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The aim of this article is to test whether the results
obtained from a specific bibliographic research can be
applied to a real search environment and enhance the
level of utility of an information retrieval session for all
levels of end users. In this respect, a Web-based Biblio-
metric Information Retrieval System (BIRS) has been
designed and created, with facilities to assist the end
users to get better understanding of their search do-
main, formulate and expand their search queries, and
visualize the bibliographic research results. There are
three specific features in the system design of the BIRS:
the information visualization feature of the BIRS (cocita-
tion maps) to guide the end users to identify the impor-
tant research groups and capture the detailed informa-
tion about the intellectual structure of the search do-
main; the multilevel browsing feature to allow the end
users to go to different levels of interesting topics; and
the common user interface feature to enable the end
users to search all kinds of databases regardless of
different searching systems, different working plat-
forms, different database producer and supplier, such as
different Web search engines, different library OPACs, or
different on-line databases. A preliminary user evalua-
tion study of BIRS revealed that users generally found it
easy to form and expand their queries, and that BIRS
helped them acquire useful background information
about the search domain. They also pointed out aspects
of information visualization, multilevel browsing, and
common user interface as novel characteristics exhib-
ited by BIRS.

Introduction

The Internet and WWW have already established them-
selves as major factors in the operation of scholarly com-
munities worldwide. Today, the Internet is used in all

spheres of lif e for exchange of information. Information
resources on the Internet are increasing tremendously. Gor-
don and Pathak (1999) suggested that theprimary useof the
Internet is for information retrieval. Search engines are
considered as the most important tool for retrieving infor-
mation on theWeb, and consequently form acritical areaof
research (Gaines, Chen, & Shaw, 1997; Lawrence & Giles,
1998).

Despite the effectiveness of Internet-based or online in-
formation retrieval, problems still exist. Woodward (1996)
argued that the Internet is currently in astate of near chaos
in terms of access and organization of information. Voorbij
(1999) found that 67% of the Internet users agree or
strongly agree with the difficulty to perform subject
searches on the Internet. Users, especially the novice and
irregular users, find it difficult to phrase their information
needs due to the lack of knowledge literacy in search
domain (Bates, 1986, 1998). Although subject headings,
traditional thesauri, and term’s dictionaries are available to
assist users to formulate their queries, their intrinsic short-
comings (out-of-date, inconsistency, lack of search variety,
limitation of word’s semantic relations—BT, NT, and so
on) prohibit them from eliciting user’s needs. How to allow
searchers who are not familiar with the specific subject area
and terminology of a database to express queries using the
“vocabularies” from the database or subject area itself has
become one of the most pressing questions in the informa-
tion retrieval field (Chen, Yim, Fye, & Schatz, 1995). These
problemscoincidewith thegoals that bibliometric research-
ers have long addressed in domain-analytic works based on
citation data from ISI (Institute for Scientific Information)
database, which can also benefit users to form and expand
their queries (Nowell, France, Hix, Heath, & Fox, 1996).

Using bibliometric techniques, one can reduce a litera-
ture to subsets on the basis of similarity clustering. The
criteria generally involve counting the number of times
certain markers occur or cooccur, giving rise to information
on such author cocitation, journal cocitation, keyword coci-
tation, and so on. Bibliometric results, especially bibliomet-
ric maps, empirically depict states of affairs in various

* To whom all correspondence should be addressed.

Current contact address: ying@cs.vu.nl.

Received 12 November 1999; Revised 23 March 2000; accepted 23 March
2000

© 2000 John Wiley & Sons, Inc.

JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE. 51(13):1190–1204, 2000



fields, such as, the research activity of the prominent re-
searchers, intellectual cluster of leading journals, similarity
indication of important themes and concepts, and so on.
These maps may be used to assist users to better understand
the domain area of interests and address their information
needs clearly.

This article reports the development of a Web-based
Bibliometric Information Retrieval System (BIRS). BIRS is
designed to help end-users formulate and expand queries for
searching information on a number of media ranging from
OPAC to on-line database and World Wide Web (WWW).
The system interfaces with results of an on-going biblio-
metric research effort in studying the science mapping in the
information retrieval field over the 11 years from 1987 to
1997. A number of publications related to this study has
been reported elsewhere (Ding, Chowdhury, & Foo, 1999a,
1999b, 2000a).

Background

IR Problem

With the rapid development of the Internet and World
Wide Web, information available throughout the world has
increased dramatically. Many information retrieval (IR) re-
searchers are facing some serious problems that they never
had decades ago. Three major problems are particularly
evident in the context of the electronic age: information
overload, query expansion, uncertainty principle.

