rs can easily identify whether their terms are very gen-
resent the selected terms. Since the terms from the originafa! (connected to many different concepts) or very specific
query are automatically selected, users can easily determindconnected to only a single concept).
the meaning of the colour coding.

By default, the visual representation of the query space 3.4. Generation of Google Preview
shows all the concepts and terms that are present. However,
when the query space is large, a more compact representa- In order to provide the user with an indication of quality
tion is beneficial. To this end, we provide a technique for of their currently generated query, we provide a preview of
compacting and expanding the terms that are connected tahe Google search results for this query. We use the Google
a concept into the visual representation for that concept.  Web API [7] to send the currently generated query to the

When a concept is to be displayed in an expanded rep-Google Search Engine. The results (including the number
resentation, all the terms that are connected to that concepbf documents returned by the query, along with the title and
are displayed as described above (see Figure 2). A com-URL of each of the first five documents) are displayed along
pacted representation is also available, wherein the termsside the visual representation of the query space. The key-
connected to the concept are displayed as thin layers beword context is made available by hovering the mouse over
low the concept, providing the illusion that these terms are the title of one of the search results, as illustrated in Fig-

Figure 2. The visual representation of the
query space generated by the terms “docu-
ment” and “clustering”.



ure 3. the user identifies a term that is a better description of their
This preview of the results returned by Google provides information need than one of their original terms.

the users with an additional source of information about the

quality of their query. That is, as users interactively refine 4.3. Remove a Concept

their query (as described in the following section), they can

determine the quality of the results of their actions. In ef-  Inreviewing the visual representation of the query space,

fect, this feature provides the users with the ability to deter- the user may identify concepts which are not relevant to

mine the outcome of their actions in an interactive manner, their current information need. These concepts may be

rather than the manual cycle of altering their query, submit- present in the query space if the query terms are very gen-

ting the query to Google, and viewing the results. eral. In order to make it easier for the user to focus on the

concepts that are relevant, the system allows a user to re-

move a concept from the query space. In all subsequent

interaction steps in the current user session, these removed

_ _ _ ~concepts will not be present.
There are five actions a user can perform in the pursuit

of their task of query refinement. These actions are visu-4 4. Expand or Collapse a Concept
ally depicted by the thick red arrows in Figure 1, and are

4. Interactive Query Refinement

described below. Users may choose to switch the representation of a con-
cept between expanded mode and collapsed mode. Switch-
4.1. New Query ing between these different modes (as described in Section

3.3) allows the user to reduce the visual clutter generated by
The user can initiate a new query by simply typing in the concepts which they have finished considering.
query text box, and either pressing the Enter key, or clicking ~ This expansion and collapse of concepts also provides
the “Visualize” button. In doing so, the system will gener- the system with a means for dealing with vague queries that
ate the query space, provide a visual representation of thisJenerate large query spaces. Large query spaces will gener-
query Space, and provide a preview Of the Google results_ a”y result in a visual representation that is difficult to inter-
pret and make sense of (primarily due to edge crossings and
4.2. Adding or Removing Terms node occlusion, as well as the inability of the graph draw-
ing algorithm to satisfy the layout criteria). By collapsing
the concepts, these large query spaces become easier to vi-

The Users may interactively quify their query by sually process, since the number of nodes are significantly
double-clicking on term nodes they wish to add to the query. .. y,ced. The user may then interactively expand and col-

Newly added terms are highlighted in yellow, like the orig- lapse the concepts as needed to refine their query.
inal query terms. As terms are added to the query, a new
query space is generated, and the visual representation 0&_5. Send the Query to Google
this query space is updated (i.e., concepts and terms that are

no longer in the query space are removed, and those thatare |, addition to providing a preview of the Google results

new are added). ".] addition, a new Google preview is gen- 5q e yser conducts their query refinement tasks, the system

erated, and the refined query box at the bottom of the screeny s ajiows the user to send the query they have created to

is updated to reflect thls'charTg_e- _ . the Google search engine [6] by clicking the “Google This”
To support the users in refining their queries (rather than ) +1o. Doing so opens a new instance of the web browser

just expanding them), the system also allows the user to re-;nq submits the query to Google automatically. This al-

move terms from the query by double-clicking a highlighted |4\ys the user to access the complete set of results returned

term. Doing so will r(_eturn this term to the non-highlighted by Google, and to perform relevance judgement within the
(grey) colour, and will regenerate the query space, “pdatepopular list-based search results interface.
the visual representation, and reproduce the Google pre-

view. 5 Di .

