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Abstract— Optimization method for e-learning document search
with keywords which are derived from the keywords and
descriptions in the meta-tag of web search results together with
thesaurus engine is proposed. 15 to 20% of improvement on hit
rate of search performance is confirmed with the proposed
search engine.
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l. INTRODUCTION

When a word or words are typed in search engines, a list of
web sites that contain those words is displayed. The words you
enter are known as a query [1]. Baeza-Yates and Ribeiro-Neto
linked Information Retrieval to the user information needs
which can be expressed as a query submitted to a search
engine [2]. Search engines were also known as some of the
brightest stars in the Internet investing frenzy that occurred in
the late 1990s [3]. Although search engines are programmed to
rank websites based on their popularity and relevancy,
empirical studies indicate various political, economic, and
social biases in the information they provide [4],[5].

Based on our previous experiment [6], our system can
detect client mobile browser and provide proper format for
document and mobile markup language. We propose a new
method and approach for developing a new search engine for
helping people search E-Learning document on the Internet.
We develop a new system based on the open search engine
API (Application Protocol Interface) like Google and Yahoo.
We create an e-learning specific search engine with
improvement in the efficiency and effectiveness in searching
document file format comparing with just using original
Google or Yahoo. The new system is also accessible through
mobile browser on mobile devices for support recent and
future technology in the mobile area [7] Method for e-learning
contents search engine of ELDOXEA is proposed already.
ELDOXEA allows search e-learning contents with a single
keyword. Hit rate of search performance of the ELDOXEA is
not good enough. In order to improve hit rate, supplemental
keywords are required in addition to the firstly input keyword
which is referred to primary keyword hereafter.
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In order to choose appropriate supplemental keywords for
improvement of hit rate, several attempts are performed. First
one is to use keywords and descriptions in meta-tag of the
header of the first web search result. Keywords are used to be
in the meta-tag. Also, there are some keywords in the
descriptions in the header of the first web search result.
Therefore, these supplemental keywords in the meta-tag and
descriptions in the header are applicable to add to the primary
keyword.

Second one is to use keywords which are derived from
thesaurus engines. Thesaurus engine provides similar words to
the primary keyword with their priority. Therefore, these are
used for supplemental keywords.

Third one is to use twitter for gathering suggestions of
supplemental keywords from twitters. Reliability of the
twitters can be evaluated with the previously proposed method.

Fourth one is to use Bulletin Board System: BBS for
gathering suggestions of supplemental keywords from the
community members. Firstly, the user has to send a message
which is requesting supplemental keywords to BBS system
with the primary keyword. Then the user has reply message
with supplemental keywords. These are to be candidates of
supplemental keywords.

Experiments with some queries, “Linear Algebra” and
“Hazardous Materials Handler examination” are conducted for
searching e-learning contents. By adding supplemental
keywords to the primary keyword based on the
aforementioned four methods, we confirm their efficiency, hit
rate improvements.

The second section describes the proposed methods for
choosing supplemental keywords while the third section
describes some experimental results followed by some
concluding remarks and some discussions.

Il.  PROPOSED METHODS

A. Search Engine
There are three types of search engines, (1) Directory type,
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(2) Information Collection Robot type, and (3) Hybrid type.

(1) Directory type

Content in the Web directories is searched and examined
by operators so that it is reliable. Information content is not so
much. There is some response delay after updating web sites.

(2) Information Collection Robot: ICR type

ICR is collecting from the web sites so that information
contents are rich. On the other hands, classification items are
not so many as appropriate for a wide variety of search
purposes.

Ex) Google, Inforseek?, etc.

(3) Hybrid type
It has the aforementioned both benefits.

Ex) Yahoo®, MSN*, ELDOXEA?, etc.
The proposed search engine for e-learning document
search is based on the ELDOXEA of Hybrid type.

B. Efficiency Improvement on Searching Process of E-
Learning Document on the Internet

To improve the efficiency of the searching process of E-
Learning document, we design a new process for searching
and display the document. One of the most problems on
efficiency while we search a document file is how to get the
appropriate files in a fast way. People usually have to check on
each document files of the results set, start from the first
results.

