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The rapid growth of the non-English-speaking Internet
population has created a need for better searching and
browsing capabilities in languages other than English.
However, existing search engines may not serve the
needs of many non-English-speaking Internet users. In
this paper, we propose a generic and integrated ap-
proach to searching and browsing the Internet in a mul-
tilingual world. Based on this approach, we have devel-
oped the Chinese Business Intelligence Portal (CBiz-
Port), a meta-search engine that searches for business
information of mainland China, Taiwan, and Hong Kong.
Additional functions provided by CBizPort include en-
coding conversion (between Simplified Chinese and Tra-
ditional Chinese), summarization, and categorization.
Experimental results of our user evaluation study show
that the searching and browsing performance of CBiz-
Port was comparable to that of regional Chinese search
engines, and CBizPort could significantly augment these
search engines. Subjects’ verbal comments indicate that
CBizPort performed best in terms of analysis functions,
cross-regional searching, and user-friendliness, whereas
regional search engines were more efficient and more
popular. Subjects especially liked CBizPort’s summarizer
and categorizer, which helped in understanding search
results. These encouraging results suggest a promising
future of our approach to Internet searching and browsing
in a multilingual world.

Introduction

As the Internet grows in popularity worldwide, more
users want to access Web content in their native languages.
A report published in September 2002 shows that the ma-
jority of the total global online population (63.5%) lives in
non-English-speaking areas (Global-Reach, 2002). More-
over, that population was estimated to grow from 403.5
million in 2002 to 657 million in 2004 (a growth rate of
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62.8%), while the population of English-speaking users only
will grow from 230.6 million to 280 million during the same
period (a growth rate of 21.4%). The lower growth rate of
English-speaking online population suggests that the impor-
tance of English on the Internet will decline in the future.

Instead of relying on English, more non-English-speak-
ing users are expected to use their native languages when
searching and browsing the Web. However, existing search
engines may not serve their needs, because most technolo-
gies have been developed for English-speaking users. To
facilitate Internet searching and browsing in a multilingual
world, an approach that can be generically applied to any
language and that integrates existing search-engine technol-
ogies should benefit both business and general users.

The Chinese language provides a good example. Chinese is
the primary language for people in mainland China, Hong
Kong, and Taiwan, where emerging economies are bringing
tremendous growth to the Internet population. In mainland
China, the number of Internet users has been growing at 65%
every 6 months since 1997 (CNNIC, 2002). Taiwan and Hong
Kong lead the regions by having the highest Internet penetra-
tion rates in the world (ACNelisen, 2002). The need for search-
ing and browsing Chinese business information on the Internet
is growing just as quickly, and the generic and integrated
approach is applicable to address the need.

In this paper, we aim to achieve better understanding of
human interaction and analysis with automated systems
developed for Internet searching and browsing in a multi-
lingual world. This paper contributes to both the system and
human aspects of information seeking. On the system as-
pect, we believe that our approach has generic applicability
and can assist human analysis. On the human aspect, our
study contributes to the understanding of the needs of cross-
regional information seeking.

Literature Review

In this section, we review various issues related to Inter-
net searching and browsing in a multilingual world. These
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include human information-seeking models, approaches to
information-seeking research, and Web searching in a mul-
tilingual world.

Human Information Seeking

Information seeking in electronic environments (such as
the Internet) has been studied in previous research that
typically adopts a process model. The process consists of
various stages of problem identification, problem definition,
problem resolution, and solution presentation (Wilson,
1999). Variations of the process model also can be found in
literature (Kuhlthau, 1998; Marchionini, 1995; Sutcliffe &
Ennis, 1998). Ellis (1989) studied the patterns of academic
information-seeking behavior and found six features of so-
cial scientists’ individual information-seeking patterns. Sut-
cliffe and Ennis (1998) succinctly described four stages in
their process model of information searching: problem iden-
tification, need articulation, query formulation, and results
evaluation. By “information searching,” they consider a
range of behaviors from goal-directed information search-
ing, where the user has a specific target in mind, to more
serendipitous or exploratory information browsing when no
specific goal is present besides the intention to explore the
information repository. Depending on the degree of goal-
directedness, searching and browsing can occur differently
in each of the four stages. In directed searching, the user
first decomposes his goal into smaller problems, then ex-
presses his needs as concepts and higher level semantics,
formulates queries using such supports as Boolean query
languages and syntax-directed editors, and finally evaluates
the results by serial search or systematic sampling. In ex-
ploratory browsing, the user first transforms his general
information need into a problem, then articulates his needs
as search terms or hyperlinks that appear on the system
interface, searches using the terms or explores the hyper-
links using such browse supports as concept maps, auto-
matic summarization, and hypertext, and finally evaluates
the results by scanning through them.

Marchionini and Shneiderman (1988) defined browsing
as “an exploratory, information seeking strategy that de-
pends upon serendipity.” Chang and Rice (1993) stated that
browsing is a direct application of human perception to
information seeking. Spence (1999) defined “browse” as the
registration of content into a human mental model. Having
compared various definitions, Chung, Chen, & Nunamaker
(2003) defined “browsing” as an exploratory information-
seeking process characterized by the absence of planning,
with a view to forming a mental model of the content being
browsed.

As the Internet evolves to be a major information-seek-
ing platform, the human-computer interaction aspect of the
process model has been addressed in recent research. Two
approaches are found in previous research, namely, a sys-
tem-centered approach (e.g., Chen, Lally, Zhu, & Chau,
2003; Chung et al., 2003; Furnas & Zacks, 1994; Gloor,
1991; Greene, Marchionini, Plaisant, & Shneiderman, 2000;

Lin, 1997; McDonald & Chen, 2002; Zhu, Leroy, Chen, &
Chen, 2002) and a user-centered approach. We only review
the user-centered approach here.

