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ABSTRACT

In this paper, we propose a system for helping users to judge
the credibility of Web search results and to search for cred-
ible Web pages. Conventional Web search engines present
only titles, snippets, and URLs for users, which give few
clues to judge the credibility of Web search results. More-
over, ranking algorithms of the conventional Web search en-
gines are often based on relevance and popularity of Web
pages. Towards credibility-oriented Web search, our pro-
posed system provides users with the following three func-
tions: (1) calculation and visualization of several scores of
Web search results on the main credibility aspects, (2) pre-
diction of user’s credibility judgment model through user’s
credibility feedback for Web search results, and (3) re-ranking
of Web search results based on user’s predicted credibility
model. Experimental results suggest that our system enables
users — in particular, users with knowledge about search
topics — to find credible Web pages from a list of Web
search results more efficiently than conventional Web search
interfaces.
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INTRODUCTION

Today, the Web is becoming important information source
in our daily life. A large amount of information is uploaded
on to it, varying from lightweight readings like product in-
formation to serious readings that affect our daily life like
news, product information, medical information, and so on.

Users can freely obtain and publish information on the Web,
but most information is not fact-checked before it is up-
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loaded, unlike in other media. Therefore, Web information
is not always accurate or correct. For example, Sillence et
al. reported that there are more than 20,000 medical Web
sites on the Web, but over half are not checked by medical
experts [23]. Denning et al. warned about the credibility of
Wikipedia, which is one of the most popular websites [4].
On the other hand, some researchers reported that a lot of
Web users trust Web information to some extent [15]. In par-
ticular, for Web search engines, which are used as gates to
vast Web information, many users perceive their search re-
sults to be somewhat credible, and some users think that the
Web search engines rank Web pages on the basis of credi-
bility [16]. If users obtain Web information without caring
enough about its credibility, they can be easily misled by in-
correct Web information. In the worst cases, users can suffer
from actual harm in their daily lives. Therefore, it is im-
portant to measure the credibility of Web information and to
help users judge the credibility of Web information.

There has been a lot of research into evaluating Web infor-
mation in terms of information retrieval. However, most has
focused on ranking a set of data on the basis of relevancy or
popularity by analyzing similarity between query and docu-
ments, link structures [3], and user-behavior data [12]. Re-
cently, researchers have started to discuss information qual-
ity, and some have argued that the importance of credibility
is a factor in information quality [21, 20]. However, research
into information quality has only just started, and few studies
have measured Web information credibility.

In the research area of communication and social psychol-
ogy, credibility researcher has been an important topic since
1950s [11, 9, 14]. However, in those research fields, few re-
searchers have developed practical methods to measure in-
formation credibility. In library science, some researchers
developed a guideline to evaluate information credibility [13].
However, despite the presence of ready guidelines, it is dif-
ficult for many users to appropriately assess the credibility
of Web information. This is partly because in contrast to
traditional publishing, Web pages often lack clues to judge
their credibility such as the credentials, names of authors,
references to information sources, and evidence information.
Consequently, few users rigorously judge the credibility of
obtained information. Therefore, automatic tools for help-
ing users judge Web information credibility are becoming
increasingly necessary.

The aim of this paper is to bridge the gap between credibility
theory in social psychology and search technology in Web
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information retrieval. In this paper, we propose a system to
help users judge the credibility of search results that Web
search engines provide and find credible Web pages. Infor-
mation credibility is a subjective quality that differs depend-
ing on the users obtaining the information [9, 24]. Therefore,
search systems should not measure the credibility of Web
pages and provide search results while ignoring users. Our
system’s goal is to help users obtain credible Web search re-
sults while users judge the credibility of Web search results
on the basis of their own credibility criteria.

Currently, Web search results contain only the information
representing content of Web pages like titles, snippets, and
URLs. These do not give enough clues to enable the credi-
bility of Web pages to be judged. Therefore if users are not
careful about the credibility of Web information, and even if
Web pages in a list of Web search results are not credible,
the non-credible Web pages are difficult for users to detect.
On the other hand, even if users are careful about the cred-
ibility, it takes too long for them to judge the credibility of
Web search results. This is because there are few clues to
judge credibility of Web pages, and users need to compare
them with other Web pages or to search for information to
judge credibility. For example, when for credibility crite-
ria users want to know whether a target Web page describes
content similar to those of many other Web pages, users need
to check a large amount of Web pages and compare them
with the target Web page. Also, opaque ranking algorithms
of Web search engines are a big problem when users judge
the credibility of Web search results. Ranking algorithms
of Web search engines do not always match users’ criteria
for credibility judgment. If users’ credibility criteria do not
match ranking algorithms of search engines, it is difficult
to efficiently search for credible Web pages. For example,
when users wish to obtain credible Web pages that are often
updated and not biased by their authors, but conventional
Web search engines provide more popular, but less credible
Web pages.