Information Overload

IR systems search and retrieve data from a collection of
documents in response to user queries. The ever-increasing
volume of available data is fast rendering traditional IR
systems to become less effective. As data continue to grow,
it becomes increasingly difficult to develop IR systems that
support search and retrieval with little and affordable search
times. Although this huge amount of information has posed
a great challenge to traditional IR systems, it augments the
volume of bibliometric source databases so that more accu-
rate bibliometric mapping results can be achieved (Chen et
al., 1995; Fox, Frieder, Knepper, & Snowberg, 1999). If
these results can be applied to real information retrieval to
yield a bibliometric IR system, then it would have the
potential to guide users to form better queries or expand
their queries, and at the same time, get a better understand-
ing of specific search domains.

Query Expansion

A major problem in IR is to identify all the items that
describe the user’s subject of interest. Another problem is to
differentiate correctly between the relevant and the nonrel-
evant documents for that query. The major cause of this
stems from the user’s inability to use proper words/phrases
to form their queries. Many IR researchers have attempted

to increase or create more search variety for the end users
(Bates, 1986, 1998; Byrne & McCracken, 1999; Chen,
Martinez, Kirchhoff, Ng, & Schatz, 1998; Gomez, Loch-
baum, & Landauer, 1990; Peat & Willett, 1991). This search
variety does not mean the variety in expression, such as
word forms (e.g., singular/plural, verb conjugations), syn-
tactical variations (e.g., different word orders), synonymy
and so on, but a variety of meaning with similarity. This
similarity variety may not be limited only in words, can be
extended to any item, for instance, authors with similarity
based on author cocitation frequency, journals with similar-
ity on journal cocitation frequency, or articles with similar-
ity based on cocited frequency by other articles.

A user’s original query statement typically consists of
just a few terms germane to the topic, and it is often
necessary to add variety to achieve an effective search. This
query expansion process has traditionally been carried out
by means of thesauri and controlled vocabularies, which
only can provide the variety on the semantic relations of the
words. However, maintaining the currency of such tools is
extremely expensive and time-consuming. Other broad sim-
ilarity variety, such as authors or journals, is usually not
directly available for the users. Bibliometric techniques,
based on the cooccurrence, theory may be one of the best
ways to probe the similarity variety of various items.

For similarity variety on words, co-word analysis or term
cooccurrence techniques are considered as one of the tools
to achieve this goal (Croft, 1995). It is generally assumed
that terms used in queries are good at discriminating rele-
vant from nonrelevant document, so that closely associated
terms (i.e., terms that cooccur frequently with the query
terms) are also likely to be good discriminators. These
additional terms may, hence, allow the retrieval of relevant
documents that would not have been retrieved using the
original query (Salton & McGill, 1983). Numerous co-word
and term cooccurrence studies have been conducted to
increase search variety for users (Chen & Dhar, 1991; Chen
et al., 1995, 1998; Chen & Lynch, 1992; Chen & Ng, 1995;
Chen, Ng, Martinez, & Schatz, 1997; Cochrane & Chen,
1996; Peat & Willett, 1991; Schatz, Johnson, Harter, &
Cheng, 1996; Seow, 1999; Trivision, 1987). For similarity
variety on other items, such as authors or journals, author
cocitation analysis, and journal cocitation analysis are
proven to be efficient techniques that not only correctly
detect rich similarity variety of authors and journals, but
also map the dynamic changes over time (McCain, 1984,
1986, 1991, 1998; Tijssen & van Raan, 1990; White &
Griffith, 1981; White & McCain, 1997).

Uncertainty Principle

One of the major causes of failure in IR systems is
vocabulary mismatch. This means that the information need
is often described using different words than are found in
relevant documents. At the same time, searchers tend to use
different search terms for the same information sought. The
average likelihood of any two people using the same word
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in their descriptions of the same object is found to range
from about 0.07 to 0.18 (Furnas et al., 1982). Both the
indexing behavior and information-seeking behavior are at
least in part, indeterminate and probabilistic. The indexing
inconsistency enhances the uncertainty problem (Bates,
1986, 1998). An individual searcher, however, is usually
unaware of the many terms that might be used for search. So
the logical strategy in the design of IR systems is to help the
searcher generate the search variety (Bates, 1986).

The central problem is that the IR researchers have a
hypothesis that the search terms should be in the traditional
thesauri or other vocabulary control tools, rather than the
database itself to provide the search terms appropriate to
user’s needs. Researchers have focused on the use of search
terms derived from extrinsic sources, rather than from the
language used by the database text authors (e.g., Kostoff,
Eberhart, & Toothman, 1997).

