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Abstract—Currently searching through internet is very popular
especially in a field of academic. A huge of educational information
such as research papers are overload for user. So community-base
web sites have been developed to help user search information more
easily from process of customizing a web site to need each specifies
user or set of user. In this paper propose to use association rule
analyze the community group on research paper bookmarking. A set
of design goals for community group frameworks is developed and
discussed. Additionally Researcher analyzes the initial relation by
using association rule discovery between the antecedent and the
consequent of a rule in the groups of user for generate the idea to
improve ranking search result and development recommender system.

Keywords—association rule, information retrieval, research
paper bookmarking.

[. INTRODUCTION

HE recently, researching within the information retrieval

has considered an alternative approach of retrieving the
information based on community of users in the system. Many
social bookmarking systems have been designed and
implemented for improve systems. Especially, Social resource
sharing systems are web-based systems that allow users to
upload all kinds of resources.

Furthermore, Search engines are the important tools that
people search document on internet. It can return search result
by user query. Nowadays, social network has recently received
a wide adoption by various web services such as social
bookmarking systems. They provide functions that allow users
to share content with one another. In a field of academic have
a several work of research to regard one which use search
engine for searching research paper and investigate the
literature reviews such as CiteULike[1]. It helps scientists,
researchers and academics store, organize, share and discover
links to academic research papers. Connotea[2] is a free online
reference management for all researchers, clinicians and
scientists. BibSonomy[3] is a system for sharing bookmarks,
lists of literature and BIBTEX based publication entries
simultaneously. However, the best known in the academic and
research paper arena is CiteULike.

As part of social research paper bookmarking system has
community group which perhaps each community may
concentrate on the same topic. In addition, user in social
bookmarking system can join with another groups or
communities that user interest. Those communities which users
are members may related content or research topic.
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Therefore, in this paper proposed to analyze the relation of
community group for research paper bookmarking by using
association rule. The main point is study the relation of user
group by using data mining techniques for optimize ranking.

The paper is organized as follows. Section II discusses
related works. The framework of this paper is described in
Section III. The association rule analysis explained in Section
IV, The experimental setting is shown in Section V. Results
and discussions from the experiments are presented in Section
VI. Finally, the conclusion and future work are given in
Section VII.

II.RELATED WORK

This section contain in to two parts: first is background of
community based on social bookmarking and second is related
research with CiteULike.

A. Community based on social bookmarking

In recent years, many studies of community-based on search
engine have been carried out. The main techniques involved in
community-based search engine include recommendation,
relevance feedback, personalization, and their combinations.
Many research try to measures the similarity or relation
between groups for improve the performance of recommender
system such as Senot and et al. build group profile of TV
viewing data by combine with individual user for showing how
group interest[4]. Therefore the group personnel relationship
exists in social groups of all sorts, which can be researched
using the knowledge of the complex social networks system.
There are several specific research projects on community of
social network such as Cohen, and Havlin studied the degree
distribution of co-author research network in mathematics and
the neuroscience domain. These distributions do not strictly
follow the power-law distribution [15]. Zhang and Di
described the clustering algorithms of co-author research
network [16]. Chang, and Daren showed the results of
proprietary Chinese medicine network in 2005 [23]. Hong,
Wei-dong, and Wen analyze relation of group personnel
relationship. By comparing the group personnel relationship
models and the empirical models, the simulation results in
according with the empirical findings quit well [17]. Some
researchers applied association rule mining for improve the
web performance such as Heymann, Ramage, and Garcia-
Molina, [12] wuse association rule mining based in
combinations with other measures for link prediction on social
tags. Schmitz and et al. [13] describe the idea of using
association rules to determine hyponymy and hyponymy
relations between tags in social tagging data. They have a
strong emphasis on formal concept analysis and its usage in
context of social tagging data.

Although this paper are following a similar initial thought of
utilizing classical data mining techniques for discovering
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structures in social bookmarking. This paper focus is on
structuring groups of user. Aim of this is suggest to the user
group bundles for organizing information. The idea is that
research paper was assigned by any given users which are a
reflection of his interesting and share research paper with other
user in the same group. In addition, relationships between
group and their user perceived “paper” can be gained.