If a system provides additional information for credibility
judgment of Web search results and ranks Web search results
considering the factors users think to be important in judg-
ing credibility, users can obtain more credible Web search
results. To achieve such a system, we propose the follow-
ing three functions as an extension system for Web search
engines:

e Analysis and visualization of scores of Web search results
on the main credibility factors.

e Prediction of users’ credibility judgment model through
users’ credibility feedback for Web search results.

e Re-ranking of Web search results based on a predicted
users’ credibility model.

In the field of Web searches, a lot of researchers have fo-
cused on searching for Web pages relevant to users’ informa-
tion needs, but few researchers have discussed Web searches
from the viewpoint of Web page credibility. Our proposed
system enables users to do credibility-oriented Web searches.
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In summary, the contributions of this paper are:

e We address the new concept of credibility-oriented Web
searches and necessary requirements for achieving sys-
tems to help users do credibility-oriented Web searches.

e We introduce and implement three functions to help users
judge the credibility of Web search results and to search
for credible Web pages.

e We examine how our system affects users’ credibility judg-
ment of Web search results. We show that our proposed
system enables users to find credible Web pages from a list
of Web search results more efficiently than conventional
Web search interface.

RELATED WORK

Credibility has been studied in communication and social
psychology since 1950s [11]. In these fields, credibility is
defined as a perceived quality and acceptance by receivers
of messages or senders of the messages. Generally, people
often think of the credibility of information as an objective
quality like authenticity or accuracy. However, researchers
in the above fields indicate that information credibility is a
subjective quality, and its interpretation depends on the re-
ceivers and types of information [9, 24, 14]. In communica-
tion and social psychology, a main research topic of credibil-
ity is to reveal the mechanisms of or factors that affect cred-
ibility judgment. Many factors concerned with credibility
are grouped into two key components: expertise and trust-
worthiness [9]. Some researchers focus on Web information
credibility. Fogg et al. conducted a large-scale survey to
investigate what factors affect users’ perception of the cred-
ibility of Web sites [8]. Metzger et al. surveyed how college
students check the credibility of Web information [15].

In the field of information science, some researchers devel-
oped methods to analyze the credibility of specific Web con-
tents (such as Wikipedia, Q&A contents, and people on so-
cial networks) from specific credibility aspects. Vuong et al.
developed a method to find controversial Wikipedia articles
[28]. Adler et al. considered sentences that remain unedited
as credible, and they developed an algorithm to evaluate the
credibility of sentences in Wikipedia articles by analyzing
edit histories [1]. Research aimed at evaluating the credi-
bility of Q&A contents like those on Yahoo! Answers' is
becoming more popular. Suryanto et al. focused on exper-
tise of answerers on Q&A sites to evaluate answers posted
on them [26]. Agichtein et al. evaluated authority and hub
scores of users by using a graph structure representing the
interactions between the users and then evaluated the quality
of answers on the basis of those users’ scores [2]. Guha et al.
developed a framework to predict trust between two people
on a large trust network through link analysis [10]. These
studies focus on specific aspects to measure the credibility,
but as mentioned before, information credibility varies in ac-
cordance with users and types of information. Therefore,
credibility aspects for measuring the credibility of informa-
tion must change depending on users and information types.

"http://answers.yahoo.com/
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There have been some studies focusing on helping users judge
credibility. Ennals et al. developed DISPUTE FINDER, the
system that searches the Web for counter sentences when
users specify questionable sentences on browsed Web pages
[6]. Suh et al. developed WIKIDASHBOARD, a system to vi-
sualize edit histories on Wikipedia articles [25]. Pirolli et al.
used WikiDashboard to study how the system affects users’
credibility judgments on Wikipedia articles [19]. For sup-
port systems to judge the credibility of Web search results,
Nakamura et al. developed a prototype system [16], but they
did not evaluate its effectiveness for judging the credibility
of Web search results.

SYSTEM DESIGN

Our goal is to realize a system to help users judge the cred-
ibility of Web search results like those on Google and Ya-
hoo! so that users can find more credible Web pages more
efficiently by themselves. In this section, we first summa-
rize system requirements and then explain the approach for
system implementation.

Requirements

As already mentioned, information credibility is a subjective
quality, and its criteria depend on the users and types of in-
formation. Search results should contain clues to judge the
credibility from various viewpoints, so that users can judge
the credibility of Web search results. However, conventional
Web search results contain only titles, snippets, URLs, and
ranking orders. Therefore, users need to manually collect
clues to judge the credibility of Web search results by brows-
ing or comparing other Web pages, but it takes too long to
make a solid credibility judgment. For these reasons, sys-
tems have to automatically collect and aggregate the infor-
mation necessary to judge a Web page’s credibility from var-
ious viewpoints, so that users can easily know how credible
it is.

The goal of credibility-oriented Web searches is to obtain
more credible Web pages from the large amount of Web
pages relevant to a given query. To efficiently obtain cred-
ible Web pages, Web pages must be ranked in accordance
with viewpoints of their credibility. Credibility criteria de-
pend on the users and types of information. For example, as
for Web pages about Apple products, some users think that
unbiased Web pages are credible, and other users think that
Web pages which Apple enthusiasts appreciate are credible.
Therefore systems should not rank Web search results by us-
ing a pre-defined credibility-oriented ranking function. The
important thing is to rank Web pages on the basis of users’
credibility judgment model. To achieve this, systems need
to predict users’ credibility judgment model in some way.