Most of document files format is not able to display
directly on browser without additional plug-in or application.
So, in the conventional way, we should download the
document file first, and then open it in our PC, for example,
we open PPT files using Microsoft PowerPoint. After check
the content then we can decide to keep this file or not. This
process takes time if the file size is large and we should wait
for download process. Another problem with this process is
storage problem for download too many unrelated files.

We design a new process that help user to preview
document, before they decide to save (download) it. The
preview processes displaying the document file in the same
results area, so users still stay in the same page while checking
each result. This will lead the user to control which document
is related or not related and decide to save or skip it
The proposed algorithm as follows:

1. Get SearchKey from user input

2. Get RelatedKey and NotRelatedKey from a Database
based on user’s SearchKey

Create the CompleteKeyword (1)

Search using the CompleteKeyword

Get results and display it

If user click one of the results, preview the document files

ous~w

! http://en.wikipedia.org/wiki/Google_Search

2 http://en.wikipedia.org/wiki/Infoseek

® http://en.wikipedia.org/wiki/Yahoo!_Search

* http://en.wikipedia.org/wiki/Bing

® http://b.hatena.ne.jp/entry/www.eldoxea.com/
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in same page
7. Preview display, user can choose Download/Save or close
button
8. If user click Download, then save the files
Example can be seen through http://www.eldoxea.com as
shown in Figure 1 ((a) for Internet terminals and (b) for
mobile phone).

(x]

E-Learning Document Searcher & Online Viewer

ELDOXEA Documents Search Results

Search results for the document(s) with linear algebra keyword(s). Total Results Page:11213141516171819
Found: 4860 10

@ @ Linear Algebra - 3 Linear Algebra “Physics is much too hard for physicists.” David Hilbert (1862-1943)
Linear algebra is the backbone of most of applied mathematics and underties |
http://people.uncw.edu/hermanr/phy311/MathPhysBook/LinAlg.pdf

B @ Linear Algebra and Tl 89 - Linear Algebra and TI 89 . Abdul Hassen and Jay Schiffman This short manual is
a quick guide to the use of TIBS for Linear Algebra. We do this in two sections. |
http:/ /www.rowan.edu/.../HASSEN/Mathematica/TI89_linear_algebra.doc

@ @ Linear Algebra Review - CSC251503 1 Linear Algebra Review CSC2515-Machine Learning-Fall 2003 Abstract
—This chapter provides a quick review of basic linear algebra concepts. |

http://inls.ucsd.edu/cn200/B/readings/Lineark20Algebra%20Review...

(a)ELDOXEA for internet terminals

I

IMobile Learning Content Search Engine

Search: [mobile web
(oo ]

Search results for mobile web keyword(s).

Page:1|2(|3|4|5(6|7|8|9|10|

* The Mobile Web
2 A®2011 Network Solutions Are You Ready
for the Mobil ? Technology is evolving
atwarp speed these days. It can seem
ovewhelming3€'the minute we conquer a
new app, or ...

(b) ELDOXEA for mobile phone
Figure 1. Top page of ELDOXEA

C. Supplemental Keyword Selection with the Keywords in the
Meta-Tag and the Descriptions in the First Search Result
In order to choose appropriate supplemental keywords for
improvement of hit rate, several attempts are performed. First
one is to use keywords and descriptions in meta-tag of the first
web search result. Keywords are used to be in the meta-tag.
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Also, there are some keywords in the descriptions in the first
web search result. Therefore, these supplemental keywords in
the meta-tag and descriptions are applicable to add to the
primary keyword. This approach using the assumption that
related website should contain the similar keyword, while not
related website containing another not related keyword. So, we
try to find the intersection of keyword in meta-tag of page
header between webs in the search results set.

