
Chuming Chen, U. of Delaware, USA
Carmen Costilla, Technical U. of Madrid, Spain
Roger E. Eggen, U. of North Florida, USA
Hiroaki Fukuda, Keio U., Japan
Jaafar Gaber, Université de Technologie de Belfort-
  Montbéliard, France
Shanmugasundaram Hariharan, Pavendar Bharathidasan 
  College of Engineering and Technology, India
Sean He, U. of Technology, Australia
Nadine Jessel, U. Paul Sabatier, France
Ni Jun, The U. of Iowa, USA
Qu Junfeng, Clayton State U., USA
Michel Kamel, U. of Nice, France
Elena Kozerenko, The Russian Academy of Sciences, Russia
Stefania Marrara, U. of Milan, Italy

Andrea Morgera, Università degli Studi di Cagliari, Italy
Kia Ng, U. of Leeds, UK
Wolfgang Renz, Hamburg U., Germany
Weiming Sheng, National Research Council of Canada, 
  Canada
Yunchun Shi, Tsinghua U., China
John B. Stav, Norwegian U. for Technology and Science, 
  Norway
Hamish Taylor, Heriot-Watt U., UK
Bezboruah Tulshi, Gauhati U., India
Yuxin Wang, The U. of Tokyo, Japan
Weidong Yang, Fudan U., China
Weizhong Yang, GE, USA
Shaowen Yao, Yunnan U., China

Editor-in-Chief:	 Zhongyu (Joan) Lu, U. of Huddersfield, UK

Associate	Editors:	 Hamid R. Arabnia, The U. of Georgia, USA
 Andrew Ball, U. of Huddersfield, UK
 Takashi Hasuike, Osaka U., Japan
 Sabah Jassim, Bacukingham U., UK
 Andy Marsh, HOIP, UK
 Peter Sloot, U. of Amsterdam, The Netherlands
 Qiang Xu, Teesside U., UK
 Shaoyan Zhu, Tsinghua U., China

IGI	Editorial: Heather A. Probst, Director of Journal Publications
 Jamie M. Wilson, Assistant Director of Journal Publications
 Chris Hrobak, Journal Production Manager
 Gregory Snader, Production and Graphics Assistant

International	Editorial	Review	Board:

IGI PublIshInG
www.igi-global.com

IGIP

IJIRR	Editorial	Board



The Editor-in-Chief of the International	Journal	of	Information	Retrieval	Research	(IJIRR) would like to invite 
you to consider submitting a manuscript for inclusion in this scholarly journal. 

MISSION:
The mission of the International	Journal	of	Information	Retrieval	Research	(IJIRR) is 
to provide an outlet for researchers to present their research and obtain inspiration in 
the areas of information retrieval, computer science, and information science. Focus-
ing on theories, methods, technologies, and tools, IJIRR is aimed towards information 
engineers, scientists, and related professionals. This journal exhibits expert experiences 
and state-of-the-art technologies in search and storage of texts, images, videos, and other 
data to stimulate innovation and exploration of improved approaches for conquering 
industry problems. 

COVERAGE:
Topics to be discussed in this journal include (but are not limited to) the following: 

All	submissions	should	be	emailed	to:
Zhongyu	Lu,	Editor-in-Chief

j.lu@hud.ac.uk	

Please recommend this publication to your librarian. For a convenient 
easy-to-use library recommendation form, please visit: http://www.igi-
global.com/ijirr and click on the "Library Recommendation Form" link 

along the right margin.

Ideas for special theme issues may be submitted to the Editor-in-Chief.

International	Journal	of	Information	Retrieval	Research	
An offi cial publication of the Information Resources Management Association

call for artIcles

ISSN	2155-6377
eISSN	2155-6385
Published	quarterly

IGIP

• Classifi cation 
• Clustering approaches 
• Filtering system 
• Index techniques 
• Link analysis 
• Machine learning on documents 
• Message passing 
• Metadata and XML retrieval 
• Multimedia retrieval 
• Performance measures 
• Query languages and optimization 
• Retrieval architecture 

• Retrieval evaluation 
• Retrieval languages and operations 
• Retrieval strategies 
• Retrieval systems 
• Retrieval theories 
• Scalability 
• Search algorithms 
• Search engine 
• Taxonomy theory and applications 
• Text, document, and image retrieval 
• Web mining 

IGIP



April-June 2011, Vol. 1, No. 2

	 ReseaRch	aRticles
	 	 	
1	 Mining	Product	Reviews	in	Web	Forums
	 S.	Hariharan,	Pavendar	Bharadhidasan	College	of	Engineering	and	Technology,	India
	 T.	Ramkumar,	A.V.C.	College	of	Engineering	and	Technology,	India

19	 Schema	Independent	XML	Compressor
	 Baydaa	Al-Hamadani,	University	of	Huddersfield,	UK
	 Joan	Lu,	University	of	Huddersfield,	UK
	 Raad	F.	Alwan,	Philadelphia	University,	Jordan

40	 Determination	of	Algorithms	Making	Balance	Between	Accuracy	and	
	 Comprehensibility	in	Churn	Prediction	Setting
	 Hossein	Abbasimehr,	K.	N.	Toosi	University	of	Tech,	Iran
	 Mohammad	Jafar	Tarokh,	K.	N.	Toosi	University	of	Tech,	Iran
	 Mostafa	Setak,	K.	N.	Toosi	University	of	Tech,	Iran

56	 Virtual	Community	of	Practice	Ontocop:	Towards	a	New	Model	of	Information	
Science	Ontology	(ISO)

	 Ahlam	Sawsaa,	University	of	Huddersfield
	 Joan	Lu,	University	of	Huddersfield

Table of Contents

InternatIonal Journal of InformatIon 
retrIeval research 





International Journal of Information Retrieval Research, 1(2), 1-18, July-December 2011   1

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Keywords:	 Opinion	Mining,	Reviews,	Sentiment	Analysis,	Social	Network,	Text	Mining

1. INTRODUCTION

Internet has been considered as a medium to 
exchange information or knowledge. Due to 
the rapid growth of information online, al-
most every activity in human life has become 
automated. For instance consider a user, who 
wishes to purchase a music system or digital 
camera. The user can sit comfortably in his 
place and browse for the best products through 
online websites which provides about each 
products. Such commercial sites allow people 
to express their opinions on the products that 

Mining Product Reviews 
in Web Forums

S.	Hariharan,	Pavendar	Bharadhidasan	College	of	Engineering	and	Technology,	India

T.	Ramkumar,	A.V.C.	College	of	Engineering	and	Technology,	India

ABSTRACT
Internet	has	brought	a	major	drift	in	user	community.	Apart	from	its	well-known	usage,	it	also	promotes	so-
cial	networking.	Research	on	such	social	networking	has	advanced	significantly	in	recent	years	which	have	
been	highly	influenced	by	the	online	social	websites.	People	perceive	the	web	as	a	social	medium	that	allows	
larger	interaction	among	people,	sharing	of	knowledge,	or	experiences.	Internet	or	social	web	forums	act	as	
an	agent	to	reproduce	some	general	information	that	would	benefit	the	users.	A	product	review	by	the	user	
is	a	more	accurate	representation	of	its	real-world	performance	and	web-forums	are	generally	used	to	post	
such	reviews.	Though	commercial	review	websites	allow	users	to	express	their	opinions	in	whatever	way	they	
feel,	the	number	of	reviews	that	a	product	receives	could	be	very	high.	Hence,	opinion	mining	techniques	can	
be	used	to	analyze	the	user-reviews,	classify	the	content	as	positive	or	negative,	and	thereby	find	out	how	the	
product	fares.	This	paper	focuses	its	attention	on	providing	a	recommendation	to	the	products	available	on	
the	web	by	analyzing	the	context	to	score	the	sentences	for	each	review	by	identifying	the	opinion	and	feature	
words	using	a	novel	algorithm.

they have purchased. Hearst (1992) and Wiebe 
(1994) originally proposed the idea of mining 
direction-based text, namely, text containing 
opinions, sentiments, affects, and biases.

The current scenario is that, social web-
forums allows each individual to post review 
which may be a discussion groups or blogs 
which enables the new user to buy product based 
on the views of expressed by different users. 
These reviews are useful for both customers 
and manufacturers. Opinions or sentiments 
about the products can be analyzed about 
these products and their performances can be 
analyzed effectively. Opinions are hidden in 
long forum posts and blogs, which allows hu-DOI: 10.4018/ijirr.2011070101
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man to find relevant sources, summarize them 
and organize them into usable forms. Sun et 
al. (2009) proposed the system for sentimental 
classification and comparison of products from 
both subjective and objective perspective on 
various feature levels.

To make decisions about online reviews, 
opinions are so important and we should take 
some special interest in mine such positive and 
negative opinions. Review comments from the 
sites are considered as valuable because they 
cover a lot more products than those formal re-
view sites. Facts and opinions are the categories 
of textual information. All entities and events 
in the world have objective statements that are 
called facts. On contrary subjective statements 
that reflect people’s sentiments or perceptions 
are called opinion. Recent research on such 
opinion mining and sentimental analysis have 
been performed based on unsupervised learning 
approach (Popescu & Etzioni, 2005), analyzing 
lexical features and their relationships (Riloff 
et al., 2006), sentimental word based scheme 
(Cai et al., 2008) and frequency of occurrence 
of product features (Wong & Lam, 2005).

Opinion or sentiment bearing words (e.g., 
great, amazing, wonderful, bad, and poor) are 
mainly used in the research on opinion mining. 
As per the review, work on mining such opinion 
bearing words and to identify their semantic 
orientations (i.e., positive or negative) helps 
both merchants and buyers (Su et al., 2008). 
Since a product may have hundreds or even 
thousands of reviews it is difficult for buyers to 
choose right decision and also for manufacturer 
to keep track of change if products of different 
kinds are produced. Hu and Liu (2004) aimed 
to mine and to summarize all the customer 
reviews of a product in a system. Only those 
opinions that are given by customers as positive 
or negative for each product is summarized; 
this makes the task different from traditional 
text summarization.

User generated contents are created and 
published by the end users who surf the web 
on a daily basis. Examples of such online 
documents are blogs, newsgroup postings and 

discussion forums. There are two types of textual 
information available on the web namely facts 
and opinions. Facts are objective expressions 
about entities, events and their properties. Facts 
can be expressed with topic keywords. Cur-
rently available search engines search only for 
facts and they are not appropriate for opinion 
retrieval or search. But the user generated con-
tent on the web such as personal experiences 
and opinions about a product or a movie in the 
form of reviews play a very important role in 
business, education, e-commerce, etc. Online 
review websites allow users to express their 
opinions for the information they are interested 
in. So there is a huge amount of information 
available online, however they fail to provide 
the knowledge about the products.

Customers could assess a product by read-
ing opinions of other customers, which will help 
them to decide whether to purchase the product 
or not. On the other hand, the manufacturers 
can improve their products by tracking the feed-
back from the customers. With the emergence 
of e-commerce, the number of reviews that a 
product receives is quite high and many reviews 
are lengthy with only few sentences containing 
the actual opinions on the product. It is not easy 
for a customer to read all the reviews in order 
to decide on whether to buy the product or not. 
If the customer reads only a few reviews, then 
the opinion might be biased. Manufacturers also 
find it difficult to analyze all the reviews and 
to interpret the customer opinions. This paper 
attempts to provide a methodology to mine the 
reviews available in web forums and to express 
the opinions from them

The rest of this paper is organized as fol-
lows: In Section 1 we have exposed the web as 
a medium of information gathering. Section 2 
focuses on the related research carried out, while 
Section 3 focuses on opinion mining detailing 
the pros and cons of the existing system. Sec-
tion 4 presents the proposed system for mining 
the user reviews and in Section 5 experiments 
and discussions were elaborated with a sample 
review and the output. Finally Section 6 provides 
the conclusion and the future works.
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2. RELATED WORK

Hu and Liu (2004) developed a feature-based 
opinion summarization system that mines 
and summarizes all the customer reviews of 
a product. This system differs from other text 
summarization systems in number of ways. 
It mines only the features of the product that 
customers have expressed their opinions on and 
the summary generated is structured rather than 
a free text document as generated by other text 
summarization systems. The summarization 
is performed by the system in three steps: (1) 
Finding the features on which the customers 
have expressed their opinions. (2) Identifying 
opinion sentences in each review and analyz-
ing the polarity of the sentence (3) Producing 
a summary.

Lu et al. (2009) focused on the problem 
of generating a rated aspect summary of short 
comments. The input is a large number of short 
comments about a target entity. Each comment is 
associated with an overall comment. The solution 
to the problem involved three steps namely aspect 
discovery and clustering, aspect rating predic-
tion and representative phrases extraction. The 
effectiveness of this method was demonstrated 
using eBay sellers’ feedback comments.

A classification based approach was devel-
oped for detecting low quality product reviews 
(Lin et al., 2007). A set of specifications for 
judging the quality of reviews are defined. 
Based on the specifications the low-quality 
reviews are separated from high-quality ones 
then summarization is done.

Feldman et al. (2008) have presented a set 
of techniques for analyzing how consumers view 
product markets. They have extracted relative 
sentiment analysis and comparisons between 
products, to understand what attributes users 
compare products on, and which products they 
prefer on each dimension. This system also com-
pares state-of-the-art machine learning methods 
against simple hand-coded patterns. The key 
steps in extraction of the product mentions are 
information extraction and snippet extraction. 
Snippet extraction involves pattern extraction 
and pattern filtering. They have used a fast 

algorithm that finds all matches of all patterns 
with complexity logarithmic in the number of 
patterns and linear in the corpus size. Finally 
summary of the results is generated.

Cui, Mittal, and Datar (2006) classified on-
line product reviews into positive and negative 
classes. This paper employs three algorithms: (1) 
Winnow (Nigam & Hurst, 2004) (2) a generative 
model based on language modeling and (3) a 
discriminative classifier that employs projection 
based learning (Shwartz et al., 2004). Three 
classifiers and n-grams as linguistic features are 
used to classify sentences. Classifier combined 
with high order n-grams as features can achieve 
better performance.

Prabowo and Thelwall (2009) evaluated 
the effectiveness of different classifiers, and 
shows that the use of multiple classifiers in a 
hybrid manner can improve the effectiveness 
of sentiment analysis in terms of micro and 
macro-averaged than any individual classifier. 
This paper combines rule-based classification, 
supervised learning and machine learning into 
a new combined method. This method reviews 
number of automatic document classification 
techniques. This also includes semi-automatic, 
complementary approach in which each classi-
fier can contribute to other classifiers to achieve 
a good level of effectiveness.

Wong and Lam (2005) developed a tech-
nique for mining and summarizing hot items 
from multiple auction Web sites. In the auction 
Web sites, the items with high number of bids 
are automatically regarded as hot items. This 
approach is a two phase framework for mining 
and summarizing hot items. The first phase is to 
extract the product features and product feature 
values of the items and the second phase is to 
mine and summarize hot items. Hidden Markov 
model (HMM) is used to reliably extract the 
product features since the format of the descrip-
tion is greatly different ranging from regular 
format such as tables to unstructured free texts.

Melville, Gryc, and Lawrence (2009) 
designed the explosion of user-generated con-
tent on the Web to focus the attention about 
monitoring the discussion around companies’ 
products with new opportunities and significant 
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challenges. As per the sentiment expressed in 
blogs, specific brands and products of such 
analysis is characterized .The author focused 
on the task of automatically identifying whether 
a piece of text expresses a positive or negative 
opinion about the subject matter. A text clas-
sification problem, where sentiments are clas-
sified based on training data that is labeled is 
treated. Background lexical information with 
associations and specific domain refinement in 
a unified framework is considered. The author 
found that better approach is to use Empirical 
results on diverse domains than using back-
ground knowledge or training data in isolation, 
as well as alternative approaches to using lexical 
knowledge with text classification.

Prabowo and Thelwall (2009) proposed 
a new method by combination of rule-based 
classification, supervised learning and machine 
learning. Movie reviews, product reviews and 
MySpace comments is tested using this method. 
The author found that the classification effec-
tiveness in terms of micro- and macro-averaged 
F1 can be improved by a hybrid classification 
where both the precision and recall of a classi-
fier’s effectiveness is taken into account. A good 
level of effectiveness can also be achieved by 
using a semi-automatic, Complementary ap-
proach in which each classifier can contribute 
to other classifiers.

Ahmed, Chen, and Salem (2008) focused 
their attention on the use of sentiment analysis 
methodologies for classification of Web forum 
opinions in multiple languages. For sentiment 
classification of English and Arabic content 
stylistic and syntactic features is evaluated. 
To account for the linguistic characteristics of 
Arabic Specific feature extraction components 
are integrated and a hybridized entropy weighted 
genetic algorithm (EWGA) is also developed, 
which will be used for feature selection by 
incorporating the information-gain heuristic. 
The author found that better performance and 
assessment can be achieved by using EWGA 
that are evaluated on a benchmark movie review 
dataset and U.S. and Middle Eastern Web forum 
postings. For document-level classification of 

sentiments EWGA and Stylistic features out-
performed better than other techniques.

Whitelaw, Garg, and Argamon (2005) have 
introduced sentiment classification based on 
the use of fine-grained semantic distinctions 
in features. Based on extraction and analyzing 
appraisal groups such as “very good” or “not 
terribly funny”, a new method was developed. 
As per Appraisal Theory, a set of attribute values 
in several task-independent semantic taxono-
mies represent an appraisal group. A lexicon of 
appraising adjectives and their modifiers were 
built by methods that are semi-automated. It 
was reported that state-of-the-art accuracy of 
90.2% for review by using the combined features 
of taxonomies with standard “bag- of-words”. 
The author also found sentiment classification 
is more significant by using some types of ap-
praisal than others.

Feldman et al. (2008) analyzed the tech-
nique that results the most sentiment analysis for 
various views of products by the customers. The 
results also extracted relative sentiment analysis 
and comparisons between products based on 
attributes and dimensions and include the case 
study of analyzing the sedan car markets.

Cai, Spangler, Chen, and Zhang (2008) 
designed a sentiment analysis system that in-
cluded a sentiment classification component and 
sentiment topic words recognition component. 
The authors found that sentiment classifica-
tion alone was insufficient because sentiment 
classification summarizes customer’s opinions 
but does not reveal the implicit root cause of 
the sentiments. Such reasons were called the 
“sentiment topics” linked with the sentiments. 
Sentiment topic words recognition component 
detects the topics hidden behind the positive or 
negative opinions based on a combined PMI 
(Point wise Mutual Information) and word 
support metrics. The sentiment classification 
process is based on a semantic based approach 
that mainly depends on opinion word collection 
in the form of knowledge base or sentiment dic-
tionary. Using real-world usage cases the authors 
verified the effectiveness of their technique on 
reviews posted on blogs, message boards, etc.
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3. OPINION MINING

Opinion Mining is a technique which analyzes 
opinions on various products expressed in the 
form of reviews in online review websites and 
to classify the reviews as positive or negative. 
This section elaborates the basics of opinion 
mining, challenges, formats of the reviews 
available and sentiment analysis. Each of these 
was discussed in the subsections that follow.