B. Citeulike

CiteUlike (www.citeulike.org) is a web-based social
bookmarking  services and traditional  bibliographic
management tools. It assists researchers and academics in
storing, organizing, sharing and discovering links to academic
research papers. Like many successful software tools,
CiteUlike has a flexible filing system based on the tags. It has
been available as a free web service since November 2004. As
of September 2011, there are approximately 5,549,945 articles
on CiteULike. Their metadata, abstracts, and links to the
papers at the publishers’ websites. Users can also add reading
priorities, personal comments, and tags to their papers.
CiteULike also offers the possibility of users setting up and
joining groups that connect users sharing academic or topical
interests. These group pages report on recent activity. The full
text of articles is not accessible from CiteULike, although links
to online articles can be added.

Toine Bogers [10] divide a type of metadata from the
CiteULike website into five types. First is Topic-related
metadata: including all metadata descriptive of the article’s
topic. Second is Person-related metadata: such as the authors
of the article. Third is Temporal metadata: such as the year.
Fourth is Miscellaneous metadata: such as the article type.
Fifth is User-specific metadata: including the tags assigned by
each user, comments by users on an article, and reading
priorities. As CiteULike offers the possibility of users setting
up groups that connect users that share similar academic and
topical interests for each group we collected the group name, a
short textual description, and a list of its members.

Many previous works related to research paper searching
focus on improving the efficiency of academic web resource
searching.  Researchers who studied in research paper
searching such as CiteULike: Jomsri, Sanguansintukul, and
Choochaiwattana [6], [7] create three heuristic indexers:
“tag”(T), “title, abstract”(TA) , “tag, title and abstract”(TTA)
and compare with CiteULike. Experiment found that TTA is
the best indexer. Furthermore they create a new algorithm for
ranking method that is a combination of similarity ranking with
paper posted time or CSTRank [5]. Capocci and Caldarelli [8]
analyzed the small-world properties of the CiteULike
folksonomy and the other researcher are [10], [11], [9], and
[14].

This paper uses different views to re-ranking search results
of research paper bookmarking with focus on the diversity and
reliability.

This paper extends the method of association rule that is
data mining technique to re-ranking search results.

III. FRAMEWORK FOR COMMUNITY GROUP OF RESEARCH
PAPER BOOKMARKING

A framework for community group of research paper
bookmarking is follows in Fig 1. General community of users
who interesting in research paper bookmarking will post
papers that they interest to server system of social
bookmarking system such as CiteULike. This technique can
provide paper with other users for search paper. The
framework mechanism was designed in four steps:

e Historical data of each user groups: After process of user
share all their public entries with user community and
comment on other papers. Java programming is used to
implement a crawler on the research documents. The
crawler collects data from research paper bookmarking. The
collected documents consist of research papers and each
record in the paper corpus contains: article ID, article name,
abstract, tag of each paper, link for viewing full text article,
groups name, along with group are interest the same paper,
book title that published paper, posted date, posted time,
paper priority ,and etc.

o Association rule: This step is preparing and cleaning data
for creating association rule model. The relation during
users group that interested in the same paper was analyzed.
This technique is recommending base on similarity and were
describe in section IV.

e Search Function: Cosine similarity is a similarity
measurement between two vectors of # dimensions. This
involves finding the cosine of the angle between two
vectors. This measurement is often used to compare
documents in text mining.

® Re-ranking search result: this step is effect after similarity
measurement for improve search result. The ranking of
search results are rearranged from the highest similarity
score to the lowest similarity score.

IV. ASSOCIATION RULE ANALYSIS

Association rule discovery is a popular data mining method
and well researched method for discovering interesting
relations between variables in large databases. Many the
research lead data mining and association rule for analyzes and
increase efficiency in searching result [18], [19], [20], [21],
[22].

This paper analyzed basic data relation by using association
rule discovery from personalized function for explore pattern
to improve ranking. Researcher explored association of a set
title name of paper and set groups of user. We expect that the
article were posted more than one group will should significant
for create ranking. The data set has over 64,320 rows.

Each row of the data set represents a user group that papers
were appearing. There for, a single paper can have multiple
rows in the data set.
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Fig. 1 A Framework for community group of research paper bookmarking

A. Association rule discovery

Table I shows examples of rules for predicting the

The rules tab in the form of X — Y is applied for extracting  group. Confidence and support value are used for rule
rules. Where X and Y are disjoint item sets of user group. For  selections. Because plenty of rules are generated, some
each rule of the form X — Y, researcher defines the supp and  simple concerns in rule selections include:

conf as the support and confidence as follows.