Figure 2 shows an example of header. In the header, there
are meta-tag and descriptions. In these meta-tags and the
descriptions, there are some keywords. We could use these
keywords as supplemental keywords for search.
¥ <head>

<meta http-equiv="Content-Type" content="text/html;

charset=shift_jis">

<meta name="keywords" content="%4 , - & HTML, 2 24 )

r— |, stylesheet,CS5, 0 37 LA, 94 w2 U7 L2

ZOWEBTH A L

Figure 2. shows an example of header

Figure 3 shows the first three search results based on
Google search with the keyword “Linear Algebra”. When |
visit the first URL of Wikipedia in Japanese, then Figure 4
appears. Then source code can be displayed as shown in
Figure 5. Although we cannot get any keyword in the meta-tag
sometime or description in the header, it used to be appeared
in the header. If we repeat the same keyword twice as keyword
for search, then we get the other search results as shown in
Figure 6

linear algebra

FERLES - Wikipedia
ja.wikipedia org/wikiBE BUEEIZ - £ poiia
MR e DU —EREHID (£ AT 7 (Wikipedia) I 1580 : 52, 185 4RRY
B2 AT AT 5, 5T linear algebra) . 1730 1THII C RS T 23R Swkit
FAELIERFO 5B TEL B REORT RO BN DL TR ..

HiFE - st - =T ek -EER

Linear algebra - Wikipedia. the free encyclopedia

en.wikipedia.org/wiki'Linear_algebra - ¥ +-v3/ 2 - ZO~—2785R

Linear algebra is a branch of mathematics that studies vector spaces (also called
linear spaces) along with linear maps, mappings between vector spaces that preserve
the linear structure. Because vector spaces have bases, matrices can be ...

List of linear algebra topics - Vector space - Rank - Basis

IPoF] Linear Algebra
joshua.smevi.eduflinearalgebra/book.pdf - 7 A h & #E
7 L5 = : PDFiAdobe Acrobat

Figure 3. First three search results based on Google search with the keyword
“Linear Algebra”.
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@ Logn 1 create account

7 ot

e ok

das Article  Talk Read Edit View history Q
’.‘f 1

- Linear algebra
WIKIPEDIA 9

The Free Encyclopedia | F1om Wikipeda, thefee ancyciopeda

|] 0;‘ This article needs additional citations for verification. Please help impr

rticle by adding
citations 10 rellable sources. Unsourced material may be challenged and re 2019

Moy 2

Featured

Linear algebrais a beanch of mathematics that studies vector spaces (also called linear
spaces) along with linear maps, mappings between vector spaces that preserve the linear

structure. Because vector spaces have bases, matrices can be used to represent both vectors

and linear transformations, which faciitates computation and makes vector spaces more

concrete. Linear algebra is commonly restricted to the case of finite-dimensional vector

spaces, while the paculiariies of the infinte-dimensional case are tradiionally covered in inear

functional analysis.

Linear algebra is central to modern mathematics and its applications. An elementary
application of linear algebra s 1o find the solution of a system of inear equations in several
unknowns. More advanced applications are ublquitous in areas as diverse as abstract algebra
oncrete representation in an:
o theory. It has extensive a

The three-dmensionl Eucidoan space R 15 &
a vector space. and ines and planes passing
thecugh the on ctor subspaces i '

. and the soc o5 (particularly  Subspaces are n abiect o study in

s can often be approximated by linear ones. Ineat algetra

ry an

Figure 4. Top page of the first URL of Wikipedia of Linear Algebra in
Japanese

1 ||(! DOCTYPE html PUELIG “-/AWSG//DTD HTML 401 Transitional//EN" “https/ A w3 ore A TRAtmI4 01/ looze dtd™>
2% <htmly

3¢ o= Created on 20121 AATH by texidktm| 182

4 texiZhtml was written by:

5 Lionel Cons <Lionel Cons@cernch (original author)

1 Karl Berry <karl@freefriends org’>

7 Qlat Bachmann <obachman@mathematik uni-k|de>

8 and many others.