3.1. CHALLENGES

Opinion mining also known as sentiment clas-
sification or opinion extraction is a challenging 
task. In human language there are many ways to 
express the same opinion. Although the overall 
opinion about a topic is useful, it is only a part of 
the information of interest. Document level senti-
ment classification fails to detect sentiment about 
individual aspects of the topic since it considers 
the whole document as the basic information 
unit. Existing research on sentiment classifica-
tion assumes that the opinionated document 
‘D’ (e.g., a product review) expresses opinions 
on a single object ‘o’ and the opinions are from 
a single opinion holder ‘H’. This assumption 
holds for customer reviews of products and 
services. However, it may not hold for a forum 
and blog post because in such a post the author 
may express opinions on multiple products and 
compare those using comparative and superla-
tive sentences. Hence we focus on to classify 
the reviews based on sentence level approach 
discussed in the next section.

3.2. SENTENCE-LEVEL 
SUBJECTIVITY AND SENTIMENT 
CLASSIFICATION

Sentiment classification can also be applied to 
individual sentences. The task of classifying a 
sentence as opinionated or not opinionated is 
called subjectivity classification. The resulting 
opinionated sentences are also classified as ex-
pressing positive or negative opinions, which is 
called the sentence level sentiment classification.

Given a sentence ‘S’, two sub-tasks are 
performed:

• Subjectivity classification: Determine 
whether ‘S’ is a subjective sentence or an 
objective sentence.

• Sentence-level sentiment classification: 
If ‘S’ is subjective, determine whether it 
expresses a positive or negative opinion.

Sentence-level sentiment classification 
assumes that the sentence expresses a single 
opinion from a single opinion holder. This 
assumption is only appropriate for simple 
sentences with a single opinion. For example, 
“The	picture	quality	of	this	camera	is	amazing.”

However, for compound sentences, a single 
sentence may express more than one opinion. 
For example, the sentence, “The	picture	qual-
ity	 of	 this	 camera	 is	 amazing	 and	 so	 is	 the	
battery	life,	but	the	viewfinder	is	too	small	for	
such	a	great	camera”, expresses both positive 
and negative opinions (one may say that it has 
a mixed opinion). For “picture quality” and 
“battery life”, the sentence is positive, but for 
“viewfinder”, it is negative. It is also positive 
for the camera as a whole.

3.3. FORMATS OF USER REVIEWS

Though there are two common review formats 
on the web for the expressing product reviews, 
the technique for extracting the opinions from 
them vary significantly.

• Format 1 − Pros, Cons and the Detailed 
Review: The reviewer is asked to describe 
Pros and Cons separately and also write a 
detailed or full review. Figure 1 shows a 
sample review of format 1.

• Format 2 − Free Format: The reviewer can 
write his comments freely, i.e., no differen-
tiation of Pros and Cons. Figure 2 shows 
a sample review of format 2. Experiments 
in this paper were carried for reviews of 
format 2 only.
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3.4. FEATURE-BASED SENTIMENT 
ANALYSIS

Although classifying opinionated texts at the 
document level or at the sentence level is useful 
in many cases, they do not provide the necessary 
detail needed for some other applications. A 

positive opinionated document on a particular 
object does not mean that the author has positive 
opinions on all aspects or features of the object. 
Likewise, a negative opinionated document does 
not mean that the author dislikes everything. 
In a typical opinionated text, the author writes 
both positive and negative aspects of the object, 

Figure	1.	Sample	review	of	format	1

Figure	2.	Sample	review	of	format	2
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although the general sentiment on the object may 
be positive or negative. Document-level and 
sentence-level classification does not provide 
such information. To obtain such details, we 
need to go to the object feature level analysis.

At the feature level, the mining task is to 
discover every occurrence of a set of an object 
‘o’, a feature of the object ‘f’, and ‘oo’ the ori-
entation or polarity of the opinion on feature ‘f’ 
of object ‘o’. In this section, we mainly focus 
on two key mining tasks:

• Identify object	 features that have been 
commented on. For instance, in the sen-
tence, “The	picture	quality	of	this	camera	
is	amazing,” the object feature is “picture 
quality”.

• Determine whether the opinions on the 
features are positive, negative or neutral. 
In the above sentence, the opinion on the 
feature “picture quality” is positive as 
denoted by the opinion word “amazing”.

In product reviews, the reviewed objects 
are usually known. However, this is not the case 
for opinions expressed in blogs and discussion 
posts. For example, in the post, “I	have	a	Canon	
S50	camera	purchased	from	Amazon.	It	takes	
great	photos,” two interesting questions can be 
asked: (1) what object does the post praise and 
(2) what “it” means in the second sentence? 
Clearly, we humans know that the post praises 
“Canon S50 camera”, which is the problem of 
object extraction, and we also know that “it” 
here means “Canon S50 camera”, which is the 
problem of coreference resolution. Coreference 
resolution is a major challenge.

3.5. OPINION ORIENTATION 
IDENTIFICATION

The lexicon-based approach basically uses 
opinion	 words and phrases in a sentence to 
determine the orientation of the opinion. Apart 
from the opinion lexicon, negations, intensifiers 
and conjunctions in a sentence are also crucial 
and need to be handled.

Negations are terms that reverse the senti-
ment of a certain word. For example consider 
the sentence. While analyzing negations the 
words like none, not, no, never, hardly, seldom, 
or little, are all considered.

For example, consider the sentence “The	
picture	 quality	 of	 this	 camera	 is	 not	 good.” 
Because of the presence of not the sentence 
is negative.

Intensifiers are terms that change the degree 
of the expressed sentiment. For example, in 
the sentence “This	camera	is	very	nice”, the 
terms very and nice are more positive together 
than just nice alone. Another example of an 
intensifier is deeply from the phrase “deeply	
suspicious”, which increases the intensity of 
the word suspicious. On the other hand, in the 
sentence “This	camera	is	barely	any	good”, the 
term barely makes the sentence less positive.

A conjunction is a word that links words, 
phrases, or clauses, and it may be used to indicate 
the relationship between the ideas expressed 
in a clause and the ideas expressed in the rest 
of a sentence.

Conjunctions such as however,	yet and but 
plays a vital role in deciding the overall polarity 
of a sentence. These types of words often change 
the sentiment into the opposition orientation or 
add in the strength of the sentiment.

Example: “The	picture	quality	of	this	cam-
era	is	excellent	but	the	battery	life	is	not	good”.

This sentence contains the word but. If we 
consider the word excellent alone, the sentence 
conveys a positive opinion. However, the 
word but in the sentence changes its sentiment 
orientation, actually the sentence conveys a 
negative opinion.

3.6. EXISTING SOLUTION

Existing works are mostly context insensitive 
and provide inaccurate results. An example is 
given below to illustrate the present scenario.

Example: “The	time	taken	to	focus	is	long”
The word ‘long’ is considered to be a posi-

tive opinion word. Hence the sentence would be 
scored as a positive sentence. But the sentence 
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expresses a negative opinion indirectly about 
the camera’s zoom feature. Most of the existing 
algorithms do not analyze the context in which 
the words occur and perform scoring blindly.

Even the few existing context-sensitive 
algorithms are not capable of handling various 
review formats like the Pros-cons format and 
the freeform format. Different formats may need 
different techniques to perform the feature and 
opinion extraction task.

Analysis based on comparative study of 
reviews is often biased and inaccurate. A com-
parison is used to state that one object has more 
of a certain quantity than another object. Hence 
one can obtain the comparative information with 
respect to two or more products rather than the 
outright opinion about an individual product.

Also, most of the algorithms perform ‘stem-
ming’ – the process for reducing inflected words 
to their root form, which often leads to losing 
the much important detail of the opinion word.

Example: “iPhone	islight, but	MotoRAZR	
is	evenlighter.”

In the above example, if stemming was 
performed, the word ‘lighter’ would be reduced 
to ‘light’. The word ‘lighter’ is the higher degree 
superlative form of the adjective ‘light’. Hence 
the word ‘lighter’ carries higher value than the 
word ‘light’. But most of the existing algorithms 
would give the same score for both of these 
words if stemming is performed.

4. PROPOSED SOLUTION

Crawled user-review from online review web 
sites is obtained as input through the user in-
terface. Such reviews are called as unstructured 
reviews, since they are of free form expressed by 
users. The overall system architecture is shown 
in Figure 4. Each of the tasks involved in the 
proposed system is explained in this section in 
a detailed manner with appropriate examples 
and illustrations.

4.1. EXTRACTION

Extraction involves splitting the review into 
units of sentences by considering the punc-
tuation marks and conjunctions present in the 
review. The first step involves extracting the 
text neglecting the formatting and breaking 
them into units of sentences. This is done tak-
ing into account the punctuations like ‘.’, ‘!’, 
‘?’, ‘;’ and conjunctions like ‘but’, ‘yet’, etc. 
At the end of this step we are left with sentence 
units, chopped down from the given text of a 
user-review. Figure 3 shows a sample list of 
punctuations and conjunctions. A sample review 
is given and the results are shown in Section 5.

4.2. PRE-PROCESSING

In pre-processing, the non-informative words 
called stop words and special characters pres-
ent in the review sentences are removed. The 
preprocessing task and the obtained output is 
shown in Figure 11.

4.2.1. STOP-WORDS REMOVAL

Stop words are those words which rarely con-
tribute useful information in terms of document 
relevance. Most stop words are functional words 
which do not carry any meaning, including 
articles, prepositions and some other high-
frequency words, such as a,	the,	of,	and,	I,	it 
and you. Such a list of acceptable stop words are 
compiled from the web**. There is no definite 
list of stop words which all Natural Language 
Processing (NLP) tools incorporate. The as-
sumption of stop words removal is that, when 
assessing the contents of natural language, the 
meaning can be conveyed more clearly, or in-
terpreted more easily, by ignoring the functional 
words. Removal of non-informative stop words 
reduces the noisy information and it is found to 
improve the performance of the system in tasks 
like summarization, question answering systems 
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etc. In specific it is found to have a significant 
effect in text processing. We eliminate such 
unwanted words from user-review text. Figure 
5 shows a sample list of stop words.

4.2.2. SPECIAL CHARACTERS 
REMOVAL

Plaintext reviews usually contain special char-
acters (-,	$,	’,:,<,>,@,	=,	#,	%,	&, etc). Hence 

it is essential to remove these special characters 
from the input review.

4.3. OPINION MINING

Opinion mining identifies the feature words, 
negations, intensifiers, opinion words, neutral 
words in the review sentences. An appropriate 
score is assigned to each word. Each sentence 

Figure	4.	Proposed	system	for	mining	the	reviews

Figure	3.	Sample	list	of	punctuations	and	conjunctions
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is scored and the overall scores for all the sen-
tences in the review are calculated.

4.3.1. OPINION AND FEATURE 
WORDS IDENTIFICATION

This step analyzes the pre-processed review 
sentences for the presence of feature words. A 
sample list of feature words is shown in Table 
1. Feature words such as image	quality,	video	
quality,	clarity,	sharpness,	etc are replaced by 
a common word performance.

Then the review sentences are checked for 
the presence of inverters. Figure 6 shows a 
sample list of inverters.

The intensifiers and opinion words present 
in the review are identified. Table 2 shows a 
sample list of intensifiers. Intense factor is a 
value which when multiplied by the score of 
the opinion word following the intensifier 
changes the degree of the expressed sentiment 
(Feldman et al., 2008). Feature words identified 
in the review should be associated with the 
corresponding opinion word.

For instance consider the sentence, “video	
quality	quite	good”. Here video quality will be 
identified as feature word, quite as intensifier 
and good as opinion word. Subsequently, the 
feature word “video quality” will be replaced 
by the word “performance”. The output will be 
“performance	quite	good”.

4.3.2. SCORING

The opinion words are classified according to 
their intensity as strongly negative, moderately 
negative, lightly negative, strongly positive, 
moderately positive and lightly positive as 
shown in Table 3. They are given a score of -15, 
-10, -5, +15, +10 and +5 respectively. The words 
which do not belong to any of these categories 
are considered as neutral words and they are 
given a score of +1 or -1 depending upon the 
orientation of the opinion in the review sentence. 
The presence of any intensifier words (quite, 
very, etc.) or inverter words (not, doesn’t, etc.) 
are also considered while calculating. Then the 
overall score for each sentence is calculated 
based on these conditions and the pattern of 
occurrence of the words listed.

Generally a feature word (F) will be fol-
lowed or preceded by an intensifier-opinion 
word (IO) combination/ opinion word (O). So 
there are different patterns of review sentences 
based on the order of occurrence of feature 
words, intensifiers, opinion words, inverter 
words (Inv) and neutral words (N). They are 
FIO, FO, OF, IOF, FNIO, FNO, IO and O. The 
feature score for feature (F) is the score that is 
assigned to the intensifier-opinion word (IO) 
combination/ opinion word (O) following or 
preceding the feature word. In the absence of 
a feature word, any Intensifier-Opinion word 
pair (IO) or Opinion Word(O) occurring by 

Figure	5.	Sample	list	of	stop	words

Figure	6.	Sample	list	of	inverters
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themselves are also scored and the correspond-
ing score is added up to the overall score alone. 
After scoring each sentence, the feature scores 
for each feature (performance, features, ergo-
nomics and value) are calculated. This score is 
also added up to the overall score of the prod-
uct.

The sentence “performance	quite	good” 
(FIO pattern) is scored as follows. “Good” is 
a lightly positive opinion word and it is given 
a score of +5. “Quite” is an intensifier (intense 
factor=0.8).

Quite	good= 0.8*5=4.0
So the sentence “The	video	quality	is	quite	

good” is given a score of 4.0 and the feature 
score for the feature “performance” is 4.0. The 
scoring is performed for all the sentences in the 
review and a % of recommendation is calculated 
using the formula shown in Figure 7.

The industry average values are updated 
taking into account the scores generated for all 
the reviews processed so far and by calculating 
the average of those values with the currently 
generated value. The industry average values 
are calculated using the formula shown in 
Figure 8.

4.4. VISUALIZATION AND 
RECOMMENDATION

In visualization and recommendation, graphs 
are displayed with industry average. A recom-
mendation verdict is given to the user. If the 
recommendation percentage is above 50%, 
then the product is recommended. A bar graph 
is generated based on score data. Score for 
each feature along with the industry average 
and the overall score with its industry average 

Table	1.	Sample	list	of	feature	words	

Features

performance features value ergonomics

pictures 
picture quality 
video quality 
image quality 

colors 
Clarity 

sharpness

image stabilization 
lens 

resolution 
focus 

optical zoom 
zoom 

memory

price 
cost 

value money 
add-ons

weight 
size 
grip 
ease 

design

Table	2.	Sample	list	of	intensifiers	and	corresponding	intense	factors	

INTENSIFIERS INTENSE	FACTOR

least 0.5

just, bit, little, minor 0.6

quite 0.8

relatively 0.9

really 1.1

very 1.2

much, more 1.3

too, ultra 1.4

most, mostly, extremely 1.5
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are displayed. The product recommendation 
verdict is chosen based on the constraints below:

• Highly	 recommended- if the recommen-
dation percentage is greater than or equal 
to 75%.

• Recommended - if the recommendation 
percentage is greater than or equal to 50% 
and less than 75%.

• Not	recommended- if the recommendation 
percentage is greater than or equal to 25% 
and less than 50%.

• Strictly	not	recommended- if the recom-
mendation percentage is less than 25%.

5. EXPERIMENTS AND 
DISCUSSION

The data set is created by gathering customer 
reviews of products from online review sites. 
Table 4 provides the data set constituted for 
the experiments.

Table	3.	Sample	list	of	opinion	words	

Negative	words Neutral Positive	Words

Strongly -ve 
-15

Moderately 
-ve 
-10

Lightly -ve 
-5 ±	1 Lightly +ve 

+5
Moderately +ve 

+10
Strongly +ve 

+15

Worst 
Pathetic 
Abysmal 
Terrible 
Awful

Worse 
Expensive 
Heavy 
Slow 
Sluggish 
Hate 
Skip 
Overhyped 
Expensive 
Restrictions

Bad 
Inferior 
Stale 
Ordinary 
Poor 
Ugly 
Small 
Hard

Good 
Fine 
Nice 
Able 
Available 
Ok 
Okay 
Care 
Beautiful 
Pretty 
Possible 
Exceeded 
Large 
Easy 
Simple

Better 
Fast 
Light 
Compact 
Reliable 
Love 
Buy 
Long 
Great

Excellent 
Awesome 
Marvelous 
Best 
Fastest 
Superb

Figure	7.	Calculation	of	recommendation	percentage

Figure	8.	Calculation	of	industry	average
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5.1. SAMPLE REVIEW

Figure 9 presents a sample user review expressed 
in free format.

5.2. EXTRACTION OUTPUT

The sample review shown in Figure 9 is broken 
into units of sentences taking into account the 
punctuation marks and conjunctions present in 

Figure 3. Figure 10 presents the results after 
extracting the sentences and Figure 11 shows 
the output after pre-processing task.

5.3. OPINION MINING OUTPUT

From the pre-processed review sentences 
(shown in Figure 11), inverters, feature words, 
intensifiers, opinion words are identified and 
score is calculated for each review sentence. 

Table	4.	Sample	of	the	dataset	used	for	the	experiment	

Product	Name Number	of	reviews
collected Source

Digital Camera

200 www.ebay.com

150 www.epinions.com

175 www.cnet.com

250 www.amazon.com

Figure	9.	Sample	user-review

Figure	10.	Review	in	sentence	format	for	the	sample	shown	in	Figure	9
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Table	5.	Scoring	of	the	reviews	presented	in	Figure	9

Sentence
No. Review Positive	Score   Negative	Score

1 best digital camera used +15+1+1+1=18

2 camera exhibits good	performance +1+1+5+0=7

3 performance	clear 0+5=5

4 decent	features 200 280 shots lcd 
too	good +10+0+1+1+1+1+1.4(+5)=21

5 value	quite	expensive 225 0+0.8(-10)-1= -9

6 ergo	bit	bulky 0+0.6(-10)= -6

7 10x features camera amazing +1+0+1+15=17

8 performance	nice 0+5=5

9 not	possible	features recording -1(+5+0+1)= -6

10 features	sluggish 0-15= -15

11 depends settings 1+1=2

12 screen ergo	comfortable display 
performance	effortlessly +1+0+10+1+0+5=17

13 placement cord bottom camera 
very	strange

-1-1-1-1-1.2(+5)= 
-10

14 offers great	value pay +1+10+0+1=12

Recommend	%	=
(104/(104+46))*100	=	69.333336%	(Above	50%	

<	75%)	PRODUCT	RECOMMENDED
104 -46

LEGEND: Positive opinion word, Negative opinion word, Feature word, Intensifier, Inverter

Figure	11.	Sentences	after	preprocessing
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Table	6.	Feature	scores	for	the	sample	review	shown	in	Figure	9

Sentence 
No. Review Sentence Sentence 

Pattern
Feature score

Performance Features Ergonomics Value

1 best digital camera used ONNN 0 0 0 0

2 camera exhibits good perfor-
mance NNOF 5 0 0 0

3 performance clear FO 5 0 0 0

4 decent features 200 280 shots 
lcd too good OFNNNNIO 0 10 0 0

5 value quite expensive 225 FION 0 0 0 -8

6 ergo bit bulky FIO 0 0 -6 0

7 10x features camera amazing NFNO 0 15 0 0

8 performance nice FO 5 0 0 0

9 not possible features recording InvOFN 0 -5 0 0

10 features sluggish FO 0 -15 0 0

11 depends settings NN 0 0 0 0

12 screen ergo comfortable display 
performance effortlessly NFONFO 5 0 10 0

13 placement cord bottom camera 
very strange NNNNIO 0 0 0 0

14 offers great value pay NOFN 0 0 0 10

LEGEND: Positive opinion word, Negative opinion word, Feature word, Intensifier, Inverter

Figure	12.	Visualization	and	recommendation	for	the	sample	review
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The recommendation percentage is calculated 
using the formula shown in Figure 7. The feature 
scores are calculated and the scores for each 
sentence in the review is shown in Tables 5 and 6.