To achieve the above requirements, in this paper, we propose
the following three functions on our system:

e Analysis and visualization of scores of Web search results
on main aspects to judge the credibility.

e Prediction of users’ credibility judgment model through
users’ credibility feedback for Web search results.
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Figure 1. Visualization of scores for each of the main credibility aspects.

e Re-ranking of Web search results based on predicted users’
credibility model.

Analysis and visualization of scores of Web search re-

sults for each of the main credibility aspects

In communication and social psychology, researchers have
developed various taxonomies of credibility factors [5, 14].
In this paper, we selected the following five criteria, which
many researchers mentioned, as the main factors to judge the
credibility of Web search results [13]: accuracy, objectivity,
authority, currency, and coverage. Accuracy means how ac-
curate the Web information is, and it is measured, for ex-
ample, by checking the number of errors, accuracy of links,
the existence of sources, and so on. Objectivity means how
biased the Web information is or is not. Authority is a crite-
rion about the author of the Web page, and it is measured by
reputation for the author and ability of the author to create
contents, and so on. Currency is measured by checking when
Web pages were last updated or whether Web pages are kept
up to date. Coverage means how complete and comprehen-
sive the Web information is.

Given a query and Web search results for it, our proposed
system calculates scores of Web search results for each of the
five aspects above. Each score is normalized by considering
the distribution of the scores of all Web search results. This
normalization of scores makes it easier to understand relative
order of each Web search result from a specific aspect, and
to compare the score of a Web page on one aspect with that
on another aspect. To make users intuitively understand the
scores of Web search results for each of the five credibility
aspects, the system visualizes the scores as radar charts like
in Figure 1. Visualization of such radar charts makes users
aware of the credibility of Web search results. Furthermore,
it enables users to intuitively judge the credibility of Web
search results from various credibility aspects.

Prediction of user’s credibility judgment model

To re-rank Web search results on the basis of users’ credi-
bility judgment criteria, we propose that the system predicts
users’ credibility judgment model through users’ credibility
feedback for Web search results. In this paper, we define the
user’s credibility judgment model as representation of how
important the user think each of main credibility aspects to
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Figure 2. Prediction of user’s credibility judgment model through cred-
ibility feedback for Web search results.

judge the credibility of Web search results is. Users’ cred-
ibility judgment model is represented by weights for main
credibility factors. Users check a radar chart indicating cred-
ibility scores of a Web search result, and then they send feed-
back to the system by specifying the Web search result if
they judge the Web search result to be credible, as shown in
Figure 2. The system predicts the aspects that users consider
important for judging credibility of Web search results, an-
alyzing the scores of Web search results that users have fed
back on each of the main credibility aspects. A predicted
users’ credibility model is shown as a radar chart on a Web
browser in Figure 2, and the radar chart helps users check
the predicted credibility model. In the case of Figure 2, the
system predicts that the user think accuracy, authority, and
coverage are the most important credibility aspects because
the search result that the user specified has very high scores
for these three aspects. Users can give credibility feedback
to the system several times. Every time they do so, the sys-
tem modifies the users’ credibility judgment model that has
been already predicted.

Re-ranking of Web search results using user’s credibility

judgment model

Our system re-ranks Web search results using a predicted
users’ credibility judgment model. The system analyzes cred-
ibility scores of Web search results in accordance with users’
credibility judgment model and re-ranks Web search results.
To calculate credibility scores of Web search results, the sys-
tem uses scores of each Web search result for each of five
credibility aspects and the predicted users’ credibility judg-
ment model. Every time users give credibility feedback to
the system, the system re-ranks Web search results. Figure
3 illustrates an example in which the system re-ranks Web
search results for the query “meniere disease treatment” by
using the user’s model predicted in Figure 2.

In information retrieval, a lot of researchers have developed
methods for relevance feedback [22] or personalized searches
[27]. These methods focus on optimizing Web search rank-
ing for users just as our approach does. However, relevance
feedback and personalized search focus on relevance of search
objects for users’ information needed to enhance search rank-
ing. Also, in the two approaches, only the data that search
objects contain in themselves is used to enhance relevance-
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Figure 3. Re-ranking of Web search results using predicted user’s cred-
ibility judgment model. Web search results are ordered in terms of
accuracy, authority, and coverage.

oriented searches. The goal of these studies is different from
that of our research because our research focuses on credibility-
oriented search ranking. Our proposed system enables users
to re-rank Web search results in accordance with users’ cred-
ibility model and to efficiently search for credible Web pages,
by analyzing content data and meta-data of Web pages.

