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Abstract The authors of this paper investigated the impact of the advanced search features
of three common search engines on retrieval result performance: Yahoo, Google, and Live
Search. The authors analyzed 240 search queries with different information need emphases
to determine retrieval effectiveness differences among regular search, title search, exact
phrase search, and PDF file format restriction search. A one-way ANOVA method and regression
analysis method were used for the study. It was found that the PDF file format restriction
search achieved the best retrieval performance among Yahoo, Google and Live Search. The
regular search achieved the best web page ranking performance among Yahoo, Google, and
Live Search. The findings of this study can be used to assist users in formulating an appropriate
search strategy to improve search effectiveness, and to shed light on how search engines react
to different types of search features in terms of retrieval effectiveness.
ª 2010 Elsevier Ltd. All rights reserved.

Introduction

The Internet has become a global data communication
system and information resource, changing the way people
look for information. It has become a primary means to
search information due to its richness, coverage, diversity,

and dynamics, plus powerful search engines. Its impact on
society is significant and unprecedented. The Internet has
brought new forms of social interactions, networks, and
online activities because of its accessibility and availability.
It was reported that the number of unique users reached
a new record high: One billion in December 2008 (Wallop,
2009). However, the actual number of Internet users
might be even higher.

An Internet search engine is a key tool designed to
identify information on the Internet. One survey shows 89%
of Internet users use search engines to find information,
second only to the 91% who send or read e-mail (Pew
Research Center, 2008). A search engine responds to
a query submitted from a user with a returned results list
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from billions and billions of indexed web pages. The list is
ranked by the relevance of each result to the query.

A search engine provides users with a variety of search
features such as: exact phrase search, Boolean search,
language restriction, file type restriction, title search, and
domain restriction. These features are supposed to facili-
tate users’ searches, meet various special types of infor-
mation needs, and improve search effectiveness. Some
search features are commonly provided by all the search
engines while some advanced search features may vary in
different search engines. A study suggests that a search
engine should provide users with powerful advanced
features to support query processes and achieve effective
searches (Wu & Chuang, 2008).

The evaluation of search engines ranges across many
fronts, beginning with search engine evaluation from users’
perspective (Crudge & Johnson, 2004; Spink, 2002; Su,
2003), to crossing language search (Zhang & Lin, 2007), to
image search (Hassan & Zhang, 2001), to meta-search
engine (Zhang & Chueng, 2003), to e-commerce search
(Jansen & Molina, 2006), to multimedia search (Ozmutlu,
Spink, & Ozmutlu, 2003), to search engine bias
(Mowshowiz & Kawaguchi, 2005; Vaughan & Thelwall,
2004), to search engine result overlapping (Spink, Jansen,
Blakely, & Koshman, 2006), to search engine result
ranking (Bar-Ilan, 2006; Bar-Ilan, Keenoy, Yaari, & Levene,
2007), to research engine result consistency (Thelwall,
2008), and to sponsored web pages in search results
(Nicholson et al., 2006). Two advanced search features
(exact title search and URL search) were selected to
examine the impact of non-topical terms and semi-topical
terms on query expansion and one study showed that the
search results would improve if the queries are restricted to
the exact title search or URL search (Fattahi, Wilson, &
Cole, 2008). Contrary to expectation, in another study
Boolean search strategies delivered negative retrieval
effectiveness (Ford, Miller, & Moss, 2002). According to
Eastman and Jansen (2003), the use of most query opera-
tors such as AND, OR, MUST APPEAR (C), or PHRASE (“ ”)
were not used by the majority of searchers and this had no
significant effect on coverage, relative precision, or search
results ranking.

The above analysis shows that although a lot of studies
on search engine evaluation have been done, each of them
has had its own emphasis. None of them evaluated and
compared search features across multiple search engines
and evaluation on search features, like PDF file format
restriction search, was not addressed.

It is widely recognized that users’ information needs are
sophisticated and dynamic. Users’ information needs vary
in different situations and contexts. An information
retrieval system should be able to provide its users with
various search features and means to cope with compli-
cated users’ information needs. There is no exception for
Internet search engines. Internet search engines like Goo-
gle and Yahoo are equipped with an array of search
features to satisfy users’ information needs. The impor-
tance of a study which investigates search features of the
search engines is to enable users to better understand the
characteristics of the search features in the major search
engines and to better meet their information needs by
selecting appropriate search features.

Use of an advanced search feature in a search engine
certainly impacts the returned results list from a search
engine. Users may ask whether the use of an advanced
search feature would make the returned web pages more
relevant and accurate, and the ranking of the returned web
pages in the list more accurate. Unfortunately, the answers
to these questions are rarely found in the literature.

The main objective of this study is to investigate
whether the use of advanced search features would
improve the effectiveness and accuracy of search engine
retrieval results through an experimental study. The inde-
pendent variable and dependent variable in this study are
search feature and retrieval effectiveness in a search
engine, respectively. The findings of this study can be used
to help users select an appropriate search engine feature to
improve search effectiveness, and to gain insight into how
a search engine responds to different types of search
features in terms of retrieval result effectiveness.

Research method description

A search engine commonly provides users with a group of
advanced search features in addition to simple keyword
search. The advanced search features vary in different
search engines. They may include title search, exact phrase
search, Boolean search, language restriction, file type
restriction, country restriction, domain restriction, URL
search, meta word search, date restriction, similar pages,
linked pages, returned result number restriction, usage
rights restriction, numeric range, and safe search filter.
Advanced search offers a wide spectrum of search options
for searchers. These search features are designed to meet
users’ various special information needs and therefore
users should achieve better retrieval performance.