The user-centered approach of information seeking con-
cerns the behavioral and cognitive aspects of the informa-
tion seekers. Under the approach, human information seek-
ing has been described as a behavior that includes questions,
dialogue, and social and cognitive situations, associated
with a user’s interaction with an information retrieval sys-
tem ((Kuhlthau, 1993; Kuhlthau, Spink, & cool, 1992;
Saracevic, Kantor, Chamis, & Trivison, 1988). The infor-
mation-seeking process involves user judgments, search
tactics or moves, interactive feedback loops, and cycles
(Spink, 1992; Spink & Saracevic, 1997). Previous research
has dealt with issues relating to user cognitive structure
(Ingwersen, 1992) and factors affecting user-intermediary
interaction process (Saracevic, 1996). However, relatively
little research was done to study the perception of informa-
tion seekers in the context of Internet information seeking in
a multilingual world (an example of such research is Spink,
Ozmutlu, Ozmutlu, & Jansen, 2002). Considering the mul-
tiple cross-regional information sources that are typically
used, two issues deserve more attention: the quality of
information sources and regional impacts.

Information quality is considered to be an important
aspect of evaluating the quality of a Web site (Loiacono,
1999). It is a multi-faceted concept that has been explored in
recent research (Ballou & Pazer, 1985; Huang, Lee, &
Wang, 1999; Redman, 1996; Wang & Strong, 1996). A
Web site with high information quality is expected to facil-
itate searching and browsing. To evaluate information qual-
ity, a set of 16 dimensions was developed and was tested in
Pipino, Lee, and Wang (2002). They were mainly used in
evaluating the quality of information of organizations or
companies, but not in evaluating the quality of information
obtained from search engines. Previous research assumed
that equal weightings were applied to these dimensions
(Kahn, Strong, & Wang, 2002). However, such an assump-
tion may not be valid for evaluating information of domains
that emphasize different dimensions differently.

As a language can be used in more than one region or
country, regional impacts arise because of different cultural,
social, and economic environments. For example, Chinese
is used differently and has different encodings and vocab-
ularies in Taiwan, Hong Kong, and mainland China. Spink
et al. (2002) compared the searching behaviors of FAST
search engine users (who are largely European) with those
of Excite search engine users (who are largely American)
and found that FAST users input queries more frequently
while Excite users focused more on e-commerce topics.
These results suggest a potential for regional differences in
the public Web, arising from possible cultural and social
differences. However, their studies focused only on query
and topic differences and did not reveal differences in
search-engine effectiveness. In the context of Web search-
ing in a multilingual world, the evaluation of regional im-
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pacts should improve understanding of optimal design of
search engines and portals.

Web Searching in a Multilingual World: Search Tools
and Technologies

As more non-English speaking people use the Internet to
search and browse information, major search engines have
been trying to expand their services to non-English speak-
ers. Also, regional search engines are emerging to provide
more localized searching. In addition to English, they typ-
ically accept queries in a user’s native language and return
pages from the regions being served. The following presents
a survey of major search engines in Chinese, the most
popular non-English language used on the Internet (Global-
Reach, 2002). The features, contents, and functions are
discussed.

Chinese is the primary language used by people in main-
land China, Taiwan, and Hong Kong. Language encoding,
vocabularies, economies, and societies of the three regions
differ significantly. Regional search engines, therefore, have
been developed to provide Internet searching.

In mainland China, the major search engines include
Sina and Baidu. Baidu (http://www.baidu.com) currently
powers over 80% of Internet search services in China,
including ChinaRen, 163.net, etc. The database of Baidu
stores over 60 million Web pages collected from mainland
China, Hong Kong, Taiwan, and Singapore, and grows at a
speed of several hundreds of thousands of Web pages per
day. Sina (http://www.sina.com.cn) is an Internet portal
providing comprehensive services such as Web searching,
e-mail, news, business directory, entertainment, weather
forecast, etc. From our review of search engines in mainland
China, we found that Baidu has better search capabilities
than the others, as shown by its content coverage. Sina has
a wider scope of functions than Baidu.

In Taiwan, the two major Internet search portals are
Openfind and Yam. Openfind (http://www.openfind.com.
tw), established in 1998, is one of the largest portals in
Taiwan. In addition to basic searching, Openfind suggests
terms that are highly associated with users’ queries to help
them refine their search. It also allows users to find more
related items from each search result and highlights the
query terms in the results. Established in 1995, Yam (http://
www.yam.com) provides comprehensive online services.
Its four major focuses are content, communication, commu-
nity, and commerce (4C). Yam’s search engine allows users
to search various media: Web sites, Web pages, news,
Internet forum messages, and activities (in 18 Taiwan cities
or regions). We found that Openfind has better functionality
and content coverage, but Yam was better established in the
local market (e.g., it powers the search function of the
Taiwan government’s Web sites).

In Hong Kong, due to its bilingual culture, people rely on
both English and Chinese when accessing and searching the
Internet. Major search portals include Yahoo Hong Kong
and Timway. Of these, Yahoo Hong Kong (http://hk.

yahoo.com) is one of the most popular. Yahoo Hong Kong’s
search engine returns results in different categories, Web
sites, Web pages, and news. Headquartered in Hong Kong,
Timway (http://www.timway.com) provides services such
as Web searching, Web directory, e-mail, news, forums, etc.
Its database stores over 30,000 Hong Kong Web sites and
over 10 million Web pages. Although Timway claims to be
the search engine for Hong Kong people, its content cov-
erage is smaller than that of Yahoo Hong Kong. The func-
tions of the two search engines are similar.

Table 1 summarizes the content coverage and function-
ality of the major search engines in the three Chinese
regions. It shows that these search engines have similar
types of content but their sizes and functions differ. Most
search engines only search for information about their own
regions. Some search engines have different versions for
different regions, but users need to visit different Web sites
to perform searching. Thus, their Web page collections are
not comprehensive with respect to the Greater China re-
gions. Furthermore, none of the existing search engines uses
meta-searching to collate and integrate different business
information sources, or provides post-retrieval analysis for
assessment and exploitation of business information.