9 Maintained by: Many creative people

10 Send bugs and suzgestions to Ctxilhtmi-bug@nonenuore

11—

124 <head>

131 <title>Maxima 6260 Manual: 28, Matrices and Linear Alzebra</title>

18 <meta name="description” content="Maxima 5.26.0 Manual: 23, Matrices and Linear fleebra”>
16 <meta name="keywords" content="Maxima 5260 Marual 23, Matrices and Linear Algehra™>
17 <meta name="resource-type” content="document™>

18 <meta name="distribution” contert="global">

19 <meta name="Generator™ content="texiZhtml 152>

20 {meta hitp-equiv="Caontent-Type” content="text/html, charset=uti-8">

211 <atyle type="text/oes">

Figure 5. The source code of the first URL of Linear Algebra.

linear algebra Linear algebra

Basic Linear Algebra Subprograms - Wikipedia

jawikipedia org/wiki/Basic_Linear_Algebra_Subprograms -  +w3s 2

Basic Linear Algebra Subprograms{BLAS) . ~31 )L &7 5| C BT 22 50 %
TEEETT D30T IVAPID T 27 2t 2804 —FTh 5. 197958 CH1RFEN. ZhE®
ST LAPACKZZE D EID S o4 — U/ BEESN T L. mERET BT 5 H ..

HELETT - Wikipedia

ja-wikipedia.orglwikifR BHEISE - & uiia

HRMEES el DU BRSO D &~F 7 (Wikipedia) ). F58h: 32 f8d 4T
HEIRR R AT 3H . B5F tlinear algebra) 3. {THI 17520 CRAT 21E 8kt
FIELIRRFO— 5B TH2. 8878 ORT- REDENIC DL TR

Automatically Tuned Linear Algebra Software (ATLAS)

math-atlas.sourceforge.net/ - & #wiva - ZMAI—UESRE

The ATLAS (Automatically Tuned Linear Algebra Software) project is an ongoing
research effort focusing on applying empirical techniques in order to provide portable
performance. At present, it provides C and Foriran77 interfaces o a ...

Figure 6. Other search results we used to get with double keyword for search
(in this case “Linear Algebra is refrained twice)
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D. Supplemental Keyword Selection from Thesaurus Engine

Second one is to use keywords which are derived from
thesaurus engines. Thesaurus engine provides similar words to
the primary keyword with their priority. Therefore, these are
used for supplemental keywords. An example of the search
results of thesaurus engine with “Linear Algebra” is shown in
Figure 7. As shown in Figure 7, similar words to “Linear
Algebra” are listed in the order of priority. Also, you can refer
to the URLSs as results of thesaurus engine as shown in Figure
8. Figure 9 shows an example of top page of the first priorit
of URLs of the search results of thesaurus engine, Weblio”.
Then we can get the keywords in the meta-tag and the
descriptions in the header when you check the source word of
the web pages as shown in Figure 10.

lLinear Algebral |C LY S EE:

Lirchy Booth

Lirchy Hermiming

Lirchy Lsub

Lirchy Shles

LINE

Lire &

Lirear Executable
LirearGradientBrush. Blend 0/ 3T
LirearGradient Brush.Clone A2
LirearGradient Brush GammeCorrection
ZOiTy

LirearGradiernt Brush IniterpolationColors
JoriFy
LirearGradient Brush LinearColors 00
Ehieas

Figure 7. An example of search results of thesaurus engine of Weblio with
the keyword “Linear Algebra” in Japanese.

2

Medma 5.26 0 Manual: 25 Matricesand L 7 maximasourcetoree jp/maxima_23html
2311 Dot SEET (FIRMRREC NS - HERLET . ASERFETINY fTITRIO a & b oD, 7
ab |3 sum ([P0 i 1, lengthal) EEIETH. Bl a & b PHERETLL VIBINIIANS—ETEY, s &b
PSR HERa - L
Lirear Alsebra @ helpacilab ore/docs/5 3 0/ja_JP/section_3dfE4028f 0224 8h4bf 143 0a lefbd3&nbsp, .
of this function &middot; Scilsb manual Get&et Linear Algebra
Linear Almebra — from Volfram Mathiorld .7 mathworldsolfram com./Linear Alesbra html
Linear aleebra is the study of linear sets of equations and their transformation properties. Linear slgebra

allows the analysis of rotations in space, least squares fittineg, solution of coupled differential equations,
determination of a circle passing

Figure 8. URLSs can be referred as results of thesaurus engine (in this case
with the keyword of “Linear Algebra™).

