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Chapter 3 – Case Study : Data Pre-Processing 

 
3.1 Test Case Based on Data Pre-Processing 
 

This chapter describes the experimental considerations and problems experienced 

when finalizing the experimental methods for this study. The experimental method 

includes a collection of different techniques. This covers the conceptual design of the 

experiment for the introduced solution, their derivation from available literature, and 

details of the experiments conducted to evaluate the validity of the proposed concept. 

The following sub sections will describe the experiments conducted in each area of 

the research in a descriptive manner.  

 

• This study proposed to carry out the following steps.  

Gather data sets and store them in a common format 

Filter and organize data in a format which can be used for categorizing 

Identify relationships between data items. 

Identify the word distribution within the documents and between the 

documents.  

Identify similar groups of documents based on its content.  

Apply clustering to the data set.  

Model the results graphically and statistically.  

 

Most of the previous work is based on co-occurrences of words in the text document. 

This study considers the document title and key words to categorize documents. This 

study is based on the comparison of two document categorization approaches. One 

approach categorizes documents based on the title of the article, whereas the other 

approach categorizes documents based on the frequency of the words in the article.  

These approaches use both clustering and classification techniques to extract 

knowledge, based on the content of the documents.  

The study experimented with two data representation strategies. The first approach 

has considered only the document titles and extracts five words from each document 

and performs clustering. It is assumed that in most articles, it is easy to extract the 

main idea of the document with the first five key words in the title which have high 
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frequency. The second approach has counted the occurrences of extracted words in 

the document context and has used the first ten words which have the highest 

frequency, for clustering.  

This technique relies on word count information and additional semantic or 

grammatical information was not considered for this study. Data consists of textual 

data with noise; hence some attributes are irrelevant to the classification task. Since 

the data is extracted from raw data files, relevant analysis on data will be performed 

to remove redundant attributes from the learning process. A data cleaning and pre-

processing algorithm was used to avoid the interference of irrelevant words during 

the clustering by removing articles, prepositions, conjunctions and common words. 

Word frequency means the number of occurrences a word appears in a given 

document.  Frequency counts were used to determine the sufficiently significant 

words in each document. Every word presents itself only once in the text 

representation. This helps to extract only the major set of words.   

 

• Possible pre-processing steps to  

Assign weights to document title words as twice the weight of body words  

Remove stop words, numbers and mixed alphanumeric strings  

Perform stemming  

Remove the words that appear in a leser number of documents  

 

The number of variables that describe each document and the number of clusters 

need to be decided on, as the first step of this process. This study has taken five 

variables for the title data representation and ten variables for the abstract data 

representation. In addition, the clustering process has experimented by varying the 

number of clusters.   

In this study, K-means and Expectation Maximization techniques were used to 

cluster the data. Three classification techniques, Naïve Bayes, J48 and NNge, were 

applied to predict the precision of the clustering. Naïve Bayes classifier chooses 

numeric estimator precision values based on the analysis of the training data. The 

WEKA tool is used to perform clustering and classification. 
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The main tasks of this test case are as follows: 

I. Data cleaning: Applied a data cleaning and noise removal algorithm which 

extracts only the necessary words from each text file. The algorithm eliminates 

prepositions, symbols, numeric form of numbers, proper nouns, punctuation 

marks, commonly used words, abbreviations and other non-alphabet characters 

II. Data pre-processing: This study experimented with two approaches. The first 

approach extracts the necessary words only from the title without considering 

the content and stored in a one file, so that a row represents the keywords 

relevant to a one document title. The second approach counts the number of 

occurrences of each word in the context and extracts ten words with the highest 

frequency, from each document. All extracted words were stored in a matrix, 

so that a row represents the highest frequency words for a given document. 

III. Document categorization: Applied K-means clustering algorithm on the pre-

processed data and identified different clusters, which each document belongs 

to. The experiment was done with both 35 and 50 clusters. Expectation 

Maximization techniques was also used for clustering. This helps to figure out 

the distribution of documents between the clusters and to decide a better 

number of clusters which can be used to group the documents.  

IV. Document classification: Applied three classifiers Naïve Bayes, J48 and NNge 

on the categorized data to verify the precision of the categorization and to 

select a better classifier which can be used for text document classification.  

V. Analyze results: Computed the mean, mode, maximum, minimum, variance, 

co-variance of the obtained results to analyze clustering process. Then it 

identified the documents that can be categorized together. Next it compared the 

cluster distribution and the precision of the two approaches and identified the 

better approach. 

 

The selected data set for this study is publicly available at UCI KDD archives. The 

‘nsfabs’ data set consists of 129,000 abstracts, one per file. It describes the NSF 

(National Science Foundation) awards for basic research during the period 1990-2003 

[55]. The common structure of the abstracts helps to extract information such as title, 

author, date and the content. For simplicity we used only 500 abstracts for testing. The 

state-of-the-art classification algorithms tend to achieve high accuracy on this data set.  

This application is implemented as a browser independent Java application. Java was 
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selected due to its full featured library and its ability to execute across multiple 

platforms. Also it supports UNICODE font. The code was written using JDK 1.4 and 

is entirely pure Java.  

It shows that the using of document titles for clustering the documents is better than 

using the frequency of words to match similar documents which contain research 

paper abstracts [54].  

Since this approach cannot be validated without a proper experiment, the next chapter 

will discuss about the conducted experiment methodology.    

 
3.2 Concept Model Case based on Agent Technology 

 
Software agents can work autonomously and observe and learn. A single agent can 

cover only a small portion of a complex problem. In a multi-agent system, agents 

cooperate and interact with each other. Each agent has incomplete information or 

capabilities. Agents work together to achieve a global objective [51, 52, 53].   

 

• Design issues of the agent based system [48] 

Simple to configure and use 

Non-intrusive: user should not be aware that they are using an agent 

Responsive: Agent should perform fast 

Cross platform: agent should be able to run on different operating systems.  

 

The system consists of a set of agents which can be used to categorize text 

documents. The agent system percepts the arrival of a set of text documents and 

applies needed processing steps to categorize those documents into a set of 

groups based on their content. Then it displays the category information to the 

user.  

Once a collection of new text files arrives through the UserInterface agent, it 

stores the files as raw data and informs the DataPreProcess agent to start pre-

processing. First it applies data cleaning on the original data set; to make it easy 

to extract words with a high occurrence. This approach relies on word count 

information, which leads to the main idea represented in the document. The 

DocumentCategorize agent takes the pre-processed data and applies clustering 
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techniques to extract knowledge and group the documents based on their content. 

The ResultAnalyse agent takes the clustered data and analyses and passes the 

output to the UserInterface agent to display the results.  

In this system, there can be agents to filter and retrieve data, as well as categorize 

documents. Knowledge query and management language (KQML), where each 

expression is a speech act described by a performative, can be used as the agent 

communication language.   

Although, this model covers a significant amount of agent based technologies and 

approaches, which were considered as out of the scope of this research, this was not 

considered for the implementation or testing. Nevertheless, this is undoubtedly a 

valuable, possible research area, where one could research further.   

 