In general, English search engines are better developed
than Chinese search engines in terms of their coverage and
functions. The reasons are twofold: English search engines
rely on techniques developed in the information retrieval
field but Chinese information retrieval techniques are less
mature. The word segmentation problem also contributes to
the different levels of development of technologies. For
English, words are segmented by spaces. For Chinese,
words (or characters) are not clearly segmented, making it
hard to extract meaningful semantic units from a text. To
overcome problems caused by the nature of a specific lan-
guage, a generic approach is needed to build search engines
in any language. From previous research (such as Kwok,
1997; Ong & Chen, 1999), we conclude that a statistical
approach is more generic than a linguistic approach because
the former is not affected by linguistic differences.

Summary: Research Gaps

From our literature review, three research gaps were
identified. First, the rapid growth of non-English Web con-
tent aggravates information overload for Internet searching
and browsing in a multilingual world. However, technolo-
gies for non-English Web searching are not as mature and
well developed as those for English Web searching. Second,
human perception on the information quality and regional
impacts of cross-regional information sources has not been
explored in previous research. Third, how human analysis
can be assisted by automated information preview and over-
view has not been widely explored.

Research Questions

The three research questions addressed in our study are:
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TABLE 1. Comparing major Chinese search engines.

Web pages and news on

China Hong Kong Taiwan
Baidu Sina Timway Yahoo HK Yam Openfind
Content
IT v J v J J v
Business J / v / v v
Government v v Vv J/ Vv v
Financial v / Vv J/ v v
Medical v / v J/ v v
General v Vv Vv J/ v v
Size of collection Very good Good Fair Very good Good Very good
Functionality

Encoding conversion v / v/
Links to related resources J v J/ v
Membership services J / v
Newsgroup search v v
Web directory N v v v
Search for Web sites / v v v v
Search stock prices
Search by time period v
Search for news v / v J/ v v
Multimedia search (image, music, software, etc) N v v
Term suggestion N J v
User interface Good Fair Good Very good Very good Very good

1. How can we develop an approach to Internet searching
and browsing in a multilingual world such that it can be
used to extract meaningful phrases from any human
languages, to integrate information from different
sources, and to provide automatic summarization and
categorization of search results?

2. How can human analysis be made more effective (as
measured by accuracy of tasks performed and users’
subjective evaluation) by using an automated informa-
tion-seeking tool developed using the approach?

3. What is the human perception on the improvement in
information quality and regional impacts (measured by
users’ subjective evaluation) brought about by the tool
(mentioned in Question 2) in comparison with existing
search engines?

A Knowledge Portal Approach: System Design
and Architecture

In this section, we answer Research Question 1 by pre-
senting a knowledge portal approach to Internet searching
and browsing in a multilingual world. We termed our ap-
proach the “knowledge portal approach” because we con-
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sider “business intelligence” obtained from our search por-
tal as a form of knowledge that reveals underlying patterns
and structures of information. Our approach uses the mutual
information algorithm to identify as meaningful phrases
significant patterns from a large amount of text in any
language (Church & Hanks, 1989; Ong & Chen, 1999). The
method is an iterative process of identifying significant
lexical patterns by examining the frequencies of word co-
occurrences in a large amount of text, thus applicable to any
language. In addition, our approach integrates information
from different sources and provides analysis capabilities.
Meta-searching was used to obtain timely and precise in-
formation (Chen, Fan Chau, & Zeng, 2001). Preview (sum-
marization) and overview (categorization) of retrieved Web
pages were used to provide added value to searching and
browsing (Greene et al., 2000; Zhu et al., 2002).

The domain of Chinese business was selected as the
theme of the portal to be developed using our approach
because of the growing importance of the Chinese lan-
guage on the Web and the emerging roles of Chinese
economies. “Greater China” is composed of three re-
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FIG. 1.

gions: mainland China, Taiwan, and Hong Kong. With
the rapid growth of regional economies and global eco-
nomic integration, an efficient one-stop portal for search-
ing and browsing cross-regional business information is
needed. Because Chinese business information sources
are numerous, diverse, and have varying quality, infor-
mation overload becomes an issue. Users are more con-
cerned with business intelligence than business informa-
tion. Business intelligence (BI) is obtained through the
acquisition, interpretation, collation, assessment, and ex-
ploitation of information in the business domain (Chung
et al., 2003). Professionals such as business consultants,
marketing executives, and financial analysts are heavily
involved in the discovery of BI. The quality of their work
relies mainly on the capability of the tools they use to
obtain business information. Since existing Chinese
search engines provide business information rather than
business intelligence, there is a need for a better Chinese
search portal that integrates results from the three re-
gions.

Figure 1 shows the system architecture of the Chinese
Business Intelligence Portal (CBizPort) that has been devel-
oped using our approach. (Because of space limitation of
this special issue, we only provide a brief description of the
system here. Readers are encouraged to visit our Web site
at: http://ai.bpa.arizona.edu/go/dl/cbizport.html.)

CBizPort has two versions of user interface—Simplified
Chinese and Traditional Chinese—that have the same look
and feel. Relying on a conversion dictionary with 6,737
Chinese characters in each of the two encodings (Big5 and
GB2312), the encoding converter is used to convert all
Chinese characters into the encoding of the interface ver-
sion. The eight information sources selected for CBizPort’s
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System architecture of CBizPort.

meta-searching are major Chinese search engines or busi-
ness-related portals from the three regions. The CBizPort
summarizer was modified from an English summarizer
called TXTRACTOR that uses sentence-selection heuristics
to rank text segments (McDonald & Chen, 2002). Relying
on two Chinese phrase lexicons to extract phrases, the
CBizPort categorizer organizes the Web pages into various
folders labeled by the key phrases appearing in the page
summaries or titles. Figure 2 shows screen shots of the
system.