Bibliometric IR system can solve these IR problems in
two ways. First, cocitation analysis (e.g., co-word analysis,
author cocitation analysis, journal cocitation analysis) can
generate search variety for the users based on the data in the
database. The variety provided by cocitation analysis is
reasonable and reliable because it is from the data itself and
reflects citers’ group opinions. Second, cocitation mapping
can give users a general view of the entire subject field.
Through exploring or browsing such maps, users will be
given the prospect in using these maps to identify new
avenues for searching.

Information Visualization

In a traditional paradigm of information retrieval, the
interaction between users and IR systems relies heavily on
a query-based navigation. Visualization can play a pivotal
role in reducing the navigational difficulties of traditional IR
systems by allowing users to view the structures and pro-
cesses with which they are dealing. The notion that science
can be mapped was first clearly stated by Derek Price during
the 1960s (Price, 1966). With the assumption that visual-
ization gives a new insight into IR domain, a set of visual
interfaces for IR systems has been developed (Chalmers,
1994; Wise, 1999; Wise et al., 1995), and some of the
mapping techniques were compared and updated (Chen,
1999; Chen, Houston, Sewell, & Schatz, 1998; Duplenko &
Burchinsky, 1995; Rorvig, 1999). Recent research on infor-
mation visualization include ISI (Institute for Scientific
Information) (Small, 1997, 1998, 1999), CWTS (Center for
Science and Technology Studies) (van Raan, 1997), WEB-
SOM (Kohonen, 1998), SPIRE (Spatial Paradigm for Infor-
mation Retrieval and Exploration, later on called News-
Maps) (Hetzler, Harris, Havre, & Whitney, 1998), and so on.

Bibliometric IR Systems

Multidimensional scaling maps derived from cocitation
techniques reflect natural organizations of the structure of
knowledge in both the sciences and the social sciences.

Furthermore, they can be useful tools in aiding researchers.
Those unfamiliar with a subject can locate the area of
interest on a detailed map and obtain bibliometric informa-
tion for that subject. Even the expert may be led to a related
field by the unsuspected proximity of his or her area to
another revealed by the map (Garfield, Kimberley, &
Pendlebury, 1988).

The idea of setting up IR systems including bibliometric
techniques was first tested by Yermish (1975). Later, Now-
ell and Hix (1993) developed the Envision system that
allowed users to control the display of several bibliographic
or bibliometric variables during searches. ISI’s SCI-MAP
system built a cocitation network of documents or journals
to assist search (Small, 1994). Hearst’s (1995) TileBars aids
retrieval decisions by displaying different bibliometric in-
dicators. Butterfly’s (Mackinlay, Rao, & Card, 1995) rich
3D display makes visible a basic temporal bibliometric
relationship in learned literatures. Wise et al.’s (1995)
SPIRE system mapped corpora of related writings on the
basis of term cooccurrence statistics and later on updated to
a new system called Newsmaps.1

Grivel, Polanco, and Kaplan’s (1997) HENOCH com-
bined hypertext and database management technologies
with the goals of bibliometric analysis. Quoniam, Balme,
Rostaing, Giraud, and Dou (1998) presented their system
with graphical representation of the results by using biblio-
metric law. Bollacker, Lawrence, and Giles’ (1998) Re-
searchIndex (later called CiteSeer) uses Web search engines
and heuristics to locate and download papers and to extract
semantic features, including citations and word frequency
information. Fox, Frieder, Knepper, and Snowberg’s (1999)
SENTINEL system is a fusion of multiple IR technologies
including the term cooccurrence and a neural network-
training rule.

There are also some other bibliometric IR systems on the
Web, for example, BIRD2 that retrieves a set of similar
documents by following citation paths; Alexa Internet3 that
recommends URLs based on the hyperlink paths; Google4

that uses hyperlinks to identify the most important docu-
ments; WebQuery5 that allows analyze and visualize results
of a Web query based on the connectivity of the various
documents it contains; WebWatcher6 that allows users to
browse the Web and recommends relevant pages based on
an analysis of the hyperlink structure in the neighborhood of
pages that the user has visited; Rankdex7 that indexes Web
pages using the anchor text of the various hyperlinks that

1 Newspaper (URL: http://www.newsmaps.com).

2 BIRD (URL: http://ai.iit.nrc.ca/II_public/WebBird/index.html).

3 Alexa Internet (URL:http://www.alexa.com).

4 Goggle (URL: http://www.google.com).

5 WebQuery (URL: http://www.cgl.uwaterloo.ca/Projects/Vanish/
webquery-1.html).

6 WebWatcher (URL: http://www.cs.cmu.edu/afs/cs.cmu.edu/project/
theo-6/web-agent/www/prject-home.html).

7 Randex (URL: http://rankdex.gari.com).
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point to them; Web of Science8 that offers cited reference
searching; HyPursuit9 that uses a hierarchical document
clustering system for the World Wide Web based on anal-
ysis of both the word content documents and the structure of
the hyperlinks that link them; and Clever10 that uses hyper-
links to identify the most important documents retrieved by
a key words search; and so on.