The overarching research question for this study is
whether the use of advanced search features enhances
retrieval effectiveness in a search engine. Based on the
research question three null hypotheses of the study were
developed and are stated as follows:

� H1: There are no significant differences among the
searches without the advanced search features and
searches with the advanced search features in terms of
retrieval effectiveness in Yahoo.

� H2: There are no significant differences among the
searches without the advanced search features and
searches with the advanced search features in terms of
retrieval effectiveness in Google.

� H3: There are no significant differences among the
searches without the advanced search features and
searches with the advanced search features in terms of
retrieval effectiveness in Live Search.

Hypotheses H1, H2 and H3 were used to test retrieval
performance in each of the three search engines. The
independent variable was advanced search feature used in
a search query and the dependent variable was retrieval
effectiveness of a search engine search. The control group
consisted of the searches without a search feature and the
treatment group consisted of the searches with a search
feature.
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The measurement for retrieval performance in this study
was revised precision. The traditional precision for a search
is defined as the ratio of the number of the retrieved
relevant documents in a result set to the size of the result
set. The relevance judgment result for a retrieved docu-
ment is binary. In other words, a document is regarded as
either relevant or irrelevant. In fact, a retrieved document
may fall into a grey area between relevance and irrele-
vance. The definition of the traditional precision does not
fit the evaluation of search engine retrieval results. That is
because a search engine usually responds to a regular query
with a lengthy results list. The size of the results list can
easily reach thousands, even millions. Relevance judgment
of a web page to a query is time consuming. It was not
feasible for the researchers to examine the relevance of all
the returned web pages of a query. In addition, it was
reported that most users only browse the web pages in first
page of a results list (Jacsó, 2008; Jansen & Spink, 2006;
Kumar, Suri, & Chauhan, 2005). Leighton and Srivastava
(1999) argue that the first three results are very impor-
tant, and then the next seven, and then the next ten. Users
usually ignore and skip the rest of the web pages in the
results list. Due to these reasons, a revised precision was
introduced to evaluate search effectiveness in this study.

First, the relevance of a retrieved web page to a query
was evaluated by the researchers and a five-relevance-level
scale was applied in Fig. 1. After the title and full-text of
a web page are browsed analyzed, a relevance score was
given to the web page. The defined relevance scale ranges
from 0 to 1. For instance, if the relevance of a web page to
a query was in between relevant and the most relevant,
then 0.75 as its relevance score may have been assigned. If,
of two web pages one was not relevant and the other was
fully relevant, then they were assigned 0 and 1 respec-
tively. If a returned web page in the results list corre-
sponded to a dead link, it was skipped. In other words, the
dead links in a results list were not considered in the study.

During the relevance judgment process, the investiga-
tors examined all paragraphs, figures, and tables in each of
the retrieved web pages returned from a search engine. If
all the paragraphs, figures, and tables in the web page were
related to a query, the relevance score for the web page
was 1. If half of the paragraphs, figures, and tables in the
web page were related to the query, 0.5 was assigned to
the web page as its relevance score. If none of the para-
graphs, figures, and tables in the web page was related to
the query, the web page received 0 as its relevance score.

The relevance judgment for web pages was conducted
by the researchers of this study.

It is widely recognized that the relevance judgment for
a retrieved document/web page is subjective. Many
factors, such as search domain background, understanding
of the information need, retrieval expertise, and retrieval
result presentation format, play a role in the relevance
judgment. In this study, the investigators of this study were
responsible for the relevance judgment for the retrieved
web pages from the search engines. The positive side of this

method is that the investigators developed the queries,
understood the information needs behind these queries,
and applied consistently the relevance evaluation criteria
to the retrieved web pages. On the other hand, since the
relevance judgment task in this study was not conducted by
users, the results of the study may be different from the
results performed by users.

The number (n) of the examined web pages in a results
list was determined. In our case the parameter n is equal to
100 for all the retrieval results lists. That is, only the top
100 web pages in a search results list were examined and
those web pages were judged accordingly.

The revised precision (search effectiveness measure) is
defined as:

PðwiÞZ
Pn

iZ1 RiðwiÞ
n

ð1Þ

in Equation (1), P(wi)is the revised precision, Ri (wi) is the
relevance score of a web page (wi) in a retrieval results list,
and n is the number of all the examined web pages in
a results list from a search engine.

The three search engines selected for the experimental
study e Google, Yahoo, and Live Search e have dominated
the search engine use market (Sullivan, 2006). Google,
Yahoo and MSN (Live Search) represent 85.3% of searches in
the US. The search engines have been widely recognized as
primary search engines. Each search engine provides users
with rich advanced search features.