Evaluation Methodology

In this section, we describe our methodology used to
evaluate CBizPort. We present the objectives, experimental
tasks, hypotheses, and design as follows.

Objectives and Experimental Tasks

Our evaluation objectives were threefold: (1) to evaluate
the performance of the summarizer as a preview function
and categorizer as an overview function to study how ef-
fective they can assist human analysis; (2) to compare
CBizPort with regional Chinese search engines to study its
effectiveness and usability; and (3) to evaluate human per-
ception on information quality and regional impacts of
CBizPort, in comparison with existing regional Chinese
search engines.

To evaluate how the search engines assist human analy-
sis, scenario-based search tasks and browse tasks consistent
with TREC standards were designed (Voorhees & Harman,
1997). An example of a search task is “find two cities in
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FIG. 2. Screen shots of CBizPort.

mainland China that Motorola has set up its manufacturing
operations.” An example of a browse task is “describe, in a
number of distinct themes, the economic impacts of remov-
ing trade barriers between mainland China and Taiwan
towards Hong Kong” (see Fig. 2). The theme identification
method was used to evaluate performance in browse tasks
(Chen et al., 2001).

To achieve the first objective, we compared the perfor-
mances of CBizPort’s summarizer and categorizer with not
using them. To achieve the second objective, we selected a
search engine from each of the three regions as a benchmark
against which to compare CBizPort. Based on our literature
review, we used Sina, Yahoo Hong Kong, and Openfind as
our benchmarks. Although Yahoo Hong Kong has been
selected as a meta-search engine in CBizPort, we chose it
again as a benchmark search engine because of its famil-
iarity among Hong Kong people and its rich content. To
achieve the third objective, we designed tasks that required
users to search for information from regions different from
their places of origin to compare the performances of CBi-
zPort and benchmark search engines. In addition, qualitative
data in the form of subjects’ comments and actions were
recorded to provide more details about their behaviors and
feedback.
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Hypotheses

Four groups of hypotheses were tested (see Table 2). To
compare the effectiveness of the systems, we used accuracy
for search tasks, and precision and recall for browse tasks.
Accuracy refers to how well the system helped users find
exact answers to search tasks. Precision measured how well
the system helped users find relevant results and avoid
irrelevant results in browse tasks. Recall measured how well
the system helped users find all the relevant results in
browse tasks. A single measure called F value was used to
combine recall and precision (Shaw, Burgin, & Howell,
1997). The formulae used to calculate the above metrics are
stated below.

Number of correctly answered parts

Accuracy = Total number of parts

Precision

_ Number of relevant results identified by the subject

Number of all results identified by the subject

823



TABLE 2. Hypotheses tested in the experiment.

Code

Hypothesis

1. CBizPort’s assistance in human analysis

H1.1 CBizPort’s summarizer significantly improves the effectiveness of searching
H1.2 CBizPort’s summarizer significantly improves the effectiveness of browsing
H1.3 CBizPort’s categorizer significantly improves the effectiveness of searching
H1.4 CBizPort’s categorizer significantly improves the effectiveness of browsing

2. Search engine performance comparison

H2.1 For general search tasks, CBizPort performs similarly to regional Chinese search engines in terms of effectiveness

H2.2 For general browse tasks, CBizPort performs similarly to regional Chinese search engines in terms of effectiveness

H2.3 For cross-regional search tasks, CBizPort is more effective than regional Chinese search engines

H2.4 For cross-regional browse tasks, CBizPort is more effective than regional Chinese search engines

H2.5 A combination of CBizPort and a regional Chinese search engine is more effective than CBizPort in searching

H2.6 A combination of CBizPort and a regional Chinese search engine is more effective than CBizPort in browsing

H2.7 A combination of CBizPort and a regional Chinese search engine is more effective than CBizPort’s summarizer in searching

H2.8 A combination of CBizPort and a regional Chinese search engine is more effective than CBizPort’s summarizer in browsing

H2.9 A combination of CBizPort and a regional Chinese search engine is more effective than CBizPort’s categorizer in searching

H2.10 A combination of CBizPort and a regional Chinese search engine is more effective than CBizPort’s categorizer in browsing

H2.11 For general search tasks, a combination of CBizPort and a regional Chinese search engine is more effective than regional Chinese
search engine

H2.12  For general browse tasks, a combination of CBizPort and a regional Chinese search engine is more effective than regional Chinese
search engine

H2.13  For cross-regional search tasks, a combination of CBizPort and a regional Chinese search engine is more effective than regional Chinese
search engine

H2.14

search engine

3. Users’ subjective evaluations

For cross-regional browse tasks, a combination of CBizPort and a regional Chinese search engine is more effective than regional Chinese

H3.1 CBizPort provides a higher information quality than regional Chinese search engines

H3.1a In terms of presentation quality and clarity, CBizPort provides a higher information quality than regional Chinese search engines
H3.1b  In terms of coverage and reliability, the information quality of CBizPort is similar to that of regional Chinese search engines
H3.1c In terms of usability and analysis quality, CBizPort provides a higher information quality than regional Chinese search engines
H3.2 CBizPort has a better cross-regional searching capability than regional Chinese search engines

H3.3 CBizPort users achieve a higher overall satisfaction than regional Chinese search engines’ users

4. Additional hypotheses

HA1 Search performance of the three regional Chinese search engines is not significantly different
HA2 Browse performance of the three regional Chinese search engines is not significantly different
Recall

_ Number of relevant results identified by the subject

~ Number of relevant results identified by the expert

2 X Recall X Precision
Recall + Precision

F value =

Hypotheses on CBizPort’s enhanced analysis capabilities.
In H1.1-H1.4, we hypothesized that the use of CBizPort’s
summarizer and categorizer could significantly improve the
searching and browsing performance of CBizPort because
the summarizer could extract key sentences from Web
pages, thereby saving users’ time in browsing and the cat-
egorizer could classify Web pages into groups, thereby
providing analysis capability that is not widely found in
regional Chinese search engines.