Current Bibliometric Research

Bibliometrics is the most useful method for achieving a
macroperspective on scholarly communication processes.
Cocitation analysis is not only the most important subset,
but also the most methodologically sophisticated and pop-
ularly utilized method in bibliometrics. Because Small
(1973) introduced the concept and defined it as “the fre-
quency with which two items of earlier literature are cited
together by the later literature,” cocitation analysis has been
a potentially productive method and has been successfully
applied to examine the cognitive/intellectual structure of
scientific specialties, communication patterns of scientific
specialties in terms of cocitation among authors, journals, or
keywords (Braam, Moed, & van Rann, 1991; McCain,
1984, 1991; Small & Griffith, 1974).

The BIRS system is based on the results of an on-going
bibliometric research, which is focusing on science map-
ping in Information Retrieval area (here, we called it IR
bibliometric research). Relevant information retrieval arti-
cles were collected from theScience Citation Index (SCI)
andSocial Science Citation Index (SSCI)for the period of
1987–1997. In total, 3,325 source articles were selected
from 971 source journals with 78,785 citations during the
period of 1987–1997. This bibliometric research has been
conducted on: authors by using author cocitation analysis
(Ding, 1998a, 1998b; Ding et al., 1999a); journals by using
journal cocitation analysis (Ding et al., 1999b, 2000a), and
keywords by using co-word analysis (Ding et al., 2000b).

Author Cocitation Analysis

Author cocitation analysis (ACA) is a set of data gath-
ering, analytical, and graphic display techniques based on
the cocitation frequency of two authors that can be used to
produce empirical maps of prominent authors in various
areas of scholarship (McCain, 1990; White & McCain,
1998). As a well-established technique in bibliometrics, it is
an ideal method to trace the author’s role in the scholarly
communication process of a specific area. It typically rep-
resents authors by the embodiment of their ideas in their
whole body of published documents so that the cognitive/

intellectual structure of the science specialty can be inves-
tigated.

The results of author cocitation analysis in the IR bib-
liometric research, as displayed by author cocitation maps,
have identified the intellectual structures of IR which are
subdivided into one “hard” part working on IR theory and
retrieval algorithms, and one “soft” part concentrating on
the user-system relation (Ding, 1998a, 1998b; Ding et al.,
1999a). These maps also depicted the scholarly migration of
the prominent IR researchers according to various time
periods. The information contained in these maps has a very
high potential for the end-users, especially the novices, to
gain useful information about various authors (researchers
in the field) to form and expand their queries for a real
search. For instance, the results can show them:

(1) who are the most prominent authors (researchers) in IR
field, what are their highly cited articles, and their
research interests, and so on.

(2) Who are the authors having research interests similar to
those of the user’s familiar authors.

(3) What are the important research groups, or IR subfields,
and their relations.

Journal Cocitation Analysis

Scientific journal is an essential component not only to
the progress of the intradiscipline as a science but to the
interdiscipline as well (Doreian, 1988). Journal cocitation
analysis is used to study the structure of scholarly special-
ties through the published literature focusing on journal
similarity based on patterns of citations (McCain, 1991).
Journal cocitation analysis provides an operational indicator
to investigate the scholarly communication process of spe-
cific disciplines (McCain, 1991).

The results of journal cocitation analysis in the IR bib-
liometric research, as displayed by journal cocitation maps,
have detected the interdisciplinary communication among
computer science, psychology, physics (optics), chemistry,
and science/nature/neuroscience, and IR field; and the in-
tradisciplinary communication within the IR field (Ding et
al., 1999b, 2000a). These results or journal cocitation maps
can help the end users get a better understanding of the IR
field, and therefore, accurately formulate their information
needs while searching. For instance, these results can show
the end users:

(1) What are the highly cited journals in the IR field, and
their research focuses?

(2) What are the core journals in the IR field?
(3) What journals have research interests similar to those of

the user’s familiar journals.
(4) What are the inter- or intradisciplinary relations of the

IR field.

Co-word Analysis

In a scholarly communication process, the content of
information can be communicated as a concept, idea, or

8 Web of Science (URL: http://www.isinet.com).

9 HyPursuit (URL: http://paris.les.mit.edu/Projects/CRS/HyPursuit).

10 Clever (URL: http://www.almaden.ibm.com/cs/k53/clever.html).
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knowledge. The content transferred in the scholarly com-
munication process can be monitored by co-word analysis
in terms of the keywords or phrases used. Co-word analysis
is delineated as a research technique for the objective,
systematic, and quantitative description of the manifest con-
tent of communication by identifying keywords represent-
ing their research content and linking articles based on the
term cooccurrence to produce an intellectual map of a
specialty (King, 1987).