CREDIBILITY ANALYSIS OF WEB SEARCH RESULTS FOR

EACH OF THE MAIN CREDIBILITY FACTORS

In this section, we describe a method to measure accuracy,
authority, objectivity, coverage, and currency of Web search
results. There can be various factors related to these five
aspects, but we can practically measure only a portion of
them. In this work, we focus on the following possible six
factors for measuring the main five credibility aspects:

e Accuracy: referential importance of Web page

Authority: social reputation of Web page

Objectivity: content typicality of Web page

Coverage: coverage of technical topics on Web page

e Currency: freshness and update frequency of Web page

Our system provides users with each score for each of the
above factors as referential importance, social reputation,
content typicality, topic coverage, freshness, and update fre-
quency, respectively.

Referential importance

We assume that accurate Web pages are often linked to by
other Web pages as references, and we define referential
importance as one of criteria to measure accuracy of Web
pages. In many cases, referential importance of Web pages
is often measured by PageRank algorithm, HITS algorithm,
and so on. In our implementation of our prototype, we used
scores of PageRank provided by Google?.

Social reputation
We assume that if a lot of people believe or highly regard
certain Web pages, the Web pages are authoritative, and we

Zhttp://djangosnippets.org/snippets/221/
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define social reputation as one criterion to measure author-
ity of Web pages. We use numbers of social bookmarks for
Web pages as scores of social reputation. Our prototype sys-
tem uses Hatena Bookmark service® to obtain the number of
social bookmarks for Web pages.

Content typicality

We assume that if a Web page is similar to many other Web
pages about a given query, the Web page is objective. Thus
we define content typicality about a given query as one cri-
terion to measure objectivity of Web pages. We use the
LexRank algorithm to calculate content typicality [7]. The
LexRank algorithm summarizes text contents. By using the
algorithm, a graph is created from text contents where text
contents are nodes and textual similarity between text nodes
is the weight of the edge, and centrality of text nodes is cal-
culated by using the graph. In our study, the system mea-
sures content typicality of Web pages by creating textual
feature vectors of Web pages and applying the LexRank al-
gorithm to a set of Web pages about a given query.

Topic coverage

To measure how Web pages in a list of search results cover
technical topics about a given query, we use the method
to search Wikipedia for technical terms that Nakatani et al.
developed [17]. This method focuses on bias of the links

among Wikipedia articles, and extracts the terms that Wikipedia

articles only in specific categories link to as technical terms.
Our system measures topic coverage of a Web page to cal-
culate the number of technical terms on the Web page.

Freshness and update frequency

To measure freshness and update frequency of Web pages,
we obtain a list of updated dates of Web pages using the
Wayback Machine of Internet Archive*. The Wayback Ma-
chine archives versions of Web pages across time. Next,
we denote a set of dates when a Web page was updated, by
T = {t1,ta,...,tn} (t1 <--- < t,). Our system calculates
freshness and update frequency of the Web page as C' — ¢,
and |T|, respectively (C'is a constant).

RE-RANKING OF WEB SEARCH RESULTS THROUGH CRED-

IBILITY FEEDBACK

Scores of Web search results on each of six credibility fac-
tors are visualized by radar charts. When users check credi-
bility radar charts of Web search results, if users judge some
Web search results to be credible, users can feed them back
to our system by double-clicking the radar charts of the cred-
ible Web search results. The system predicts users’ cred-
ibility judgment model through users’ feedbacks, and then
the system re-ranks Web search results in accordance with
the predicted model. In this paper, we use the six kinds of
scores mentioned in the previous section, to represent the
features of Web search results and users’ credibility judg-
ment model. Here we denote the feature vector v(p) of
Web page p by v(p) = (s1(p), s2(p), ..., 56(p))", where
s;(p) means a normalized score of p on credibility factor

3http://b.hatena.ne.jp/help/api
*http://www.archive.org/web/web.php
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i. When the user judges Web page p as credible and sends
a credibility feedback to our system, the system predicts the
user’s credibility judgment model u = (ug,us,. .., ug)" us-
ing v(p). Model u represents how important the user thinks
each of the six credibility factors to be.

Where a set of Web pages that the user judges to be credi-
ble is denoted by P = {p1,p2,...,pn}, we define the n-th
degree of the user’s credibility judgment model u as

un:(%z

peEP

S

n(p) 3
Wl M

|v
Here |v| is a norm of vector v. The system cubes the arith-
metic average of Web pages’ scores for each credibility fac-

tor because we wish to emphasize scores for credibility fac-
tors that users think important/unimportant.

The system re-ranks Web search results in accordance with
the predicted user’s credibility judgment model uw. Web search
result p is scored by the following ranking function:

6
rank(p) = u" - v(p) = Zuksk(p) 2
k=1

PROTOTYPE SYSTEM

We implemented our prototype system as an extension of
Safari Web browser’. We used Javascript to implement the
following three functions on Safari browsers: visualization
of radar charts of credibility analysis, credibility feedback to
the system, and re-ranking of Web search results. Also, we
implemented the function to calculate scores of Web search
results on each of the credibility factors on our server by
using Python and Sqlite3.

When users run the system on Google’s search engine re-
sult pages, (1) the system inserts radar charts that illustrate
scores of Web search results on each of credibility factors
into search results, and (2) users can re-rank the search re-
sults in accordance with their credibility judgment model by
double-clicking radar charts of credible Web search results
and sending feedbacks for the credible Web search results to
the system. Immediately after running the system, Google’s
original ranking is directly presented. Figure 4 shows an ex-
ample where a user uses our system for Web search results
for “meniere disease treatment”.