Hypotheses on search engine performance comparison. In
H2.1 and H2.2, we hypothesized that CBizPort would per-

form similarly to regional Chinese search engines for gen-
eral search and browse tasks because the two systems have
comparable advantages. (“General search and browse tasks”
refers to tasks that may or may not ask for information about
a particular region that is different from a subject’s place of
origin.) CBizPort was good at integrating results from dif-
ferent information sources while regional Chinese search
engines provided deep coverage of the regions they served.
In H2.3 and H2.4, we believed that CBizPort’s ability to
integrate information sources from the three regions pro-
vided more comprehensive coverage of search results.
(“Cross-regional search and browse tasks” refers to tasks
that require a subject to find information about a particular
region that is different from his/her place of origin.)

In H2.5-H2.14, we believed that a combination of
CBizPort and a regional Chinese search engine could aug-
ment the insufficiencies in both systems and provide the
highest quality of searching and browsing. Since we ex-
pected to obtain significantly different results from the two
systems, combining the results from them would signifi-
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cantly increase recall but create only a small change in
precision. Through this arrangement, we tried to mimic a
situation in which each subject was allowed to use CBizPort
and a benchmark search engine together to solve the same
problem.

Hypotheses on users’ subjective evaluations. In H3.1-
H3.3, we believed that CBizPort has better information
quality because, unlike commercial search engines, CBiz-
Port provides a clean, user-friendly interface. Also, we
believed that CBizPort performed similarly to regional
search engines in the dimensions classified under “Coverage
and reliability” (H3.1b) because the former provides com-
prehensive coverage of the three regions while the latter
mainly have regional coverage. In H3.2, we hypothesized
that CBizPort had a better cross-regional searching capabil-
ity because of its ability to integrate results from the three
regions. Based on the cited advantages of CBizPort, we
therefore believe that CBizPort’s users achieved higher
overall satisfaction ratings (H3.3).

Additional hypotheses. In this experiment, we assumed that
the three chosen benchmark search engines (Sina, Yahoo
Hong Kong, and Openfind) belonged to the same category
called “regional Chinese search engines” and had similar
searching and browsing capabilities. Such an assumption
was tested in HA1 and HA2. We expected that the perfor-
mances of the three benchmarks would not be significantly
different from each other, thus allowing us to compare
CBizPort with the entire category (but not individual search
engines).

Experimental Design

Thirty University of Arizona’s Chinese students, ten
from each region, were recruited as subjects of the experi-
ment. Each of them received a fixed amount of money as an
incentive for their voluntary participation in our experiment.
The number of subjects was the same for all regions, as we
wanted to maintain equal influence of regional impacts.
Each subject’s name, age range, gender, education level,
and computer literacy were recorded, but were kept confi-
dential in accordance with the Institutional Review Board
(IRB) Guidebook.'

The experiment required each subject to perform 5
search tasks and 5 browse tasks. A time limit of 4 minutes
was imposed on each search task and 5 minutes on each
browse task. Among the 10 tasks, 3 search tasks and 3
browse tasks were performed using CBizPort (either general
search capability, or general search plus summarizer, or
general search plus categorizer was used), and 2 search
tasks and 2 browse tasks were performed using the bench-

'The IRB Guidebook can be found at http://ohrp.osophs.dhhs.gov/irb/
irb_guidebook.htm.

mark search engine from the region of a subject’s origin
(one task was about information seeking within the region
of the subjects’ place of origin and the other was about
seeking information from a region different from subjects’
place of origin). All tasks were randomly assigned to dif-
ferent questions to avoid bias due to task content. A pilot
test involving three subjects was conducted to evaluate the
appropriateness of the tasks before they were actually used
in the experiment. In the pilot test, we found that the
subjects used all the time assigned for most search and
browse tasks regardless of the system they used. Limited by
the duration of the whole experiment (approximately one
hour), we decided not to allocate more time to the tasks and
focused only on studying the effectiveness and usability
(but not efficiency) of the systems.

During the experiment, a subject used each of the two
systems to perform the tasks. The order in which the sys-
tems were used was randomly assigned to the subjects to
avoid bias due to system sequence. As each subject was
asked to perform similar tasks using the two systems, a
one-factor repeated-measures design was used, because it
gives greater precision than designs that employ only be-
tween-subjects factors (Myers & Well, 1995). All verbal
comments were analyzed using protocol analysis (Ericsson
& Simon, 1993).

After finishing the tasks with a system, a subject needed
to rate the system on: (1) the information quality provided
by the system; (2) the ability to retrieve cross-regional
information; and (3) his/her overall satisfaction with the
system. To measure information quality, we modified the
16-dimension construct developed in Wang and Strong
(1996) by dropping the dimension on “security,” which is
not relevant because the information provided by the sys-
tems is already public. In addition, because there are differ-
ent levels of importance in the remaining 15 dimensions, we
invited our experts (as described below) to provide ratings
on the relative importance of different dimensions. Such
ratings were used to weigh the different dimensions of
information quality for the Chinese business domain. Their
ratings as well as the definitions of the 15 dimensions
categorized into three categories are shown in Table 3.

Three experts, one from each region, also were recruited
to provide answers for all browse tasks. The expert from
mainland China has an MBA degree. The Taiwan expert
holds an MS degree in management information systems
and is pursuing a PhD degree in MIS. The Hong Kong
expert is a PhD candidate in Marketing Management and
worked for four years in market research in Hong Kong.