) ()] @ nttp//mathiworld wolfram.com) Linearalgebra him 0 + B & X || w Linear Algebraz SeE0.. ‘@ Linear Algabra — from ... ‘
&z v Panr

Wolfram MathWeirld

Algebra

Appiied Mathematics

Calculus and Analysis

Discrete Mathematcs )
Linear Algebra

Foundations of Mathematics

Geometry o s

R Y Linear algebra is the study of inear sets of equations and their transformation properties. Linear algebra allows the
analysis of rotations in space, least squares fitting, solution of coupled differantial equations, detsrmination of a circle
passing through three given points, as well as many other problems in mathematics, physics, and engineering
Coniusingly, inear algebra is nol actualy an zlgebra in the fechnical sense of the word “aigebra” (Le., a vecior space
¥ overa field £, and 50 on)

Number Theory
Probabilty and Stafistics
Recreational Mathematics

The mairix and determinant are extremely useful tools of linear algebra. One central problem of inear algebra is the

Topola
poloay solution of the matrix equation

Alphabetical Index Ax—b

Inferacive Eniries

for x. While this can, in theory, be solved using a matrix inverse

x=A"b,

Figure 9. Example of top page of the first priority of URLSs of the search
results of thesaurus engine, Weblio.

6 http://thesaurus.weblio.jp/content/ = > ¥ >
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w Linear Algebra -- from Wolfram MathWorid - F12

L e . i

F7AMF) BEN) ELS) BRY) AA-S(0) Freall) Y-uT) WEA) | F50Y- E—F: E9(E) FFaxkE-F: 9 SRM) =

HTML css FaJr45—
Algebra htm -
HTHL 11 Trar:
i

Figure 10. The keywords in the meta-tag and the descriptions in the header
when you check the source word of the web pages

After that, we could determine the supplemental keywords
in accordance with their priority.

E. Supplemental Keyword Selection from Twitters

Third one is to use twitter for gathering suggestions of
supplemental keywords from twitters. Reliability of the
twitters can be evaluated with the previously proposed
method’. The Weblio of thesaurus engine provides the gate for
twitter. From this gate, we can bet valuable information of
URLSs related to the primary keyword. Reliability of the twitter
has to be checked though.

F. Supplemental Keyword Selection from BBS

Fourth one is to use Bulletin Board System: BBS and
chatting for gathering suggestions of supplemental keywords
from the community members. Firstly, the user has to send a
message which is requesting supplemental keywords to BBS
system as well as chat with the primary keyword. Then the
user has reply message with supplemental keywords. These
are to be candidates of supplemental keywords. Most of
Learning Management System like Moodle® provides BBS and
chatting capabilities. Using these functions, we can get
valuable information relating to the primary keyword.

Il.  EXPERIMENTS

A. Method for Experiments Conducted

We conduct the experiment for our propose methods in
two ways. Subjectively search through Yahoo search engine
and objectively creating a new search engine using Yahoo API.
We check the results of a search engine that only using
primary keyword, and then comparing the results while using
combination of primary key and supplementary keyword. First,
correct answer of Yahoo search with queries of “Linear
Algebra” and “Hazardous Material Handler test” is determined.
Yahoo search is a kind of hybrid type of search engine that is

! http://www.readwriteweb.com/archives/twazzup_a_better_twitter_search_
engine.php
http://www.govloop.com/profiles/blogs/twitters-reliability-an-issue

& http://moodle.org/
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same as ELDOXEA. The first 50 candidates of URLs are
selected. All of the 50 sites is visited and evaluated
subjectively. Then these sites are divided into “appropriate”
or “not appropriate”. The term “appropriate” means that the
web content is containing e-learning materials that related to
the input keyword. The term “not appropriate” means that the
web content may not related to the input keyword in the area
of e-learning.