The results of the co-word analysis in the IR bibliometric
researches, as displayed by the co-word maps, have traced
the knowledge transferred in the IR field. This field has
some established research themes (user study, IR model, IR
theory, and so on), but it also changes rapidly to embrace
new themes (Internet, Web search engine, natural language
processing, and so on). The role of implicit subject key-
words or newly emerged subject may be crucial in observ-
ing trends between and across updates to the IR area. These
co-word maps not only can give the end users a detailed
overview of the IR field, but also furnish similarity relations
of the words or phrases that are distinct from those semantic
relations provided by traditional thesauri so that more
search variety can be generated for the end-users. For in-
stance, the co-word results can tell the end-users: (1) what
are the important research topics in the IR field and their
interrelations; and (2) which keywords have high cocitation
similarity.

One of the major objectives of this research was to test
whether the results of this on-going bibliometric research in
IR can be used to help end users in their search and query
formulation and expansion activities. This study aimed to
develop the BIRS interface that allows users to recall,
display, and use the authors, journals, keywords, and cor-
responding cocitation maps in course of their search pro-
cesses.

BIRS System Design

The BIRS uses a Microsoft MS-Access database to store
records of the important authors, journals, and keywords,

and bibliometric maps that encompass author cocitation
maps, journal cocitation maps, and co-word maps. These
maps were linked to the database by using JavaScript,
VBScript, and ASP (Active Server Page) to form the BIRS
system. The characteristics and system design of BIRS is
elaborated below.

Hardware/Software Environment

The BIRS is designed, implemented, and maintained in
an environment running Microsoft Windows 98/NT operat-
ing system. The WWW server of the BIRS is Microsoft
Internet Information Server (IIS) on Windows NT 4.0. In
the BIRS interface design, Microsoft Frontpage 98 was used
as the HTML file editor, and Microsoft Visual Studio 5.0 as
the project editor. PWS (Personal Web Server) was used as
the Web Server, which is the desktop version for IIS (Mi-
crosoft Internet Information Server). Microsoft Access 97
was used as BIRS database, ODBC server as the connection
between web application and database. For programming,
ASP (Active Server Page) was used as server-side scripting,
which embedded with HTML, VBScript, and JavaScript;
VBScript, and JavaScript as Client-side scripting (Powers,
1998).

Design Features of the BIRS

The typical model for the Microsoft Web database solu-
tion is shown in Figure 1. A user uses the Web browser to
make a request to IIS for the ASP file. The IIS reads the
ASP file, which contains the SQL statement(s), connection
information, and field value placeholders. Subsequently, the
VBScript/JavaScript code opens the Microsoft Access da-
tabase (using the Microsoft Access Desktop ODBC Driver
and the ASP file connection information) and runs the query
in the ASP file to access the data. IIS sends the HTML file
back to the Web browser for display as a Web page. The
BIRS system uses the Microsoft Web Application Model to
connect with the Access database and guides the users to

FIG. 1. Microsoft Web database application solution.
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browse the bibliometric results in order to help them on the
subject search.

The BIRS is designed and implemented as a software
system to expand and refine user’s query with a rich set of
features in an efficient, easy, and globally accessible way.
The BIRS is a globally available tool on the WWW with a
consistent, visualized user interface, and multiple searching
choices.

BIRS has been connected to three kinds of search en-
gines: a range of widely used Web search engines; library
OPAC (that is currently the Nanyang Technological Uni-
versity’s (NTU) Library OPAC) and on-line database (see
Figure 2). Two search options, namely, Presearch and
Search, are available to the user. The Presearch option
activates the main BIRS interface, as shown in Figure 3, to
allow the user interact with the bibliometric results. The
Search option links the completed query to the selected
search engines.

From the BIRS main presearch page, the user can choose
to approach their search by author, journal, or keyword, as
well as selecting the time span of the search (i.e., 1987–
1991, 1992–1997, or 1987–1997). According to the biblio-
metric research results, the author and journal search can be
further broken down into two subcategories: VAR (author
or journal information from various fields that encompas

library and information science, computer science, and
other fields that are related to IR) and LIS (author or journal
information solely from library and information science
field).

