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ABSTRACT

This study illustrates the performance evaluation of the three international Web
search engines Google, Bing, and Yahoo based on the three languages English,
Arabic, and Turkish in six various categories, i.e., “business”, “culture”, “health”,
“sports”, “technology”, and “travel”. A total of 30 categorised queries (five per
category) were determined and each of them was run in English, in Arabic, and in
Turkish languages separately on each of the three Web search engines. At each run,
every document retrieved in the first 10 was classified as “relevant” or “non-
relevant” and, in each category, precision ratios and normalized recall ratios were
calculated for each of the five queries at every Web search engine and language pair.
Then, they were used in the evaluation. In all categories, generally, the Web search

engines performed better performances in English document retrieval compared to

Arabic document retrieval and Turkish document retrieval.

Keywords: Web Search Engine, English Language, Arabic Language, Turkish

Language, Information Retrieval.



Oz

Bu c¢alisma ti¢ uluslararast Web arama motoru Google, Bing, ve Yahoo’nun, alti
farkli kategorideki, “ekonomi”, “kiltur”, “saglik”, “spor”, “teknoloji”, ve “seyahat”,
olmak (zere ii¢ dile dayali, Ingilizce, Arapca, ve Turkce, performans
degerlendirmesini gostermektedir. Toplamda kategorize edilmis 30 sorgu (her
kategori igin 5 tane) belirlenmistir ve her biri Ingilizce, Arapca, ve Tiirkge olarak iic
Web arama motorunda ayr1 ayri ¢alistirilmistir. Her ¢alistirmada, ilk 10’ da alinan
her belge “ilgili” yada “ilgisiz” olarak siniflandirilmistir ve her kategorideki her 5
sorgu icin, her Web arama motoru ve dil giftinin duyarlilik oranlar1 ve normalize
siralama  oranlar1  hesaplanmigtir. Daha sonra, bunlar degerlendirmelerde
kullanilmistir. TUm kategorilerde, Web arama motorlar1 Arap¢a dokiimana erisim ve

Tiirkce dokiimana erisim performanslarina kiyasla genelde Ingilizce dokiimana

erisimde daha iyi performans gostermistir.

Anahtar Kelimeler: Web Arama Motoru, Ingilizce Dili, Arapga Dili, Turkce Dili,

Bilgi Erigim.
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Chapter 1

INTRODUCTION

In recent years, Web search engines have become the most important tools for the
Web users. The importance of the Web search engines may come as a consequence

of the huge number of pages on the Web.

Gao et al. reported in 2013 that “search engines are the most important domain in
Internet services in terms of the number of page views and daily visitors” [1]. Beside
of these, Grosjean estimated in the study [2] that more than 50% of the world’s
inhabitants use two or more than two languages (or dialects) in daily life; thus, it
could be said that the Web users may use one or more than one languages in addition
to their mother tongue. Furthermore, in the mid of 2014, there were almost 3 billion
Internet users in the world which was around 40% of the total world’s inhabitants [3]
and Internet users search for information in various categories according to their

needs.

Bringing all these together let us to have a study on evaluation of the performance of
the three international Web search engines Google [4], Bing [5], and Yahoo [6]
based on the three languages English, Arabic, and Turkish in six various categories,

29 <

1.e., “business”, “culture”, “health”, “sports”, “technology”, and “travel”.



The aims of this study are: to present information to the Web users who know one or
more of these languages in order to have idea about the Web search engines and have
advantage for better handling of the Web search engines; to motivate corresponding
researchers in order to improve search engines; and to motivate search engine

providers in order to improve their search engines.

Several related studies are as follows:

Efthimiadis et al. [7] evaluated the five international Web search engines A9,
AltaVista, Google, MSN, and Yahoo and the five Greek Web search engines
Anazitisi, Ano-Kato, Phantis, Trinity, and Visto by using the navigational queries.
These queries were homepage finding queries for known Greek organizations from
the ten categories “government departments”, “universities”, “colleges”, “travel
agencies”, “museums”, “media (TV, radio, newspapers)”’, “transportation”, and
“banks”. Furthermore, they evaluated the freshness of the Web search engine
indexes. One of their findings is that the international Web search engines performed

better than the Greek Web search engines.

Cakir et al. [8] evaluated the international image search engines Google, Yahoo, Ask,
and MSN, for retrieving images based on various topics, “IT & Internet”, “Food &
Beverage Brands”, “Broadcast Media”, “Automotive Manufacturers”, “Movies”,
“Pharmaceutical & Medical Products”, and “Travel Destination &
Accommodations”, with five English queries per topic. Mean precision ratios at 10,
20, 30, and 40 cut-off point values for each engine and topic pair were found and

used in the evaluations.