EXPERIMENT

To examine how using our system affects users’ credibility
judgments of Web search results, we conducted experiments
using our prototype system.

Experiment #1: Online user study

We conducted an online user study (1) to investigate which
factors are important for users to judge the credibility of
Web search results about specific topics, and (2) to inves-
tigate how different the consistency of credibility judgment
is depending on users’ familiarity with search topics when

Shttp://cowsearch.hontolab.org/ (Web service version)
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Figure 4. Screenshot of our system. In this example, a user uses our
system for search engine results for “meniere disease treatment”.

Table 1. Query set.

Topic Query set A Query set B
Disease Meniere disease treatment Parkinson disease treatment
Politics Dual surnames problem Child allowance problem
Science Global warming cause Earthquake cause
Health Effective dieting Reduce blood pressure
Sightseeing | Osaka famous place Sendai famous place
Economics | Forex risk Futures contract risk
Goods Camera comparison Video camera comparison
Food Margarine risk Genetically-modified food risk
History Yamataikoku location Kamakura shogunate formation year
Law Personal bankruptcy procedure  Succession of property procedure

users judge the credibility of Web search results by check-
ing their surface information (title, snippet, and URL) and
their scores on various credibility factors.

Materials

We manually selected ten topic categories and prepared two
queries (and tasks) for each category by considering topics
whose credibility is important to examine Web pages about.
A set of the prepared queries and topics is shown in Table
1. We randomly selected ten relevant Web search results and
their actual Web pages for each query from Google search
results before this experiment and presented them to partici-
pants in the experiment.

Participants

A total of 960 participants were recruited via an online ques-
tionnaire company. The participants were recruited so that
their sex and their age (from 20’s to 50’s), spread evenly. The
participants were randomly assigned to one of 20 groups.
The participants received $2 as compensation for their time.

Procedure

The participants joined this experiment through the Internet.
In the experiment, the participants of each group conducted
two tasks for each topic category in Table 1.

Before starting tasks, the participants were asked to answer
two questions. The first question was about (1) how impor-
tant they thought each of nine factors was to judge the credi-
bility of Web information about one specific topic of the ten
topics on a 5-point Likert scale (from -2="strongly not unim-
portant” to 2="“strongly important”). The nine factors are
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content expertise, social reputation, update frequency, con-
tent freshness, authority of page creator, content typicality,
evidence presentation, objectivity, and accuracy. The sec-
ond question was about how familiar the participants were
with the topic on a 3-point Likert scale (1="familiar”, 2="neu-
tral”, and 3=“unfamiliar”).

After answering the two questions, the participants performed
two tasks. Immediately before starting each task, we showed
a brief description about the tasks like:

Suppose you or one of your family has meniere disease.
You are now searching for Web pages. We will show
some Web pages or Web search results about meniere
disease. Please evaluate the credibility of them.

In the first task, the participants rated each of 10 Web search
results for either of two queries in the specific topic using
the interface where credibility radar charts for Web search
results were presented on Google search interface (called the
+chart interface) on a 7-point Likert scale. They rated how
credible they perceived each of the search results to be (from
1="strongly not credible” to 7="strongly credible”). In this
process, the participants were limited to check the presented
information to rate the credibility of Web search results with-
out following their URL links. Next, as the second task, the
participants were asked to rate each of actual Web pages for
the Web search results in the same way. These tasks had no
time limits for rating Web search results and their actual Web

pages.

In this experiment, we controlled (1) topic categories, and
(2) queries in each topic category to use for two tasks, to
split them equally for participants. As a result, we divided
the 960 participants into 20 groups of 48 people.

Results

First we report which factors the participants thought as im-
portant to judge the credibility of Web pages about the spe-
cific ten topics. Table 2 shows the average weights of multi-
ple credibility factors for participants who were familiar with
the topics (called knowledgeable participants) and those for
participants who were not (called unknowledgeable partic-
ipants). According to the table, for all topics, unknowl-
edgeable participants thought accuracy as the most impor-
tant credibility factor. Also, we found that they were not
so confident about factors to judge the credibility (weight <
1). On the other hand, the most important credibility factor
for knowledgeable participants depended on the topic cat-
egories. Furthermore, knowledgeable participants thought
several credibility factors to be very important in the six
categories other than science, health, economics, and food
(weight > 1). In some topic categories, unknowledgeable
participants thought a specific factor to be a little impor-
tant while knowledgeable participants thought it to be a little
unimportant (e.g. social reputation in economics), and vice
versa (e.g. authority in food). In this way, credibility judg-
ment models of knowledgeable participants and unknowl-
edgeable participants differed.
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Table 2. Average weights of factors to judge the credibility of information about topics in specific categories. Weight values range from -2 (strongly
unimportant) to 2 (strongly important). Numbers without/with parenthesis are weights of factors for participants familiar/unfamiliar with specific
topics. Bold value means the most important factor in specific topic. In (category x factor) with gray background, unknowledgeable participants’

thoughts conflict with knowledgeable participants’ thoughts.