The screen layout of the main search page groups to-
gether all the three categories and their subset search option
into one page for ease of use. The BIRS main search page
consists three frames: left frame (items to be populated),
right-up frame (categories option), and right-down frame
(category content). User can choose any category (author,
journal, keyword, type, and year) in the right-up frame, and
after clicking the search button, the relevant items will be
displayed in the right-down frame. If the user is interested in
a particular item, the hyperlink will lead the user to the
details of the selected item. At the same time, these (i.e.,
author name, journal name, keywords) are automatically
listed in the corresponding list box in the left frame. The
user can choose and highlight the relevant items to refine
and expand the original query (Fig. 4). Thus, this interface
can be used to gradually build up a list of search terms
associated with author, journal, and keyword categories.
With the selected items, the user returns to the homepage to
further refine the query using the available Boolean opera-
tors (OR, AND, NOT) (Fig. 5).

FIG. 2. The BIRS homepage.

JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE—November 2000 1195



Finally, the user selects the search engines for conduct-
ing the search using the refined query. The process of using
BIRS to carry out a search is outlined in Figure 6.

BIRS exhibits three specific design features, namely,
information visualization, multilevel browsing, and use of a
common user interface.

Information Visualization.The maps serve the dual pur-
pose to assist the user in better understanding the search
domain and in forming the relevant search expressions. For
example, in the author map of Figure 7, users can easily
identify the important research groups (clusters) in the IR
field. Each author on the map, once clicked, will yield
detailed information about the author, including the highly
cited articles of the author, published journals, volume, and
issue numbers, the number of times the article is been cited
by other researchers, and so on. Similarly, the journal map
(Fig. 8) can be used to identify the important journals that
have reported research findings in the IR field.

In the keyword maps (Figs. 9 and 10), users can obtain
general information about the IR field via the overview map.
Once they go deeper to the selected cluster, they will be
provided with detailed information about the subdomain,
such as the intellectual location of specific subject, the
relationships of different subjects, relevance of different
subjects, and so on.

Multilevel Browsing System.Multilevel browsing is incor-
porated into BIRS to support layering so that users can slice
and dice to get different levels of information about inter-
esting topics (Dillon, 1992; Ingwersen, 1984; Saracevic,
Mokros, Su, & Spink, 1991). For example, three levels of
details are available for the keyword map as shown in
Figure 11. The top level (level A) offers an overview of the
IR field. Clicking on a cluster results in a more detailed map
of the specific cluster (level B). Clicking on an appropriate
keyword results in the 20 most relevant associated key-
words (level C).

Common User Interface.A common user interface enables
end users to search all kinds of databases regardless of
different searching systems, different working platforms,
different database producer and supplier, such as different
on-line search engines, different library OPAC systems, or
different local or on-line databases. Thus, a common user
interface will result in greater synergy between IR systems
and end users, or even providers, distributors, and informa-
tion professionals. The importance of the common user
interface has been highly emphasized in many works (Brad-
ley, 1995; Chowdhury, 1999; Chowdhury & Chowdhury,
1999). In BIRS, the common user interface is used to link
seven different Web search engines, one university OPAC
system, and two on-line database systems together (Fig. 2).

FIG. 3. BIRS main search page.
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This list may be expanded and additional information re-
sources can be linked as and when necessary.

User Evaluation

A preliminary evaluation of BIRS was conducted in
summer of 1999 with 35 subjects at the Nanyang Techno-
logical University (NTU). The evaluation aimed to address
the following research questions:

(1) Does BIRS help users form their queries?
(2) Does BIRS help users expand their queries?
(3) Does BIRS help users better understand their search

domain?
(4) Does the BIRS’s common user interface provide a

convenient way to help users search for information
from a variety of sources, including the Web, library
OPAC, and on-line databases?

(5) Are the information maps of BIRS helpful in guiding
the search process?

Experimental Design

The experiment consisted of two parts: searching without
BIRS, and searching with BIRS. It was carried out in the
following sequences:

(1) The subjects were asked to choose one search topic
from the six topics provided in the questionnaire.

(2) The researchers (i.e., the authors) provided an overview
of BIRS, highlighting the basic theory, important func-
tions of the system, and the procedure for using the
system.

(3) The subjects were asked to conduct the search without
BIRS. They needed to form or refine their own queries
based on the their own understanding of the chosen
search topic. They selected a Web search engine, library
OPAC, or on-line database for the search. The first 20
records of the results were retrieved.

(4) The subjects made their relevance judgments as “Rel-
evant” and “Not Relevant.” For each record in the result
set, judgments were made to indicate the relevance of
that record to the search question. Relevance was not
defined, but was left to individual interpretation by the
subjects.

(5) In the second part of the experiment, the subjects con-
ducted their search on the same search topic using
BIRS. They familiarized themselves with BIRS’s func-
tionality. They used BIRS to get a better understanding
of the IR domain, reformed and expanded their queries
by choosing relevant authors, appropriate journals and
keywords with high similarities.

(6) The subjects subsequently went back to use the same
Web search engine, library OPAC, or on-line database

FIG. 4. Example of different contents in three frames.
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to conduct the search again, but based on the reformed
or expanded queries. The same relevance judgments
were made on the new results based on the expanded
queries.