Goel and Yadav [9] presented an approach based on page level keywords for search
engine evaluation. They used 40 educational queries and measured the performance
of the international Web search engines Google, Yahoo, and Bing with their
approach. Afterwards, they used the same queries and measured the performance of
the same engines based on human ranking in terms of precision to verify their
approach. Due to the similar results were obtained from the two measurements, they

declared that page level keywords could be good criteria to evaluate search engines.

Moukdad [10] evaluated the performance of the international Web search engines
AltaVista, AlltheWeb, and Google and the local Web search engines Al bahhar,
Ayna, and Morfix (the arabic module) based on their ability to retrieve documents
containing morphologically related Arabic terms. The international Web search
engines were limited in retrieving Arabic documents. Using the exact forms of

Arabic words as search terms caused the loss of high number of documents.

Note that this study is an extended version of our study [11] and additionally

includes evaluations based on normalized recall ratios.

The organization of this study is as follows: The next chapter of this study contains
general information about Web search engines; chapter 3 includes the methodology
used in our study; chapter 4 demonstrates the experimental results; and the last

chapter presents the conclusion of this study.



Chapter 2

A BRIEF OVERVIEW ON WEB SEARCH ENGINES

Web search engine is a Web-based information retrieval system which enables the
Web users to search for information on the Web by writing one or more keywords in
a query. Every Web user is well aware of the importance of Web search engines due
to they shorten the time spend in searching for particular information. Beside their

simple view, Web search engines have complex functions working at behind.

In the early 1990s, the world has witnessed the emergence of Web search engines for
the first time. The first tool used for searching on the Internet was Archie search
engine, which was created by Alan Emtage, Bill Heelan, and Peter J. Deutsch in
1990 [12]. In 1994, David Filo and Jerry Yang collected their favorite Websites and
listed all the URL addresses of these Websites on a single guide page and they
managed the page and grew it until they founded Yahoo [13]. In the early 1996, the
students of Stanford University Larry Page and Sergey Brin worked together on a
search engine that they named it “BackRub” at that time. In 1997, they registered
“Google.com” as a domain for the search engine and in 1998 they established
Google Company [14]. In the middle of 2009, Microsoft CEO Steve Ballmer
unveiled Bing, which was previously known as "Live Search”, "Windows Live

Search”, and "MSN Search" [15].



A list in Figure 2.1 which is obtained from the study of eBizMBA [16] shows the top

five most popular Web search engines in nowadays.
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Figure 2.1: List of the top most popular search engines
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Chapter 3

METHODOLOGY

In this chapter, the methodology used to evaluate the Web search engines based on

the three languages in the six categories is explained.
3.1 Determination of Web Search Engines

We initially selected the highest ranked first three international Web search engines

Google, Bing, and Yahoo as derived from the study of eBizMBA [16].
3.2 Determination of Languages

Three languages English, Arabic, and Turkish were selected. The reasons behind
choosing these three languages were as follows: One of the authors knows all these
three languages; in the Q-Success’ study [17], these three languages were recorded in
the first 36 of “Usage-of-content-languages-for-websites” list which English
language was ranked as the first (55.6%), Turkish language was ranked as eleventh
(1.4%), and Arabic language was ranked as fourteenth (0.8%); and the numbers of
English language speakers, Arabic language speakers, and Turkish language speakers

were 335 million, 237 million, and 70.8 million, respectively [18].



3.3 Determination of Categories and Queries

Four popular international news providers CNN [19], euronews [20], Fox News [21],
and The Huffington post [22] were selected. Then, six category topics, i.e.,
“business”, ‘“‘culture”, “health”, “sports”, “technology”, and “travel”, were
determined from these news providers. For each category, five specific queries were
determined. Note that each query was especially considered to represent only its
corresponding category that would be listed underneath. All queries (30 in total) in
English, Arabic, and Turkish languages based on the six categories are given in
Table 1.

3.4 Search Settings

Before run the queries, some preferences of the three Web search engines were
changed:

e The language setting of the Web search engines was changed based on the
query language to retrieve the search results in the same language of the
query.

e SafeSearch feature were turned off to reach the search results without any
filters.

e The location setting was specified to retrieve the search results from all over

the world.



Table 1: The list of queries in English, Arabic, and Turkish langua

ges for the six categories

:‘j‘) +* ++ ++ H* +*+ ++

> 5 Business 5 Culture ? Health 5 Sports 5 Technology g Travel
=& 3 3 ] &) 3

E. brand licensing process ancient greek gods addiction treatment stages billiards rules cloud storage first class flight features
Al 1|3 as jidgdee 1 |l A0 a0l 21 1 |olesY) z3e dal s 1 [ soobldl ol 8 1 [etandl a5 1 s ds o eda ;W

T. marka lisanslama sureci antik yunan tanrilar bagimhlik tedavi agamalar bilardo kurallar bulut depolama birinci smif ugus dzellikleri
E. free trade agreement ethnic symbols breast cancer boxing techniques smart watch features safari tours