The following three search features in the three search
engines were identified and selected for the study:

� Title search (search terms only appear in a web page
title)

� PDF file format restriction search (the retrieved web
pages’ file format is PDF)

� Exact phrase matching search (phrase in a query is
exactly matched with the phrase in retrieved web
pages)

These three search features were identified and
selected for the study for specific reasons. It is, for
example, widely recognized that keywords in a title are
more important than keywords in full-text in terms of
describing subject content (Fattahi et al., 2008; Zhang &
Dimitroff, 2005). It is natural for users to consider the
title search feature as the first option in their searches.
The PDF file format restriction search returns a group of the
documents which usually are published journal papers,
technical reports, conference papers, or other types of
formal documents. These returned results are more
important for researchers if they look for formal documents
such as research papers for research. Exact phrase search
allows searchers to search for a phrase or short sentence in
the retrieved web pages. In this case, keywords in a phrase
are no longer separated as individual query terms. Instead
a phrase/sentence is treated as a complete fixed term. For
this reason, exact phrase search may be good for a specific
search. In addition, these three search features are all
available in the three investigated search engines. Conse-
quently, retrieval performance of these three search
features can be compared across the investigated
search engines. A regular search without any advancedFigure 1 Relevance scale display.
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search feature is also included in the study. The results
from a regular search can serve as a baseline for compar-
ison and analysis in a search engine.

In order to achieve a sound and plausible experimental
result, 20 search tasks were generated for the study, and
the contents of these 20 tasks focused on four different
areas: medicine and health; culture and education; infor-
mation and technology; and economy and business. In other
words, each of these four areas corresponded to 5 tasks.
The 20 search tasks were used in the three search engines
respectively. Four queries were formulated based on each
of the 20 search tasks. As a result, 80 queries were yielded
and submitted to each of the three search engines. Among
the 80 queries, 20 queries were used for title search,
20 queries for exact phrase search, 20 queries for PDF
format filter search, and 20 queries for regular search.

The 20 search queries, which are categorized into the
4 groups, are listed in Table 1.

After a query was submitted to a search engine, the
search engine returned a retrieval results list. The top 100
returned web pages were examined, the relevance of each
web page in the returned web page set was judged, the
relevance judgment results were tabulated, and retrieval
effectiveness of each search was calculated using Equation
(1) for further data analysis. Sponsored web pages in
a results list were excluded for study. In addition, if
a returned hyperlink was a dead link in a results list, it was
not considered.

All collected resultant retrieval effectiveness data were
categorized into four groups: regular search group; title
search group; PDF format group; and phrase exact matching
group. A one-way analysis of variance (ANOVA) method was
applied to the four groups of data to test whether there
were significant differences among the four groups. If there
were significant differences among the four groups,
The Tukey analysis method was used to detect what caused
the significant differences among the four groups. A one-
way ANOVA method was applied to the data from the three
search engines respectively so that the advanced search

feature behaviors in the three different search engines
could be revealed and demonstrated separately. In addi-
tion, the resultant data from the three search engines were
merged into one data set and a one-way ANOVA method
was also applied to the merged and integrated data set so
that the advanced search feature behaviors in the three
different search engines as a whole could be discovered and
illustrated. The ANOVA results indicated whether the
proposed null hypotheses were rejected or accepted.

As we know, a search engine returns a retrieval results
list in response to a query. The web pages in the results list
are not randomly presented to users. Instead, they are
ranked based on their similarities to the search query. It is
widely recognized that users tend to read and browse the
web pages at the top of a retrieval results list from a search
engine. If the web pages with high relevance scores are
located at bottom of the list, the chance that the web
pages are browsed is slim. Therefore, web page ranking
should be considered as one of the important factors for
search engine retrieval effectiveness evaluation.
The regression analysis method was used to investigate the
retrieval result ranking change patterns of the web pages in
the ranking results lists in the three search engines.
The regression equations were identified, the regression
curves were produced, and the goodness of fit for each
regression analysis was provided. The regression analysis
method also allows readers to understand the degree to
which the retrieval effectiveness values in a results list fit
into the identified patterns/models. The regression analysis
method added a unique dimension to retrieval effective-
ness analysis of search engines.

Results and discussion

In this study, 240 searches were submitted to three search
engines (Yahoo, Google, and Live Search). A total of 24,000
web pages were examined and their relevance judgments
were made accordingly. Retrieval effectiveness of each

Table 1 Display of the search queries in the study.

Medicine and health Culture and education Information and technology Economy and business

Obesity and heart disease World cultural diversity Information retrieval technology Global financial crisis 2008
Diet and diabetes Distance education Information management Economic stimulus
Sports and health Information literacy Information security Industrial pollution
Mental health World cultural heritage Intellectual property Food security
Keep fit Folk customs Electronic commerce International trade and marketing

Table 2 Descriptive summary of the Yahoo data.

Variable N Mean Std. deviation Std. error 95% Confidence interval for mean Minimum Maximum

Lower bound Upper bound

Ti 20 0.6910 0.03262 0.00729 0.6757 0.7063 0.65 0.75
Re 20 0.6157 0.03697 0.00827 0.5984 0.6330 0.54 0.68
Ph 20 0.5242 0.03863 0.00864 0.5061 0.5423 0.43 0.58
PDF 20 0.7688 0.04060 0.00908 0.7498 0.7878 0.67 0.83

Total 80 0.6499 0.09820 0.01098 0.6281 0.6718 0.43 0.83
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search was calculated. The data analysis tool was the SPSS
statistics analysis software package (Version 16).
The significance level (p) or sig was 0.05 for all the tests in
this study. In other words, if p or the sig was smaller than
0.05 in a test, the finding of the test was statistically
significant and the corresponding null hypothesis was
rejected.

Data results and data analysis for Yahoo

The one-way ANOVA test results illustrate that the degree
of freedom (DF) was 3, the F value was 156.958, the mean
square was 0.219, and the p-value was 0.000, which is
smaller than 0.05. Therefore, the null hypothesis H1 was
rejected. This means that there were significant differ-
ences among search results without advanced search
features and search results with advanced search features
in terms of retrieval effectiveness in Yahoo.