(7) The subjects were asked to compare the two sets of
results to judge whether the results were improved
based on the expanded queries. They were also asked to
comment on BIRS. In particular, they were asked about
likes, dislikes, ideas for improvements, such as which
set of results they are satisfied with and whether BIRS
did help them form and expand their queries, and what
are the problems of this system and how to improve
them.

General Information About the Subjects

Twenty-nine subjects are postgraduate students undergo-
ing their higher degree in Information Studies. Among
them, 24 were second-year students undergoing their Mas-
ters degree in Information Studies, and 5 were Ph.D. stu-
dents in Information Studies. The remaining six subjects are
employees of IT-related companies. All used Internet very
frequently, and have more than 2 years of Internet searching
experience. They are familiar with the popular web search
engines like Yahoo, Infoseek, Alta Vista, and so on. They
are also familiar with different search environments, such as
Web search engines, library OPACs, and on-line databases.

When they began to perform a subject search in the
experiment, 11 (31%) subjects did not have a very good
understanding of the search domain, 8 (23%) subjects could
not find proper words to form their queries, and 19 (54%)
subjects could not find proper words to expand their queries.
These are common searching problems, which have been
described and reviewed in the literature (Bates, 1986, 1998).

The subjects reported that they would like to have an
online interactive system that can:

(1) help them better understand their search domain (27
subjects, 77%)

(2). help them form their queries (30 subjects, 86%)
(3) help them expand their queries (30 subjects, 86%)
(4) provide information about famous researchers or im-

portant journals in the search domain (31 subjects, 89%)
(5) provide group of keywords that are related to the chosen

keyword (30 subjects, 86%)
(6) help the user send a query to any system (Web search

engine, OPAC, and on-line database) from the same
interface (27 subjects, 77%)

User Feedback

Major points that emerged from the subjects’ feedback
are as follows:

FIG. 5. Expand and refine the query in the BRIS homepage.
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1. Understanding of the IR area: 28 (80%) subjects got a
good or very good understanding of the IR area with the
help of BIRS; 7(20%) subjects did not improve their
understanding of the IR area by using BIRS; 31 (89%)
subjects chose the Keyword aspect as the most useful
part in getting a better understanding of the IR area.

2. Form and expand query: 27 (77%) subjects agreed that
the BIRS system can greatly help them form and expand
their queries; 5 (14%) subjects were neutral, and 1(4%)
subject agreed partially; 32 (91%) subjects chose the
Keyword aspect as the most important part to help them
form and expand queries; 12 (34%) subjects selected the
Author aspect, and 10 (29%) subjects selected the Jour-
nal aspect as necessary compliments to help them form
and expand their queries. In the Keyword aspect, 25

(71%) subjects could find keywords located near their
search terms according to the keyword maps, and 21
(60%) subjects could find the keywords with high sim-
ilarity with their search terms according to the top 20
relevant keyword lists.

3. Multilevel browsing system: 25 (71%) subjects indicated
good satisfaction with the multilevel browsing system; 9
(26%) subjects were neutral; and 1(3%) was partially
satisfied.

4. Information visualization: 28 (80%) subjects gave good
or very good comments on the helpfulness of the infor-
mation visualization feature of BIRS. Subjects liked the
maps, and could quickly determine which area of the
map had the most interesting topics; and that they could
zoom in the special areas for closer inspection. Three

FIG. 6. The BIRS flow chart.
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(9%) subjects were neutral on this aspect and 1 (5%)
subject thought the information visualization feature was
only partially helpful.

5. Common search interface: 24 (69%) subjects thought it
was easy to follow; 11 (31%) subjects thought there was
no need to know different search engines; 12 (34%)
subjects thought there was no need to go to different
search engines, library OPAC or online databases to
search; 12 (34%) subjects thought it can save time; and
11 (31%) thought it was easy to compare the results from
different search engines.

6. Search query improvement: Using BIRS, 15 (43%) sub-
jects added new author names, 9 (26%) subjects added
new journal names and 22 (63%) subjects added new
keywords to expand and refine their queries, while these
subjects have experienced problems to form their queries
before using the BIRS system:
(a) Authors: the author names selected from the author

cocitation maps could be more useful in an library

OPAC and on-line database (e.g., LISA or Dialog),
than Web searching, because users can get the
newly added authors’ published articles or books
directly from the library OPAC and on-line database
while they are unlikely to get anything relevant from
the Web unless these authors’ homepages are pub-
licly available. However, once users can find these
authors’ homepages, they can capture other valuable
information, such as, his/her biography, research
interests, affiliated research groups, current projects,
personal academic links, and so on. In the current
evaluation, 15 subjects added new author names to
their refined queries, among them, 8 added one new
author name, 5 added two new author names, and 2
added three new author names.