Al 2 [soa0 s s dsw 2 [y 5ees 2 [t la s 2 Al e 2 s et e e 2 e tadi edis

T. serbest ticaret anlagmas1 etnik semboller meme kanseri boks teknikleri akilh saat dzellikleri safari turlan

E. investment risks famous temples ebola symptoms derby matches social media train trips

Al 3 |ty jhl. 3 [5med dan 3 |Vsu al el 3 |l il e 3 el el 3 [l Y s

T. yatirm riskleri tinli tapmaklar ebola belirtileri derbi maglart sosyal medya tren gezileri

E. job opportunities old civilizations heart angioplasty risks international tennis tourname three dimensional printers travel tips

Al 4 |desdl m i 4 |awsl @l jlas 4 [dal 5 jlad llas 4 [Aadsal) Gas ey slay 4 [sla¥) s claglin 4 | il caata )

T. is firsatlar eski uygarliklar kalp anjiyoplasti riskleri uluslararasi tenis turnuvalari ti¢ boytlu yazcilar seyahat ipuglar

E. professional salesmanship traditional clothes vitamin ¢ benefits swimming styles yosemite operating system yacht voyages

Al 5 [a chine 5 |dadsl Gedla 5 [z onelis x5 5 |aalud) Ll 5 [ ulans 3 Jsiill alas 5 |l i)

T. profesyonel pazarlamacilik geleneksel giysiler ¢ vitamininin faydalari yuzme stilleri yosemite igletim sistemi yat seferleri

Notes: “E.” stands for English; “A.” stands for Arabic;

“T.” stands for Turkish




3.5 Query Run and Document Evaluation

The first query was run in English, in Arabic, and in Turkish languages one by one

on each of the three Web search engines. At each run, the first 10 documents

retrieved were evaluated. The same were done for the rest of the queries separately

and, as a result, totally 270 (30 queries x 3 languages x 3 Web search engines) runs

and retrieval output evaluations were done. During the evaluation of each retrieval

output, every document retrieved in the first 10 was categorised as “relevant” or

“non-relevant” based on the followings:

1.

If the text content of a document was related to subject of the query, it was
categorised as “relevant”.

If a document was repeated at least one time with different URL address —the
URL addresses appeared in the address bars were considered after the documents
were displayed—, all the documents (repeated-document and repeat-document(s))
were categorised as “relevant” or categorised as “non-relevant” based on the
relation of the text content with the query subject (note that “SD” code will be
used to represent a repeat-document in a such case).

If a document was repeated at least one time with the same URL address —the
URL addresses appeared in the address bars were considered after the documents
were displayed—, the repeated-document was categorised as “relevant” or “non-
relevant” based on the relation of the text content with the query subject, while
the repeat-document(s) was directly categorised as “non-relevant” (note that

“RD” code will be used to represent a repeat-document in a such case).



4. The documents were categorised as “non-relevant” based on the followings:

If a document’s text content was not related to subject of the query.

e |If a document’s text content was in different language other than the query
language.

e If a document included images or videos without any text description related
to the query.

e |If a document required registration for accessing the content.

e If a document was appeared with the message “Access Denied” or the
message “509 Bandwidth limit exceeded, the server is temporarily unable to
serve your request due to the site owner reaching his/her bandwidth limit”.

e |If a document was not accessible and one of the following messages was

displayed: “This website is not available”; “No data received”; “URL

unavailable, please contact the administration team if you think it’s an error”;

“404 error”. Note that this situation was considered as a dead link situation

and from now on, “DD” code will be used to represent such situation.
3.6 Precision Ratio

Precision ratio is one of the most widely used metric in order to evaluate the retrieval
quality of information retrieval system [23], it used in this study and its formula that
obtained from [24] displayed below.

Precision Ratio — Number of Relevant Documents Retrieved % 100 1
recision katto = Total Number of Documents Retrieved (1)

In each category, precision ratios were calculated for each of five queries at every
Web search engine and language pair. For each Web search engine, mean precision
ratios were calculated for each category and language pair by using the precision

ratios of the five queries in the corresponding category. Additionally, average mean

10



precision ratios of the six categories for each Web search engine and language pair

were calculated.

Note that in our study, for each query run, more than ten documents were retrieved.
Since, the first ten documents retrieved were evaluated; therefore, the total number of

documents retrieved was considered as 10 in every precision ratio calculations.

For example, in “business” category, the first 10 documents retrieved by Google for
the first query “brand licensing process” in English language were evaluated as

shown in Figure 3.1.