. Content Social Authority Content Evidence Content Content

Topic expertise reputation frequency freshness of page creator typicality presentation Objectivity Accuracy
Disease 0.923 0.231 0.077 0.923 0.923 0.154 1.231 1.153 0.929
(0.413) (0.217) (0.196) (0.543) (0.152) (0.239) (0.413) (0.500) (0.935)
Politics 0.857 0.357 0.357 0.643 0.357 0.286 0.929 1.000 1.000
(0.419) (0.210) (0.081) (0.306) (0.016) (0.177) (0.613) (0.500) (0.726)
Science 0.800 0.200 0.300 0.900 -0.300 0.200 0.800 0.400 1.300
(0.175) (0.079) (0.048) (0.444) (-0.206) (-0.063) (0.333) (0.317) (0.730)
Health 0.440 0.100 0.400 0.720 -0.600 -0.140 0.440 0.480 0.980
(0.353) (0.382) (0.265) (0.441) (-0.118) (0.029) (0.324) (0.088) (0.588)
Sichtseein 0.667 0.400 0.800 1.333 0.000 0.133 1.000 0.533 1.133
& & (0.440) (0.100) (0.400) (0.720) (-0.600) (-0.140) (0.440) (0.480) (0.980)
Economics 0.429 -0.071 0214 0.571 0.071 -0.214 0.071 0.071 0.643
’ (0.397) (0.293) (0.259) (0.379) (-0.017) (0.121) (0.345) (0.328) (0.793)
Goods 0.800 0.500 1.000 0.900 0.300 0.400 1.400 0.900 1.200
(0.508) (0.220) (0.220) (0.542) (-0.017) (0.152) (0.458) (0.492) (0.881)
Food 0.659 0.561 0.463 0.756 0.146 0.244 0.707 0.756 1.000
(0.160) (0.040) (0.160) (0.400) (-0.200) (0.040) (0.480) (0.440) (0.680)
Histor 1.000 0.200 0.650 1.100 0.150 0.200 1.100 1.150 1.450
y (0.308) (0.077) (0.128) (0.462) (0.077) (-0.026) (0.359) (0.205) (0.538)
Law 1.136 0.455 0.545 1.000 0.273 0.409 1.045 0.955 1.136
(0.441) (-0.088) (0.294) (0.618) (0.029) (0.206) (0.676) (0.382) (0.912)

Table 3. Mean number of consistent credibility judgments for different
familiarity levels.

Consistent credibility judgment

Familiarity Good-Good or Neutral- Total

level Bad-Bad -Neutral
Not familiar (470 people) 2.95 (2.15/0.80) 3.55 6.51
Neutral (309 people) 2.72 (1.94/0.78) 3.76 6.48
Familiar (181 people) 4.00 (3.00/1.00) 2.50 6.50

Next we focused on the participants’ credibility ratings to
examine whether the credibility judgments of Web pages
were consistent or not when the participants checked the
crediblity of Web pages when using the +chart interface and
when viewing the pages’ content only. “Good-Good” means
that participants judged a Web page as credible (rate = 5, 6,
7) on both the +chart interface and its own URL. In addition,
“Bad-Bad” means that participants judged a Web page as not
credible (rate = 1, 2, 3) on both the +chart interface and its
own URL. “Neutral-Neutral” means that participants judged
the credibility of a Web page as unknown (rate = 4) on the
+chart interface and its own URL. The larger the number
of “Good-Good”, “Bad-Bad”, and “Neutral-Neutral” judg-
ments, the more consistent credibility judgment for Web pages
when checked on the +chart interface and on their own URLs.
That is, we can assume that the +chart interface enables
users to judge the credibility of Web pages in a list of Web
search results more consistently without checking them on
their own URL.

We examined the mean number of consistent credibility judg-
ments per 10 Web pages for each participant, for different
levels of participants’ familiarity to topics. Table 3 shows
the results focusing on the familiarity with search topics. Ac-
cording to the table, as for the total number of “Good-Good”,
“Bad-Bad”, “Neutral-Neutral” credibility judgments, there
was no statistically significant difference depending on the

participants’ familiarity with search topics (not familiar: 6.51,
neutral: 6.48, familiar: 6.50). However, we made an in-
teresting finding in the analysis on different types of con-
sistent credibility judgment. Focusing on the total number
of “Good-Good” and “Bad-Bad” credibility judgments (that
is, black-and-white judgments), that of the participants who
were familiar with the search topics was significantly larger
than that of the participants that were not so familiar with
the topics (familiar vs. not familiar: 4.00 > 2.95, ¢(649) =
3.316, p < 0.001) (familiar vs. neutral: 4.00 > 2.72,
t(488) = 3.915, p < 0.001). This suggests that if users
familiar with search topics use the +chart interface, they can
make a consistent and clear judgment on the credibility of
Web search results, while users unfamiliar with the topics
often make an unclear credibility judgment.