Each expert was assigned three browse tasks that were
related to businesses of his/her own place of origin. To
increase the quality of the experts’ judgment, they were first
required to provide a version of answers they had decided
on after using both CBizPort and other search engines, and
to organize the answers into themes. After the data from all
subjects had been collected, the experts read subjects’ an-
swers and modified the original answers if needed. The final
version of experts’ answers was obtained after this two-step
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TABLE 3.

Definitions of 15 dimensions of information quality and expert ratings.

Average expert

Dimension Definition rating®
Presentation quality and clarity
Accessibility The extent to which information is available, or easily and quickly retrievable 3
Concise representation The extent to which information is compactly represented 3
Consistent representation The extent to which information is presented in the same format 2
Ease of manipulation The extent to which information is easy to manipulate and apply to different tasks 2
Interpretability The extent to which information is in appropriate languages, symbols, and units, and 2.67
the definitions are clear
Coverage and reliability
Appropriate amount of The extent to which the volume of information is appropriate for the task at hand 2.67
information
Believability The extent to which information is regarded as true and credible 2
Completeness The extent to which information is not missing and is of sufficient breadth and depth 2.33
for the task at hand
Free-of-error The extent to which information is correct and reliable 2.67
Objectivity The extent to which information is unbiased, unprejudiced, and impartial 2.33
Usability and analysis quality
Relevancy The extent to which information is applicable and helpful for the task at hand 3
Reputation The extent to which information is highly regarded in terms of its source or content 2.33
Timeliness The extent to which information is sufficiently up-to-date for the task at hand 3
Understandability The extent to which information is easily comprehended 2.33
Value-added The extent to which information is beneficial and provides advantages from its use 3

“Expert rating: 3 = extremely important, 2 = very important, 1 = important.

process and was used to evaluate the performance of the
systems.

Experimental Results and Discussions

In this section, we describe and analyze the results of our
user evaluation study. Table 4 summarizes the system per-
formance in search tasks (measured by accuracy) and
browse tasks (measured by precision, recall, and F value).
Table 5 shows the mean ratings on various dimensions,
Table 6 shows the p values and results of testing various
hypotheses, and Table 7 summarizes subjects’ profiles.

CBizPort’s Assistance in Human Analysis

The results of testing hypotheses H1.1-H1.4 show that
there was no significant difference between the accuracy,
precision, and recall when using or not using CBizPort’s
summarizer or categorizer. We believe that it could be
attributed to the processing speed and time constraint on the
tasks. The summarizer processing time included the time to
fetch and process Web pages from remote servers, some of
which might have slow response times or prevent automatic
spidering, thus undermining the performance of summarizer
(especially when the Web pages contained the answers of
the tasks). In addition, although CBizPort’s summarizer and
categorizer could provide analysis capabilities, the limited
time of the experiment might not be long enough to dem-
onstrate the power of the two functions fully.

Despite non-significant results, we found from subjects’
verbal comments that the summarizer and categorizer actu-
ally helped their searching. Eleven subjects explicitly men-

tioned that the summarizer and categorizer could facilitate
their understanding and searching of results. For example,
subject 5 said: “CBizPort’s summarizer and categorizer are
much more helpful than YahooHK’s general search.” Sub-
ject 26 also said that the summarizer and categorizer “can
easily extract most useful information.” We believe that
CBizPort’s summarizer and categorizer provide helpful
analysis capabilities for users’ search and browse tasks,
thus answering Research Question 2.

Search Engine Performance Comparison

The results of testing hypotheses H2.1-2.14 show that 11
of the 14 hypotheses were confirmed while H2.3, H2.4, and
H2.11 were not confirmed. As the p values of H2.1-H2.4
are very high (ranging from 0.49-0.78), we found that
CBizPort performed similarly to regional Chinese search
engines in both general and cross-regional search and
browse tasks. The fact that hypotheses H2.3 and H2.4 were
not confirmed might result from the additional processing
needed for cross-regional search and browse tasks in which
subjects tended to issue more queries. As a prototype sys-
tem, CBizPort did not process the queries as quickly as
benchmark search engines that were professionally devel-
oped. Moreover, CBizPort searched from different informa-
tion sources while benchmark search engines searched only
from their own databases. The slower speed of CBizPort
may, thus, explain why hypotheses H2.3 and H2.4 were not
confirmed. Nevertheless, benchmark search engines did not
outperform CBizPort. Therefore, we conclude that CBiz-
Port’s searching and browsing performance is comparable

826 JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY—July 2004



TABLE 4. Searching and browsing performance of CBizPort and Benchmark search engines.

Mean Std. deviation
Portal Setting Task Measure performance (%) (%)
CBizPort Basic searching (with neither summarizer Search Accuracy 36.67 45.36
nor categorizer) Browse Precision 58.65 42.78
Recall 22.86 21.85
F value 31.39 25.46
Basic searching + with summarizer only Search Accuracy 25.00 41.00
Browse Precision 51.05 44.19
Recall 26.06 27.18
F value 33.10 31.58
Basic searching + with categorizer only Search Accuracy 35.00 47.62
Browse Precision 53.33 44.72
Recall 26.56 28.82
F value 32.60 30.57
Benchmark search engines General searching Search Accuracy 40.00 49.83
Browse Precision 55.67 45.04
Recall 21.83 23.23
F value 29.02 27.92
Cross-regional searching Search Accuracy 28.33 42.92
Browse Precision 66.37 41.50
Recall 25.78 22.79
F value 34.31 24.54
Combination (Randomly assigned)?® Search Accuracy 65.00 47.62
(CBizPort + Benchmark) Browse Precision 76.80 31.88
Recall 43.08 26.36
F value 52.32 26.62

“The random assignment for the combination is to randomly use one of the three settings in CBizPort plus one of the two settings in the benchmark

search engine for the same task.

to that of regional Chinese search engines, thus answering
Research Question 2.