Table 2 shows the descriptive summary of the Yahoo
resultant data. In the first column “Variable”, Ti, Re, Ph,
and PDF stand for title search, regular search (without using
any search feature), exact phrase search, and PDF file

format restriction search, respectively. The mean plots are
displayed in Fig. 2 where the X-axis and Y-axis represent the
search feature and retrieval effectiveness mean respec-
tively. The retrieval effectiveness mean of the exact phrase
search (0.5242) was the smallest among the four groups.
It was even smaller than the effectiveness of the baseline,
the regular search without using any search feature.
The greater a retrieval effectiveness mean was, the better
the retrieval effectiveness, and vice versa. The smallest
standard deviation of the title search (0.03262) indicates
that title search effectiveness was the most stable
compared to other types of search. The greatest standard
deviation was 0.04060 (The PDF file restriction search). The
lower boundary and upper boundary for the PDF file format
restriction search were 0.7498 and 0.7878 at 95% confi-
dence interval, respectively. They were the highest scores
in the lower boundary and upper boundary categories,
respectively. The higher the score of the lower (upper)
boundary, the better the retrieval performance was.

The minimum and maximum means for the PDF file
format restriction search were 0.67 and 0.83, respectively.
They were the highest scores in the minimum and maximum
mean categories respectively. On the other hand, the lower
boundary and upper boundary for the exact phrase search
were 0.5061 and 0.5423 at 95% confidence interval,
respectively. They were the lowest scores in the lower
boundary and upper boundary categories respectively. The
minimum and maximum means for the exact phrase search
were 0.43 and 0.58, respectively. They were the lowest
scores in the minimum and maximum mean categories,
respectively. Other resultant data like standard deviation
error are also listed in Table 2.

Since the null hypothesis H1 was rejected in this case due
to the low p-value (0.000), a Tukey HSD method was carried
out to further determine the reasons for the rejection.
The generated Tukey HSD analysis results are presented in
Tables 3 and 4. The definitions of the factors (I and J ) Ti, Re,
Ph, and PDF in Tables 3 and 4 are the same as these in Table
2. A positive value of IeJ indicates that the factor I out-
performed the factor J. The sign ‘*’ in the second column in
Table 3 indicates that the corresponding mean difference
was significant at the 0.05 level. The mean difference (IeJ)

Figure 2 Mean plots for the Yahoo test.

Table 3 Multiple comparisons of the Tukey HSD for the Yahoo test.

(I) factor (J) factor Mean difference (I � J) Std. error Sig. 95% Confidence interval

Lower bound Upper bound

Ti Re 0.07530* 0.01180 0.000 0.0443 0.1063
Ph 0.16680* 0.01180 0.000 0.1358 0.1978
PDF �0.07780* 0.01180 0.000 �0.1088 �0.0468

Re Ti �0.07530* 0.01180 0.000 �0.1063 �0.0443
Ph 0.09150* 0.01180 0.000 0.0605 0.1225
PDF �0.15310* 0.01180 0.000 �0.1841 �0.1221

Ph Ti �0.16680* 0.01180 0.000 �0.1978 �0.1358
Re �0.09150* 0.01180 0.000 �0.1225 �0.0605
PDF �0.24460* 0.01180 0.000 �0.2756 �0.2136

PDF Ti 0.07780* 0.01180 0.000 0.0468 0.1088
Re 0.15310* 0.01180 0.000 0.1221 0.1841
Ph 0.24460* 0.01180 0.000 0.2136 0.2756

*The mean difference is significant at the 0.05 level.
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column in Table 3 demonstrates that all the mean differ-
ences between the PDF file restriction search and other
types of search were positive and significant: 0.07780 (the
mean of PDF file format restriction search e the mean of
title search), 0.15310 (the mean of PDF file format restric-
tion search e the mean of regular search), and 0.24460 (the

mean of PDF file format restriction search e the mean of
exact phrase search). In other words, the PDF file format
restriction search in this study outperformed the title
search, the regular search, and the exact phrase search as
well. The title search is second to the PDF file format
restriction search because the mean difference between the

Table 4 Homogeneous subsets for the Yahoo test.

Factor N Subset for alpha Z 0.05

1 2 3 4

Ph 20 0.5242
Re 20 0.6157
Ti 20 0.6910
PDF 20 0.7688
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

Figure 3 Regression analysis for four search types in Yahoo.
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title search and the regular search was 0.07530, and the
mean difference between the title search and exact phrase
search was 0.16680. The regular search was in the third
place because the mean difference between the regular
search and the exact phrase search was 0.09150. Perfor-
mance of the exact phrase search was the worst among the
four search types. All the sig values are 0.000 in Table 3.

In a Tukey HSD analysis, if the factors are grouped into
a subset, these factors are not significantly different. In the
test four separate homogeneous subsets were produced in
Table 4. That is, each search type corresponded to
a homogeneous subset. No two search types formed
a homogeneous subset. It confirms that there were signifi-
cant differences among the four search types in terms of
retrieval effectiveness.

