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The study aims to provide a systematic evaluation of the search engines on the basis of two information retrieval
parameters (precision and relative recall) with reference to physical sciences. It employed ‘Web of Science’ to identify data
(one to three word queries) of highly ranked authors who have contributed to the discipline of physical sciences. The three
English language search engines (Google, Yahoo and Bing) were selected on the basis of ranking of ‘Alexa (Actionable
Analytics for the Web). The study reveals that in all (one, two and three word) queries ‘Google' obtained highest precision
and relative recall followed by ‘Yahoo' and ‘Bing’. It further shows that ‘Google’ and ‘Yahoo' achieve the highest
‘precision’ and ‘relative recall’ due to their wide coverage. Bing once prominent one, however lags behind in retrieva

effectiveness.
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Introduction

A large volume of information is available through
the internet and search engines are used for retrieving
information from the web by applying various
indexing techniques, searching behavior, algorithm
etc.t. However, owi ng to massive information on the
internet, search engines many times are not able to
provide the most relevant information to users.

Kim and Carvaho (2011) reveal that search
engines are the best tools available for finding
information on the web and have similar intensity of
fluctuation among top results but most of these
variations are not permanent’. Chowdhury and
Soboroff (2002) state that search engines vary in their
searching interface but some of the search engines are
generaly quite similar in terms of effectiveness and
there exists a significant gap among the most
excellent and poorer®. Deka and Lahkar (2010) focus
on use of different techniques and indexing algorithm
in search engines to find and present web information
for users and therefore the results displayed by search
engines vary from one another. The performance of
search engines can be improved if these manipulate
an amplified knowledge of user behavior to simply
recognize the basic target of searchers. These can
determine the primary goals of users based on their
gueries and other interactions by employing

algorithms and interfaces with the assistance of
designers of web search engines that can help users to
accomplish their searching goals’.

On the other hand, search engines provide essential
access to the web equally to those who have something
to communicate and recommend including those who
contribute some information to web viz; information
providers, writers, authors etc. as well as to those who
desire to listen and discover including people who
searches for information viz., information users’.

Kumar (2012) states that users make use of search
engines to achieve their information needs as most of
the users view them as a basic tool for retrieving
information where users get the results from them.
However, most of the users are not aware about the
search strategies offered by search engines to assist
their users in order to get the relevant results.
Meanwhile, it is understood that a number of usersin
the current era look for the information while using
search engines frequently and only a very small
percentage of users gaze for the information on the
web rarely’.

One of the best tools available for seeking online
information is a search engine which acts as a platform
where the people can search for any kind of
information®. It has been revealed that most of the users
make use of Google while looking for the information
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as it provides better interface, features and ease of use
to the users as compared to any other search engine
available. Search engines have become vital creators of
knowledge where knowledge is not only disseminated
to its users but also manufactured by ranking system of
search engines’. A number of search engines available
nowadays have different searching mechanism,
interface, features, techniques, coverage of the web,
algorithm, indexing and ranking methods etc. which
make them different from one another.

Technical mechanism including crawling, indexing
and ranking algorithms are the important parameters
which help search engines to provide eminence to
established, prosperous and dominant sites®. However,
effectiveness is an important measure which helps a
researcher to identify the ability of different search
engines to retrieve better results while taking into
account factors including, “interface design” “result
appearance” and “relevance of the hits’™
Lewandowski (2012) highlights that a retrieva
performance of search engines can be enhanced or
improved by applying various quality factors like
“index quality, quality of the results, quality of search

features and search engine usability” .

Kumar and Prakash (2009) point out that a
variation lies in search aptitude, user interface and
also in the quality of information among two search
engines viz; Google and Y ahoo. However, both these
search engines retrieve more relevant sites when
comparing with other search engines. It is noticed that
Google makes use of web graph and link structure for
more inclusiveness and consistency™. Lewandowski
(2011) found that the performance of two search
engines viz; Google and Y ahoo is better as compared
to any other search engine e.g. MSN®,

Google remains the top genera search engine
because of its enormous authority on the web
panorama and thus users optimize their web pages to
enhance and increase the rankings of the pages on
Google™. It is rather difficult for the search engines to
provide enough information when the length of query
is shorter and thus users receive low quality result
list™®. Users of search engines do not make use of
sophisticated search features offered by the search
engines and thus lack the relevance among the results.
Further, these also reveal that a large number of users
utilize only a small number of search queries and thus

scrutinize only a small number of Webpages'®*’.