Experiment #2: Laboratory study

One of our system’s expected advantages is that users will
be able to find credible Web pages from Web search results
more efficiently. To evaluate search efficiency of our sys-
tem, we compared how many credible Web pages could be
selected from search results within a limited time using our
system with the number obtained using a conventional Web
search interface. In addition, we investigated how users use
our system to search for credible Web pages.

Design and materials

Across Web search results for two queries in the same topic
category, we contrasted the participants who used our sys-
tem + Google interface against a baseline condition involv-
ing just the original Google search interface. Participants
were asked to select credible Web pages from Google’s re-
sults for one query of a category using one interface and to
select credible Web pages from search results for the other
query in the category using the other interface.

We used the same query set as the previous online study and
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prepared two tasks for each of the ten topic categories to
check the credibility of Web search results.

Participants

We recruited ten students from our university as participants:
three undergraduates, and seven postgraduates. The partici-
pants received $20 as compensation for their time. We ran-
domly assigned them to either of group 1 or 2.

Procedure

Participants did our experiment individually. We briefly in-
troduced credibility judgment tasks and our system. The par-
ticipants also practiced answering a task by using our system
on their own PC for Web search results for a sample query.

After the task introduction and the practice, the participants
went through 10 tasks using our system + Google and 10
tasks using only Google. Before starting each task, we briefly
described the task like this:

Suppose you or one of your family has meniere disease.
You are now searching for Web pages that Google re-
turned for “meniere disease treatment”. Please select
as many credible Web pages as possible within three
minutes.

After the participants read the description and started each
task, the system automatically showed the top 50 Google
Web search results for a prepared query about the task. The
participants were asked to select as many credible Web pages
as possible within three minutes by using the normal Google
search interface or our system + Google interface (we fixed
which interface users used for each query in advance). If
necessary, participants were allowed to follow links from
search results. We asked the participants not to modify the
query. In this experiment, if the participants found credible
Web pages from search results, they were asked to double-
click their search results. When search results were double-
clicked, the experimental system changed their background
color. When three minutes passed, the participants stopped
performing the task and the experimental system stored the
information about selected Web search results. In using our
system, the participants’ credibility feedback was stored for
analysis of users’ behavior to judge the credibility later.

The experimental system assigned twenty tasks to the par-
ticipants in the same order and alternated between query set
A and B (disease A — disease B — politics A — politics B
— law B). The five participants in group 1 performed
the tasks for query set A and B using only Google and then
Google + our system, respectively. The five participants in
group 2 performed the tasks for query set A and B using
Google + our system and then only Google, respectively.

— e e

Results

Table 4 presents the mean and the standard deviation of the
number of credible Web pages the participants selected by
using the two different interfaces (only Google vs. our sys-
tem + Google). According to the table, the mean of the
number of selected credible Web pages in using our sys-
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Table 4. Mean and standard deviation of number of selected credible
Web pages within three minutes.

Interface type

Google Our system + Google
Mean 4.07 5.21
SD 2.44 3.13
16 OOnly Google
®Qur system + Google
2 14
? 12
810
52 6
£ 4
oA
0
A B C D E F G H J

Participants

Figure 5. Mean number of credible Web pages each participant se-
lected from a list of search results within three minutes.

tem + Google were significantly larger than when using only
Google (£(99) = 3.703, p < 0.01). This result suggests that
our system enabled the participants to find larger number of
credible Web pages than Google interface within a limited
time.

Figure 5 presents results of the same analysis for each partic-
ipant. According to this figure, in the results for participants
F, G, and I, only Google and our system + Google do not
differ significantly, but most participants could use our sys-
tem + Google to find larger number of credible Web pages
within a limited time than when using only Google. From
the results of Table 4 and Figure 5, we found that our sys-
tem can help users to find credible Web pages from a list
of Web search results more efficiently or more quickly than
conventional Web search interfaces.

We analyzed credibility feedback logs to examine how the
participants used our system to select credible Web pages
from a list of Web search results. In the experiment, the ten
participants sent credibility feedbacks a total of 121 times,
meaning the average per participant was 12.1. Participant
A did not re-rank Web search results by sending credibil-
ity feedback. We analyzed the credibility judgment model
of each participant through his/her credibility feedback logs.
Table 5 presents the results. In the table, each number rep-
resents the weight of each factor for credibility judgment.
If a specific factor’s weight is high on the credibility judg-
ment model of a participant, we presume the participant con-
sidered the factor as important to judge the credibility of
Web search results. The table shows the factors important to
judge the credibility of Web search results vary among par-
ticipants. For example, the important factor for participants
B and C was social reputation, while those of participant G
and J were update frequency and freshness of Web pages.

Like participant A, sometimes users might be able to find
credible Web page efficiently from a list of Web search re-
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Table 5. Predicted credibility judgment model of each participant. SR,
RI, CT, TC, CF, and UF mean social reputation, referential importance,
content typicality, topic coverage, content freshness, and update fre-
quency, respectively. Bold numbers are the most important aspects for
each participant. Participant A sent no credibility feedback.