In H2.5-H2.14, the p values were mostly below 0.05
(except for H2.11 where the p value was 0.061, very
close to 0.05), indicating that a combination of the two
systems performed significantly better than any other
settings in most of the search tasks and all browse tasks.
The accuracy of search tasks and recall of browse tasks
were increased significantly. An unexpected result was
that the precision of browse tasks done with the combi-
nation also was increased because the increased number
of correct themes was slightly higher than the increase in
the number of distinct themes obtained by the combina-

tion. Overall, the encouraging results confirmed our belief
that CBizPort could significantly improve the performance
of regional Chinese search engines. We believe that CBiz-
Port’s summarizer, categorizer, and meta-searching contrib-
uted to that significant improvement, as subject number 6
summarized succinctly: “It is difficult to retrieve useful and
relevant information from Yahoo Hong Kong, but CBizPort
provides more useful tools to enhance the searching ability.”
Therefore, we conclude that CBizPort can significantly aug-
ment the searching and browsing ability of regional Chi-
nese search engines, thus improving human integration of
regional information and analysis. This answers Research
Question 2.

CBizPort

Benchmark search engine

Std. deviation Mean rating® Std. deviation

TABLE 5. Results of users’ subjective evaluations.

Dimension Mean rating®
Information quality (overall) 4.47
Presentation quality and clarity 4.55
Coverage and reliability 4.49
Usability and analysis quality 4.39
Cross-regional searching capability 4.45
Overall satisfaction 4.37

1.06 4.35 1.23
1.10 4.40 1.31
1.11 4.28 1.36
1.25 4.37 1.23
1.27 4.14 1.55
1.30 4.03 1.69

“The range of rating is from 1 to 7 with 7 being the best.
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TABLE 6. Results of hypothesis testing.

Hypotheses for search tasks

Hypotheses for browse tasks (F value)

p p
value Result value Result

H1: Enhanced analysis capabilities

HI1.1 CBiz + Summ > CBiz 0.326 Not confirmed H1.2 CBiz + Summ > CBiz 0.81 Not confirmed

H1.3 CBiz + Categ > CBiz 0.883 Not confirmed H1.4 CBiz + Categ > CBiz 0.853 Not confirmed
H2: Search engine performance comparison

H2.1 CBiz = Bench (general) 0.782 Confirmed H2.2 CBiz = Bench (general) 0.759 Confirmed

H2.3 CBiz > Bench (cross) 0.487 Not confirmed H24 CBiz > Bench (cross) 0.668 Not confirmed

H2.5 Combined > CBiz 0.028* Confirmed H2.6 Combined > CBiz 0.007* Confirmed

H2.7 Combined > CBiz + 0.000° Confirmed H2.8 Combined > CBiz + 0.002* Confirmed

Summ Summ
H2.9 Combined > CBiz + 0.019* Confirmed H2.10 Combined > CBiz + 0.025% Confirmed
Categ Categ

H2.11 Combined > Bench(gen) 0.061 Not confirmed H2.12 Combined > Bench(gen) 0.001* Confirmed

H2.13 Combined > Bench(cross) 0.004° Confirmed H2.14 Combined > Bench(cross) 0.01* Confirmed
H3: Users’ subjective evaluations

H3.1 Information quality: CBiz > Bench 0.649 Not confirmed

H3.1a Information quality (presentation quality and clarity): CBiz > Bench 0.599 Not confirmed

H3.1b Information quality (coverage and reliability): CBiz = Bench 0.503 Confirmed

H3.1c Information quality (usability and analysis quality): CBiz > Bench 0.951 Not confirmed

H3.2 Cross-regional searching: CBiz > Bench 0.371 Not confirmed

H3.3 Satisfaction: CBiz > Bench 0.712 Not confirmed
Additional hypotheses

HA1 Search performance: Sina = Openfind = YahooHK 0.995 Confirmed

HA2 Browse performance: Sina = Openfind = YahooHK 0.718 Confirmed

Note. For details of the hypotheses, please refer to Table 2.
“alpha error = 5%.

Users’ Subjective Evaluations and Verbal Comments

The results of testing hypotheses H3.1-H3.3 show that
there was no significant difference between the two sys-
tems’ ratings. However, among all three subjective evalua-
tion criteria (information quality, cross-regional searching
capability, and overall satisfaction), CBizPort obtained the
highest average scores (see Table 5).

Subjects’ verbal comments, summarized in Table 8, re-
vealed more about the differences in the two systems’ perfor-
mance. Nine subjects agreed that CBizPort generally per-
formed better than the benchmark search engine, four subjects

TABLE 7. Subjects’ profiles.

Attribute Subjects’ profile

Computer literacy Average computer literacy = 5 (range: 1-7, with
7 being “excellent”)
17 subjects are male, 13 are female
10 subjects are undergraduate students, 9 subjects
have earned a bachelor’s degree, 10 subjects
have earned a master’s degree, 1 subject did
not provide education information
Age 15 subjects, ages 18-25; 12 subjects, ages 26-30;
1 subject, ages 30-35; 2 subjects did not
provide age information

Gender
Education level

said that benchmark search engine performed better, and seven
subjects did not explicitly say which system performed better,
or said that both systems performed similarly.

Many positive comments were made about CBizPort.
Seven subjects said that CBizPort was user-friendly and
could obtain more precise and relevant results than bench-
mark search engine. For example, subject number 15 said:
“Sina gives many results that are not focused, and is poor at
searching for Hong Kong and Taiwan results.” Four sub-
jects said that they liked CBizPort’s large variety of options
in searching for information from different regions and
search engines. For example, subject number 2 said:
“YahooHK is more limited when searching certain terms in
a specific region...while CBizPort can fulfill what
YahooHK couldn’t do.”