In order to examine and observe the relevance ranking
distribution of retrieved web pages in a retrieval results
list, the average relevance scores of all searches in one
search type had to be calculated and then a regression
analysis conducted for each of the four search types.
In Fig. 3, the X-axis and Y-axis are defined as the position of
a web page in a retrieval results list and the relevance score
of a web page, respectively. A greater R square value
indicates a better regression curve fit. In other words,
a greater R square score is associated with a better web
page ranking result in a retrieval results list.

The regression analysis results for the title search were
as follows: The R square was 0.838, F value was 508.572,
and Sig was 0.000. The regression equation was a loga-
rithmic model (b0 Z 1.066, b1 Z �0.103). The regression
curve is shown in Fig. 3A. The standard logarithmic model/
equation is defined in Equation (2).

YZb0 þ b1 � lnðXÞ ð2Þ

The regression analysis results for the regular search
were as follows: The R square was 0.882, F value was
730.472, and Sig was 0.000. The regression equation was
a logarithmic model (b0 Z 1.014, b1 Z �0.110). The re-
gression curve is shown in Fig. 3B.

The regression analysis results for the exact phrase
search were as follows: The R square was 0.781, F value was
348.472, and Sig was 0.000. The regression equation was
a logarithmic model (b0 Z 0.882, b1 Z �0.098). The
regression curve is shown in Fig. 3C.

The regression analysis results for the PDF file restriction
search were as follows: The R square was 0.788, F value was
363.475, and Sig was 0.000. The regression equation was
a logarithmic model (b0 Z 1.052, b1 Z �0.079). The re-
gression curve is shown in Fig. 3D.

It is apparent that the regular search achieved the best
regression curve fit due to its higher R square value (0.882).
Fig. 3B illustrates that the web pages are nicely scattered
around the generated regression equation curve. The exact
phrase search achieved the worst because of its lower
R square (0.781).

Data results and data analysis for Google

The one-way ANOVA test results illustrate that DF was 3,
the F value was 86.558, the mean square was 0.109, and the
p-value/sig was 0.000, which is smaller than 0.05. There-
fore, the null hypothesis H2 was rejected. This means that
there were statistical differences among searches without
advanced search feature and searches with advanced
search features in terms of retrieval effectiveness in
Google.

Table 5 shows the descriptive summary of the Google
resultant data. In the first column “Variable”, the defini-
tions of Ti, Re, Ph, and PDF are the same as Table 2.
The Google test mean plots are presented in Fig. 4 where
the definitions of the X-axis and Y-axis are the same as
those in Fig. 2. The retrieval effectiveness mean of the
exact phrase search (0.5062) was the smallest while that of
the PDF file format restriction search (0.6735) was the
greatest. The smallest standard deviation of the regular
search (0.03000) indicates that the regular search effec-
tiveness was the most stable compared to other types of
searches. The greatest standard deviation was 0.04272 (the
exact phrase search). The lower boundary and upper

Table 5 Descriptive Summary of the Google data.

Variable N Mean Std. deviation Std. error 95% Confidence interval for mean Minimum Maximum

Lower bound Upper bound

Ti 20 0.6414 0.03071 0.00687 0.6271 0.6558 0.59 0.70
Re 20 0.5797 0.03000 0.00671 0.5657 0.5937 0.53 0.63
Ph 20 0.5062 0.04272 0.00955 0.4862 0.5262 0.40 0.58
PDF 20 0.6735 0.03692 0.00826 0.6562 0.6908 0.64 0.76

Total 80 0.6002 0.07311 0.00817 0.5839 0.6165 0.40 0.76

Figure 4 Mean plots for the Google test.
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boundary for the PDF file format restriction search was
0.6562 and 0.6908 at 95% confidence interval, respectively.
They were the highest scores in the lower boundary and
upper boundary categories, respectively. The minimum and
maximum means for the PDF file format restriction search
were 0.64 and 0.76, respectively. They were also the
highest scores in the minimum and maximum mean cate-
gories. On the other hand, observe that the lower boundary
and upper boundary for the exact phrase search were
0.4862 and 0.5262 at 95% confidence interval, respectively.
They were the lowest scores in the lower boundary
and upper boundary categories, respectively. The minimum
and maximum means for the exact phrase search were 0.40
and 0.58, respectively. They were also the lowest scores in
the minimum and maximum mean categories.

Since the null hypothesis H2 was rejected in this case
due to the low p-value (0.000), a Tukey HSD method was
used to further determine the reasons for the rejection.
The produced Tukey HSD analysis results are presented in
Tables 6 and 7. The definitions of the factors (I and J) Ti,
Re, Ph, and PDF in Tables 6 and 7 are the same as those in
Table 5. The mean difference (IeJ) column in Table 6
shows that all the mean differences between the PDF
file restriction search and other types of search were
positive and significant: 0.03205 (the mean of PDF file
format restriction search - the mean of title search),
0.09380 (the mean of the PDF file format restriction
search e the mean of regular search), and 0.16730 (the

mean of the PDF file format restriction search e the mean
of exact phrase search). In other words, the PDF file
format restriction search achieved the best retrieval
performance among the four groups. The title search is in
second place because the significant mean difference
between the title search and the regular search was
0.06175, and the significant mean difference between the
title search and exact phrase search was 0.13525. The
regular search is in third place because the significant
mean difference between the regular search and the
exact phrase search was 0.07350. Performance of the
exact phrase search was the worst among the four search
groups. All the sig values for the mean differences were
0.000 except for the mean difference between the title
search and the PDF file format restriction search (0.028)
in Table 6.