1. 2. 3. 4. 5. 6. 7. 8. 9, 10.

d t d. ent d t dc t document do t d t d. t d t dc t

+ [+ [+ -T7T+T7T -7+ -T7T+7T+

Figure 3.1: Evaluation of the first 10 documents retrieved for the query “brand
licensing process”

The first cell from the left side represents the first document retrieved, the second cell
represents the second document retrieved and so on. The “relevant” documents are
represented by “+” and the “non-relevant” documents are represented by “-”. After
run the query “brand licensing process”, seven documents retrieved were “relevant”
(“+”) and the rest were “non-relevant” (“-””). Since the number of “+” which are 7
divided by total number of documents retrieved which are 10, and all multiplied by

100, so precision ratio equals to 70%.

7
Precision Ratio = 10 X 100 = 70%

11



3.7 Normalized Recall Ratio

Beside precision ratio, normalized recall ratio is also used in this study. The
normalized recall ratio is a metric which evaluates the information retrieval system
based on performance of showing relevant documents retrieved in higher ranks. The

formula of normalized recall which obtained from [25] is presented below.

1 R*—R~
Ruporm () = E (1 + —> (2)

+
R max

e R" is the number of document pairs that “relevant” documents come before
"non-relevant™ documents.

e R is the number of document pairs that “non-relevant” documents come
before "relevant™ documents.

e Rf.. isthe number of maximal R".

Normalized recall ratio is the value of normalized recall that multiplied by 100. Like
precision ratio, in each category, normalized recall ratios were calculated for each of
five queries at every Web search engine and language pair. For each Web search
engine, mean normalized recall ratios were calculated for each category and language
pair by using the normalized recall ratios of the five queries in the corresponding
category. In addition, average mean normalized recall ratios of the six categories for

each Web search engine and language pair were calculated.

For instance, in “business” category, the first 10 documents retrieved by Google for
the first query “brand licensing process” in English language were evaluated as
shown in Figure 3.1. Unlike precision ratio, the rankings of documents retrieved are

important in normalized recall ratio. First of all, the number of document pairs that

12



“relevant” documents come before "non-relevant" documents were found out as

shown in the Figure 3.2. It can be seen that R™ is 12.

7N

1—38 9
xmr xair ¢patr

Sk += | + | + = | + = | + - 3 K
|— 10— 1n
¢pa1r pawr

e + [ + 1T + = + - + - + [ +
|— 12.
*patr

°>3(° + 1+ 1+ - + - + - + [ +

Note: “o)%(-” Represents the first 10 documents retrieved for the query

Figure 3.2: Finding out R*

13



Then, the number of document pairs that “non-relevant” documents come before
"relevant™ documents were found out as shown in Figure 3.3. It can be seen that R is

9.

9. 6.— 1
‘fatr x)atrpatr
¥ [+ 1+ +1-]+0-1T+]-]+1+]

8.-9
xauipazr
+ [ +

e T FT+T-T+7T-T+7-1

Note: “o)%(-” Represents the first 10 documents retrieved for the query

Figure 3.3: Finding out R

Afterwards, to find out R, : Firstly, documents’ positions were rearranging in
order to have the ideal retrieval output (all “relevant” documents (“+) come before
“non-relevant” documents (““-”)) for the existing retrieval output of the query “brand
licensing process” as shown in Figure 3.4; Secondly, R* was found out for the ideal

retrieval output for Rf ... R} .. is21. While R" =12, R"=9, and R"nx = 21,

1 12-9
Normalized recall ratio = > (1 + 1 ) X 100 = 57.14%

14



The Retrieval Output

+ T+ 1T +01 -T1T+F7T -T+F7T-T+F71+

The ideal Retrieval Output

+ + + + i =+ + - - -

Figure 3.4: The ideal retrieval output for “brand licensing process” query’s retrieval
output

15




Chapter 4

EXPERIMENTAL RESULTS

When considering all query runs, 2700 documents were retrieved in total. Twenty
two of them were DDs, 20 of them were RDs, and 33 of them were SDs. Excluding
DDs, 2678 documents were examined and 1840 of them were categorised as

“relevant”.
4.1 DDs, RDs, and SDs

For each Web search engine, Table 2 shows the total number of DDs, RDs, and SDs

retrieved from 5 queries per a category for each language.

For all three languages, Google retrieved the lowest total number of DDs (5), RDs
(2), and the SDs (5) among the engines. Contrary to Google, Yahoo retrieved the
highest total number of DDs (9) and RDs (11) for all three languages, while both

Yahoo and Bing retrieved the same total number of SDs (14) for all three languages.

Every Web search engine retrieved at least total one DD for all queries per language.
Google retrieved total zero number of RDs and SDs for all queries in English and
Turkish languages, respectively. On the other hand, Google retrieved total one RD
for all queries in both Arabic and Turkish languages and at least total two SDs for all
queries in both English and Arabic languages. Both Bing and Yahoo retrieved at least

total one RD and at least total one SD for all queries in each language.