In order to categorize queries as per the needs of
different users, authors reported about an automatic
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method to categorize different Arabic queries in
three types viz; navigational, informational, and
transactional’®.  Broder  (2002) reveds that
informational and navigational queries are well
treated by the latest search engines that provide most
relevant results to its users®.

This study has attempted to evaluate the selected
search engines, taking into account different types of
web queries (simple to complex) in physical sciences
and compares their retrieval effectiveness in terms of
precision and relative recall.

Objective of the study

e To evaluate and estimate retrieval effectiveness
(Precision &Relative Recall) of select search
engines.

M ethodology

Alexa (Actionable Analytics for the Web) has
listed top 500 sites viz: search engines, portals,
directories, social networking sites, networking tools
etc. The study, however, has confined itself to three
highest ranking general search engines viz; Google,
Yahoo and Bing in English language. Further, the
study has made use of ‘Web of Science' (WOS) as a
source for collecting data (web queries) from highest
ranked authors in the field of physical sciences.
Fifteen terms related to physical sciences were
obtained from Web of Science (Table 1). All the
terms were later classified into three categories viz;
“one-word term, two-word term and three-word term”

Table 1 — Termsidentified for the study

S. no. Type Terms Number (%)

1 One-Word Term  Solvent 5(33.33)

(simple) Isotope

Valence
Density
Velocity
Chemical Reaction
Atomic Mass
Activation Energy
Potential Energy
Thermal Expansion
Balanced Chemical
Equation
Average Atomic Mass
Double Displacement
Reactions
Expansion
Combustion Engine
Passive Solar Heating

2. Two-Word Term
(compound)

5(33.33)

3. Three-Word Term
(complex)

5(33.33)

Total 15 (100)
*The figures in the parenthesis indicate the percentage.
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The selected terms were queried in the identified
search engines. The first twenty results were
evaluated for the purpose of estimation of precision
and relative recall for the respective search engines.
The scale and formula, more or less, adopted earlier
by Shafi and Rather (2005) was used with a few
minor modifications for the calculation of precision
and relative recall®.

The “Average precision” is the value obtained
for set of top documents existing from each
relevant document retrieved. The following scoring
was given to different web pages(documents) to
estimate the precison of search engines for the
selected queries.

a. If aweb pageissignificantly related to the subject
matter of the search query, it is grouped as “more
relevant” and given a score of 2.

If aweb page includes some relevant ideas of the
subject matter of the search query, it is grouped as
“less relevant” and given a score of 1.

If a web page is not associated to the subject
matter of the search query, it is grouped as
“irrelevant” and given ascore of 0.

If a web page consists of a whole series of links,
rather than the information required, then it was
categorized as ‘links and given a score of 0.5,
if inspection of one or two of the links proved to
be useful.

The formula for estimation of precision and related
recall of selected search engine for each of the search

Test environment

A total of 15 queries, distributed equally among
three categories, were identified from top authors
listed in Web of Science (WOS) in the field of
Physical Sciences from 1st May to 20"June 2017.
(Table 1)

Analysis
Relevance and mean precision: simple terms

For simple terms (one word), Google gave the
highest relevant results followed by Yahoo whereas
Bing retrieved most irrelevant results. Google had the
highest Mean precision (1.13) followed by Yahoo
(2.07) and Bing (0.98). Google had the highest
precision (1.25) for a single term while both Y ahoo
and Bing yielded highest values of 1.15 and 1.07
respectively for the terms. Thus ssimple terms have a
disadvantage of poor precision and require to
refinement by the users to reach to a better precision
in achieving their retrieval goals (Tables2 & 2 .1).