Table 6 illustrates the feature score as-
signed to each sentence of the review. Figure 
12 presents the visual screens by providing 
recommendations in bar chart format. Earlier 
approaches discussed in Section 2 fails to 
capture the legends mentioned in tables 1, 2 
and 3. Hence for the same example presented 
in Table 5, the recommendation for the prod-
uct is “REJECTED”. Hence, the approaches 
existing already are contrary to the method 
proposed here. Hence the proposed system is 
reasonable. The paper has provided a strong 
justification or validation on the results ob-
tained, instead it has shown the need for the 
proposed system. The evaluation part is con-
sidered for future extension.

6. CONCLUSION & FUTURE 
WORK

In this paper, we have developed an automated 
system to analyze the user reviews for a product 
available in the commercial websites. The sys-
tem proposed recommends the product to the 
user based on the recommendations obtained. 
Apart from the product recommendation verdict, 
it also displays the feature scores for each feature 
discussed about in the user-review, in the form 
of a bar graph. We have classified the opinion 
words into six classes to make scoring more 
sensitive to varying levels of usage of opinion 
words. This method is domain independent and 
can be applied to any domain. Moreover this 
method is context sensitive and can be applied to 
any review format and the verdict remains to be 
independent of the length of the sentences. Our 
experimental results indicate that this method 
produces more accurate results.

In the future work, we focus on to classify 
the sentences as subjective (opinions) or objec-
tive (facts) and then we analyze the subjective 

sentences thereby improving performance. 
Work is in progress for spell checker to pre-
process the reviews. Also, we have attempted to 
design a smart crawler that fetches the relevant 
information from various web pages in a website 
is automatically.
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1. INTRODUCTION

The eXtensible Markup Language (XML) is a 
W3C standard which has been widely used by 
both the commercials and the researchers. In the 
recent years, we have witnessed an increasing 
volume of XML digital information that either 
created directly as an XML document or con-
verted from another type of data representation. 
The importance of XML comes from different 
factors, its ability to represent different data 
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ABSTRACT
XML	has	become	the	standard	way	for	representing	and	transforming	data	over	the	World	Wide	Web.	The	
problem	with	XML	documents	is	that	they	have	a	very	high	ratio	of	redundancy,	which	makes	these	documents	
demanding	a	large	storage	capacity	and	large	network	band-width	for	transmission.	This	study	designs	a	system	
for	compressing	and	querying	XML	documents	(XMLCQ)	which	compresses	the	XML	document	without	the	
need	to	its	schema	or	DTD	to	minimize	the	amount	of	technologies	associated	with	these	documents.	XMLCQ	
first	compressed	the	XML	document	by	separating	its	data	into	containers	according	to	the	path	of	these	
data	from	the	root	to	the	leaf,	then	it	compressed	these	containers	using	a	back-end	compression	technique.	
The	compressed	file	then	could	be	retrieved	with	any	kind	of	queries	applied.	Only	the	required	information	
is	decompressed	and	submitted	to	the	user.	Depending	on	several	experiments,	the	query	processor	part	of	
the	system	showed	the	ability	to	answer	different	kinds	of	queries	ranging	from	simple	exact	match	queries	
to	complex	ones.	Furthermore,	this	paper	introduced	the	idea	of	retrieving	information	from	more	than	one	
compressed	XML	documents.

types in one document, solving the problem 
of long-term accessibility, and to becoming 
the solutions to interoperability problem (Al-
Hamadani et al., 2009).

Due to the replication of the XML schema 
in each record, XML document is considered to 
be one of the self-describing data files, which 
means that these kinds of files have a lot of data 
redundancy in both of its tags and attributes 
(Ray, 2001). For the above reason the need to 
compress XML documents becoming increas-
ingly dramatic. Furthermore, an extensive need 
evolved to retrieve information directly from 
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20   International Journal of Information Retrieval Research, 1(2), 19-39, April-June 2011

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

the compressed documents and then decompress 
only the retrieved information (Ferragina et 
al., 2006).

Because of the wide range of XML docu-
ments usage and with different kinds of users, 
there are many issues should be taken into 
consideration. One issue is to deal with all 
kinds of queries to cover the entire user’s needs 
from a querying system. It is also important to 
minimize the amount of technologies associated 
with XML documents, such as Schema and 
Document Type Definition (DTD), in order to 
ease the use of retrieving information from them.

Although the XML documents’ schema or 
their DTD are very important in the design of 
these documents, they add more complexity to 
the retrieving process from the user’s point of 
view. Moreover, sometimes the schema cannot 
be seen by the user or there is one schema that 
describes two or more different documents.

The remedy to the previous dilemmas is 
to design a compression technique that has 
the capability to compress the XML document 
without any reference to the schema or the 
DTD of this document. This compressor has 
the ability to retrieve information from the 
compressed version and decompress only the 
relevant information.

This study reveals a new technique called 
“XMLCQ” which consists of two stages. In the 
first stage, it separates the data part of the XML 
document into several containers according to 
the path of that data within the document. Then 
each of the containers is compressed separately 
using a back-end compressor. The compressed 
file is added into a database which can be used 
as a reference to get the compressed document in 
the retrieval stage. The second stage is to process 
different kinds of XPath queries. The compres-
sion ratio was compared with other queriable 
XML compressors and the XPath queries were 
tested against XPathMark benchmark.

Collecting the compressed files in a data-
base gives an expansion to the XPath query, if 
the user does not know the exact XML docu-
ment that contains the required information. 
Moreover, if the information is disseminated 
within several documents, then the user can 

take advantage of retrieving all the relevant 
information from all these documents.

2. RELATED WORKS

Recently, large numbers of XML compression 
techniques have been proposed. Each of which 
has different characteristics. This section dis-
cusses the differences between these compres-
sors and their main features.

XML compressors can be classified into 
two classes either to be XML-blind or XML-
conscious compressors. XML-blind or general 
purpose compressors deal with the XML docu-
ment as a traditional text document ignoring its 
structure and apply the general purpose text 
compression techniques to compress them. 
These techniques can be classified into two main 
classes (Salomon, 2007), either to be statistical 
or dictionary based compressors (Augeri et 
al., 2007; Augeri, 2008). The statistical or the 
arithmetic compressors represent each string of 
characters using a fixed number of bits per char-
acter. PPM, CACM3, and PAQ are examples 
of this kind of compressors (Cleary & Witten, 
1984; Moffat, 1990; Alistair et al., 1998). On the 
other hand, dictionary compression techniques 
substitute each string in the input by its reference 
in a dictionary maintained by the encoder. Win-
Zip (http://www.winzip.com/), GZIP (http://
www.gzip.org/), and BZIP2 (http://www.bzip.
org/) are examples of this compression class.

On the other hand, XML-conscious com-
pressors try to utilize the structural behaviour 
of XML documents in order to achieve better 
compression ratio and less time in comparative 
with the XML-blind type. Table 1 sets the main 
differences between the two aforementioned 
compressors types. XML-conscious compres-
sors can be classified according to their ability 
to querying the compressed documents into 
two main sub-classes; these are queriable and 
non-queriable compressors.

The main theory of data compression, 
which described in Shannon (1948), is the 
formulation of the entropy rate (H) which in-
dicates the limit to lossless data compression. 
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The value of (H) depends on the probability of 
each symbol in the information source. The 
most popular entropy value is:

H Plog
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=
=
∑
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1  (1)

Where, Pi  is the probability of the symbol  ai .
In this paper, Shannon proved that the 

compression ration cannot exceed the value 
of (aH), where (a) is the number of symbols 
in the source.

Since XML are heterogeneous data, the 
theory of XML compressors is to separate the 
data from the structure, separate the data into 
containers according to the type of the data, and 
apply a general purpose compressor for each 
container. This process can lead to produce an 
optimal compressor over heterogeneous data. 
Liefke and Suciu (2000) developed the entropy 
value for XML compression to be:

H H p H p Hk k= + +…+( )1
2 0 1 1  (2)

Where, H H Hk0 1, , ,¼  are the entropies for the 
sources, and p p pk1 2, , ,¼  are the probabilities 
of these sources.

A. Non Queriable XML 
Compressors:

This kind of compressors showed good com-
pression performance but the resulting docu-

ment cannot be queried without decompressing 
it. The main purpose of these compressors is 
to achieve highest compression ratio for archi-
val purposes. The following sections discuss 
the relationship between examples of these 
techniques.

XMill (Liefke & Suciu, 2000) is the first 
XML-conscious compressor. It depends on 
compressing the structure (i.e., elements and 
attribute names) of the XML document sepa-
rately from its data by encoding the structure 
using a dictionary-based compressor and then 
passing the results to a back-end compressor. 
All elements and attribute names are assigned 
with an integer number to be considered as a 
key to the dictionary. The data part grouped into 
containers depending on the type of that data 
and its path from the root. Before subtle in a 
container, the data value could be compressed 
if the user specifies one of the eight semantic 
compressors used by XMill. If not, the data 
value will go without being compressed to an 
appropriate container. Each container then, is 
compressed using gzip compressor. Although 
XMill achieve good compression ratio, it need 
the user to define the back-end compressor.

In the same year, Girardot and Sundaresan 
(2000) produced Millau as a new compression 
technique to compress business to business 
XML documents. Millau encodes the contents 
of the documents into tokens and split these 
tokens into different code spaces. This technique 
depends on the DTD of the XML document in 
order to specify these code spaces and to deter-
mine the type of each attribute value.

Table	1.	The	main	differences	between	XML-conscious	and	MXL-blind	compressors	

XML-conscious	compressors MXL-blind	compressors

Information about XML documents is usually available 
which can be optimized by XML-conscious compres-

sors to get better compression.

Cannot take advantage of the previous information 
about the file.

They utilize the structure of XML document and the 
type of the data inside.

They do not take in consideration the entire file struc-
ture or data types.

Some of them abridge the original XML tree in a sum-
mary or compact tree for better ratio.

Cannot exploit redundancies in the XML tree structure.

Most of them are powerful in compressing small or 
large files.

Do not efficiently compress small files that can be in 
transactions for e-business (Hung, 2009).
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While XMill uses static dictionary to 
represent tags and attribute names only, XWRT 
(Skibinski et al., 2007) uses semi-dynamic 
dictionary to encode tags, attribute names, or-
dinary words within the data part, emails, URL 
address prefixes, and sequence of spaces. All 
the entries of the dictionary should be of length 
greater than a given threshold and should have 
occurrence exceed a given threshold.

RNGzip compressor (League & Eng, 2007) 
induces tree automaton from the Relax NG 
schema by Clark and Makoto (2001) for the 
XML document need to be transmitted. After 
the schema agreement by both the sender and 
the receiver, RNGZip uses the tree automaton to 
transmit only little information and the receiver 
then reconstructs the complete XML document. 
It acts as a key in the encryption and decryption 
process. This technique shows bad compression 
ratio on data-centric documents.

In Bonifati et al. (2009) paper, the authors 
produced a new lossy XML compression which 
depends on the words abbreviation technique 
by removing or eliminating some characters 
from the data, tags, and formatting according 
to specific rules for each part.

B. Queriable XML Compressors:

The main goal of this type of compressors is to 
provide the ability to the compressed version of 
the XML document to be queried without com-
plete decompression them. The compression 
ratio for these compression techniques is lower 
than the blind-XML or the non-queriable tech-
niques. However, these techniques are important 
when dealing with resource-limited applications 
and with mobiles. Some of these techniques are 
homomorphic compressors, which mean that 
the compressed file is a semi-structure file. In 
the next section a brief description to some of 
these techniques will be given.

The first queriable compressor is XGrind 
by Tolani and Haritsa (2000). This technique 
replaces the tags and attribute names with the 
letters “T” and “A” respectively, followed by a 
unique identifier. Moreover, it replaces the end 

tags with “/” sign. The data part of the document 
is encoded using Huffman encoding. For the 
purpose of querying the compressed document, 
XGrind’s query processor finds the simple path 
to check whether it satisfies the path in the 
given query. The main drawback with XGrind 
is that it has the ability to process exact-match 
and prefix match queries on the compressed 
documents while range or partial-match queries 
requires partial decompression to be handled.

In order to solve XGrind’s partial decom-
pression problem, Xpress (Min et al., 2003) 
uses the reverse	arithmetic	encoding method to 
encode the label paths of the XML document 
as a distinct interval in [0.0, 1.0) . Using the 
relationships between these intervals will give 
the ability to evaluate path expressions more 
efficiently on the compressed XML document. 
Furthermore, by using this method, Xpress uses 
path-by-path matching instead of element-by-
element matching that has been used in XGrind. 
To encode the data part of the XML document, 
Xpress uses different compression techniques 
depending on the type of the data and without 
the need to the human interference (Min et al., 
2009) although it has the ability to handled 
exact-match, partial-match, and range queries, 
it fails in handling other query types.

Because XGrind and Xpress are homo-
morphic, the relationship between the size of 
the compressed document and the size of the 
original one is linear. To solve this problem 
Cheng and Ng (2004) proposed a new technique 
(XQzip) that depends on extracting the Structure	
Index	Tree	(SIT) from the tree structure of the 
original document. The SIT depth is non-linear 
to the structure tree which makes this technique 
accomplishes higher compression ratio and 
faster query evaluation.

Instead of using (SIT), XQueC (Arion et 
al., 2007) uses the structure	summery	tree in 
order to efficiently stores the XML documents. 
The space needed to store the structure sum-
mary (SS) is:

CSaux tag n SS
n SS

= +( )
∈
∑ ( ) log ( )2          (3)
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This represents the summation of the 
space needed to store a tag node plus the space 
needed to store all its successive nodes. The 
space needed to store the containers using the 
structure summary is:

CScont c seq size c
c

c
i c

i= ( )+ ( )
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Furthermore, instead of using hash table 
to store the tags and attribute names, XQueC 
used the structural	identifiers, which has been 
used in some querying techniques (Al-Khalif et 
al., 2002; Grust, 2002; Halverson et al., 2003; 
Paparizos et al., 2003) in order to uniquely 
identify a node in the XML tree. This technique 
considered to be the first one that uses XQuery 
as a query language.

Finally, Arroyuelo et al. (2010) proved in 
their proposed SXSI compressor that the XPath 
queries can be performed better when using 
indexing technique to compressed XML docu-
ment. This technique depends on producing a 
labelled tree from the XML Tree structure and 
then indexing this tree into small matrix using 
(BWT) transformation. Although the compres-
sion ratio of SXSI is not competitive but the 
querying time and the retrieving quality is better 
than traditional retrieving techniques.

Table 2 shows the main differences be-
tween the compression techniques mentioned 
above and our XQPoint technique. It is clear 
that the compression of all XML-conscious 
compressors are better than traditional blind-
compressors.

3. XMLCQ ARCHITECTURE

As illustrated in Figure 1, the XMLCQ system 
consists of two main stages. The first one is 
designing a new XML compression technique 
which converts the normal XML documents to 
a compressed version. The second is design-
ing a retrieving technique that processes the 
XPath vague queries type in order to retrieve 

the relevant information from the compressed 
document accordingly.

The design of the XMLCVQ does not de-
pend on the XML schema or the DTD of the 
document. This due to several reasons:

1.  Since the main purpose of any compres-
sor is to save as much memory usage as it 
can, XMLCQ saves the amount of memory 
required to store the schema.

2.  Even if the schema for a document exists, 
it could not be accessed by the user.

3.  It is important to eliminate the technolo-
gies related with XML document to ease 
their use.

The following sections illustrate the design 
of each part of the system starting with XMLCQ-
Compressor	(XMLCQ-C), passing by XMLCQ-
Decompressor	(XMLCQ-D), and ending with 
XMLCQ-Query	Processor	(XMLCQ-QP).

3.1. The Compressing 
Methodology

XMLCQ-C compressor takes an XML docu-
ment as an input and creates the compressed 
version from this document by passing through 
several steps. An example in Figure 2(a) from 
(W3schools, 2006) is going to be used during 
the following sections in order to simplify the 
exact process of each step:

1.  Create the structured-tree: in this step 
XMLCQ-C scans the document to generate 
the structured tree from it. The structured-
tree for the running example is shown in 
Figure 2. The data under each root-leaf 
path were stored in containers linked to 
that path. Each data item is accompanied 
with a number IDorder that represent the 
order of this item within the document (the 
number between the brackets in Figure 
2(a)). IDorder counts each start element, 
attribute name, attribute value and end ele-
ment. According to this number, each node 
is uniquely identified for the purposes of 
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decompression process and in the querying 
process. Previous XML compressors used 
two numbers for each node in the struc-
tured-tree to identify this node uniquely. 
This number represented by the pre-order 
and post-order traversal of that node [IDpre,	
IDpost] (Cheng & Ng, 2004; Arion et al., 
2007; Arroyuelo et al., 2010).

The number of bits required to store the 
structured-tree with N nodes in the previous 
works is shown in equation 0:

S N NSIT = 2 2( * log )  (5)

While the number of bits required to store 
the same structured-tree in XMLCQ-C is shown 
in equation 6

S N NSIT = ( * log )2  (6)

In this stage XMLCQ-C saves half the num-
ber of bits required to store the structured-tree.

2.  Creating the containers:XMLCQ-C cre-
ates the containers from the structured tree. 
First each node is replaces with a number 
represents the entry of that node’s name in 
the path-Dictionary. The structured-tree 
is traversed to create the containers. Each 
path from the root to a leaf is used as index 
to the container and the contents of that 
containers were the data values under that 
path.