We note that the user may choose to remove one of the™" ISCUSSIon
original query terms. This illustrates one of the key fea- . .
tures of a query refinement system over a query expansion A complete query r_efmement_pro_cess produged with our
system: in a query expansion system, additional terms mz;lypmtmype softwa_re s illustrated n F|ggre 3.A y|de0 show-
only be added to the user's original query; in a query re- ing the use of th.|s system for visualizing :amd |ntelract|vely
finement system, the user may make modifications to therefmmg a query is provided on the author's web Sitéve
original query. This is a valuable feature in situations where  http://www.cs.uregina.ca/"hoeber/VisualQuery/
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note that the system currently only supports queries maderefine the query based on the concept that matches their in-
up of a simple collection of terms. formation need (rather than the one the information retrieval
Following the classification discussed in Section 2.1, system automatically selected).
our work is an interactive technique based on a collection-  Itis clear that the quality of the query refinement process
independent knowledge base. However, we describe ourds directly impacted by the quality of the concept knowl-
technique as a query refinement technique, since we allonedge base. The concept knowledge base generated from the
the user to additionally remove some or all of their original ACM Computing Classification System is of an adequate
query terms in the creation of their new query. quality for the purposes of demonstrating the results of our
One of the critiques of the work by Harman [8] is that it research, although the query refinements are only possible
assumes that users can make the perfect choices when praithin the computer science domain. We are currently in-
sented with a list of potential query expansion terms. Sub- Vestigating the further refinement of the concept knowledge
sequent studies have shown that users are often not able t§ase using the top documents returned by the ACM Digital
make these good choices [19, 14]. We argue that this is alibrary for each of the disciplines, as well as the construc-
failure of the list representation used to display the potential tion of a complete concept knowledge base using the Open
query expansion terms. That is, since the list representatiorPirectory Project.
is not able to convey the relationships between the original

guery and the list of potential terms, nor the relationships 6, Conclusion & Future Work
between the terms themselves, users have difficulties in de-

termining the value of adding a term to their query. In this paper, we have presented our work in the develop-

One of the goals of our work was to provide the USers ment of an information retrieval support system that focuses
with additional information about the potential terms that g, assisting the user in the creation of a query that accu-
can be added to their query. This information comes in rately reflects their information need. The driving force be-
the form of the relationship between the user's query termsping this work is the acknowledgement that the crafting of a
and the concepts they are related to, and the relationship,ery is a task that requires significant human involvement.
between these concepts and the other terms that have beefhe goal of our work was to develop a system that supports
used to describe them. Providing this information in a vi- {hjs human task through visualization and interaction with
sual manner allows the user to interpret and make sense ofe query space.
these rglationship_s_ as a resu!t of Fheir v_isual information  The visual representation of the query space allows the
processing capabilities. That is, it is easier for the user t0ser to visually process the information display, resulting
understand these relationships by looking at a picture thaniy an effective interpretation of the relationship between the
by reading a list of terms. query terms and the additional terms that can be added to

Another important aspect of our work is that the query the query. Our system supports both the addition of new
refinement process occurs completely in the query spaceterms, and the removal of terms from the query. Doing so
That is, the use of the concept knOWledge base allows theautomatica”y generates a new query space and the corre-
query space to be generated completely independent of thgponding visual representation. Animation techniques are
initial search results or the collection of documents being ysed to generate a smooth transition from one query space
searched. The value of this approach is best illustrated byto another, supporting the user in making sense of the results
the simple example below. of adding or removing terms.

Consider the situation where a user enters a query term  |n addition, we provide a preview of the query results
that is used to describe two different concepts. If one of from Google, which allows the user to ascertain how their
these concepts is much more common in the corpus, or isquery refinement process is affecting the information re-
given a higher value by the information retrieval system, trieval process. The tools made available in this system
then the top documents returned by the information retrieval allow the user to easily interact with the query space to gen-
system may all be related to this concept. In this case, theerate a query that is an accurate representation of their in-
terms suggested for query expansion will be focused exclu-formation need.
sively on this common or important concept. If the userwas  The primary contributions of this work are the genera-
actually interested in the other concept, then this method oftion and visual representation of the query space, and the
basing the query refinement in the document space will havetechniques by which the users are supported in their query
failed. refinement tasks. Much of the previous work has focused

In using a concept knowledge base and therefore keep-on the visual representation of an information retrieval task
ing the query refinement in the query space, this situation iswithin the document space. We argue that the query space
avoided. That is, the user will be able to easily identify the is a more appropriate context in which to conduct query ex-
two different concepts the query term is related to, and canpansion. The interaction techniques we provide within the



query space allow the user easily add or remove terms from[13]
the query, as well as manipulate the visual representation

to further assist in making sense of the query space. By

interactively updating the query space and the visual repre-

sentation as these changes are made, our system suppor{
the user in understand the ramifications of their choices and

manipulations.

In addition to the development of more complete and |15
general concept knowledge bases, our future work includesj16]
adding support for complex queries, conducting an empiri-
cal evaluation our visual query refinement techniques with
respect to the usability as well as the accuracy of the query[17]
generated, conducting a comparative evaluation of our work
to other techniques for query refinement, and the develop- (18]
ment of visualization and interaction tools to support the
user in the relevance evaluation of the documents returned 19]
by the information retrieval system. Our overall goal in this
research is to develop an information retrieval support sys-
tem that uses visualization to allow the user to take an active

role in the information retrieval process. [20]
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