_ count(X,Y)
conf )= count(X)

such as conf (group X, group Y)

count(group X ,groupY)

X Y)=
conftgronp X growp 1 count(group X )
sup(X, ) = SO Y)
count(All)
such as sup(group X, group Y)
X Y,
sup(group X, group Y) = count(group X, group Y)
count(All)

1) Select the rule with maximum confidence.
M 2) Select the rule with maximum support if confidence
value is equal.
3) Select the rule that happens first when confidence and
support values are equal.

2
TABLEI
EXAMPLES OF RELATION MODELS OF GROUP THAT USER POST WITH
CONFIDENCE AND SUPPORT VALUES
() Rue Conf Sup
(%) (%)
microRNA->Bioinformatics 72.46 3.08
(€] From table I, shows the rule explains:

e Support of X — Vis the probability that a paper has
both X group and Y group
Confidence of X — V is probability that a paper appear in ¥
group given that the paper appear in X

B. Result of Association rule discovery
Table II shows total association prediction model for group
of users with confidence and support values.
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TABLE I
RELATION MODELS OF GROUP THAT USER POST WITH CONFIDENCE AND
SUPPORT VALUES

3 Conf Sup
Rule %) %)
Genetics-of-Gambling> G4ID 53.95 8.39
GA4ID-> Genetics-of-Gambling 100 8.39
Philosophy of informatic->Blog_and_WikiResearch 82.46 5.16
Blog_and_WikiResearch->Philosophy_of_informatic 40.22 5.16
Statistics and Social Science-> Biostatistics 86.09 3.40
Biostatistics—> Statistics and Social Science 88.89 3.40
microRNA->Bioinformatics 72.46 3.08
Bioinformatics>microRNA 17.48 3.08
mgh_lcs>Blog_and_WikiResearch 90.30 2.13
Blog_and_WikiResearch>mgh_lcs 16.60 2.13
ReadingLab->Clinical_Psychology 45.63 2.12
Clinical Psychology—>ReadingLab 85.94 2.12
Social navigation-> Adaptive-Web 69.83 1.63
Adaptive-Web->Social navigation 53.76 1.63
Automatic sumarization>ASR 86.64 1.31
ASR->Automatic sumarization 50.50 1.31
NLP->ASR 83.10 1.16
ASR->NLP 44.47 1.16

V. EXPERIMENTAL SETTING

The experimental setting is divided into two sections.
Section A) describes the data set, section B) discusses
describes evaluation metrics.

A. The data set

The crawler collected data from CiteULike during March to
May 2010. The collected documents consist of 64,320
research papers. There are groups that are related to the
computer science field. Each record in the paper corpus
contains: title ID, title name, abstract, tag of each paper, and
link for viewing full text article, book title within which the
paper was published, posted date, posted time ,paper priority
and the along with group.

B. Evaluation Matrix

The informal was conducted with twenty students that were
recruited as experiment participants. In the step of measuring
the system accuracy, we need to use information retrieval
classification metrics, which evaluate the capability of the
system to suggest a short list of interesting items to the user.
The precision and recall are the standard measurement for the
probability that the system makes a correct or incorrect
decision about the user interest. With r, being the research
paper from randomly picked for user u and D(u,r) is the set of
recommended research papers, recall and precision are
defined as Equation (5)and (6):

1 ‘rp(u,r)mD(u,r}
727 ®)

recall = (D(u,r)) =

U&= pler)
o 1 o plu,r) Dlu,r) (6)
precision = (D(u,r)) = ] ZTr)‘
uelU ’

Where

|rp(u, rX is the number of is relevant documents,
|D(u, r] is the number of retrieved documents.

|rp(u, p)(\ D(u, pl is the number of relevant documents

from the number of retrieved documents.

No:9, 2012

Recall measures the percentage of interesting items
suggested to the users, with respect to the total number of
interesting items. Whereas, precision measures the percentage
of interesting items suggested to the users, with respect to the
total number of suggested items. The values precision and
recall are shown in section VI. The twenty subjects were
considered as experts in the field participated in the
experiment. Therefore, their relevancy ratings are assumed to
be perfect. In the study setting, each subject is assigned to
investigate the research papers obtained from the 7. The 10
documents for relevancy are displayed. Finally, the subjects
were asked to rate the relevancy of the search results on a two-
point scale: score 0 is not relevant at all and score 1 is
relevant.