16



When all Web search engines are considered, the lowest category-based total
numbers of DDs, RDs, and SDs for all queries in all three languages were 1 in
“culture”, “health”, and “technology” categories, 1 in “business”, and “travel”
categories, and 2 in “technology” category, respectively, while the highest category-
based total numbers of DDs, RDs, and SDs for all queries in all three languages were

9 in “business”, 7 in “technology”, and 11 in “travel”, respectively.

17



Table 2: Number of DDs, RDs, and the SDs
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Notes: “W. S. E.” stands for Web Search Engine; “C.” stands for Category; “E.” stands for English; “A.” stands for Arabic; “T.” stands for Turkish.



4.2 Relevant Documents

As Table 3 shows, in all categories, Google retrieved at least one “relevant”
document for every query and language pair. Bing retrieved zero “relevant”
documents only for query 5 of the “travel” category in Arabic language. Yahoo
retrieved zero “relevant” documents for queries 5, 2, and 4 of “business”, “culture”,

and “travel” categories, respectively in Turkish language, and for queries 2 and 5 of

“sports” and “travel” categories, respectively in Arabic language.

Google retrieved 10 “relevant” documents for one or more queries in every category,
whereas Bing and Yahoo have the same except in “culture” and “technology”

categories, respectively.

Only Yahoo retrieved the same number of “relevant” documents in all languages for

the fourth query of “sports” category and fifth query of “technology” category.

When each language-based-totals are considered, it is seen that Bing has the highest
total number of “relevant” documents (45) in “health” category for English language.
In contrast, Yahoo has the lowest total number of “relevant” documents (16) in

“business” category for Turkish language.
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Table 3: Number of “relevant” Documents Retrieved
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4.3 Mean Precision Ratio Results

Figure 4.1 demonstrates mean precision ratios of Google for every category and
language pair. In “travel” category, Google presented the best performance in
Turkish language, in “health” category, it displayed the best performance in both
English and Arabic languages, while it presented the best performance in English
language for the rest of the categories. Besides, in “health” and “technology”
categories, Google presented the lowest performance in Turkish language, while for
the rest of the categories, it presented the lowest performance in Arabic language.
Google’s mean precision ratios range for all languages was between 52.00% and
88.00%. The best mean precision ratio (88.00%) was shown in “culture” category in
English language and the lowest mean precision ratio (52.00%) was shown in both

“business” and “travel” categories in Arabic language.
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Figure 4.1: Mean precision ratios of Google Web search engine
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Figure 4.2 clarifies mean precision ratios of Bing for every category and language
pair. In all categories, Bing showed the best performance in English language among
all languages. In “culture” and “sports” categories, Bing showed the lowest
performance in Arabic language, while for the rest of the categories, it showed the
lowest performance in Turkish language. Bing’s mean precision ratios range for all
languages was between 42.00% and 90.00%. The best mean precision ratio (90.00%)
was shown in “health” category in English language and the lowest mean precision

ratio (42.00%) was shown in “culture” category in Arabic language.
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Figure 4.2: Mean precision ratios of Bing Web search engine
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Figure 4.3 illustrates mean precision ratios of Yahoo for every category and language
pair. In “health” category, Yahoo displayed the best performance in both English and
Arabic languages, while it displayed the best performance in English language for the
rest of the categories. Excluding “sports” category, in all categories, Yahoo has the
lowest performance in Turkish language. In “sports” category, the lowest
performance was displayed in Arabic language. Yahoo’s mean precision ratios range
for all languages was between 32.00% and 86.00%. The best mean precision ratio
(86.00%) was shown in “sports” category in English language and the lowest mean

precision ratio (32.00%) was shown in “business” category in Turkish language.
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Figure 4.3: Mean precision ratios of Yahoo Web search engine
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Figure 4.4 demonstrates mean precision ratios of Google, Bing, and Yahoo in
English language for all categories. In all categories except “culture” and “travel”,
Bing presented the best performance. In both “culture” and “travel” categories,
Google presented the best performance. In both “business” and “sports” categories,
Google presented the worst performance. In “health”, “technology”, and “travel”
categories, Yahoo showed the worst performance. In “culture” category, Bing has the
worst performance. The mean precision ratios range for English language was
between 64.00% (displayed by Yahoo in “travel” category) and 90.00% (displayed

by Bing in “health” category).
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Figure 4.4: Mean precision ratios for English language
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Figure 4.5 clarifies mean precision ratios of Google, Bing, and Yahoo in Arabic
language for all categories. In “business” category, the best performance was shown
by both Bing and Yahoo, in “sports” category, by both Google and Bing, and in
“culture” category, by Google, while in the rest of the categories, Bing showed the
best performance. In “culture” and “health” categories, Bing and Yahoo displayed
the worst performance, respectively. In both “technology” and “travel” categories,
Google and Yahoo have shared the worst performance. The mean precision ratios
range for Arabic language was between 42.00% (displayed by Bing in “culture”
category and displayed by Yahoo in “sports” category) and 88.00% (displayed by

Bing in “health” category).