(b) Journals: journal cocitation maps are good at intro-
ducing journal’s name, function, and publication
scope to the end-users, especially novices. If users
add new journal names to their refined queries, they
can acquire information, such as, the abstracts of the
articles published in this journal from online data-
bases (such as LISA or Dialog) or Library OPACs.
Sometimes, if luckily, this journal’s homepage is

FIG. 7. Author map.

FIG. 8. Journal map.

FIG. 9. Overview keyword map.

FIG. 10. Detail keyword map.
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available, they can gain other additional informa-
tion, such as journal’s editorial policy, call for pa-
pers, author’s notice for publication, other useful
links, and so on. In the current evaluation, nine
subjects added new journal names to refine their
queries, three added one new journal name, five
added three new journal names, and one added four
new journal names.

(c) Keywords:almost all subjects (91%) highlighted the
keyword aspect as the most helpful tool to form and
expand their queries. It is understandable because
keyword searching is always the most frequently
used search method in all types of IR system. It is
also the basic unit for indexing and cataloging, and
basic search unit in full or free text retrieval sys-
tems. In the current evaluation, 22 subjects added
new keywords to their revised queries. The numbers
of newly added keywords differ from 1 (five sub-
jects) through 7 (one subject). Most of the 22 sub-

jects added one to three new keywords to their new
queries (see Fig. 12).

Discussion

The evaluation pointed out problems of BIRS in two
major areas: system problems and user interface design
issues. On the system problems, some subjects criticized
that BIRS was not real-time or on-line but static (“How
come these maps are same when I conduct a different
search?”). Some subjects could not find any results from
some Web search engines based on the expanded queries
because they all chose AND as the Boolean operator that
made their queries very restrictive. Some subjects com-
mented that “choosing the relational keywords, AND, OR,
NOT must be done carefully. This depend on the user’s
knowledge of choosing the correct combination,” and that
the “the expanded queries may be meaningless after choos-

FIG. 11. Multilevel browsing feature of the BIRS.
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ing all the added items for the BIRS with AND, OR, NOT
operations.” In this instance, we only aimed to test whether
the basic ideas of this system can help user form and expand
their queries. Choosing the Boolean operator, and its com-
bination, is based on the user’s understanding of the search
questions and expertise in the search process. It is a com-
mon problem that if a query is restrictive, then either the
right information is obtained or no information is obtained.
The users’ original queries are also very important because
many researches noted that query expansion led to the
greatest improvement in performance when the original
query gave reasonable retrieval results, whereas expansion
was less effective when the original query had performed
badly (Frants, Shapiro, Taksa, & Voiskunskii, 1999; Peat &
Willett, 1991).

On the user interface design issues, some subjects com-
plained that it was difficult to understand some maps
(“There were too many items in some maps and there was
no way to scan them quickly”). Some subjects tended to get
lost or confused (“How do you determine what level of the
map you are on?,” “Am I in the author map or others?,” and
“I forget where I am and how I got here”). Difficulty to
understand the maps for nonbibliometric researchers is a
common problem in bibliometric research area (Noyons,
Mode, & Luwel, 1999).

In summary, this preliminary evaluation indicated that
BIRS was found useful in assisting query formation and
expansion, and provided a useful means to acquire back-
ground information about the domain area in one integrated
system. The information visualization, multilevel browsing,
and common user interface are also deemed as novel char-
acteristics of BIRS.

Conclusion

Users of information retrieval often face the critical
problem to form and expand their queries (Bates, 1986;
Chowdhury, 1999; Peat & Willett, 1991; Voorbij, 1999).
We have attempted to incorporate and integrate the results
of an on-going bibliometric research to form BIRS to help
users in query formulation and expansion, and to help them

acquire new knowledge about the domain. The results of the
user evaluation of the BIRS confirm that this system can
help user form and expand their queries as well as aid users
to better understand the information retrieval domain area.
User feedback also clearly indicates that users like the
graphical nature of information organization, multilevel
browsing system, and common search interface.

As this is a first version of BIRS, many areas need further
refinement, enhancing, and development. It is also undeni-
able that BIRS needs to be extended to cover larger subject
domains to make it more useful to a wider community of
users. With the availability of results of on-going biblio-
metric research and careful organization or information, this
should become possible, because BIRS was designed to be
extensible, not only to incorporate new maps or other forms
of data representation, but also to incorporate additional or
new forms of search engines, thereby providing a useful
one-stop tool for information retrieval sessions. All this,
together with the suggestions from the subjects in the user
study, provides much scope for future work on BIRS.
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