For the running example, the path-Dic-
tionary and the containers are illustrated in 

Table	2.	A	comparison	between	different	compression	techniques	

Compression	
technique

queriable Compression	
technique

Back-end		
compressor

Average	
compression	ratio

XMill
(Liefke	&	Suciu,	

2000)

No Dictionary-based Gzip, Bzip2, PPM 0.55

Millau
(Girardot	&		

Sundaresan,	2000)

No Dictionary-based GZip, deflate 0.59

XWRT
(Skibinski	et	al.,	

2007)

No Dictionary-based Gzip, LZMA, PPM 0.54

RNGzip
(League	&	Eng,	

2007)

No Deterministic automa-
ton Tree

Gzip 0.58

XGrind
(Tolani	&	Haritsa,	

2000)

Yes Dictionary-based Huffman 0.39

Xpress
(Min	et	al.,	2003)

Yes Dictionary-based Reverse encoding 0.42

XQZip
(Cheng	and	Ng,	

2004)

Yes Dictionary-based Gzip 0.54

XQueC
(Arion	et	al.,	2007)

Yes Binary encoding Depending on the 
type of the data

0.54

SZSI
(Arroyuelo	et	al.,	

2010)

Yes FM indexing BWT n/t
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Figure 3(a) and 3(b) respectively. The complete 
algorithm to create the containers is in Figure 4.

4.  Compressing the containers: after prepar-
ing all the containers and replacing the 
element’s names in the containers with 
their entry in the pathDictionary, now the 
contents of the containers should be com-
pressed. To do this, XMLCQ-C uses LZW 
compressor.

While previous related works depend 
on different granularity to compress parts of 
the XML document, as illustrated in Table 3, 
XMLCQ-C granularity is the highest one since 
it depends on compressing the content of each 
container as one unit. This will affect the query 
processing in which it increase the amount of 
data needed to be decompressed in order to 
retrieve the relevant information.

3.2. The Decompressor Design

To decompress the compressed file, XMLCQ-D 
first applies the LZW Decompression technique 
to decompress the contents of all the containers 
to get the data shown in Figure 3(b) for the run-
ning example. The second step is to reconstruct 
the XML document from the container’s indexes 
and contents. The main operation here is to 
determine the order of each element, attribute, 
and data value within the XML document. 
This order is the IDorder which is accompanied 
with the data in the containers but it should be 
checked for its consistency with the new XML 
document. To check the consistency of the order, 
XMLCQ-D uses equation 5 such that:

If	XMLCQ-D	has	the	piece	of	data	[(ó )
D], where  ó  denotes the IDorder accompanied 
with the data in the container, then (Corder) can 
be calculated as shown in equation 5:

Figure	2.	An	XML	Example	(a)	and	its	IST	(b)
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Figure	3.	Creating	containers	process.	(a)	The	path-Dictionary.	(b)	The	container

Figure	4.	An	algorithm	for	creating	the	containers
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Corder P P C= − − −( )− +( )( )σ µ µ µ σ[ ] [ ] /' 1 2  
5. 

Where:

s ' : Represents the number of elements, attri-
butes names, and data values written in the 
XML document so far.

mP : The number of elements and attributes 
names written in the XML document so 
far.

mC : The number of elements and attribute 
names in the index of the container of this 
data.

Then the value of Corder is checked and 
a performance made as shown in equation 6.

if C
newID

order

order

P C
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= =

≠ = [ ]−[ ]( )
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0

0
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If Corder equals to (0) this means that the 
current IDorder is consistent with the number 
of elements and attribute names printed out to 
the XML document, otherwise, the difference 
between the current path and the index path for 
the current container should be added to the 
XML document before adding the required data.

The first step in the decompression algo-
rithm in Figure 5 is to upload the pathDictionary 
and the containers from the compressed file to a 
predefined data structure in the memory. Since 
the first data value in each container always 
holds the minimum order within this container, 

the process of looking for the minimum order 
will check only (n) item, where (n) represents 
the number of containers of searching all the 
data in the containers.

If this piece of data is the first data value 
in the XML document (line 9) then, all the 
path’s elements in the index of the container 
holding this data were pushed in a stack which 
represent the current working path and add 
these elements (or attribute names) in the new 
XML document as an open tags. Otherwise, a 
check is made (line 14) to determine the dif-
ference between the current working path (stack 
contents) and the index path of the current 
container. This difference is added to the output 
file either as closing tag (from stack) or as 
opening tag (from index).

Before adding the data to the output file, 
a consistency check is made by following the 
instructions in (line 16) where ({}) means set 
difference between the contents of the stack 
and the index path. If there is no consistency 
(line 17) then the difference between the stack 
content and the index path is added to the output 
file as losing tags and then the piece of data is 
added to the output file. In every addition to the 
output file, the value of (dataOrder) is updated 
(lines 12, 19, and 22) to check the consistency 
between the each time.

After adding the data to the output file, this 
data alongside with its order is deleted from the 
container. This process is done to keep the order 
of the first data items in all the containers in 
their minimum value and to release the memory 
storage used by this data value.

Table	3.	Compression	granularity	comparison	

XML	compression	technique Back-end	compression	technique	used Compression	granules

XGrind Huffman Coding Value/tag

XPress Huffman + reverse arithmetic Value/path

XQZip GZip Blocks

XQueC Cost driven Container item/tag

XMLCQ LZW Container item/path
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This process is continued until all the 
containers are empty, then all the content of the 
stack is added to the output file as closed tags to 
finish the new decompressed XML document.

3.3. The Query Processor 
Methodology

The design of the query processor, which 
illustrated in Figure 6, consists of different 
stages. The role of each stage and its design 
were discussed in this section using the same 
running example in Figure 2(a):

1.  XPath Query:

XMLCQ-QP uses XPath as a query lan-
guage since it consider being the core of all other 
XML query languages. Each query is checked 
first against the XPath Extended Backus Naur 

Form (EBNF) (Berglund et al., 2007) to deter-
mine if it is a syntactically true XPath query.

XMLCQ-QP has the ability to retrieve 
information from more than one file if the user 
doesn’t specify the exact XML documents that 
have the required information. As a simple ex-
ample, if the user submits the query (title/year), 
then she/he might get information about the titles 
and years of some publications for CDs, movies, 
books or journals. Moreover, XMLCQ-QP has 
the ability to compare the results from one file 
with the data from another file and retrieve the 
results accordingly.

Example	 (1): Suppose the following 
user query: (catalog/book/author/bookstore/
book[author=”Erik Ray”). This query is consid-
ered to be a merged from two queries, (catalog/
book/author=”Erik Ray”) and (bookstore/book/
author=”Erik Ray”). Each one is to retrieve all 
the books for the author’s name (“Erik Ray”) 
from a separate XML document.

Figure	5.	XMLCQ-Decompression	algorithm
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Example	(2): suppose the following user 
query:

(cars/car/price lt carType/Ford[model eq 
2008]/price)

In this query the user is interesting in 
looking for all the cars that their price is less 
than (lt) the Ford	2009 car price. XMLCQ-QP 
first looks for the smallest price (x) in the path 
(carType/Ford[model eq 2008]/price) and 
then retrieve all the information from the path 
(cars/car/price) which are less than (x). Notice 
that the two paths are from two separate XML 
documents.

2.  Query Decomposer: this part of the 
XMLCQ-QP is responsible of decomposing 
the XPath query into several sub-queries as 
shown in Figure 7. It passes either through 
only the second decomposition stage or 
through the first followed by the second 
stages, as follows:
a.  Stage-1: if the user’s query doesn’t 

specify the required XML document 
to retrieve information from, then the 
query should pass through this stage. 
During this stage, the retrieval engine 

scans the XML database to specify the 
relevant XML documents and decom-
pose the user’s query depending on 
the relevant document. The resulted 
queries then are passed to the second 
stage.

b.  Stage-2: In this stage the result sub-
queries from the first stage or the 
complete user’s query (if the query 
specifies the required XML document) 
is decomposed according to the con-
tainers of the relevant document. Only 
the relevant compressed containers 
are loaded into the memory, each of 
which is accompanied by its relevant 
sub-query.

Definition-	 1	 (relevant	 container): To 
determine the relevant container, each element 
or attribute name (x) in the query is compared 
against the index of each container (c) in the 
document. If (c) contains (x) then the container 
is considered to be relevant (Figure 8).

3.  Grouping and Ranking: depending on the 
cost of transformation, the retrieved infor-

Figure	6.	The	architecture	of	the	query	processor
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Figure	7.	The	design	of	XMLCQ-Query	decomposer

Figure	8.	Processing	an	XPath	query	algorithm
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mation from the sub-queries is ranked. 
Instead of retrieving more than one part 
on XML documents, all the relevant infor-
mation were grouped together n one XML 
document to form a single tree instead of 
a forest.

4.  Decompression: during all the previous 
stages no decompression required except 
in data value matching queries.

In this stage all the retrieved and ranked 
containers were decompressed to form a new 
XML document. If the user needs more queries 
to be processed on this document, then it should 
be compressed first to be within the XML data 
base and then it can be used in its compressed 
version. This feature is called composition and is 
borrowed from XQuery, in which the retrieved 
information is stored in a temporary XML file 
for further retrieving.

4. IMPLEMENTATION

The implementation of XMLCQ is done us-
ing java programming language under eclipse 
environment. Figure 9 demonstrates the class 
diagram for the designed system showing 
only the main classes. The design depends on 
implementing three packages: the compressor, 
the decompressor, and the query processor 
packages. The first package contains all the 
classes that are responsible on accepting an 
XML document, implement the SAX parser on 
it, create its structures tree and the containers, 
and compress these containers.

On the other hand, the decompressor pack-
age has the class that responsible on decom-
pressing a specific XML document or decom-
presses the XML document that is generated 
by the query processor which contains the 
relevant information to a given query. The last 
package (the query processor) contains all the 
classes that accepts the XPath query, check the 
query syntactic and semantic errors, decompose 
the query and collect the relevant XML docu-

ments, determine the relevant containers, and 
send the relevant information to the decompres-
sor to be viewed to the user.

Figure 10 shows a snapshot from XMLCQ 
implementation, specifically for the compressor 
part. It specifies the results of an XML compres-
sion process and the shape of the structured tree 
for the compressed document.

Figure 11 shows the first step in the de-
compressing process when the user specifies 
the compressed file name to be decompressed. 
Note that all the compressed files have .xcvq 
as an extension to be distinguished from other 
files.

After the decompression process end, the 
user has the choice to open the decompressed 
file to see it, as shown in Figure 12.

A snapshot for the query processor window 
is shown in Error!	 Reference	 source	 not	
found., which gives the ability to the user to 
write an XPath query and get the relevant results 
in a new XML document.

5. TESTING AND EVALUATION

5.1. Testing

This section determines the testing environment, 
testing strategies and testing results for both the 
XMLCQ-Compressor and the XMLCQ-Query	
Processor.

5.1.1. Testing Environment

In this section the testing of both the compressor 
and the query processor is made. The design 
was implemented under Eclipse environment 
for Java using Intel(R) Core™2 Due processor 
with 3.00GHz speed. The API used to analyse 
the XML document was the Simple API for 
XML (SAX) parser, since it does not need to 
upload the entire document in the memory to be 
dealt with. Instead, it generates events to catch 
the start of the document and its end, and an 
element and data occurrences.
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5.1.2. Testing Strategies and results

For the purpose of testing XMLCQ-C, we 
used the compression ratio factor as specified 
in (Test-1) spending on a corpus of data that 

includes different kinds of XML documents 
with different size and depth.

On the other hand, to test the XMLCQ-QP, 
we used XPath benchmark in its two faces, the 
functionality test (Test-2), and the performance 
test (Test-3).

Figure	9.	The	class	diagram	for	XMLCQ

Figure	10.	The	results	of	compressing	an	XML	document
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Figure	11.	Choosing	a	file	to	be	decompressed

Figure	12.	The	results	from	the	decompression	process
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Test-1: The Compression Ratio

To test XMLCQ-C technique, a set of different 
types of XML documents has been chosen. 
These documents should be in different sizes, 
number of tags, number of nodes, the depth of 
the longest path, and the data ratio (DR) which 
is (Sakr, 2009):

DR D Sid d d= ( / ) / 100  6. 

Such that DRd  is the data ratio for the XML 
document (d), (D) is the data, and (Si) represents 
the size of the XML document.

According to their main characteristics, 
XML documents can be categorized into three 
types (Maneth et al., 2008; Sakr, 2009):

1.  Textual documents (TD): The DRd of this 
type of documents exceeds 70%. The 
structure of these documents is very simple. 
Books and articles are examples of this 
type.

2.  Structural documents (SD): In this type of 
XML documents, the DRd is less than 30%. 

Baseball box score and line-item shipping 
are two examples of this type.

3.  Regular documents (RD): These documents 
have DRd between 40 and 60 percent. 
Relational databases are examples of this 
type.

Table 4 shows the actual XML documents 
that are used to test XMLCQ-C. This list is cho-
sen because it contains all XML types from dif-
ferent area of knowledge and of different sizes.

The last column of the table demonstrate 
the compression ratio (CR) for XMLCQ which 
calculated using equation 4 (Salomon, 2007).

CR
Sizeof compressed file
Sizeof original file

= −








1

� � �
� � �

            4.

 
The average compression ratio for the 

designed system is 0.65, which considered 
being comparative comparing with other XML 
compression techniques. It is clear that the 
compression ratio is higher when compressing 
(SD) documents, while it is lower when dealing 
with (TD) documents. This is due to the back-

Figure	13.	Query	processor	snapshot
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end compressor used (LZW) which creates a 
large dictionary.

Test-2: The Functional Test 
of the Query Processor

For the purpose of testing the performance of 
the XMLCQ-QP, a XPath benchmark is used 
from XPathMark (Franceschet, 2005) since it 
covers all types of XML queries. The queries 
in this benchmark is divided into two main 
categories either functional test (XPath-FT) 
or performance test (XPath-PT). XPath-FT 
queries are used to check the completeness 

and the correctness of the query processor and 
they are grouped into five aspects. Table 5 il-
lustrates these aspects. XMLCQ passes all the 
query types in the functional test.

Test-3: The Performance Test of 
the Query Processor

On the other hand, the XPath-PT queries test the 
exact time required to answer a specific query. 
For this purpose, these queries are grouped into 
six fragments, listed in Table 6 alongside with 
their description, where each fragment extends 
the previous one by adding a new criterion to it.

Table	4.	XML	corpus	used	to	test	the	compressor	

XML	file	name Description Category Size/bytes XMLCQ	CR

GB-meta
Sweden-meta

Turkey-meta	(Euro-
pean,	2003)

Air and climate changes in 
GB, Sweden and Turkey

RD 51192952 
3519488 

6144

0.72
0.70
0.71

EnWikiNews
EnWikiQuote
EnWikiTionary

EnWikiSource	(Wiki-
pedia,	2001)

Backup of Wikipedia (the free 
encyclopaedia) sources

TD 72794112 
130305024 
611298304 

1061537792

0.55
0.56
0.58
0.50

Henry	IV,	Part	I
Macbeth
Richard	II		

(Harold,	2000)

Shakespeare plays TD 196608 
163840 
193536

0.55
0.59
0.58

Baseball	(University	of	
Washington,	2002)

The statistics of all players of 
each team that participated in 

the 1998 Major League.

SD 672768 0.85

DBLP	(University	of	
Washington,	2002)

Database of bibliographic 
information of computer sci-
ence journals and conference 

proceedings.

RD 137539584 0.70

Mondial	(University	of	
Washington,	2002)

Database of statistical infor-
mation of all the countries in 

the world.

SD 1864704 0.88

SwissPort	(University	
of	Washington,	2002)

Database describing DNA 
sequences

TD 118239232 0.55

Xbench-DCSD	(Water-
loo,	2003)

Transaction data and e-
commerce catalogue

RD 110486528 0.58

LineItem	(University	of	
Washington,	2002)

transactional 
RDB benchmark

SD 32295936 0.82

NASA	(University	of	
Washington,	2002)

A catalogue represents the 
proper motions of stars in the 
zone catalogue

RD 25818112 0.61
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Table	5.	XPathMark-FT	query	benchmark	

XPathMark-FT	concept Description

Axes parent, descendant, preceding

Filters predicates

Node	Test Comment(), text(), node()

Operators Relational operators (<, =,…) and boolean operators (and, or)

Functions String manipulating functions and mathematical functions

Table	6.	XPathMark-PT	query	benchmark	

XPathMark-PT	concept Description

XPath-A child and descendant axes, no operators are allowed

XPath-B All XPath axes+boolean operators

XPath-C All relational operators

XPath-D All arithmetic operators and functions

XPath-E All types of functoions

XPath-F idref() and closure() functions

Figure	14.	Querying	time.	(Top)	non	specified	document,	(bottom)	specified	document
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Figure 14 (top) shows the average time for 
the tested XML documents needed to query the 
compressed database. It was impossible to 
compare the response time with other techniques 
since they are not using a specific benchmark 
that has all query types. All the tested queries 
do not mention the exact XML document that 
has the required information. This means that 
the XMLCQ-QP should look for the relevant 
documents in the set of compressed documents 
in the database. This time was decreased when 
the XPath query specifies a single XML docu-
ment to retrieve information from, as illus-
trated in Figure 14 (bottom).

XMLCQ-QP spends more time when deal-
ing with TD type, while it spends less time 
when querying SD types. This due to the need 
of decompressing the required containers in 
order to answer some query types such as op-
erators and functions queries.

5.2. System Evaluation

To evaluate the XMLCQ-C, we compared it with 
other equivalent XML compressors. As shown 
in Figure 15, XMLCQ shows good compression 
ratio when dealing with RD and SD types such 
as (LineItem), which is better than its dealing 
with TD type such as (Shakespeare). This is 

due to the huge dictionary generated by LZW 
back-end compressor.

6. CONCLUSIONS AND FUTURE 
WORK

This paper submits XMLCQ as a new com-
pression technique with several abilities. The 
first ability is to compress the XML document 
without the need to its schema or DTD which 
decrease the amount of technologies associated 
with these documents. The paper introduce a 
new idea of retrieving information from more 
than one XML document by decomposing the 
user’s query into several sub-queries, process 
each one separately, and combine the retrieved 
information in a new XML document.

In the compression side, the system shows 
an average compression ratio of 0.66 which 
considered to competitive according to other 
compression techniques. In the querying side, 
it answers all the types of queries in the XPath-
Mark benchmark with 5.34sec as an average if 
the query didn’t specify an exact XML file to 
retrieve information from and 4.09sec when 
the XML document was specified.