100 -

90 -
Q
9\./ 80 -
2
I
T 70 -
2 —e— Google
g 60 1 —a— Bing
o
§ 50 - - - - Yahoo
=
40 -
30

Business Culture Health Sports Technology Travel
Category

Figure 4.5: Mean precision ratios for Arabic language
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Figure 4.6 illustrates mean precision ratios of Google, Bing, and Yahoo in Turkish
language for all categories. In all categories except “sports” and “technology”,
Google displayed the best performance. In both “sports” and “technology”
categories, Bing displayed the best performance. In all categories except
“technology” which Google has the worst at it, Yahoo has the worst performance.
The mean precision ratios range for Turkish language was between 32.00%

(displayed by Yahoo in “business” category) and 86.00% (displayed by Google in

“travel” category).
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Figure 4.6: Mean precision ratios for Turkish language
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Figure 4.7 demonstrates average mean precision ratios based on English, Arabic, and
Turkish languages for Google, Bing, and Yahoo. All three Web search engines
presented their highest performances in English language. Google’s performance in
Turkish language was better than its performance in Arabic language. Like Google,
Bing acted in the same manner. In opposite of these, the performance of Yahoo in
Arabic language was better than its performance in Turkish language. Bing’s
performance was better than Google’s and Yahoo’s performances in both English
and Arabic languages, while Google’s performance was better than the others’

performances in Turkish language.
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Figure 4.7: Average mean precision ratios based on language for Web search engines
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4.4 Mean Normalized Recall Ratio Results

Figure 4.8 demonstrates mean normalized recall ratios of Google for every category
and language pair. In “health” category, Google presented the best performance in
Turkish language, while it presented the best performance in English language for the
rest of the categories. Besides, in “sports” category, Google presented the lowest
performance in Turkish language, while for the rest of the categories, it presented the
lowest performance in Arabic language. Google’s mean normalized recall ratios
range for all languages was between 41.85% and 87.62%. The best mean normalized
recall ratio (87.62%) was shown in “travel” category in English language and the

lowest mean normalized recall ratio (41.85%) was shown in “business” category in

Arabic language.
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Figure 4.8: Mean normalized recall ratios of Google Web search engine
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Figure 4.9 clarifies mean normalized recall ratios of Bing for every category and
language pair. In “health” category, Bing presented the best performance in Arabic
language, in “travel” category, it displayed the best performance in Turkish
languages, while it showed the best performance in English language for the rest of
the categories. Further, in both “sports” and “travel” categories, Bing showed the
lowest performance in Arabic language, while for the rest of the categories, it showed
the lowest performance in Turkish language. Bing’s mean normalized recall ratios
range for all languages was between 45.34% and 83.25%. The best mean normalized
recall ratio (83.25%) was shown in “sports” category in English language and the
lowest mean normalized recall ratio (45.34%) was shown in “business” category in

Turkish language.
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Figure 4.9: Mean normalized recall ratios of Bing Web search engine
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Figure 4.10 illustrates mean normalized recall ratios of Yahoo for every category and
language pair. In all categories, Yahoo displayed the best performance in English
language. Excluding “sports” category, in all categories, Yahoo has the lowest
performance in Turkish language. In “sports” category, the lowest performance was
displayed in Arabic language. Yahoo’s mean normalized recall ratios range for all
languages was between 37.78% and 90.83%. The best mean normalized recall ratio
(90.83%) was shown in “health” category in English language and the lowest mean
normalized recall ratio (37.78%) was shown in “travel” category in Turkish

language.
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Figure 4.10: Mean normalized recall ratios of Yahoo Web search engine
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Figure 4.11 demonstrates mean normalized recall ratios of Google, Bing, and Yahoo
in English language for all categories. In “business”, “health”, and “technology”
categories, Yahoo presented the best performance. In both “culture” and “travel”
categories, Google presented the best performance. In “sports” category, Bing
presented the best performance. While Google showed the worst performance in
“sports” category, in the rest of the categories, Bing showed the worst performance.
The mean normalized recall ratios range for English language was between 59.17%
(displayed by Bing in “health” category) and 90.83% (displayed by Yahoo in