The first four keywords for the primary keywords, “Linear
Algebra” and “Hazardous Material Handler Examination” are
as follows,

(1) Linear Algebra: Linear Algebra, Mathematics, Matrix
Algebra/Geometry

(2) Hazardous Material Handler Examination: Hazardous
Material Handler Examination, Gasoline Handler,
Hazardous, National Certificate

Figure 12 shows hit rate of the proposed method and of the
search results with same primary keywords repeatedly.
Square denotes the hit rate with the proposed method while the
upside down triangle denotes search result with using the same
primary keyword “Linear Algebra” repeatedly. In the case, of
usage of the same primary keyword of “Linear Algebra”
repeatedly, search result shows that hit rate is saturated at the
number of supplemental keyword is 1, which is corresponding
to the search with two same primary keyword results in
maximum hit rate.

On the other hands, the first two supplemental keywords
show the maximum hit rate for the “Hazardous Material
Handler Examination” case while repeated usage of the same
primary keyword does work for the “Hazardous Material
Handler Examination” case.

Second, keywords in the meta-tag and the descriptions are
extracted from the header of these sites. Then the keywords
are sorted with priority depending on their frequency. These
processes are automatically done by our search engine system.
Figure 11 shows the screenshot of our meta-tag keyword
extractor for automatically extract keywords from the meta-tag
of a search results.

ELDOXEA - META TAG EXTRACTOR

firear

ELDOXEA Documents Search Results

SEARCH

Search results for the

with linear . Total Results Found: 113000 Page: 11213

eywords = Linear Mathematics: An Introduction to Linear Algebra and Linear Differential Eque

Linear mathematics., Philip Gillett, Philip Gillett books

thematics,Linear Algebra (Dover )
hematics,Algebras, Linear,Math lgebra - Linear,Mathematics / Algebre

extbooks & Study Guides

s in Mathematics - Linear Algetea - | Keywords =

[9] Linear

[10] Linear Mathematics 1 a

[11] Equations linear
hoppi linear i
reviews,coupon,great deals,lowest equati

Figure 11. Our automatic Meta Tag Keywords extractor system
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§ S50 \
'E 40 <48 Linear Algebra
30 Hazardrous Material
“* Handler Examination
20 Linear Algebra Repeat
Hazardrous Material
10 Handler Examination
Repeat
0

o

1 2 3 -

The number of Keywords

Figure 12. Hit rate of the proposed method and of the search results with same
primary keywords repeatedly.

B. Supplemental Keyword Selection with Thesaurus Engine,
Weblio

As shown in Figure 7, similar words to “Linear Algebra”
are listed in the order of priority. There, however, is less
related keyword from the Weblio of thesaurus engine.
Therefore, it would not be worked for finding supplemental
keyword at all.

C. Applicability of the Proposed Search Engine

The proposed search engine is applicable to the other
primary keywords. Other than “Linear Algebra”, the proposed
search engine is applied to the chemistry, mechanics, etc.
Improvements of hit rate for these primary keywords are
evaluated. Figure 13 shows the improvements of hit rate for
searching the primary keyword with the primary and
supplemental keywords.

80

2]
o

Hit Rate(%)
tS]

& linear algebra

-+ chemistry
20 .
mechanics
0
ELDOXEA Proposed Method

Figure 13. Improvement of hit rate of the proposed method in comparison to
the previously proposed ELDOXEA of e-learning content search engine.

17 to 20% of improvements are confirmed for the primary
keywords, Linear Algebra”, Chemistry” and “Mechanics”.

Other two methods by utilizing twitter and BBS system
will be discussed in the other paper in the near future.

IV. CONCLUSIONS

The proposed search method uses not only one single
primary keyword, but also supplemental keywords which are
derived from the keywords in the meta-tag and descriptions in
the page header of a website appeared in the first search result.
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Hit rate is defined as matching accuracy between
subjectively determined success search and the current search
results of URLs. The hit rate of the proposed method is
compared to that of the search method with the same primary
keyword with repeatedly used supplemental keyword.
Depending on the number of supplemental keyword, hit rate is
increasing. Improvement of the hit rate of the proposed search
method is 15 to 20 % while that of the search method with
repeatedly used supplemental keyword which is same as
primary keyword is around 10 %. It is also found that the
proposed search method is applicable to the other primary
keywords.
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