Relevance and mean precision: compound terms
The overal highest yield for most relevant terms
for two word-terms (compound) was retrieved by
Google followed by Yahoo. Bing got a higher score
for compound term as compared to simple terms.
However, the mean precision for two word terms
reveals that Google had highest precision (1.16)
followed by Yahoo (1.08) and Bing (1.05). In Google,
the search query “Thermal Expansion’ got the highest
precision of 1.27 and Yahoo aso had the highest

Table 2.1 — Mean precision : simple terms

Term Precison  Precision Precision

gueries adopted is: (Google)  (Yahoo)  (Bing)

] ) Solvent 1.15 1.07 0.90

Precision = Sum of the scores r-etrleved by a search engme I sotope 1 1 0.92

Total number of sites selected for evaluation Valence 115 1.07 1.05

Density 11 1.05 0.97

Relative recall = Total sites retrieved by a particular search engine Velocity 1.25 1.15 1.07

Sum of sites retrieved by three search engines Overall mean precision 1.13 1.07 0.98

Table 2 — Relevance status: simple terms (n=20)
Term Most relevant Less Relevant Irrelevant Links

G Y B G Y B G Y B G Y B
Solvent 8 7 6 5 6 7 3 4 5 4 3 2
|sotope 7 7 6 4 4 5 5 5 6 4 4 3
Valence 9 8 7 3 4 6 4 5 5 4 3 2
Density 8 7 6 4 5 6 4 4 5 4 4 3
Velocity 9 8 7 5 5 6 2 3 4 4 4 3
41 37 32 21 24 30 18 21 25 20 18 13

Note: G-Google, Y-Yahoo, B-Bing
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precision of 1.15 for “Thermal Expansion”. Bing had
the highest precision of 1.12 for “Chemical Reaction™
(Tables 3 & 3.1). This suggests that variations exist
even among matching / tagging of the compound
terms in different engines, athough Google gave a
better performance.

Relevance and mean precision: complex terms

The three word terms (complex phrases) in the field
show that most relevant results are available with
Google and sizeable variation does not exist in other
engines in retrieving irrelevant or even less relevant
results (Table 4). The mean precision for such complex
terms expose that ‘Google’ has the highest precision
(1.22)followed by *Yahoo' (1.15) and Bing goes down
t01.08.The search term “Double Displacement
Reaction” attains the highest precision of 1.32 through
Google. However, in Yahoo the highest precision
(1.22) is attained for a term “Balanced Chemical
Equation” and Bing gets a better precision (1.12)for
two queries namely “Balanced Chemical Equation™
and “Expansion Combustion Engine” (Table 4.1). The
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whole estimation establishes that the complex terms
accessed through advanced techniques helps to have
better relevant retrieval in almost all search engines and
definitely better precision.

Relative recall: simple terms

The relative recall of one word simple terms reveal
that such queriesyield very high resultsin each search
engine but relative recall for different terms varies
even within each search engine. The overall relative
recall of Google is the highest among the search
engines and very low in the Bing. One term gets
relative recall of 0.72, higher than the Mean value for
the Google and most of the terms in Bing get even as
lessrelativerecall as0.1. (Table 5)

Relative recall: compound terms

The mean recall for two-word term is
comparatively very low for Google but higher for
Bing when compared with the one-word term. The
overadl relative recall for two word queries reveal that
Google has the highest relative recall (0.44) followed

Table 3.1 — Mean precision: compound terms

Table 4.1 — Mean precision of complex terms

Term Precision Precision Precision Term Precision Precision Precision
(Google) (Yahoo) (Bing) (Google) (Yahoo) (Bing)
Chemical Reaction 1.15 112 112 Balanced chemical equation 125 122 112
Atomic Mass 11 1.02 1 Average atomic mass 12 11 1.02
Activation Energy 115 1.05 1.07 Double displacement reactions 1.32 12 11
Potential Energy 117 11 1.02 Expansion combustion engine 12 1.15 112
Thermal Expansion 127 1.15 1.07 Passive solar heating 115 11 1.05
Overall Mean Precision 1.16 1.08 1.05 Overall mean precision 122 115 1.08
Table 3 — Relevance status. compound terms (n=20)
Term Most Relevant Less Relevant Irrelevant Links
G Y B G Y B G Y B G Y B
Chemical Reaction 9 8 8 4 5 5 5 4 4 2 3 3
Atomic Mass 8 7 6 4 4 6 4 4 4 4 5 4
Activation Energy 8 7 7 5 5 6 3 4 4 4 4 3
Potential Energy 9 8 7 4 4 5 4 4 5 3 4 3
Thermal Expansion 10 9 8 4 3 4 3 4 5 3 4 3
Grand total 44 39 36 21 21 26 19 20 22 16 20 16
Note: G-Google, Y-Yahoo, B-Bing
Table 4 — Relevance status of complex terms (n=20)
Term Most Relevant Less Relevant Irrelevant Links
G Y B G Y B G Y B G Y B
Balanced chemical equation 10 9 8 4 5 5 4 3 4 2 3 3
Average atomic mass 9 8 7 4 4 5 3 4 5 4 4 3
Double displacement reactions 11 9 8 3 4 4 3 3 4 3 4 4
Expansion combustion engine 9 8 8 4 5 5 3 3 4 4 4 3
Passive solar heating 9 8 7 3 4 5 4 4 4 4 4 4
G. Tota 48 42 38 18 22 24 17 17 21 17 19 17