“health” category).
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Figure 4.11: Mean normalized recall ratios for English language
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Figure 4.12 clarifies mean normalized recall ratios of Google, Bing, and Yahoo in
Arabic language for all categories. In both “business” and “health” categories, Yahoo
showed the best performance. In both “culture” and “travel” categories, Google
showed the best performance. In the rest of the categories, Bing showed the best
performance. While Google displayed the worst performance in both “business” and
“health” categories, Yahoo displayed the worst performance in the rest of the
categories. The mean normalized recall ratios range for Arabic language was
between 38.81% (displayed by Yahoo in “sports” category) and 79.72% (displayed

by Yahoo in “health” category).
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Figure 4.12: Mean normalized recall ratios for Arabic language
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Figure 4.13 illustrates mean normalized recall ratios of Google, Bing, and Yahoo in
Turkish language for all categories. In all categories except “sports” and “travel”,
Google displayed the best performance. In “sports” and “travel” categories, the best
performance displayed by Yahoo and Bing, respectively. In “business” and “health”
categories, Bing has the worst performance. In “sports” category, Google has the
worst performance. In the rest of the categories, Yahoo has the worst performance.
The mean normalized recall ratios range for Turkish language was between 37.78%
(displayed by Yahoo in “travel” category) and 79.68% (displayed by Bing in “travel”

category).
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Figure 4.13: Mean normalized recall ratios for Turkish language
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Figure 4.14 demonstrates average mean normalized recall ratios based on English,
Arabic, and Turkish languages for Google, Bing, and Yahoo. All three Web search
engines presented their highest performances in English language. Bing’s
performance in Arabic language was better than its performance in Turkish language.
Like Bing, Yahoo acted in the same manner. In opposite of these, the performance of
Google in Turkish language was better than its performance in Arabic language.
Each Web search engine displayed better performance than the others’ performance
in certain language. For instance, Google’s performance was better than the others’
performances in Turkish language. Bing’s performance was better than the others’
performances in Arabic language. Yahoo’s performance was better than the others’

performances in English language.

100 -
90 -
80 -

70 - :\/

- —e— English

- o
-
- o
-

Average Mean Normalized Recall Ratio (%0)

60 - — —= = - — —&— Arabic
50 - \\“\i - -a - Turkish
40 -
30 T .

Google Bing Yahoo

Web search engine

Figure 4.14: Average mean normalized recall ratios based on language for Web
search engines
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4.5 Summary and Discussion

The highest category-based total number of DDs was in “business” category, RDs in
“technology” category, and SDs in “travel” category, while the lowest category-
based total number of DDs was in “culture”, “health”, and “technology” categories,

RDs was in “business” and “travel” categories, and SDs in “technology” category.

The highest total number of “relevant” documents was retrieved by Bing in “health”
category for English language. In contrast, the lowest total number of “relevant”

documents was retrieved by Yahoo in “business” category for Turkish language.

When number of relevant documents retrieved (mean precision ratio) is considered:
1. In “health” category, both Google and Yahoo displayed their best performances
in both English and Arabic languages, while Bing showed its best performance
only in English language. In “travel” category, Google showed its best
performance in Turkish language, while both Bing and Yahoo showed their best
performances in English language. In the rest of the categories, all three Web
search engines showed their best performances in English language.
2. When the languages are considered:
e For English language:
o Google presented the highest performance in both “culture” and “travel”
categories,
o Bing presented the highest performance in the rest of the categories.
e For Arabic language:
o Both Bing and Yahoo shared the highest performance in “business”

category,
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o Both Google and Bing shared the highest performance in “sports”
category,
o Google presented the highest performance in “culture” category,
o Bing presented the highest performance in the rest of the categories.
e For Turkish language:
o Bing presented the highest performance in both “sports” and “technology”
categories,

o Google presented the highest performance in the rest of the categories.

Note that, Tables 4, 5, and 6 represent which Web search engine(s) presented the
highest performance(s) based on mean precision ratio in each category for each

language.

3. The greatest mean precision ratio (90.00%) reached by Bing for ‘“health”
category in English language. On the other hand, the least mean precision ratio

(32.00%) reached by Yahoo for “business” category in Turkish language.

When displaying relevant documents retrieved in higher ranks (mean normalized

recall ratio) is considered:

1. In “health” category, Google, Bing, and Yahoo displayed their best performance
in Turkish language, Arabic language, and English language, respectively. In
“travel” category, both Google and Yahoo displayed their best performance in
English language, while Bing showed its best performance in Turkish language.
In the rest of the categories, all three Web search engines showed their best
performances in English language.

2. When the languages are considered:
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e For English language:
o Google presented the highest performance in both “culture” and “travel”
categories,
o Bing presented the highest performance only in “sports” category,
o Yahoo presented the highest performance in the rest of the categories.
e For Arabic language:
o Google presented the highest performance in both “culture” and “travel”
categories,
o Bing presented the highest performance in both “sports” and “technology”
categories,
o Yahoo presented the highest performance in the rest of the categories.
e For Turkish language:
o Google presented the highest performance in all categories except
“sports” and “travel”,
o Yahoo presented the highest performance in “sports “category, and in
“travel” category,

o Bing showed the highest performance.

Note that, Tables 4, 5, and 6 represent which Web search engine(s) presented the
highest performance(s) based on mean normalized recall ratio in each category for

each language.