VI. RESULT AND DISCUSSION

This section separate in to two parts: first is results from the
experiment and the second is the discussion.

A. Results

The results of the paper were described in two section first
is result of association rule and second is result of evaluation
by using precision and recall.

1) Result of association rule

Form table III, We choose the rule that have confidence
value more than 60%. The strength rules were hold such as
Social navigation with Adaptive-Web has Confidence 69.83%.
Article which appears in Social navigation will appear in
Adaptive-Web always. Therefore, the relationship of these rule
may help to created ranking for optimize search results to user.
However, Adaptive-Web with Social navigation has
Confidence 53.76%. So article which appears in Adaptive-
Web group will not appear in Social navigation always.
Therefore, the relationship of these rule may not help to
created ranking for optimize search results.

TABLE III
CONFIDENCE OF ASSOCIATION RULE WHERE o = 60%

Conf Rule
Rule (%) Hold
Genetics-of-Gambling> G41D 53.95 No
G41ID-> Genetics-of-Gambling 100 Yes
Philosophy_of informatic>Blog_and_WikiResearch 82.46 Yes
Blog_and_WikiResearch->Philosophy of informatic 40.22 No
Statistics and Social Science—> Biostatistics 86.09 Yes
Biostatistics—> Statistics and Social Science 88.89 Yes
microRNA->Bioinformatics 72.46 Yes
Bioinformatics>microRNA 17.48 No
mgh_Ics>Blog _and WikiResearch 90.30 Yes
Blog_and_WikiResearch>mgh_lcs 16.60 No
ReadingLab->Clinical_Psychology 45.63 No
Clinical Psychology—~>ReadingLab 85.94 Yes
Social navigation—> Adaptive-Web 69.83 Yes
Adaptive-Web—>Social navigation 53.76 No
Automatic sumarization>ASR 86.64 Yes
ASR->Automatic sumarization 50.50 No
NLP->ASR 83.10 Yes
ASR->NLP 44.47 No

In addition, we use link analysis to show the relation of
group’s users interested in the same paper.
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Fig.2 shows example of similarity measurement from
Adaptive-Web —Various kinds of user adaptive web system:
hypermedia, IR, filtering — by using Link Analysis. We found
that some articles were appear in Adaptive-Web will appear in
ARTFL group, NET8-UAM group, Social Web group, Social
Navigation group, and Philosophy of Information group. Form
result of the similarity we can develop this model into paper
recommendation mechanism.

2) Result of evaluation Matrix

Since the subject relevancy ratings, some users only rating
one in a group and some users even did not rating any
research paper in most groups. The experiment result is
depicted in table IV. We use two different correct sets in the
experiment. The first is correcting set of original method (not
include association rule technique) and the second considers
set by include association rule technique before re-ranking
method (Our Method). The result is listed in the second and

third column.
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Fig. 2 The result of link analysis

TABLE IV
PERFORMANCE OF PROPOSED FRAMEWORK
Average Precision g/[rg;lzzl Mg’;:; d
P@1 55.0% 73.2%
P@2 43.1% 65.7%
P@3 40.2% 63.2%
P@4 38.7% 61.1%
P@5 35.2% 55.5%
P@10 27.0% 49.0%
P@15 25.5% 44.1%

B. Discussion

This paper presents techniques ranking search result for
users based on the relation of user group. In the association
rule step, the support and confidence value were used to
determine the groups relation. The performance of system by
include association rule technique tag based filtering
recommendation has accuracy more than the original system.
Therefore, the relation of user group has a potential and can
use this technique for improve ranking search result.

VII. CONCLUSION AND FUTURE WORK

In this study, a related of community group of research
paper bookmarking framework is proposed.

This approach studies users’ behavior from research paper
bookmarking and then use association rule to analysis user’s
preference and can bring to improve ranking. The experiment
has shown some interesting results and it is believed the
research direction is promising.

In fact, during our study, it is becoming clear that only
relying on one method to predict the preference. Furthermore,
in this paper the ranking mechanism only considers one-to-
one association rule like group X= group Y. This assumption
is to simplify the problem.

In addition, This paper preliminary analysis a relation of the
group uses that appear the same article by using association
rule discovery .Result of preliminary analysis of there some
rule is interesting and can bring to improve performance
ranking.

In future, researcher plan to use this information to advance
analysis for improve web searching.
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