As a future work, XMLCQ could be devel-
oped to be a complete XML management system 

Figure	15.	Comparing	XMLQC	with	other	compression	techniques



38   International Journal of Information Retrieval Research, 1(2), 19-39, April-June 2011

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

which has the ability to add, remove or update 
any part of the compressed document with as 
less as possible decompression.
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1. INTRODUCTION

The importance of Customer relationship 
management (CRM) is well known for firms in 
industries with high competitive and saturated 
market. One of the key components of CRM 
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ABSTRACT
Predictive	modeling	is	a	useful	tool	for	identifying	customers	who	are	at	risk	of	churn.	An	appropriate	churn	
prediction	model	should	be	both	accurate	and	comprehensible.	However,	reviewing	the	past	researches	in	
this	context	shows	that	much	attention	is	paid	to	accuracy	of	churn	prediction	models	than	comprehensibility	
of	them.	This	paper	compares	three	different	rule	induction	techniques	from	three	categories	of	rule	based	
classifiers	in	churn	prediction	context.	Furthermore	logistic	regression	(LR)	and	additive	logistic	regression	
(ALR)	are	used.	After	parameter	setting,	eight	distinctive	algorithms,	namely	C4.5,	C4.5	CP,	RIPPER,	RIPPER	
CP,	PART,	PART	CP,	LR,	and	ALR,	are	obtained.	These	algorithms	are	applied	on	an	original	training	set	
with	the	churn	rate	of	30%	and	another	training	set	with	the	churn	rate	of	50%.	Only	the	models	built	by	
applying	these	algorithms	on	a	training	set	with	the	churn	rate	of	30%	make	balance	between	accuracy	and	
comprehensibility.	In	addition,	the	results	of	this	paper	show	that	ALR	can	be	an	excellent	alternative	for	LR,	
when	models	only	from	accuracy	perspective	are	evaluated.

is customer retention. Customer retention is an 
important strategy to keep and satisfy existing 
customers. Existing customer is a valuable asset 
for most companies (Athanassopoulos, 2000; 
Jones, Mothersbaugh, & Beatty, 2000; Thomas, 
2001). Acquisition of new customer costs more 
than keeping existing customers (Coussement & 
Van den Poel, 2008a). It is stated that attracting 
new customer costs 12 times more than retain-DOI: 10.4018/ijirr.2011070103
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ing existing one (Coussement, Benoit, & Van 
den Poel, 2010).

Benefits of increasing customer loyalty or 
retention with in a current customer base are:

1.  There is less need to offer incentive to loyal 
customers

2.  Loyal customers are less price sensitive
3.  Loyal customer will recommend the com-

pany to other people
4.  Individual revenue of each customer grows 

as trust increase (Chaffey, Ellis-Chadwick, 
Mayer, & Johnston, 2006).

To keep existing customer, a company must 
identify likely churners (customers tend to stop 
their business with company). Churn prediction 
is a useful tool to predict customer at churn risk.

Finding churn drivers of customer churn 
or model building for customer churn predic-
tion are the aims of researches in this field 
(Coussement & Van den Poel, 2009). In past 
researches, many modeling techniques had 
been used for customer churn prediction; 
however, in this regards, only the accuracy of 
the constructed models is considered and less 
attention has been paid to the comprehensibil-
ity of the developed model (Verbeke, Martens, 
Mues, & Baesens, 2010). Accuracy is not the 
only important criterion in evaluating a churn 
prediction model (Verbeke et al., 2010). Com-
prehensibility of model causes it to disclose 
some valuable knowledge about churn drivers 
of customers. Such knowledge can be extracted 
in the form of “if then” rules which allows 
marketing managers to develop right strategies 
for retaining the churners (Verbeke, Martens, 
Mues, & Baesens, 2010). Also, being accurate, 
a model can recognize churner and non-churner 
well. In this study, we have concentrated on 
both accuracy and comprehensibility of churn 
prediction models.

Data mining techniques had been used 
widely in churn prediction context. From data 
mining view point, churn prediction is a binary 
classification task. The aim of churn prediction 

model is classifying of customers into two 
classes as churner and non-churner (Cousse-
ment, Benoit, & Van den Poel, 2010).

Basic techniques of data classification are 
decision tree classifiers, Bayesian classifiers, 
Bayesian belief networks and rule based classi-
fiers, k-nearest-neighbor classifiers, case-based 
reasoning, neural network technique and so on 
(Han & Kamber, 2006).

In this study, the main motivation is the 
comparison of three different algorithms from 
three categories of rule-based classifier in churn 
prediction context. These algorithms include: 
C4.5 decision tree (Han & Kamber, 2006; Tan, 
Steinbach, & Kumar, 2005; Witten & Frank, 
2005) is belonging to divide-and-conquer algo-
rithms category, RIPPER (Reduced Incremental 
Pruning to produce Error Reduction) (Han 
& Kamber, 2006; Tan, Steinbach, & Kumar, 
2005; Witten & Frank, 2005) which is belong-
ing to separate-and-conquer algorithms, PART 
(Witten & Frank, 2005) algorithm which is a 
combinational method of divide-and-conquer 
and separate-and-conquer algorithms. Although 
divide-and-conquer and separate-and-conquer 
strategies previously had been used by re-
searchers in churn prediction setting, to the 
best of our knowledge this is the first study in 
a customer churn context that evaluates and 
uses algorithms, which are a combinational 
method of divide-and-conquer and separate-
and-conquer algorithms. The performance of 
these algorithms is measured by both accuracy 
and comprehensibility metrics. Moreover, we 
have used Logistic regression and additive 
logistic regression. Besides in this paper we 
have identified a good class distribution for 
mining churn data.

The reminder of this paper is organized as 
follows. Firstly, a literature review about churn 
prediction is presented in Section 2.Executed 
methods are described in Section 3. In Section 4, 
the evaluation metrics is illustrated. In Section 
5 the data preprocessing, model building and 
results of a series of experiments are discussed. 
Conclusions are considered in Section 6.
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2. CHURN PREDICTION: A 
LITERATURE REVIEW

Neslin et al. (2006) defined customer churn as” 
the tendency of customers to stop doing business 
with a company in a given time period”. Cus-
tomer churn can be categorized as: unavoidable 
churn, involuntary churn and voluntary churn 
(Lin, Tzeng, & Chin, 2011). This categoriza-
tion is corresponding to Burez and Van den 
Poel (2008). Customer churn prediction has 
received a growing attention in recent years. 
Table 1 provides some of the recent researches 
in this area which used data mining techniques 
for building churn prediction models. The table 
summarizes the contribution, applied modeling 
techniques, evaluation metrics and features/
variables for each research.

Before developing any model for custom-
er-base analysis, such as churn prediction 
model, it is necessary to recognize the business 
setting for which we want to develop a model. 
Fader and Hardi (2009) made distinction of 
business setting from two aspects:

1.  Type of relationship with customer: con-
tractual and non-contractual types

2.  Opportunities for transaction: Continuous 
and discrete types

As a result, the business setting can 
be classified into four categories: Contrac-
tual/ Discrete, Contractual /Continuous, Non-
Contractual / Discrete and Non-Contractual/ 
Continuous. In contractual settings, customer 
churn can be predicted by simply looking at 
contract termination date and its non-renewal 
(e.g., newspaper subscription). However in 
non-contractual settings, prediction customer 
churn is not obvious (e.g., prepaid cellular 
phone) (Fader & Hardi, 2009).

As Verbeke et al. (2010) stressed in their 
paper, the accuracy measure is not sufficient 
in evaluating a churn prediction model, and 
measures related to comprehensibility of 
model should be considered. As can be seen 
from Table 1, only in Verbeke et al. (2010) 
the authors emphasized on the importance of 

comprehensibility of churn prediction models, 
and in this regard they presented two new data 
mining techniques that take in to account both 
comprehensibility and accuracy of churn predic-
tion models . Being comprehensible, a model 
can reveal the rationales for customer churn, 
this knowledge help marketing managers in 
developing right retention measures (Verbeke 
et al., 2010). Consequently, in this paper, we 
have compared three categories of data mining 
techniques that allow building interpretable 
churn prediction models in terms of accuracy 
and comprehensibility points.

3. METHODS

3.1. Rule Based Classifier

Rules are a good way of representing informa-
tion or bits of knowledge. A rule-based classifier 
uses a set of IF-THEN rules for classification. 
Rule Based classifier can be built by three 
different techniques (Han & Kamber, 2006).

3.1.1. Rule Induction Using a 
Divide-and-Conquer Algorithm

We can extract IF-THEN rules from a divide-
and-conquer algorithm such as decision tree. 
To extract rules from a decision tree, one rule 
is created for each path from the root to a leaf 
node. Each splitting criterion along a given path 
is logically ANDed to form the rule antecedent 
(“IF” part). The leaf node holds the class pre-
diction, forming the rule consequent (“THEN” 
part). The number leaves in each decision tree is 
equal to the number of rules that we can extract 
from it (Han & Kamber, 2006). For example, if 
we build a C4.5 decision tree, we can know the 
number of its rules by counting its leaf nodes 
(Han & Kamber, 2006). We selected the C4.5 
decision tree algorithm as a representative of 
this category.

3.1.1.1.	C4.5	Decision	Tree

The C4.5 algorithm is the expanded version of 
ID3 algorithm which is developed by Quinlan 



International Journal of Information Retrieval Research, 1(2), 40-55, July-December 2011   43

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Table	1.	Overview	of	churn	prediction	researches	

Source Contribution Techniques Evaluation metrics Features/ 
variables

Coussement & 
Van den Poel 

(2008)

Comparison of two 
parameter selection 
techniques for sup-

port vector machines 
in churn prediction 

context

Support Vector 
Machines (SVM), 
Logistic regres-
sion, Random 

forests

PCC, AUC, 
Top-decile lift

Client/company-inter-
action variables, 

Renewal-related vari-
able, 

Socio-demographic 
variables, Subscription-

describing variables

Burez & Van den 
Poel (2008)

The use of informa-
tion from the internal 
database of a Pay-TV 
company for separat-
ing financial churn 
from commercial 

churn

random forests, 
survival analysis

Area under 
the receiving operat-

ing curve(AUC)

current 
subscription, socio-de-
mographic information, 
previous bad-payment 

behavior history 
information, contact 

information

Coussement & 
Van den Poel 

(2008b)

Examination of the 
beneficial effect of 
adding variables 

related to the voice 
of customers through 
call center emails – 
i.e., textual informa-

tion – to a churn-
prediction system

Logistic regres-
sion

Lift, Area under the 
receiving operating 

curve (AUC).

All information sent 
by the subscriber via 

email, client/company 
interaction variables, 
subscription related 
variables, renewal 

specific variables and 
socio-demographics.

Pendharkar (2009) Application of two 
genetic-algorithm 
(GA) based neural 

network (NN) 
models in churn 

prediction context

Genetic algorithm 
based neural net-
work approaches

ROC curve Service usage, sub-
scription details

Xie, Li, Ngai, & 
Ying (2009)

Presentation of a 
novel classification 
technique, called 

improved 
balanced random 

forests (IBRF), to ad-
dress some limitation 
of churn prediction 

problem such as data 
imbalance

Artificial neural 
network(ANN), 

Decision tree 
(DT), Support 

vector machines 
(SVM), Random 
forests, Improved 
Balanced Random 

forests(IRBF)

Accuracy, 
Top-decile lift

Personal demograph-
ics, Account level, 
Customer behavior

Tsai & Lu (2009)

Application of two 
hybrid models in 
customer churn 

prediction

Artificial neural 
networks(ANN), 
self-organizing 
maps (SOM)

Accuracy, Type I and 
II errors No information

Glady, Baesens, & 
Croux (2009)

Utilization of 
customer lifetime 
value (CLV) as a 

basis concept for the 
modeling and 

prediction of churn 
in a financial service

Logistic regres-
sion, decision 

trees and neural 
networks, cost-
sensitive classi-
fiers (AdaCost), 
Cost-sensitive 
decision tree

Area under the profit 
curve(AUPROC), 

PCC, Area under the 
receiver operating 

curve (AUROC) AU-
ROC, the percentage 

of true positives

Customers’ transaction 
variables

continued	on	following	page
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(1993) for generating decision trees (Han & 
Kamber, 2006; Tan, Steinbach, & Kumar, 2005; 
Witten & Frank, 2005; Larose, 2005). It con-
structs decision trees in a top down recursive 
divide and conquer manner (Han & Kamber, 
2006). The C4.5 algorithm recursively visits 
each decision node, selecting the optimal split 
using a splitting criterion, until no further splits 
are possible. It uses the concept of information 
gain or entropy reduction to select the optimal 

split (Han & Kamber, 2006; Tan, Steinbach, & 
Kumar, 2005; Witten & Frank, 2005; Larose, 
2005).

Let D, the data partition, be a training set 
of class-labeled instances. As illustrated in 
Equation (1), information gain is defined as 
the difference between the original information 
requirement and the new requirement (Han & 
Kamber, 2006). That is,

Coussement & 
Van den Poel 

(2008a)

Application of 
Generalized Additive 
Models (GAM), in 

churn prediction con-
text in a subscription 

service

General-
ized Additive 

Models(GAM), 
Logistic Regres-

sion

AUC, Top-decile lift

Client/company-inter-
action variables, 
Renewal-related 
variable, Socio-

demographic variables, 
Subscription-describing 

variables

Huang, Buckley, 
& Kechadi (2010)

Application of ‘‘non-
dominated genetic 

algorithm II 
(NSGA-II) to select 
optimal subsets of 
features for churn 

prediction

Decision Tree 
C4.5

The overall accuracy 
(OA), The accuracy 

of the true churn 
(TC), The accuracy of 

true nonchurn (TN)

Demographic profiles, 
Information of grants, 
Account information, 
Call details, Service 

orders, Henley segmen-
tation, Payment and bill 
information, Telephone 

line information

Owczarczuk 
(2010)

Testing the useful-
ness of the popular 
data mining models 
to predict churn of 

the clients of 
the Polish cellular 
telecommunication 

company

Logistic regres-
sion, 

linear regression, 
Fisher linear dis-
criminate analysis 

and decision 
trees

Lift curves Usage data

Karahoca & Kara-
hoca (2010)

Proposition of 
integrated system for 
churn management 
based on adaptive 
neuro fuzzy infer-
ence system with 
fuzzy C-means

Fuzzy C-means 
clustering and 
adaptive neuro 
fuzzy inference 
system (ANFIS)

Correctness, Speci-
ficity, Sensitivity, 

Precision

Demographic, usage 
data

Verbeke et al. 
(2010)

Presentation of two 
novel data min-
ing techniques, 

called ALBA and 
Antminer+ in churn 
prediction that con-
sider both accuracy 
and comprehensi-
bility measures in 

evaluation of churn 
prediction models

Antminer+, 
Active Learning 
Based Approach 
(ALBA), RIP-

PER, SVM, Logit, 
C4.5

PCC, 
Sensitivity,Specificty, 

#rules
Usage data

Table	1.	Continued
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Gain (A) =Info (D)-InfoA (D) (1)Where 
Info (D) is the expected information needed 
to classify an instance in D:

Info (D) =-
i

m

=
∑
1

�Pi log2 (Pi)  (2)

And InfoA	(D) is the expected information re-
quired to classify an instance from D based on 
the partitioning by A (Neslin, Gupta, Kamakura, 
Lu, & Mason, 2006):

InfoA(D)=
j

v Dj

D=
∑
1

*  Info Dj( )  (3)

In other words, Gain	(A) tells us how much 
would be gained by branching on the attribute 
A (Han & Kamber, 2006).

One limitation of Gain is that it tends to 
select attributes having a large number of values 
(Han & Kamber, 2006). To overcome for this, 
C4.5 uses an extension to information gain 
known as gain ratio (Han & Kamber, 2006).
3.1.2.1. Rule Induction	Using	a	Sequential	
Covering	Algorithm
By using a sequential covering algorithm, one 
can extract IF-THEN rules directly from the 
training data (Han & Kamber, 2006). This 
technique also called as separate-and-conquer 
algorithm (Witten & Frank, 2005).

There are many sequential covering algo-
rithms. Popular types include AQ, CN2, and the 
more recent, RIPPER. The general strategy is as 
follows. Rules are learned one at a time. Each 
time a rule is learned, the instances covered by 
the rule are removed, and the process repeats on 
the remaining instances (Han & Kamber, 2006; 
Tan, Steinbach, & Kumar, 2005; (Witten & 
Frank, 2005). In this study, we selected RIPPER 
algorithm as a representative of this category.
3.1.2.2. RIPPER Algorithm
RIPPER algorithm is widely used direct method 
for rule induction (Han & Kamber, 2006; Tan, 
Steinbach, & Kumar, 2005; Witten & Frank, 
2005). Suppose we have training data D { (x1, 
y1), …, (x N, y k) } with xi a vector valued feature 

and yi = {y1,…yk}.Generally RIPPER orders the 
classes {y1,…,yk} according to their frequencies. 
Suppose y1 be a least frequent class and yk to be 
a most frequent class. RIPPER generates rules 
for each class starting with least frequent one 
to most frequent one. When generating rule for 
class yi, all instances belong to yi are labeled as 
positive instances while those belong to other 
classes are labeled as negative instances (Han 
& Kamber, 2006; Tan, Steinbach, & Kumar, 
2005; Witten & Frank, 2005).

For each class yi= {y1,…yk} RIPPER ex-
ecutes three phases: Rule Growing, Rule Prun-
ing and Building the Rule Set (Han & Kamber, 
2006; Tan, Steinbach, & Kumar, 2005; Witten 
& Frank, 2005).

1.  Rule Growing: RIPPER employs a general-
to-specific strategy for growing rule and 
the FOIL’s information gain measure for to 
choose the best conjunct to be added into 
rule antecedent. Adding conjunct to rule 
stops when the rule start covering negative 
instances.

2.  Pruning phase: once the rule is induced, 
RIPPER tests the performance of it on 
validation set by computing the follow-
ing metric to determine whether pruning 
is needed: (p-n)/(p+n), where p/n is the 
number of positive/negative instances in the 
validation set covered by rule. This metric 
shows the rule’s accuracy on validation set. 
If the metric improves after pruning then 
the conjunct is removed from the rule. 
Pruning is done starting from last conjunct 
added to the rule. For example, given rule 
ABCD → y, RIPPER checks whether D 
should be pruned first, followed by CD, 
BCD and etc.

3.  Building the Rule Set: after inducing a 
rule, all the positive and negative instances 
covered by the rule are removed. The rule 
is added into the Rule Set as long as it does 
not violate the stopping condition which 
is based on minimum description length 
(Han & Kamber, 2006; Tan, Steinbach, & 
Kumar, 2005; Witten & Frank, 2005).
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3.1.2.3.	 Obtaining	 Rules	 from	 a	 Partial	
Decision	Tree

There is an alternative method to rule induc-
tion that generates accurate, compact, rule sets. 
The method combines the divide-and-conquer 
strategy for decision tree learning with the 
separate-and-conquer one for rule learning. 
It adopts the separate-and-conquer strategy in 
that it constructs a rule, removes the instances it 
covers, and continues creating rules recursively 
for the remaining instances until no instance 
remains. However, it performs differently from 
the standard approach in the way that each rule 
is created. Mainly, for creating a single rule, a 
pruned decision tree is built for the current set 
of instances, the leaf with the largest coverage 
is made into a rule, and the tree is discarded 
(Witten & Frank, 2005).