In the Tukey HSD analysis, four separate homogeneous
subsets were produced in Table 7. That is, each search type
corresponds to a homogeneous subset, which is consistent
with the finding that there were significant differences
among the four search types in terms of retrieval
effectiveness.

A regression analysis was carried out for each of the four
search types. In Fig. 5, the definitions of the X-axis and
Y-axis are the same as those in Fig. 3.

The regression analysis results for the title search were
as follows: The R square was 0.845, the F value was
730.472, and Sig was 0.000. The regression equation was

Table 6 Multiple comparisons in Tukey HSD for the Google test.

(I) Factor (J) Factor Mean difference (I � J) Std. error Sig. 95% Confidence interval

Lower bound Upper bound

Ti Re 0.06175* 0.01122 0.000 0.0323 0.0912
Ph 0.13525* 0.01122 0.000 0.1058 0.1647
PDF �0.03205* 0.01122 0.028 �0.0615 �0.0026

Re Ti �0.06175* 0.01122 0.000 �0.0912 �0.0323
Ph 0.07350* 0.01122 0.000 0.0440 0.1030
PDF �0.09380* 0.01122 0.000 �0.1233 �0.0643

Ph Ti �0.13525* 0.01122 0.000 �0.1647 �0.1058
Re �0.07350* 0.01122 0.000 �0.1030 �0.0440
PDF �0.16730* 0.01122 0.000 �0.1968 �0.1378

PDF Ti 0.03205* 0.01122 0.028 0.0026 0.0615
Re 0.09380* 0.01122 0.000 0.0643 0.1233
Ph 0.16730* 0.01122 0.000 0.1378 0.1968

*The mean difference is significant at the 0.05 level.

Table 7 Homogeneous subsets for the Google test.

Factor N Subset for alpha Z 0.05

1 2 3 4

Ph 20 0.5062
Re 20 0.5797
Ti 20 0.6414
PDF 20 0.6735
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
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a logarithmic model (b0 Z 0.996, b1 Z �0.097). The re-
gression logarithmic equation is given in Equation (2).
The corresponding regression curve is shown in Fig. 5A.

The regression analysis results for the regular search
were as follows: The R square was 0.897, the F value was
854.268, and Sig was 0.000. The regression equation was
a logarithmic model (b0 Z 0.971, b1 Z �0.107). The
regression curve is shown in Fig. 5B.

The regression analysis results for the exact phrase
search are as follows: The R square was 0.874, the F value

was 677.898, and Sig was 0.000. The regression equation
was a logarithmic model (b0 Z 0.860, b1 Z �0.097).
The regression curve is shown in Fig. 5C.

The regression analysis results for the PDF file restriction
search were as follows: The R square was 0.857, the F value
was 585.852, and Sig was 0.000. The regression equation
was a logarithmic model (b0 Z 0.973, b1 Z �0.090).
The regression curve is shown Fig. 5D.

All the R square values of the four different types of
search ranged from 0.845 to 0.897. The regular search

Figure 5 Regression analysis for four search types in Google.

Table 8 Descriptive summary of the Live Search data.

Variable N Mean Std. deviation Std. error 95% Confidence interval for mean Minimum Maximum

Lower bound Upper bound

Ti 20 0.6091 0.02371 0.00530 0.5980 0.6202 0.57 0.64
Re 20 0.5440 0.02691 0.00602 0.5314 0.5566 0.48 0.58
Ph 20 0.4561 0.03806 0.00851 0.4383 0.4739 0.34 0.51
PDF 20 0.6485 0.02905 0.00650 0.6349 0.6621 0.58 0.69

Total 80 0.5644 0.07894 0.00883 0.5469 0.5820 0.34 0.69
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achieved the best regression curve fit (or web page ranking)
due to its higher R square value (0.897). The web pages’
distribution along the regression curve in Fig. 5B also sup-
ported this claim. The title search achieved the worst
because of its lower R square (0.845).

It is interesting that the retrieval performance pattern
for the four search features in Yahoo was quite similar to
that for the four search features in Google. The PDF file
format restriction search achieved the best retrieval
performance while the exact phrase search achieved the
worst retrieval performance in both Yahoo and Google.
Their means plots charts looked similar. The regression
analysis indicated that the regular search had the best
regression curve fit in both Yahoo and Google.

Data results and data analysis for Live Search

The one-way ANOVA test results for Live Search showed
that DF was 3, the F value was 158.101, the mean square
was 0.141, and the p-value/sig was 0.000 which is smaller
than 0.05. Therefore, the null hypothesis H3 was rejected.
In other words, there were statistical differences among

regular searches, title searches, exact phrase searches, and
PDF file format restriction searches in terms of search
effectiveness in Live Search.

Table 8 shows the descriptive summary of the experi-
mental study for Live Search. In the first column “Variable”,
the definitions of Ti, Re, Ph, and PDF are the same as Table
2. The Live Search test mean plots are presented in Fig. 6
where the definitions of the X-axis and Y-axis are the
same as these in Fig. 4. The retrieval effectiveness mean of
the exact phrase search (0.4561) was the smallest while
that of the PDF file format restriction search (0.6485) was
the greatest. The smallest standard deviation of the title
search (0.02371) indicates that the regular search effec-
tiveness was the most stable one compared to other search
types. The greatest standard deviation was 0.03806 (the
exact phrase search). Notice that the lower boundary and
upper boundary for the PDF file format restriction search
were 0.6349 and 0.6621 at 95% confidence interval,
respectively. They were the highest scores in the lower
boundary and upper boundary categories, respectively. The
minimum and maximum means for the PDF file format
restriction search were 0.58 and 0.69, respectively. They
were also the highest scores in the minimum and maximum
mean categories, respectively. On the other hand, notice
that the lower boundary and upper boundary for the exact
phrase search were 0.4383 and 0.4739 at 95% confidence
interval, respectively. They were the lowest scores in the
lower boundary and upper boundary categories, respec-
tively. The minimum and maximum means for the exact
phrase search were 0.34 and 0.51, respectively. They were
also the lowest scores in the minimum and maximum mean
categories.