3. The highest mean normalized recall ratios (90.83%) reached by Yahoo for
“health” category in English language. In the other side, the lowest mean
normalized recall ratio (37.78%) reached by Yahoo for “travel” category in

Turkish language.
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Table 4: The best Web search engine(s) in each category for English language

Category
Web Business | Culture | Health Sports Technology | Travel
Search
engine
Google ) &4 ) & 4
Bing X X XX | X
Yahoo ) 4 ) 4 *

Notes: x represents the best based on mean precision ratio; x represents the best based on

normalized recall ratio.

Table 5: The best Web search engine(s) in each category for Arabic language

Category
Web ; Business | Culture | Health Sports Technology | Travel
Searcl
engine
Google ) &4 X ) 4
Bing X X XX | XX X
Yahoo ) & 4 X

Notes: x represents the best based on mean precision ratio; x represents the best based on

normalized recall ratio.

Table 6: The best Web search engine(s) in each category for Turkish language

Category
Web Business | Culture | Health Sports Technology | Travel
Search
engine
Google | XX | XX | XX X X
Bing X X X
Yahoo X

Notes: x represents the best based on mean precision ratio; “x”represents the best based on

normalized recall ratio.

When considering both the average mean precision ratios based on all the languages
for Google, Bing, and Yahoo and the average mean normalized recall ratios based on
all the languages for Google, Bing, and Yahoo:

e All the three Web search engines presented their highest performances in

English language.
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The performance of Google in Turkish language was better than it’s
performances in Arabic language.

The performance of Yahoo in Arabic language was better than it’s
performances in Turkish language.

When Arabic language is considered, Bing’s performance was better than the
performances of both Google and Yahoo.

When Turkish language is considered, Google’s performance was better than
the performances of both Bing and Yahoo.

While the performance of Bing in Turkish language was better than it’s
performances in Arabic language based on the average mean precision ratios,
Bing’s performance in Arabic language was better than it’s performance in
Turkish language based on the average mean normalized recall ratios.

When English language is considered, the performance of Bing was better
than the performances of both Google and Yahoo based on the average mean
precision ratios, while Yahoo’s performance was better than the performances

of both Google and Bing based on the average mean normalized recall ratios.
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Chapter 5

CONCLUSION

The performance evaluation of the three international Web search engines Google,
Bing, and Yahoo in the three languages English, Arabic, and Turkish in “business”,

29 <

“culture”, “health”, “sports”, “technology”, and “travel” categories were studied.

For all categories, generally, the Web search engines performed better performances
in retrieving English documents as well as showing them in higher ranks.
Nevertheless, we believe that international Web search engines still require
amelioration in order to retrieve more “relevant” documents and also showing
“relevant” documents in higher ranks (especially in Arabic and Turkish languages) in

various categories for increasing the user satisfaction on retrieval effectiveness.
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Appendix A: Mean Precision Ratios

Google Web search engine

Bing Web search engine

Yahoo Web search engine

Category | English | Arabic | Turkish Category | English | Arabic | Turkish Category | English | Arabic | Turkish
Business 74.00 52.00 64.00 | Business 78.00 54.00 44,00 | Business 76.00 54.00 32.00
Culture 88.00 | 64.00 | 66.00 | Culture 74.00 | 42.00 | 64.00 | Culture 84.00 | 44.00 | 38.00
Health 84.00 84.00 82.00 | Health 90.00 88.00 70.00 | Health 82.00 82.00 56.00
Sports 72.00 54.00 64.00 | Sports 88.00 54.00 78.00 | Sports 86.00 42.00 58.00
Technology | 84.00 74.00 70.00 | Technology | 86.00 78.00 74.00 | Technology 78.00 74.00 72.00
Travel 80.00 | 52.00 | 86.00 | Travel 72.00 | 66.00 | 62.00 | Travel 64.00 | 52.00 | 50.00




Appendix B: Mean Normalized Recall Ratios

Google Web search engine

Bing Web search engine

Yahoo Web search engine

Category | English | Arabic | Turkish Category | English | Arabic | Turkish Category | English | Arabic | Turkish
Business 71.43 41.85 70.11 | Business 61.88 52.92 45.34 | Business 75.00 68.99 47.92
Culture 80.83 | 7252 | 75.60 | Culture 73.65 | 60.04 | 59.35 | Culture 77.78 | 53.86 | 45.75
Health 76.03 69.60 76.11 | Health 59.17 76.25 53.65 | Health 90.83 79.72 58.10
Sports 73.63 52.96 49.88 | Sports 83.25 58.71 58.87 | Sports 81.11 38.81 61.38
Technology 79.35 61.67 70.00 | Technology 77.50 62.20 60.14 | Technology 83.91 60.95 51.81
Travel 87.62 54.45 71.94 | Travel 63.33 48.27 79.68 | Travel 68.47 48.13 37.78