We selected the PART (Witten & Frank, 
2005) algorithm as representative for this 
category.

As we have mentioned in introduction sec-
tion, the main contribution of this study is ap-
plying algorithms which combines divide-and-
conquer and separate-and-conquer strategies.
3.1.2.4. PART Algorithm
PART (Witten & Frank, 2005) adopts the 
divide-and-conquer with separate-and-conquers 
strategy. More precisely, PART generates a set 
of rules according to the divide-and-conquer 
strategy, removes all instances from the train-
ing collection that are covered by this rule and 
proceeds recursively until no instance remains. 
To generate a single rule, PART builds a partial 
decision tree for the current set of instances and 
chooses the leaf with the largest coverage as 
the new rule. Subsequently, the partial decision 
tree is discarded. A partial decision tree is an 
ordinary decision tree that contains branches 
to undefined sub-trees (Witten & Frank, 2005).

3.2. Logistic Regression

Any regression technique, whether linear or 
nonlinear can be used for classification purpose 
(Witten & Frank, 2005). Logistic regression 

technique is used when the dependent variable 
is dichotomous (Witten & Frank, 2005). It uses 
a logit transformation to constrain the outcomes 
of the linear combination of the characteristics 
between 0 and 1 (Witten & Frank, 2005). Logis-
tic regression is a commonly used data mining 
technique in marketing area and especially in 
churn prediction context.

3.3. Additive Logistic Regression

An alternative to Logistic Regression is Additive 
Logistic Regression. Additive regression can 
also be applied to classification just as linear 
regression (Witten & Frank, 2005). Suppose we 
have training data(x1, y1), …, (x N, y N) with xi 
a vector valued feature and yi = -1 or 1, For this 
two-class problem, an additive logistic model 
has the form

logit{P(X)} º  log{ P y x
P y x
( | )
( | )
=
= −
1
1

} = 

j m

M

=
∑ fm(x)fj is the jth regression model in the 

ensemble and fj(x) is its prediction for instance 
x (Witten & Frank, 2005).

Additive logistic regression performs clas-
sification using a regression scheme as the base 
learner (Witten & Frank, 2005).

4. EVALUATING THE 
PERFORMANCE OF MODELS

4.1. Evaluation Techniques

Holdout, random sub-sampling, cross-valida-
tion, and the bootstrap are common used tech-
niques for assessing the accuracy of classifiers 
(Han & Kamber, 2006). In this paper, we have 
used the cross-validation technique to assess 
the constructed models.

In cross validation, the data D are divided 
into k non-overlapping sets, D1, . . ., Dk. At each 
iteration i (from 1 to k), partition Di is reserved 
as the test set, and the remaining partitions are 
collectively used to train the model (Burez & 
Van den Poel, 2009). In general, stratified 10-
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fold cross-validation is recommended (Han 
& Kamber, 2006). In this paper we have used 
10-fold cross-validation.

4.2. Evaluation Metrics

Accuracy or PCC (percentage of correctly 
classified examples), specificity, sensitivity, 
and AUC (area under the curve) are commonly 
used metrics for evaluating a classifier (Han & 
Kamber, 2006). In this study, we have used these 
metrics for evaluating the classification models.

The PCC measure computes the ratio of 
correctly classified examples to the total number 
of examples to be classified. The sensitivity 
measure is the proportion of positive examples 
that are correctively classified. The specificity 
measure is the proportion of negative examples 
that are correctly identified.

ROC (Receiver Operating Characteristic) 
curves are a useful visual tool for comparing 
two classifiers (Han & Kamber, 2006). The area 
under the curve (AUC) is a measure to assess 
the accuracy of a model (Han & Kamber, 2006).

For testing a model from comprehensibly 
view point, we use the number of generated if- 
then rules (#R) for each model. Therefore, the 
comprehensibility of a churn prediction model 
is high if the number of generated rules from 
it is low and vice versa (Verbeke et al., 2010).

5. EMPIRICAL ANALYSIS

Research procedure is showed in Figure 1. The 
figure shows the techniques used in each phase 
of this research.

5.1. Data Set

All algorithms used in this paper are applied 
on a publicly available dataset downloaded 
from the UCI Repository of Machine Learn-
ing Databases at the University of California, 
Irvine (http://www.ics.uci.edu). The data set 
contains 20 variables worth of information 
about 5000 customers, along with an indication 
of whether or not that customer churned (left 

Figure	1.	Research	architecture
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the company). The proportion of churner in the 
dataset is 14.3%.

5.2. Data Preprocessing

There are many incomplete, noisy, and in-
consistent data in large real world databases. 
However, the data mining results will not be 
useful, if the quality of input data be low (Han & 
Kamber, 2006). Therefore, Data preprocessing 
step is an important step in data mining. There 
are a number of data preprocessing techniques 
such as data cleaning, data transformation, data 
integration, data reduction (Han & Kamber, 
2006). In this paper we have done correlation 
analysis and feature subset selection to remove 
irrelevant attributes from our used dataset.

5.2.1. Feature Selection by 
Correlation Analysis

Feeding correlated variables to a data mining 
technique cause the resulted model to output 
unreliable results. So, correlation analysis 
should be done before entering to the model 
building step to prevent correlated data to be 
fed (Larose, 2005).

In this study we have done correlation 
analysis. After doing it, we have omitted three 
variables.

5.2.2. Feature Selection by 
Decision Tree Approach

We built C4.5 decision tree with remained fea-
tures, then we traversed the tree to choose the 
features that is exist on the tree. In fact we have 
applied decision tree as a feature selection tool. 
Ultimately after performing data preprocessing 
phase, 11 features selected for data mining 
purpose. These features are shown in Table 2.

5.2.3. Handling Class Imbalance

Customer churn event occurs seldom in ser-
vice industries (Burez & Van den Poel, 2009). 
This means that real customer churn datasets 
have extremely skewed class distribution. For 
example the dataset used in this study has ex-
tremely skewed class distribution; such that the 
Class distribution of churners to non-churners 
is 14.3:85.7.

There are several data mining problems 
related to rarity along with some methods to 

Table	2.	Top	eleven	features	selected	during	data	processing	phase	

Feature Type What

InterPlan Categorical International Plan Subscriber(0=no, 
1=yes)

VmailP Categorical VoiceMail Plan Subscriber(0=no, 
1=yes)

TotalDayCharge Continuous Charge for day time usage

TotalEveCharge Continuous Charge for evening time usage

TotalEveCalls Continuous Total evening calls

TotalNightCharge Continuous Charge for night time usage

TotalNightCalls Continuous Total night calls

TotalInterCharge Continuous Charge for international calls

TotalInterCalls Continuous Total international calls

NumberofCalltoCS Continuous Number of calls to customer service

Churn Categorical 1=churner, 1= nonchurner
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address them (Burez & Van den Poel, 2009). The 
basic sampling methods include under-sampling 
and oversampling. Under-sampling eliminates 
majority-class examples whereas over-sampling 
duplicates minority-class examples. By using 
theses sampling techniques, the overall level 
of class imbalance is decreased (Weiss, 2004).

In this study, by applying oversampling 
technique on training data, we have obtained 
two new training sets: 1- training set with per-
centage of churner equal to 30%. 2- Training set 
with percentage of churner equal to 50%. We 
have done our research on three training sets: 
original, 30% churners and 50% churners. By 
doing so, we investigated the best training set 
that establishes a reasonable tradeoff between 
accuracy and comprehensibility.

5.4. Model Building

As previously mentioned, the aim of this re-
search is to compare three algorithms from three 
different categories of rule-based classifiers in 
churn prediction context. Because the category 
of rule based classifiers, are interpretable, they 
can develop models that are not a black box one. 
We also have built churn prediction models by 
logistic regression and additive logistic regres-
sion. Also these two algorithms don’t generate 
rules, but we have used their results in terms of 
accuracy to compare with the accuracy of rule-
based classifiers. In addition by building models 
by logistic and additive logistic regression, we 
have compared the performance of them.

We have compared three interpretable 
algorithms in terms of comprehensibility and 
accuracy in churn prediction context. These 
algorithms include: C4.5 decision tree, RIPPER 
and PART (Partial decision tree). These algo-
rithms correspond to three different categories of 
rule-based classifiers respectively divide-and-
conquer, separate-and-conquer and algorithm 
that is a combination of first and second one.

The use of PART (Partial decision tree) 
algorithm is the first contribution of this paper.

For each of these algorithms, we have 
used two versions of them, one with standard 
parameters setting and the other with changed 

parameters that leads to complete pruning. For 
C4.5 and PART algorithms, we changed two 
parameters: The first parameter is Confidence 
factor which is the confidence threshold for 
pruning; and the second is minimum number 
of instances permissible at a leaf (Witten & 
Frank, 2005). For RIPPER algorithm, we have 
changed one parameter, which is the minimum 
total weight of instances in a rule.

By doing so we have built six algorithms 
namely as C4.5, C4.5 CP, RIPPER, RIPPER 
CP, PART, PART CP.

The parameters of C4.5 are “confidence 
factor” with value of 0.25 and “the minimum 
number of instances per leaf” with value of 2. 
The parameters of C4.5 CP are “confidence 
factor” with value of 0.001 and “the minimum 
number of instances per leaf” with value of 
20. The parameters of PART are “confidence 
factor” with value of 0.25 and “the minimum 
number of instances per leaf” with value of 2. 
The parameters of PART CP are “confidence 
factor” with value of 0.001 and “the minimum 
number of instances per leaf” with value of 20.

We have also obtained the result of RIPPER 
and RIPPER CP with standard and complete 
pruning (minimum total weight of instances in 
a rule of respectively 2.0 and 12.0)

We have applied the above mentioned 
six algorithms along with logistic regression 
(LR) and additive logistic regression (ALR) 
on three training sets (the original training set 
with 14.3% churner, the one with 30% churner 
and the other one with 50% churner). In sum, 
we have built 24 churn prediction models. All 
the Experiments were conducted using WEKA 
(Waikato Environment for Knowledge Analy-
sis) data mining software (Witten & Frank, 
2005). As mentioned earlier, the experiments 
were carried out and validated with a 10-fold 
cross-validation in which the training sets are 
divided in 10-folds. Any nine of the ten segments 
is selected to perform training. The remaining 
part will be executed for testing the model. As 
a result, each part will be trained and tested 
ten times. At last, the average performance is 
calculated.
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5.5. Results and Discussion

At first, we investigate the effect of overs-
ampling on performance of churn prediction 
models. For this reason we have applied eight 
algorithms on three training sets.

The results of churn prediction experiments 
on Original training set, the second training set 
with the percentage of churner equal to 30% 
and the third training set with the percentage of 
churner equal to 50% are summarized respec-
tively in Table 3, Table 4 and Table 5.

5.5.1. Comparison of Models from 
Accuracy and Comprehensibility 
Points

When looking at the results of experiments 
on three training sets, we see that in terms of 
AUC, PCC, sensitivity, and specificity, the 
additive logistic regression (ALR), outper-
forms all other algorithms, but as stressed in 
literature (Verbeke et al., 2010) accuracy of a 
churn prediction model is not the only aspect. 
Another aspect of a good churn prediction 
model is its comprehensibility. A good customer 
churn prediction model should make balance 
between the accuracy and comprehensibility 
(Verbeke et al., 2010). However in reality both 
high accuracy and high comprehensibility may 
be not possible concurrently. As the accuracy 
of a model increases the comprehensibility 
of it decreases and vice versa. The results of 
Tables 3, 4, 5 confirm this issue. For example, 
as seen from Table 3 RIPPER CP (AUC=0.861, 
# Rules=10) is more comprehensible but less 
accurate; on the other hand, the result of C4.5 
(AUC= 0.976, #Rules=180) as seen from Table 
5 indicates that it is more accurate but less com-
prehensible. Since AUC is a more appropriate 
evaluation metric for assessing accuracy of a 
classification model and particularly a churn 
prediction model (Burez & Van den Poel, 2009) 
in analyzing the results, we use it.

As it is shown in the above Tables 3, 4, and 
5, generally the AUC of all models increases 
as we move from original training set toward 
the training set with a 50/50 proportion. This 

shows that as the percentage of churners in 
the training set increases, the accuracy of built 
models also increases. This issue indicates that 
from the point of accuracy; the higher degree of 
oversampling results in a higher performance. 
This information is also shown in Figure 2.

On the other hand, as seen from Tables 3, 
4, and 5, generally the number of generated 
rules of all models increases as we move from 
original training set toward the training set with 
a 50/50 proportion. This indicates that as the 
degree of oversampling increases, the number 
of generated rules increases too. However, the 
higher number of generated rules results in the 
decrease in interpretability and comprehensibil-
ity of the resulting model. But as we discussed 
in previous sections, a churn prediction model 
should be both accurate and comprehensible. 
By these explanations, we concluded that the 
models built on original training set and train-
ing set with 50% churners cannot be an ap-
propriate churn prediction models. The reason 
for this fact is that the accuracy (in terms of 
AUC and sensitivity) of models built on origi-
nal training set is low where as the comprehen-
sibility is high. In addition the accuracy of 
models built on training set with 50% churner 
is high while the comprehensibility of them is 
low. Figure 4 illustrates this finding. Notice 
that if the number of generated rules by an al-
gorithm is high then the comprehensibility of 
it becomes low.

As Figure 4 shows, an appropriate tradeoff 
between accuracy (in terms of AUC) and com-
prehensibility (in terms of the number of gen-
erated rules) are established, when we apply 
the algorithms on the training set with the churn 
rate of 30%. Now we analyze the performance 
of built models from training set with 30% 
churners (RIPPER, RIPPER CP, C4.5, C4.5 
CP, PART, PART CP, LR, and ALR) in terms 
of accuracy and comprehensibility. As can be 
seen from Table 3, the highest and lowest 
value of AUC is obtained respectively by using 
additive logistic regression (ALR) and logistic 
regression (LR).This shows that ALR performs 
far better that LR and is an attractive alternative 
to LR.
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Table	3.	Performance	of	algorithms	on	original	training	set	

Technique AUC PCC Sensitivity Specificity #Rules

Original RIPPER 0.866 95.11 0.741 0.987 13

RIPPERCP 0.861 94.80 0.73 0.986 10

C4.5 0.857 94.78 0.67 0.99 40

C4.5CP 0.843 93.24 0.631 0.984 11

PART 0.86 93.78 0.667 0.984 31

PART CP 0.878 92.73 0.66 0.973 12

LR 0.82 86.20 0.21 0.97 ----

ALR 0.91 94.78 0.72 0.99 ----

Table	4.	Performance	of	algorithms	on	training	set	with	30%	churners	

Technique AUC PCC Sensitivity Specificity #Rules

30% RIPPER 0.898 93.85 0.816 0.98 12

RIPPERCP 0.897 93.75 0.808 0.981 11

C4.5 0.925 93 0.83 0.967 124

C4.5CP 0.896 90.1 0.75 0.96 18

PART 0.94 92.6 0.785 0.97 48

PART CP 0.899 91.46 0.741 0.97 14

LR 0.82 79.5 0.39 0.94 ----

ALR 0.98 95.88 0.91 0.97 ----

Table	5.	Performance	of	algorithms	on	training	set	with	50%	churners	

AUC PCC Sensitivity Specificity #Rules

50% RIPPER 0.974 95.93 0.995 0.924 46

RIPPERCP 0.961 93.09 0.962 0.90 24

C4.5 0.976 97 0.999 0.941 180

C4.5CP 0.906 88.6 0.85 0.93 23

PART 0.98 97.6 1 0.95 78

PART CP 0.96 90 0.90 0.91 45

LR 0.823 76.32 0.76 0.77 ----

ALR 0.998 98.7895 0.999 0.976 ----
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Figure	2.	AUC	versus	degree	of	oversampling

Figure	4.	Tradeoff	between	accuracy	and	comprehensibility

Figure	3.	Number	of	rules	versus	degree	of	oversampling
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Since ALR and LR don’t generate rules, 
we focus only on the remained algorithms 
(RIPPER, RIPPER CP, C4.5, C4.5 CP, PART, 
and PART CP). Among these algorithms, PART 
obtains the highest AUC, but with the number 
of rules equal to 48. This indicates that PART 
does not establish appropriate balance between 
the AUC and the number of rules metrics. In 
addition C4.5 algorithm, creates a model with a 
high accuracy (AUC=0.925), but the number of 
generated rules of it is very high (#rules=124), 
for this reason we conclude that the C4.5 model 
cannot be a proper choice. The AUC of the 
RIPPER, RIPPER CP, C4.5 CP and PART CP 
respectively are 0.898, 0.897, 0.896 and 0.899. 
These results indicate that in terms of AUC, 
their performances don’t differ significantly, 
and the difference is minor that we can assume 
them equal. In other words in terms of accuracy, 
they are performing the same. Therefore, we 
compare them from comprehensibility point.

The number of rules (#rules) of the RIP-
PER, RIPPER CP, C4.5 CP and PART CP 
respectively are 12, 11, 18 and 14.

By analyzing these results, we notice that 
RIPPER CP (AUC=0.897, #Rules =11) outper-
forms RIPPER, C4.5 and PART CP from both 
accuracy and comprehensibility view points. It 
has nearly the same AUC when compared with 
other, but the lower number of generated rules.

Furthermore The RIPPER (AUC=0.898, 
#Rules =12) and PART CP (AUC=0.899, 
#Rules =14) show proper performance. Their 
performances don’t significantly differ from 
the performance of RIPPER CP.

However the performance of C4.5 CP 
(AUC=0.896, #Rules =18) from the perspective 
of comprehensibility is worse and it is not an 
appropriate choice.

As we have mentioned above, the PART 
CP (AUC=0.899, #Rules =14) algorithm shows 
admirable performance in terms of both accu-
racy and comprehensibility. Researchers can 
use this algorithm in their study.

When looking at results, we see that pa-
rameter setting lead to appropriate performance 
for all algorithms. For example, C4.5 CP works 
better than C4.5; PART CP performs superior 

than PART and finally RIPPER CP performs 
better than RIPPER. This shows that parameter 
setting plays an important role in improving 
performance of algorithms (Figure 3).

6. CONCLUSION

Customer churn is a focal concern of most 
firms in all industries. Churn prediction is a 
useful tool for to identify customers at risk of 
churn. As mentioned in the literature review, 
much attention is paid to accuracy of a churn 
prediction model in the past researches. Besides 
being accurate, a churn prediction model should 
be comprehensible to reveal the reason for 
customer churn.