Note: G-Google, Y-Yahoo, B-Bing
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Table 5 — Retrieval status and relative recall: simple terms

Term Google Y ahoo Bing
Sites retrieved Relative Recall Sites Retrieved Relative Recall Sitesretrieved Relative Recall
Solvent 8,400,000 0.58 45,400,000 0.30 16,765,566 0.11
Isotope 1,440,000 0.57 483,000 0.19 585,256 0.23
Vaence 3,600,000 0.46 41,200,000 0.52 637,855 0.01
Density 462,000,000 0.72 167,000,000 0.26 4,545,556 0.01
Velocity 50,400,000 0.52 40,200,000 0.41 5,454,455 0.05
G. Tota 638,540,000 0.66 294,283,000 0.30 27,988,688 0.03
Table 6 — Retrieval status and relative recall: compound terms
Term Google Y ahoo Bing
Sitesretrieved Relative Recall Sites Retrieved Reélative Recall Sitesretrieved Relative Recall
Chemical Reaction 7,510,000 0.04 7,460,000 0.04 16,656.8767 0.91
Atomic Mass 782,000,000 0.88 98,700,000 0.11 4,552,265 0.01
Activation Energy 25,800,000 0.14 25,800,000 0.14 12,589,6325 0.70
Potential Energy 35,500,000 0.06 458,000,000 0.83 5,4562,565 0.09
Thermal Expansion 700,000 0.27 31,800,000 0.12 152,654,555 0.59
G. Tota 921,010,000 0.44 621,760,000 0.30 504,234,477 0.24
Table 7 — Retrieval status and relative recall: complex terms
Term Google Y ahoo Bing
Sitesretrieved Relative Recall — Sites Retrieved Relative Recall Sitesretrieved Relative Recall
Balanced chemical equation 46,000,000 0.78 127,000,000 0.21 1,275,607 0.00
Average atomic mass 8,270,000 0.23 12,000,000 0.33 15,433,656 0.43
Doubl e displacement reactions 12,200,000 0.08 2,960,000 0.02 12,454,5677 0.89
Expansion combustion engine 186,000 0.06 190,000 0.06 254,6767 0.87
Passive solar heating 863,000 0.10 2,940,000 0.35 4,567,677 0.54
Total 489,519,000 0.62 145,090,000 0.18 14,836,9384 0.18

by Y ahoo (0.30) and Bing (0.24). However, in case of
Google, the search query chemical reaction has the
highest relative recall (0.88) and least relative recall
(0.06) for search query potential energy. The highest
relative recall (0.83) is for search query potential
energy and lowest relative recall (0.04) for the query
chemical reaction is maintained by Yahoo. Bing, on
the other hand has highest relative recall (0.70) for the
guery activation energy. (Table 6).

Relative recall: complex terms

The overdl relative recal for three word queries
reveals that Google has the highest relative recall
(0.62) followed by Yahoo and Bing each obtaining
0.18. While comparing with one-word sample queries,
it is till lower but better as compared with two word
gueries. However, in case of Google, the search query
balanced chemical equation bears the highest relative
recal (0.78) and least (0.06) for search query
expansion combustion engine. Yahoo, on the other
hand, has the highest relative recall (0.35) for search
query passive solar heating and lowest relative recal
(0.02) for search query double displacement reactions.

Bing had highest relative recall of 0.89 for query
double displacement reactions (Table 7). The relative
recal, thus, improves with addition of more terms
perhaps refining the broader ones with qualifiers etc.

Conclusion

It is concluded that all three search engines perform
better in terms of mean precision for queries with
more words. For one, two and three word queries,
Google maintains highest precision and relative recall
in the field of physical science followed by Yahoo
and Bing. However, this conclusion is limited by
many parameters which include the queries. Further
research is needed to include a larger and more
diverse sample of queries with different levels of
domain expertise and familiarity with information
retrieval systems.
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