In contrast, benchmark search engines received relatively
fewer positive comments. Four subjects mentioned that they
were familiar with the user interfaces and functions because
of their popularity. For example, subject number 27 said: “I
am familiar with the format of Openfind. So that’s the
reason that I am more satisfied with it than CBizPort.” Three
subjects complained about CBizPort’s slow processing
speed. This is understandable because CBizPort is currently
an experimental prototype that does not have the profes-
sional operations and rich contents of benchmark search
engines.

828 JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY—July 2004



TABLE 8. Summary of subjects’ verbal comments.

Portal Strengths Weaknesses
CBizPort - Provided useful tools to enhance the searching ability - The processing speed was sometimes slow
- Allowed summarization and categorization that other search engines - Too many results coming from different regions
couldn’t provide might overwhelm users
- More user-friendly because it allowed users to choose from - Users were not familiar with categorizer
different regions and data sources
- Allowed users to type in more than one keywords on the text area - Insufficient time of the experiment made users feel
that CBizPort’s functions were not as useful as
they should have been
Benchmark - Provided higher search speed generally - Search results had less variety, were sometimes
search less precise and relevant
engines - Users were more familiar with its interface and functions - Analysis functions are limited

- Provided other functions (e.g., attractive images, news) that were

appealing to users

- Did not provide much information about the
regions of the Web pages

Therefore, from the results of testing H3.1-H3.3, we
conclude that users’ subjective evaluations on information
quality, cross-regional searching capability, and overall
satisfaction of CBizPort are comparable to those of re-
gional Chinese search engines. From subjects’ verbal com-
ments, we conclude that CBizPort is better than regional
Chinese search engines in terms of analysis functions,
cross-regional searching capabilities and user-friendliness,
while regional Chinese search engines have more efficient
operations and are more popular. The results answer Re-
search Question 3.

The non-significant results of HA1 and HA2 confirmed
our belief that the three benchmark search engines have
similar performance and, thus, could be treated as a group in
comparisons with CBizPort.

Results of Testing Additional Hypotheses

The non-significant results of HA1 and HA2 confirmed
our belief that the three benchmark search engines have
similar performance and thus could be treated as a group in
comparisons with CBizPort.

Implications of the Results

Three implications can be drawn from our experimental
results. First, the encouraging results of testing CBizPort’s
functions suggest that our knowledge portal approach can
benefit Internet searching and browsing in a multilingual
world due to its generic applicability. As Fuld et al. (2002)
have pointed out, existing business intelligence tools gen-
erally lack analysis capabilities; our approach addresses the
need by providing summarization, categorization, and meta-
searching for obtaining business intelligence.

Second, although it is not our intent to create a new
model of human information seeking, the results have
pointed out the importance of using preview and overview
in assisting human information seeking in the context of
Internet searching and browsing. Future research in devel-
oping human information seeking model can pay more

attention to such assistance. Relevant research questions
include: “How should a model of information seeking be
developed that explains the interaction between human and
automated assistance to Internet searching?”” “How can such
a model be applied to information seeking involving indi-
vidual differences?” “What kinds of information overview
and preview work best with human in Internet information
seeking?”

Third, cross-regional searching capability is important
for building Internet search portals in a multilingual world
because a language may be used in regions with different
cultural, social, and economic environments. Experimental
results show that our approach has addressed this issue;
subjects showed a strong preference for CBizPort’s cross-
regional searching capability. Apart from Chinese, some
languages are widely used in regions that have different
needs for Internet searching. For example, Spanish is cur-
rently the second most popular language in the United
States and is the main language in more than 20 regions
including Latin and South American countries. Arabic is
widely used in Middle East and North African countries.
Having capability for effective cross-regional searching is a
promising direction for next-generation Internet searching
and browsing.

Conclusions and the Future

In this paper, we have reviewed various aspects of In-
ternet searching and browsing in a multilingual world and
have proposed a knowledge portal approach to closing the
gaps. We have developed the Chinese Business Intelligence
Portal based on this approach and conducted a systematic
evaluation to test CBizPort’s ability to assist human analysis
of Chinese business intelligence. Our experimental results
show that CBizPort’s analysis functions could help users’
searching and browsing, as reflected in subjects’ many
positive comments. While CBizPort’s searching and brows-
ing performance was comparable to that of regional Chinese
search engines, a combination of the two systems was found
to perform significantly better than using either one alone
for search and browse tasks.
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In addition, users’ subjective evaluations on information
quality, cross-regional searching capability, and overall sat-
isfaction of CBizPort were comparable to regional Chinese
search engines. Subjects’ verbal comments indicated that
CBizPort performed better than regional Chinese search
engines in terms of analysis functions, cross-regional
searching capabilities, and user-friendliness, while regional
Chinese search engines had more efficient operation and
were more popular. Overall, the experimental results are
encouraging and indicate a promising future of our ap-
proach to Internet searching and browsing in a multilingual
world.

This research has several limitations. First, our CBizPort
is currently a prototype system that does not have the
professional operations and technical supports that bench-
mark search engines enjoy. Second, the Chinese students we
used as subjects may not truly represent the population of
Chinese business practitioners, thus reducing the external
validity of our results. Third, a limited experimental period
restricted optimal testing of CBizPort’s functionality.

Many interesting future directions will be explored. First,
our knowledge portal approach can be used to develop
Internet search portals in other languages. Currently, we are
developing such portals in Spanish and Arabic. Regional
and language-specific issues will be addressed. Second,
more analysis techniques can be used to enhance Internet
searching and browsing in a multilingual world. For exam-
ple, visualization techniques have been used successfully to
discover business intelligence in English domains (Chung et
al., 2003). They will be used in non-English and cross-
regional domains to explore cross-regional business intelli-
gence among businesses in the United States, China, Tai-
wan, and Hong Kong and to show networks of international
partnerships. Third, statistical natural language processing
techniques other than mutual information can be used to
provide more semantic capabilities.
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