In this paper, we have compared three dif-
ferent algorithms from three different categories 
(divide-and-conquer, separate-and-conquer, 
combination of first and second) of rule based 
classifiers. These algorithms are C4.5, RIPPER, 
and PART. Furthermore, we have applied ad-
ditive logistic regression along with logistic 
regression. The first finding of this paper is 
that we should handle class imbalance to obtain 
a churn prediction model that makes balance 
between accuracy and comprehensibility. The 
results of this study showed that the performance 
of all algorithms from points of accuracy and 
comprehensibility are reasonable when these 
algorithms are applied to the training set with 
the churn rate of 30%. The second finding is that 
in terms of accuracy, additive logistic regression 
outperforms all other methods. The third finding 
is that RIPPER, RIPPER CP, C4.5 CP, PART 
CP performs the same in terms of AUC when 
applied to the training set with the churn rate 
of 30%, but among them RIPPER CP, from the 
category of separate-and-conquer algorithms 
outperforms them in terms of accuracy and 
comprehensibility. The fourth finding is that 
parameter selection plays an important role in 
improving performance of algorithms the results 
of RIPPER CP, C4.5 CP, PART CP confirms 
this issue. The final finding is that PART CP 
algorithm showed appropriate performance, 
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and researchers can apply this algorithm in their 
researches in other areas.
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1. INTRODUCTION

Ontology is an important emerging discipline 
that has vast potential in the development of 
information organization, management and 
understanding. It has been vital in many different 
fields, particularly in the knowledge manage-
ment area. Ontology describes concepts, terms 
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Practice Ontocop:

Towards a New Model of Information 
Science Ontology (ISO)
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ABSTRACT
Information	Science	(IS)	is	an	ambiguous	field	as	its	boundaries	overlap	with	other	domains	such	as	Archive	
Science,	Library	Science	and	Computing	Science	which	requires	defined	clear	definition.	This	study	creates	
a	systematic	and	comprehensive	ontology	targeted	to	explore	IS	boundaries	and	foundations.	This	paper	
uses	Mereotopolgy	theory	to	describe	classes,	instances	and	their	relations.	The	classes	are	created	based	on	
taxonomy	of	IS	to	create	an	asserted	model	of	Information	Science	Ontology	(ISO)	that	can	be	as	a	skeletal	
foundation	for	knowledge	base.	The	main	classes	are	Actors,	Method,	Practice,	Studies,	Mediate,	Kinds,	
Domains,	Resources,	Legislation,	Philosophy	&	Theories,	Societal,	Time,	and	Space.	The	design	is	based	
on	Methontology	to	create	ISO	from	scratch.	Its	framework	facilitates	the	construction	of	ontology	at	the	
knowledge	levels.	It	is	found	that	identifying	the	IS	boundaries	through	implementation	ontology	workflow	is	
encoded	using	Protégé	and	Web	Ontology	Language	(OWL)	for	formalizing	and	representation	of	the	ISO.	
ISO	is	an	effective	way	to	represent	knowledge	and	overcome	semantic	heterogeneity,	ISO	is	a	fundamental	
integration	between	semantic	that	realizes	the	interoperability	information	of	the	domain.

and relations in a specific domain to create 
communication richness and provide a clear 
description of these concepts which are related 
to the domain knowledge. Ontology can be used 
from people and software agents as a knowledge 
base (Gòmez-Pérez et al., 2004; Gruber, 1993). 
However, the main motivation for building 
and developing ontology is to create potential 
for sharing knowledge and re-using it in many 
applications within a specific domain, it allows 
used this coding in efficient way.DOI: 10.4018/ijirr.2011070104
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Since community of practice (Cop) has 
been recognised as a knowledge management 
tool, many organisations have changed their 
direction to Cop as a solution for creating and 
sharing knowledge (Wenger, 2002; Schlemiel, 
2008; Saint-Ongo, 2003).

Communities of Practice are an attempt by 
individuals, groups and organisations to share 
what they know and exchange ideas, concepts, 
perspectives, and expertise from various cul-
tures (Gasevic et al., 2006).

The central focus of Cop is to improve 
the knowledge domain (Erat et al., 2006). Just 
as knowledge management has been widely 
discussed, so the issue of the Communities of 
Practice as part of an overall knowledge manage-
ment strategy has been commonly discussed on 
in literature and by practitioners who implement 
them (Wenger, 1998).

The contribution of an Ontocop commu-
nity can be developed in terms of asking the 
following questions:

How members of IS domains share information?
How they interact and learn from new experi-

ence?
How they gain competence to enter into the 

community?

To answer the above questions, the overall 
objective of this research is proposed, i.e., to 
visualize the IS domain. In regard to knowl-
edge acquisition; how Ontocop helps to create 
potential members who join together to develop 
the ontology process. This paper focuses on: 
1). How virtual Communities of Practices are 
organised, evolved and managed; 2). How 
community members will share a common 
interest in the subject area, ongoing interac-
tion among them to develop the ontology; 3). 
how Communities of practice (Cops) work, 
to find sources of knowledge; 4). How Cops 
use resources for improvement of innovation 
and productivity.

2. BACKGROUND

2.1. Virtual Communities 
of Practice (VCops)

2.1.1. Community of Practice (Cops)

Community of Practice is introduced by Lave 
and Wenger (1998) as a learning process within 
the Legitimate Peripheral Participation (LPP). 
LPP in his perspective is an important aspect 
of effective social learning. LPP is based on the 
idea that members of the community with less 
experience will learn from social interaction 
with experts in a specific domain. This initial 
definition relates the theory of situativity, situ-
ated learning within ethnographic study.

Community of Practice has developed 
when redefined by Wenger (1998) from use 
within a business environment, to be used in 
knowledge management as a location for suc-
cessful knowledge sharing. The concept has 
received much attention from both participants 
and scholars in the knowledge management 
field. Community of Practice has been defined 
(Cox, 2005; Roberts, 2006).

The most definitions of Cops refer to 
the idea of the exchange of information and 
knowledge and shared concerns within groups 
of people.

Community of practice is not a formal 
structure for knowledge generation. The gen-
eration of knowledge accrues when people 
co-operate and communicate to seek solutions 
to problems or to develop a new product. Many 
studies conducted that community of practice 
is the best and strongest way to bind a team 
(Nirenberg, 1995; Stewart, 1997).

2.1.2 Virtual Community 
of Practice (VCops)

Development of technology has led to the 
emergence of virtual communities. In these 
communities people can meet virtually and 
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exchange stories or chat via the internet or just 
to play games or build social relationships. 
Also, allowing transfer of knowledge across the 
world and cultural boundaries (Jansen, 2002; 
Wenger, 2002).

Virtual community has been defined by 
Licklider as computer networking. This term 
can be used for:

• Groups of people using comport, mediated 
as a social network to communicate.

• Online groups using chat rooms and listing 
services to share activity online (Gourlay, 
2001).

A virtual community has been defined from 
different perspectives (Catherine et al., 2000; 
Gomez, 1998; Panteli & Duncan, 2004) .Virtual 
communities of practice are a crucial tool for 
knowledge acquisition. The reason for this is 
that tacit knowledge is embedded in people’s 
mind. By exchanging stories and conversation 
between experts they share experience to gain 
skills. Since the world has become a global vil-
lage and face- to face contact is limited for the 
exchange of ideas, with an increase of websites 
on the internet, virtual communities have be-
come an alternative to a physical communities 
of practice with dispersed multinational organi-
zations (Araujo, 1998; Ardichvili et al., 2003).

After examining many studies concerning 
virtual communities of Practice, we found that, 
there is no full agreement in defining it. The 
purpose of this study is to define some key 
features from literature reviews. Features for 
VCops are typically:

• The ability to meet in a virtual space and 
communicate via the Internet

• People are brought together, by means 
of a technical platform, who might never 
meet in reality

• VCop facilitates activities by using Infor-
mation technology IT.

• The existence of the virtual community can 
aid identification of an idea or task

• Groups can self-select

• Member’s interests are usually related to 
a specific Knowledge Domain.

• Members can establish social relationships 
or a sense of belonging to the group.

• Building trust

However, VCops are teams of individu-
als who meet and communicate virtually with 
others; they are linked by a specific interest 
and emerging social relationships. However, 
their technical infrastructure is fundamentally 
for knowledge exchange within virtual com-
munities. They have had a significant effect in 
enabling people to transfer tacit knowledge, 
which is difficult to articulate.

Many virtual communities are now based 
on social relationships on the internet. For 
example, YouTube, news group, wiki and 
Linked In. All of these focus on working as 
virtual groups. Not all virtual community VCs 
are VCoPs; in the former knowledge can be 
transferred from expert to inexpert, but in the 
latter knowledge can be exchanged from peer to 
peer, whether they are professionals or experts 
in a specific domain. Professionals codify tacit 
knowledge, which reduces vagueness in coding 
and analysis.

Regarding the presentation of knowledge 
we emphasise that, members of VCoPs should 
be professionals in a specific domain. A pro-
fessional is a person who holds knowledge 
in a particular domain and has the ability to 
solve problems and the commitment to work 
efficiently. In other words VCops should be 
composed of experts in order to present knowl-
edge as the knowledge base (KB). In real life 
many VCops exist. For instance, VCops in the 
educational domain such as Tapped In htpp://
www.tappedin.org (TappedIn, 2010). Table 
1 summarizes the differences between these 
communities of practice.

2.2. Ontology

Ontology emerged from the philosophical field 
as a study of being introduced by Aristotle. This 
term has been borrowed from computer science 
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and become used to represent the knowledge 
to understand the world.

The concept of ontology has diversity of 
meaning within different fields such as phi-
losophy, computing, linguistics, mathematics 
and social science. However, the definition of 
ontology came from a branch of philosophy. 
The philosophy defined ontology in relation 
to the study of human beings.

Smith (2003) asserted that ontology is a 
science of what is, and existence of beings 
which is related to the field of computer and 
information systems.

In current years ontology has become an 
area of attention for computer science. Hence, 
Computer science has defined ontology based 
on knowledge system (KMS), as classification 
of knowledge.

Gruber provides the most cited definition 
of ontology that seems as conceptual model 
“ontology is an explicit specification of con-
ceptualisation”.

Artificial intelligence communities have 
to be aware of the knowledge power and it 
is effect on IA systems. Ontology presents a 
formal specification that progressed by Artifi-
cial intelligence (AI) or could be an informal 

specification that deals with human relations. 
(AI) defined ontology:

“Ontology is a theory of what entities can 
exist in the mind of a knowledgeable agent”.

Guarino and Giaretta pointed out termino-
logical clarification to identify what ontology 
is; they asserted clarified the misunderstanding 
between ontology as a conceptual framework 
at the knowledge level and ontology as artefact 
at the symbol level, to be used for a particular 
purpose. Ontology constructs from these com-
ponents are:

1.  Classes – class hierarchy.
2.  Instances
3.  Slots- values
4.  Inheritance (multiple? Defaults?)
5.  Restrictions or slots (type, cardinality)
6.  Properties of slots (symmetric, transitive)
7.  Reasoning tasks (classification, subsump-

tion) to make sure this ontology is built for 
specific purposes.

It is clear that developing ontologies has 
become increasingly important for knowledge 
level interoperation and information integra-
tion. It provides functional features for IA and 

Table	1.	Comparison	between	communities	of	practice	

Category Traditional	Cops Virtual	VCops

Communication via the internet ☒ ☑

Existence for an identification of an idea or task ☒ ☑

Existence according to a place based ☑ ☒

Norms ☑ ☑

Groups self-selected ☒ ☑

Groups emerge through task ☑ ☑

leadership ☑ ☑

boundaries Evolving Fluid

Transparency Low High

Knowledge Domain Interest –related work Interest –related knowledge

Trust ☑ ☑

Membership criteria ☑ ☑

Level of member participation Limited Widely
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knowledge representation. We shall seek to 
explain the needs of ontologies:

• To ask questions about a particular subject 
domain, that required conceptualization.

• Conceptualization domain describes its 
entities and the relations between them.

• Providing a vocabulary for representing 
knowledge about the domain.

• Support the system developer with a core of 
domain knowledge beside the vocabulary.

• It is vital for developing and using intel-
ligent systems, also for the interoperation 
of heterogeneous systems.

Furthermore, Ontology has many common 
types and is classified according to the structure 
and the user’s need and it is categorized from 
different approaches. We have compared these 
approaches in Table 2.

3. RESEARCH APPROACH

3.1. Theoretical Model

3.1.1. Category Theory

A number of thinkers including Hartmann and 
Husserl asserted that ontology adopts a cat-
egorical framework which means, it searches 
for what is universal in both specific and general 
domains (Hartmann, 1952). The precise mean-
ing of ontology relies on the theory of category 
as grounding on contemporary mathematics 
(Lawvere, 1969) .

However, categories can appear in differ-
ent ways such as taxonomy (is-a superclass, 
subclass), to group the domain in classical 
taxonomical categories according to Aristotle’s 
prospective, which is become now a matter 
particularly with the time.

3.1.2. Mereology Theory

Husserl introduced the theory of Mereology 
as basic for formal ontology. Mereology is a 
formal theory concerned with wholes and part 
structures (Husserl, 1970). Whereas, topology 

is a theory of wholeness that defines the rela-
tions connected to its properties, and how to 
represent these components within the system 
(Varzi, 1996; Herre, 2010).

The basic metrological system is M= (E, ≤) 
in which E is domain entities, and ≤ is binary 
relations. The E, ≤ binary relations is denoted 
M can be considered as ground Mereology. 
The ground merelogy is the first order partial 
ordering theory as reflexive, ant symmetric, 
transitive relations, some relations can be axi-
omatised as following:

(M1) ∀x (x ≤ x), (reflexive)
(M2) ∀xy (x ≤ y Λ y ≤ x → x = y), (anti-

symmetry)
(M3) ∀x y z (x ≤ y Λ y ≤ z → ≤ z), (tran-

sitivity).

3.1.3. Mereotoplogy Theory

The Mereology and topology theories together 
are integrated as Mereotopolgy theory due to 
the fact that they supplement each other. It 
has become a main tool for formal ontological 
analysis (Variz, 1998). Mereology is a theory 
of part and wholes and concerned with part to 
part structure. Topology is a theory of whole, 
and concerned with connecting these parts. The 
limitation of each one requires more ontological 
relations. “Mereotoplogy is built out of Mereol-
ogy together with Topological component …..” 
(Barry, 1996, p. 287). As seen in Table 3 which 
presents the main features of both theories.

The axioms in Mereotoplogy are designed 
to serve a formal ontological system. The 
primitive relations of parthood or constituency 
are as follows: if x is a part of y ‘x P y’ then y 
will be consistent with x’s being identical to y:

x overlaps y xOy: = ∃z (zPx Λ zPy)
x is discrete from y: xDy: = xOy
x is a point Pt (x): = ∀y (yPx →y =x)

Based on the above taxonomy of IS has a 
fundamental root of its theory emerged from 
other sciences such as: Library science, Com-
puter science and Archival science. The IS 
classification basically is based on a faceted 
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Table	2.	Ontology	categories	

Approaches Categorizations	of	ontologies

Mizoguchi	et	al.	(1995) • Content ontology 
• Communication ontology for shearing knowledge 
• Indexing ontology 
• Meta-ontology

Van	Heijst	et	al.	(1997) Classify ontologies into two diminutions: 
1. It has three categories: 
1. Terminological ontologies as lexicons. 
2. Information ontologies as database schemata 
3. Knowledge modelling 
2. It has four categories: 
3. Representation 
4. Generic 
5. Domain 
6. Application ontology

Guarino	(1998) According to level of dependence: 
1. Top level ontology 
2. Domain ontology 
3. Task ontology 
4. Application ontology

Sowa	(2000) 1. Informal ontology 2. Formal ontology 3. Domain ontology

Lassila	and	McGuinness	
(2001)

Based on the ontology needs and the richness of its structure 
1. Controlled vocabularies 
2. Glossaries 
3. Thesaurus 
4. Informal is-a relations. 
5. Formal is-a hierarchy 
6. Formal instance 
7. Frames, value restriction 
8. General logical constrains.

Happel	and	Seedorf	(2006) Categorized Ontologies in Software Engineering based on abstraction and their 
expressivity: 
1. Ontology-driven development (ODD 
2. Ontology-enabled development (OED) 
3. Ontology-based architectures (OBA) 
4. Ontology-based architectures (OBA)

Table	3.	The	main	features	of	Mereology	and	Topology	theory	

Category	Theory Mereology	theory Topology	Theory

Fundamental theory of clas-
sification

Fundamental theory of identity Fundamental base of Mereology

searches for what is universal in 
both specific and general domain

Theory of parthood Is generalization of Mereology where 
the relations of joining and connection

to group the domain in classical 
taxonomical categories

Can seen as ground theory Theory of whole

Build supplying the necessary notions 
and principle
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analytic-synthetic system. Ranganathan’s con-
tribution was got through in facet analysis; his 
approach was the creation of five categories, 
namely: Personality, Matter, Energy, Space and 
Time called PMEST. Our approach corresponds 
to CRG Research group classification which 
exteneds these categories to 13 faceted. Thus, 
we analyse IS and extension the domain into 
13 categories. These categories are:

Actors, Method, Practice, Studies, Medi-
ate, Kinds, Domains, Resources, Legislation, 
Philosophy & theories, Societal, Time, Space.

3.2. Ontology Construction of IS

Creating an ontology of Information science (IS) 
is bring together concepts and terms from varied 
disciplines such as library science, computer sci-
ence, archive science and engineering, to build 
together the boundaries of Information Science. 
Also, to avoid the ambiguity in the concepts of 
the whole domain. As shown in Figure 1.

Information Science still suffers from 
problem identification, but it is still a complex 
problem and controversial point. Information 
science has been defined as a system concerned 
with processes of storing and transferring in-
formation. Additionally, analysing, collecting, 
classifying, manipulating, storing, and retriev-
ing the information.

Many perspectives consider that the nature 
of this science is one of these areas: Informatics, 
computer science and Information Technology. 
In fact, we need to analyze data to determine 
concepts for development and specifying them.

3.2. Ontology Building Method

Ontology of Information science (IS) provides 
classification structure and semantic relations 
between the classes and instances in the domain. 
The proposed approach is to offer a control 
vocabulary in information science (IS). This 
study follows Methontology which began at 
the specification stage to identify goals, scope, 

strategy and boundary, beside uses and users 
(Sawsaa & Lu, 2010). Therefore, to create the 
conceptual model of ontology, during the con-
ceptualization stage from annotating ontocop’s 
knowledge resources to create:

1.  Glossary of terms, define each in natural 
language, e.g., data, Information, Knowl-
edge, computer.

2.  Concept taxonomy: classes, subclasses, 
partitions, disjoint.

3.  The concept dictionary, e.g.,
 ◦ Information Science: defined as: dis-

cipline that deals with the processes 
of storing and transferring informa-
tion and organises all concepts and 
relations

4.  Rows list relations between concepts: 
Concept name, Synonyms, Acronym, and 
Class attributes, Instance.

5.  Binary relation: to explain relationships 
between concepts.

6.  Ontology formalisations in Protégé tool 
and OWL language.

7.  Refinement, evaluation (feedback from 
experts in the domain).

8.  Maintaining the ontology (Staab & Studer, 
2001; Tatiana Gavrilova, 2008) as illus-
trated in Figure 2.

3.2.1. System Development

The Ontocop website is designed to support 
group interaction. For knowledge manage-
ment, it allows communication through the 
community of Information Science (IS) to 
enable members to communicate and interact 
across diverse destinations. Ontocop is a tool 
to build the ontology of (IS) by extracting the 
main concepts and relations. The architecture of 
Ontocop consists of many layouts; the homep-
age contains the navigation icon to search on the 
Google or on the website itself. The News page 
provides the recent news about the developing 
ontology. Layout is a tool namely:
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• To display Events of the website and to 
organize the discussion topics to be realised 
for participation.