The null hypothesis H3 was rejected because of the low
p-value (0.000). Therefore, a Tukey HSD method was
employed to detect the reasons for the rejection. The
resultant Tukey HSD analysis results are presented in Tables
9 and 10. The definitions of the factors (I and J) Ti, Re, Ph,
and PDF in Table 9 and 10 are the same as these in Table 8.
The mean difference (I� J) column in Table 9 shows that all
the mean differences between the PDF file restriction
search and other types of search were positive and signifi-
cant: 0.03940 (the mean of PDF file format restriction

Figure 6 Mean plots for the Live Search test.

Table 9 Multiple comparisons in Tukey HSD for the Live Search test.

(I) Factor (J) Factor Mean Difference (I � J) Std. error Sig. 95% Confidence interval

Lower bound Upper bound

Ti Re 0.06510* 0.00946 0.000 0.0403 0.0899
Ph 0.15300* 0.00946 0.000 0.1282 0.1778
PDF �0.03940* 0.00946 0.000 �0.0642 �0.0146

Re Ti �0.06510* 0.00946 0.000 �0.0899 �0.0403
Ph 0.08790* 0.00946 0.000 0.0631 0.1127
PDF �0.10450* 0.00946 0.000 �0.1293 �0.0797

Ph Ti �0.15300* 0.00946 0.000 �0.1778 �0.1282
Re �0.08790* 0.00946 0.000 �0.1127 �0.0631
PDF �0.19240* 0.00946 0.000 �0.2172 �0.1676

PDF Ti 0.03940* 0.00946 0.000 0.0146 0.0642
Re 0.10450* 0.00946 0.000 0.0797 0.1293
Ph 0.19240* 0.00946 0.000 0.1676 0.2172

*The mean difference is significant at the 0.05 level.
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search e the mean of title search), 0.10450 (the mean of
PDF file format restriction search e the mean of regular
search), and 0.19240 (the mean of PDF file format restric-
tion search e the mean of exact phrase search). In other
words, the PDF file format restriction search achieved the
best retrieval performance among the four groups. The title
search was in second place because the significant mean
difference between the title search and the regular search
was 0.06510, and the significant mean difference between

the title search and exact phrase search was 0.15300.
The regular search was in third place because the signifi-
cant mean difference between the regular search and the
exact phrase search was 0.08790. It is evident that
performance of the exact phrase search was the worst
among the four search groups. All the sig values for the
mean differences are 0.000 in Table 9.

In the Tukey HSD analysis four separate homogeneous
subsets were produced in Table 10. That is, each search

Table 10 Homogeneous subsets for the Live Search test.

Factor N Subset for alpha Z 0.05

1 2 3 4

Ph 20 0.4561
Re 20 0.5440
Ti 20 0.6091
PDF 20 0.6485
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

Figure 7 Regression analysis for four search types in Live Search.
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type corresponds to a homogeneous subset, which confirms
that there were significant differences among the four
search types.

A regression analysis was conducted for each of the four
search types. In Fig. 7, the definitions of the X-axis and
Y-axis are the same as those in Fig. 3.

The regression analysis results for the title search were
as follows: The R square was 0.813, the F value was
426.066, and Sig was 0.000. The regression equation was
a logarithmic model (b0 Z 0.888, b1 Z �0.077). The re-
gression logarithmic equation is given in Equation (2).
The corresponding regression curve is shown in Fig. 7A.

The regression analysis results for the regular search
were as follows: The R square was 0.838, the F value was
507.456, and Sig was 0.000. The regression equation was
a logarithmic model (b0 Z 0.849, b1 Z �0.084). The
regression curve is shown in Fig. 7B.

The regression analysis results for the exact phrase
search were as follows: The R square was 0.823, the F value
was 454.702, and Sig was 0.000. The regression equation
was a logarithmic model (b0 Z 0.766, b1 Z �0.085).
The regression curve is shown in Fig. 7C.

The regression analysis results for the PDF file restriction
search were as follows: The R square was 0.755, F value was
301.666, and Sig was 0.000. The regression equation was
a logarithmic model (b0 Z 0.917, b1 Z �0.074). The re-
gression curve is shown in Fig. 7D.

TheR squarevaluesofall the four search types rangedfrom
0.755 to 0.838. The regular search achieved the best regres-
sion curve fit (or web page ranking) due to its higher R square
value (0.838). The web pages’ distribution along the regres-
sion curve in Fig. 7B also supports this claim. The PDF search
achieved the worst performance in this category because of
its lower R square (0.755). Fig. 7D also confirms this.