Pariticapnt SR RI CT TC CF

0.1004 0.0636 0.0601 0.0630 0.0514
0.0929 0.0653 0.0466 0.0631 0.0543
0.0650 0.0781 0.0722 0.0588 0.0545
0.0641 0.0843 0.0651 0.0499 0.0587
0.0609 0.0747 0.0262 0.0187 0.0384
0.0509 0.0675 0.0561 0.0547 0.0772
0.0767 0.0555 0.0651 0.0777 0.0654
0.0885 0.0700 0.0484 0.0441 0.0659
0.0530 0.0535 0.0421 0.0489 0.1068

UF
0.0477
0.0605
0.0609
0.0669
0.0447
0.0875
0.0524
0.0651
0.0927

“—TQmmoQw

sults by only checking credibility radar charts of Web search
results without using the re-ranking function. However, it
is difficult sometimes to find many credible Web pages in a
visible list of Web search results by only using the informa-
tion on radar charts. In such cases, the re-ranking function
becomes more important. We checked the participants who
sent less feedbacks to the system than the average (12.1):
participants F(4), G(5), and I(7). We know from Figure 5
that they found almost the same number of credible Web
pages within the limited time using either only Google or
our system + Google. From this, we think that users can find
credible Web pages from the vast Web more quickly and ef-
ficiently by checking credibility radar charts and using the
re-ranking function through credibility feedbacks.

DISCUSSION
We found from experiment #1 and #2 the following results:

e If users are familiar with search topics, the additional in-
formation about scores of Web search results on credibil-
ity factors as radar charts is useful for them to consistently
make a black-and-white judgment about their credibility.
On the other hand, if users are not familiar with the topics,
users often cautiously judge the credibility of Web search
results as “unknown” by checking the additional informa-
tion on the Web search results.

Our system enables users to find credible Web pages from
a list of Web search results more efficiently than conven-
tional Web search interfaces.

These results suggest that our system can be more useful
for users — particularly those familiar with search topics
— to search for credible Web pages in a list of Web search
results from the viewpoint of efficiency than conventional
Web search interfaces.

Our system is also useful for users who are not familiar with
search topics to search for credible Web pages. However,
the results of experiment #1 indicate they cannot judge the
credibility of Web pages as clearly as users who are famil-
iar with the topics. In real life, users often search for Web
pages to learn about topics with which they are not famil-
iar. Therefore it is very important to help such users judge
the credibility of Web search results more clearly and obtain
credible Web search results more efficiently.
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According to ELM theory proposed by Petty et al. [18], if
people have enough knowledge to understand information
about a topic, they often pay attention to it. On the other
hand, if people do not have enough knowledge to understand
information about the topic, they often determine whether to
accept the information or not with poor judgment. Consid-
ering this ELM theory and the results of the experiments,
unknowledgeable users can make a consistent but poor cred-
ibility judgment on Web search results about search topics.
In the worst case, they can be misled, if their credibility cri-
teria are different from those of knowledgeable users. To
avoid this, we need to think about providing help such as
recommending knowledgeable users’ credibility judgment
models to unknowledgeable users so that unknowledgeable
users can judge the credibility of Web search results more
appropriately and obtain credible Web pages.

CONCLUSION AND FUTURE WORK

In this paper, we proposed the system to help users judge the
credibility of Web search results and find credible Web pages
from a list of Web search results. The proposed system has
the following three functions for credibility-oriented Web
searches: (1) visualization of score of Web search results on
each of credibility factors, (2) prediction of users’ credibil-
ity judgment model through users’ credibility feedback for
Web search results, and (3) re-ranking of Web search results
according to predicted users’ credibility judgment models.

We conducted two experiments to evaluate our system. Ex-
perimental results shows that our system is more useful for
users — particularly users who are familiar with search top-
ics — to efficiently find credible Web pages from a list of
Web search results than conventional Web search interfaces.
However, we need to consider about some issues. First,
we need larger-scale experiments for more rigorous evalu-
ation of our system. Then we also need controlled experi-
ments where images in Web pages are eliminated, because
visual designs of Web pages often affect participants’ qual-
ity judgment as Zheng et al. pointed out [29]. The second
issue is about making it easier for users to provide credi-
bility feedbacks for Web pages. As in the case of partici-
pant A in experiment #2, some users are unwilling to ex-
plicitly send credibility feedbacks. Therefore it is important
to think about designing better interfaces to promote users’
credibility assessments or implicit credibility feedbacks for
Web pages.

For users who are not familiar with search topics, we have
to think about additional help for more appropriate credibil-
ity judgments of Web search results. As one possible solu-
tion, we plan to study recommending credibility judgment
models of users who are familiar with the specific topics by
analyzing other users’ credibility feedbacks. We also think
search technology for evidence information is also important
as well as analysis of Web pages on the main credibility fac-
tors, so that users can make a final judgment of Web page’s
credibility.

To safely and efficiently obtain Web information from the
vast Web, search systems focusing on credibility will be-
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come more important in the future, as well as conventional
relevance-oriented and popularity-oriented ones. We believe
our proposed system can contribute to credibility-oriented
Web searches.
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