• A Forum for debate and discussion of In-
formation Science topics, as well as Chat 
and E- conferencing online.

Information pages explain and clarify some 
information about the Ontocop and the reasons 
for creating the ontology model, and shows 
frequently asked questions (FAQ), feedback, 
members profile, and the contact details. As 
depicted in Figure 3.

3.2.2. System Requirements

The system requires usability and sociability. 
The usability features include consistency 
between pages and words used in the web site 
such as the title of pages and headings. The 
members should be able to navigate easily 
and to follow the pages smoothly without any 
difficulty. Throughout the website, each page 
has the same navigation bar. Due to the lack 
of consistency between browsers, the main 
page has a common browser. If users find any 
problems with other browsers, they can view 
with Internet Explorer or Firefox.

Figure	2.	An	approach	to	building	ontology	of	IS	(Sawsaa	&	Lu,	2009)
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However, for the integrity of the website 
there is a registration policy for new members 
to keep information in the data base and in other 
sites under control because this is a community 
for research purposes and is for experts in the 
domain of information science only.

3.3. Implementation

3.3.1. System Implementation

Ontocop was launched in November 2009. By 
invitation people were informed and encouraged 
to participate. The online community has been 
created by a research student as designer and 
moderator to support her research project. The 
designer of the web site has chosen to use the 
chat room features provided free by php free 
Chat Company and Forum features provided 
free by phpBB3. Additionally, it uses E- confer-
ence features (Koch, 2000).

3.3.2. Technical Features

Ontocop is hosted by Huddersfield server, which 
has proven suitable for this project and devel-
oped in this research, and has been tested on 
Mozilla Firefox and Microsoft Internet Explorer.

Most of the pages in Ontocop original 
WebPages use mark up languages such as: 
Hyper Text Mark-up Language (HTML) tag 
standards and Extensible Hypertext Mark up 
Language (XHTML). To gain excellent style, 
the Cascading Style Sheets (CSS) is used 
which is appropriate for the website theme as 
background. This style applied for the text, 
font, image provide a convenient mode for 
human sense. Additionally Java scripts, php 
and MySQL are used. The software has been 
successfully tested in the following hardware:

• Microsoft Windows XP Professional ver-
sion 2002, Service pack3.Computer intel 

Figure	3.	Website	layout
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(R) core (™) Duo CPU, E 7500@2.93 
GHz, 2.96 GHz RAM Physical address.

• Microsoft Windows XP Professional ver-
sion 2002,Service pack3.Computer intel 
(R) core (™) Duot CPU, E 7500@2.93 
GHz, 2.96 GHz RAM

• Physical address. Toshiba personal Rating: 
1.0 Windows Experience 2 Dou CPU. 
E 7400@2.80 GHz 2.80 GHz. Memory 
(RAM) 4.00 GB system type 32-bit op-
erating system, Windows Vista Home 
Premium, 2007.

3.3.3. Aesthetic Features

The format in Ontocop is designed to be ap-
propriate for users:

Background colour is white with some 
bright colours like blue and yellow as appropri-
ate for human interaction. Mixed colours and 
fonts are not used in the design. Yellow is to draw 
the visitor’s attention to the main menu and left 
menu. Magenta is used for visited navigational 
links (Sawsaa & Lu, 2010).

Arial, helvetica, verdana and sans-serif, 
the family fonts, are the fonts used for the 
main body and also for different sized head-
ings. The graphics sustain the web site theme. 
Modifications of the main picture are suitable 
for other pages such as ontology, contact us, 
FAQ pages and the forum and chat features 
(Sawsaa & Lu, 2010).

4. RESULTS

4.1. Ontocop a System of 
Visualisation IS Knowledge

The core function of VCop is generating ideas 
and elaborates tacit knowledge through problem 
solving and suggesting topics to be discussed. 
This knowledge could be stored in a multime-
dia database from where it is easier to extract 
knowledge. Tacit knowledge is shared in VCops 
through technology using several tools. VCops 
requires resources to operate its functions such 

as, space for members meetings, database to 
store discussions, information ideas, ways to 
share tacit knowledge and also, record activities. 
The designer decided to make the following 
resource available:

Member meeting‘s space: members of 
a community require a place to meet face to 
face or virtually, this space needs to be easy to 
access to enable members to interact and com-
municate asynchronously by leaving comments 
and ideas. The virtual space is provided online 
via software such as forums, online chat, and 
virtual meeting rooms and e- conferencing.

Figure 4 shows the Forum which is an 
essential part of the website infrastructure. A 
professional community should be restricted 
by rules such as initial registration for the ID 
and password. Access is just for the community 
member themselves; Ontocop is accessible by 
these criteria.

By inviting people after activation of their 
account. Pseudonyms are not permitted.

Obviously in a physical space members 
communicate face to face yet in the virtual 
community members can do it through tech-
nology using e conferencing and chat. Figure 
5 shows a Chatting page, which provides com-
munication between members online to debate 
specific topics.

Figure 6 shows the Event management 
calendar which is the record of the community’s 
activities. The Community needs software to 
record concepts to generate ideas for ongoing 
discussions. These general concepts help to 
suggest topics and future activity. As a calendar 
of events or activity it can be in electronic 
format to update frequently and also, as a record 
of the past events.

Figure 7 List of members of Ontocop: a 
community needs to identify their members. 
Members are identified by a list to clarify who 
are actually members of the community. Veri-
fiable members in ontocop have profiles kept 
as a record in the database. A member profile 
helps to create a social network by linking 
members with the same interest.
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Figure 8 shows the Ontology page, which 
allows members to follow the developments in 
building the ontology.

Figure 9 shows the feed back page, which 
helps to improve the ontocop for users.

Figure 10 illustrates Link of Questions and 
Answers FQA to give clarification about am-
biguous points in the community.

Figure 11 illustrates Link to contact us, 
which contains a form to email the subject of 
issues to clarify or to contact the moderator. It 
Links to members of Ontocop: Trust is vital in 
the online community as well as in a virtual 
community of practice.

4.2. Ontology Life Cycle Model of IS

4.2.1. Specification

Building ontology followed many steps as men-
tioned above. We now attempt to describe each 
phase by representing the visual construction.

Analyzing the purposes and goals of build-
ing ontology from the beginning is very impor-
tant to help in the development process and to 

avoid any inconsistency between classes of the 
ontology. Also, it is vital to identify why this 
ontology is being build and for what purpose.

4.2.2. Conceptualization

4.2.2.1.	Building	the	Glossary	of	IS:

The initial stage in building a conceptual model 
of ontology is creating a glossary of terms, 
which includes many terms that refer to the 
same concepts. The glossary contains main 
terms and all the related terms in the domain, 
synonym, acronyms and a simple description 
for each term that is included in the ontology. 
Also to build relations between them to avoid 
any ambiguity (Table 4).

4.2.2.2.	Taxonomy	of	Classes	and	Hierarchy	
Building	Of	Concepts	and	Relations

The method s of creating a taxonomy are based 
on both Top- down and bottom- up approaches 
(Turk, 2006), to allow the identification of 
concepts to control the level of detail (class 

Figure	4.	Ontocop	forum
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Figure	5.	Ontocop	chatting	page	

Figure	6.	Ontocop	chatting	page	
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Figure	7.	Ontocop	members	list	

Figure	8.	Ontology	page
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–subclass – partition-of). Top- down approach 
emphasises the planning and complete under-
standing of domain modelling which starts with 
modelling concepts and relationships in every 
generic level of knowledge, and specialized into 
specific concepts. The IBM researcher Harlan 
Mills and Nicklaus Wirth initially promoted 
this approach. The main feature of top—down 
strategy is to control the level of details.

To cover domain hierarchy building ontol-
ogy information science followed methods of 
Top down to classify the concepts and instances. 
The method top down provides relations be-
tween concepts by using the information dic-
tionary to express the meaning of each.(Fox, 
1992; Guruninger & Fox, 1995) (Figure 12).

The main reason for adopting the bottom- up 
approach has been increased popularity since 

object oriented programming emerged in 1980. 
Also, the domain of Information Science is new 
so no ontology already exists. The bottom up 
approach is more appropriate. The implementa-
tion of this approach is generalising individuals 
and instances to general concepts, as illustrated 
in Figure 13. The strategy is identifying the 
specific concepts to be generalized into abstract 
concepts, to compose a whole system.

4.2.2.3.	Concepts	Dictionary

Ontology identifies relations and instances 
attributes to each class; they should be well 
defined in the dictionary to organize all classes 
and their relations in the domain. The dictionary 
includes domain concepts and their meaning, 
and class attributes and instances. Table 5 shows 

Figure	9.	Feedback	page	
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the concepts dictionary of information science. 
This table provide concepts name, while class 
attributes present information that describes the 
classe itself and its value.

4.2.2.4.	Building	Binary	Relation:

Binary relations between concepts contained 
is in the concept dictionary as shown in the 
simple diagram of the binary relations in the 
IS ontology. If an information class has a fact 
as subclass the relation is named Has-A, the 
inverse relations will be Is- an elementOf. See 
Figure 14 the binary relations will sort it in a 
table to help identify the correct binary relations.

4.2.2.5.	Formalization:

This means to put the code of explicit concep-
tualization of the domain concepts captured 
in previous stages in to some formal language 
based on the conceptual model. The output of 
this system is IS Ontology. Implementation 
of IS ontology is encoded by using Protégé. 
The following classes were created; Actors, 
Method, practice, Studies, Mediate, Kinds, 
Domains, Resources, Legislation, Philosophy 
& theories, Societal, Time, space to create the 
asserted model of IS Ontology, as shown in 
Figures 15a and 15b. The attributes are created 
in properties tap and data tap. The relations are 
created in object properties tab.

4.2.2.6.	Ontology	Valuation

Valuation means that consideration guarantees 
the stability and accuracy of the ontology. Valua-
tion of the ontology avoids concepts duplication, 
excessiveness and inconsistent relationships 
to make understanding simpler. Furthermore, 
Completeness ensures the ontology includes 
all concepts, relationships, and axioms relevant 
to the domain. Also, consistency to ensure it 
includes contradictory information.

Ontology needs to evaluate based on met-
rics of ontology quality. The metrics of ontology 
quality is based on a semiotic framework (Bar-
rona et al., 1999), which is divided into these 

branches: Semantic quality, Syntactic quality, 
Pragmatic quality and Social quality.

Semantic quality: to know how the ontology 
is reflected its through universe of discus-
sion. To ensure there is no confounding 
and contradictory concepts. Also, ensuring 
consistency of the terms with their mean-
ing and clarity.

Syntactic quality: checking how ontology is 
written to ensure ontology syntax does not 
contain any errors. Thus, ensure of richness 
and complexity of syntactic aspects of the 
ontology, not just correctness.

Pragmatic quality: to ensure the accuracy of 
information and relevance these infor-
mation for the task. It also, guarantees a 
comprehensiveness of the ontology classes 
and properties and ensuring how it is easy 
to understand for end-users.

Social quality: is related to the history of the 
ontology that measures how long and how 
much the ontology has been used.

Gomez-Perez and others (Gòmez-Pérez et 
al., 2004), provided two approaches to evaluate 
ontologies as follows:

• Terminology evaluation: can be done 
from a technical or expert’s opinion of the 
ontology, to ensure terms are defined well 
and follow a particular method during the 
development process.

• Taxonomy evaluation: Taxonomy is the 
backbone of the ontology and the main 
components. Taxonomy evaluation ensures 
that ontology is classified consistently 
and completely, If not the ontology will 
have many errors. If we say that computer	
scientist is a subclass of Information	pro-
fessional, and Information	professional is 
a subclass of computer	 scientist. And if 
we say public	library and School	library 
have emerged from the partition of class 
(library). And the ontology indicated to 
the public	service as common for both. It 
is called circularity.
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6. ANALYSIS AND DISSECTION

To date, the members at Ontocop have al-
ready collaborated for some time. Thirty (30) 
participants responded and they have actively 
participated.

1.  The core group review events and topics 
to be discussed from the calendar.

2.  Some critical points have emerged to 
measure the success of Ontocop at this 
stage. As widely known, creating a social 
network is a big challenge:
 ◦ Trust: Members need to know each 

other. Interview potential members of 
Ontocop by arranged virtual meeting 
using chat tools, to introduce them-
selves and to get to know existing 
members. Furthermore, creating a 
members profile page to display their 
information.

 ◦ Education: To provide some infor-
mation about the website to educate 
people, since people do not know 
how to contribute they will not get 
involved. Creating a section in Home 
page covering simple guidelines for 
these criteria e.g., “Getting Started” 
to explain how to register.

 ◦ Guide	&	Template: there is an as-
sumption that people panic when 
they view an empty page. Prepared 
examples in the forum help members 
participate effectively by writing down 
some definitions and argument issues, 
following the templates.

 ◦ Refreshing: encourage the commu-
nity to keep the content up to date and 
interesting for everybody.

 ◦ Easy	access: Ontocop is not commer-
cial website, but it could be accessed 
using search engines.

Figure	10.	FQA	page	
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 ◦ Authentic	 and	 personal: present 
the developer of ontocop in “About” 
to let people know the person behind 
Ontocop.

The great challenge in this community is 
to know how it will develop over time. I will 
outline a potential future and some intention 
of Ontocop:

Potential:	As a beginning it is essential to 
find out who will participate in the community 
and be a member of it, to share common back-
ground and experience. This helps to make it 
less challenging.

The initiative stage started with inviting 
people to be a core group in Ontocop, which 
began as follows:

1.  Collecting information about people who 
work in the Information science (IS) field 
into the database to make sure that the po-
tential numbers of members of Ontocop are 
likely to join the project, and preparing the 
database to be ready at the time of invitation. 
The total number of people is (1633) from 
(58) universities around the world.

2.  Collected data is requested: first name, 
last name, full address, email address, 
picture and their WebPages and interests; 
thereafter, sending an invitation letter in-
cluding URL of website. This stage helps 
to determine whether or not they are willing 
to share in the community, by sending an 
email to prepare them before starting.

The core group is professionals involved 
in Library & Information studies- computer 

Figure	11.	Contact	page	
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science departments at universities around the 
world, in different geographical locations. As 
illustrated in Figure 17.

On the other hand, it is important to ensure 
members feel that they are participating at a 
voluntary level and that their participation will 
keep them up-to-date in their field.

Community members share a common 
interest in the subject area. They discuss and 
provide feedback on ongoing process such as 
evaluating the preliminary conceptual model of 
the ISO by display graphs on the website. The 
feedback improves innovation and productivity 
(Figure 18).

To take Ontocop a step forward, I have 
outlined some stages that have been taken place:

1.  Launch the Ontocop with a kick-off.

2.  (1633) emails sentin November and De-
cember, 2009 respectively. (15) People 
responded offering their support. While, 
(112) emails failed through a mistake in 
the mailing address. By January and Feb-
ruary 2010 the number had increased to 
(30) active participants. Overall, the most 
emails sent were in November 2009 about 
(74%) while in January and February 2010 
approximately (12%).

The result of participations on the commu-
nity is derived from the website analysis tool 
Piwiki. Piwiki provides details on the Ontocop 
website for visitors. Using this tool helps to 
assess how and when users have been visiting 
the website. Visitors started visiting the com-
munity and participating in January 2010, and 

Table	4.	Glossary	of	terms	and	concepts	of	IS	

Concept	Name Synonyms Acronyms Description Type
(class,	

instance)

Abstract theoretical - Summarises contents of document, and it 
is usually accompanied by description and 
bibliography to give access to the original 

document[1]

class

Artificial Intel-
ligent

Thinking ma-
chines

AI An area of computer science focusing on 
mimic human ability. 

This device and applications is used to 
make decisions.

class

abstracting & 
indexing

- - Service provides bibliographic citation 
and abstracts of the literature in a specific 

subject.

class

abstracting Process of extracting key information 
from the document. This process is 

complementary to the indexing

class

abstracting 
journal

abstracts of 
articles

- A journal that specializes in providing 
summaries

class

abstracting 
service

- - A commercial indexing service that 
provides both a citation and a brief sum-
mary or abstract of the content of each 

document indexed

class



74   International Journal of Information Retrieval Research, 1(2), 56-79, July-December 2011

Copyright © 2011, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Figure	12.	Top	down	approach

Figure	13.	Bottom-up	approach

Table	5.	Concepts	dictionary	of	IS	

Concept	Name Class	attribute Instance	attribute Relations

Public Library Library type Name, size, service Is part of, has relation 
with

Anglo-American Cata-
loguing Rules Roles name standards Is kind of

Digital Video Disc - size Has A, Is A

digital library Library type Name, URL Is part of, subclassOf
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Figure	14.	The	binary	relations

Figure	15.	Fragment	of	ISO	classes(top);	Fragment	of	IS	ontology	(bottom)
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the number increased in Feb., Mar, and April 
respectively as illustrated in Figure 19.

7. CONCLUSION AND 
FUTURE WORK

To conclude, a virtual community of practice 
is potentially the ultimate learning atmosphere 
within collaborative cultures. This paper pres-
ents a small part of the theory that is behind 

VCops to make clear the positive effects which 
are included in the ISO. Thereafter, however it 
discusses a variety of aspects for transferring 
the concept of community of practice from the 
physical to the virtual. Therefore, this paper 
presents the Ontocop Information Science 
community as a system and tool to visualise 
the domain knowledge of IS, and demonstrate 
how it will be a basis for the future of VCops, 
for Information specialists to develop their 
professional knowledge.

Figure	16.	Errors	in	ontologies

Figure	17.	Illustrates	percentage	of	participants&	countries
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Figure	18.	Display	the	preliminary	conceptual	model	of	the	ISO	on	ontocop	
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• Ontology of information science helps to 
identify the features of this science which 
mainly consists of an overlapping set of sci-
ences which made it difficult to determine 
its boundaries, such as Library science, 
Computer science and archival science.

For furthers research the ISO ontology 
needs to integrate with other ontologies to 
provide a basic knowledge for a semantic web 
to leverage information retrieval, for instance 
Social science, Cognitive science, philosophy, 
law management and mathematics. Any science 
has the same basic concepts generated in ISO 
which is Actors, Method, practice, Studies, Me-
diate, Kinds, Domains, Resources, Legislation, 
Philosophy & theories, Societal, Time, space. 
These general concepts could be linked with 
other sciences to create top level ontologies.
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