In summary, in all the three investigated search engines
(Yahoo, Google, and Live Search) the retrieval effective-
ness performance patterns for the four kinds of search
shared commonalities. The PDF file format restriction
search outperformed the other three search types in terms
of retrieval precision, the title search was in second place,
the regular search was in third place, and the exact phrase
search achieved the worst retrieval performance. The
regression analysis showed that the regular search had the
best regression curve fit in all the three search engines,
which means that result ranking for regular search was
more accurate than the other three search types. However,
the best regression curve fits in the title search, exact
phrase search, and PDF restriction search did not behave
consistently in the three search engines. The exact phrase
search achieved two second places and one fourth place in
terms of result ranking performance. The PDF restriction
search achieved two third places and one fourth place. The
title search achieved one second place, one third place,
and one fourth place.

Conclusion

Information seeking on the Internet is not only crucial for
researchers, educators, engineers, and professionals but
also vital for common people. Search engines are widely
recognized as a primary means for information search on

the Internet. A search engine usually provides searchers
with multiple search features/options to meet various
users’ information needs. Investigation on how search
engines respond to their search features would assist users
in developing appropriate search strategies and generating
more satisfactory search results.

Toward this aim, three popular search engines (Yahoo,
Google, and Live Search) were selected for the study.
Advanced search features such as title search, exact phrase
search, and PDF file format restriction search in these
search engines were identified and their retrieval perfor-
mance was analyzed in terms of retrieval effectiveness and
retrieval result ranking performance. In addition, the
regular search was chosen as a comparison baseline.In this
experimental study, 240 searches were submitted to the
three search engines (Yahoo, Google, and Live Search). As a
result, 24,000 returned web pages were examined and their
relevance judgments were made. Retrieval effectiveness
for each of the 240 searches was calculated based on the
defined precision.

The experimental results show that there were signifi-
cant differences among the regular searches, title
searches, exact phrase searches, and PDF file format
restriction searches in terms of retrieval effectiveness in
Yahoo, Google, and Live Search, respectively. Advanced
search features such as the PDF file format restriction
search and the title search outperformed the regular search
in terms of retrieval effectiveness in the three search
engines. It is surprising that the exact phrase search did not
outperform the regular search in the investigated search
engines. The advanced search features behavior patterns
were similar across the three search engines.

The regression analysis results for the three search
engines show that the regular search outperformed the
title search, exact phrase search, and the PDF file format
restriction search in terms of retrieval results ranking. The
results are at odds with our expectations. In summary, the
regular search outperformed the advanced search features
in terms of retrieval result ranking while the advanced
search features outperformed the regular search in terms
of retrieval effectiveness. Some advanced search features
(Title search and PDF file restriction format search) ach-
ieved better performance than the regular search.
However, another advanced search feature, exact phrase
search, did not outperform the regular search in either
retrieval effectiveness or retrieval ranking performance.

The findings of this study suggest that:

� Keywords in the title of a Web page are more important
and relevant to its contents, and using the title search
feature in a search engine may improve the retrieval
effectiveness;

� Documents in the PDF format are more formal than
regular Web pages and they are usually official docu-
mentations, procedures, and publications. As a result
using the PDF format search feature in a search engine
would increase the opportunity that this kind of the
documents are retrieved; and

� Due to the poor performance of the exact phrase search
feature, search engine companies should revisit their
algorithms for the exact phrase search feature by
considering keywords in a phrase separately.
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Selection of the examined features for a search engine
was primarily affected by two factors: the nature of the
search features and the availability of these features in the
selected search engines. In this study, the three popular
search engines were selected for comparison so that the
behaviors of the search features could be identified among
the three search engines. As a result, each of the selected
features needed be available in the three search engines.
Regular keyword search is widely used as the default search
in search engines. In addition, the results of regular keyword
searches served as a baseline when the results of another
advanced feature were analyzed. A title is a general,
distinctive, and descriptive heading of a web page. It
represents the primary theme of a web page. Keywords
appearing in a title should be more important than the
keywords appearing other places in a web page. It is natural
for users to select this title search feature. Exact phrase
matching search does not treat the keywords separately in
a query and the order of the keywords in a query is kept
during the keyword matching process. Therefore, the
possible ambiguity caused by different keyword combina-
tions can be avoided. It is supposed to be used for a more
specific search. PDF documents have many advantages over
other document formats: They can be used across various
platforms and they are independent of the hardware, oper-
ating systems, and applications; they offer document level
security; and they also meet legal document requirements.
With emergency of the new digitalization technology, more
and more documents in the PDF format are available on the
Internet. As a consequence, the PDF file format restriction
search has become more important for users.

In returned results list from the search engines, there
were few dead links. These dead links were excluded from
the study. The rates of dead links in retrieval results lists
for Yahoo, Google, and Live Search were 1.70%, 1.20%, and
2.70% respectively. Dead links in a retrieval results list can
be caused by related server changes, directory path
changes, or web page changes. During the relevance judg-
ment process, it is difficult to judge the relevance of a web
page based only on a web page title without reading its
contents. That is why the dead links were not considered in
the study. Because the dead link rate in the retrieval results
list was very low, the impact of the dead links on the study
results was not significant.

The search engine Live Search ceased in 2009 and was
replaced by a new search engine, Bing. Because our
experimental study on the three search engines was con-
ducted from October 2008 to February 2009, Bing was not
selected for this study.

Future directions on this topic include, but are not
limited to, using the same research method to test more
other advanced search features in these search engines,
such as Boolean search, language restriction, other file type
restriction, and domain restriction or to examine advanced
search features in other search engines.
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