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Chapter 6 – Discussion 

 
This chapter includes a summary of a comprehensive analysis to cover the entire 

findings of the research. In fact, what are included here are not the experiment results 

or findings in detail, because the empirical findings and their analyses were already 

discussed. This research was primarily targeted to find an approach to categorize 

documents written in the Sinhala language. The experimental results have shown 

interesting implications for text categorizing.  However, there are some possible 

improvements that can be done, such as applying hierarchical clustering as the future 

extension to this research. These will be discussed in this chapter in detail.  

In brief this research can be divided into two main activity phases. As the first step of 

this research, data representation experiments were carried out as a pre-processing to 

the categorization process. Afterwards, the categorization processes were performed 

to group the documents based on the relationships between the documents. 

 

6.1 Study Outcome 
 

After referring to literature, the research design and the implementation 

methodology were identified.  

The data pre-processing case study compares two document representation 

approaches; one is based on the article title and the other approach is based on the 

word frequency of the content of the document. Here every word was presented only 

once, in the text representation, so that it extracts only the major set of words.  The 

objective of this study was to show that the approach based on document titles, gives 

better performance than the approach based on the document context word 

frequency. Since the title of a document indicates the key features of an article, it is 

easy to extract the main idea of the document, by giving more weight to the 

document title [54]. The study finds an acceptable data pre-processing method which 

can be used to categorize similar documents such as research papers and articles into 

one category. However, this approach cannot be applied to each and every document 

because some documents may not contain a title, but instead have some text. 

Considering the test case mentioned in the section 3.1, it can be observed that the 

title of an article plays an important role in the categorization process. 
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The second test case based on the agent technology is mainly focused on the data 

and control flow between the processes. This approach can be used to perform the 

categorization process in a more convenient way by reducing the overloaded data.  

The pre-processing stage of the methodology removes the common words such as 

articles, prepositions, conjunctions etc. and extracts the first 100 terms from each 

document. This processing is useful to identify the significant vocabulary and to avoid 

the unnecessary interference during clustering.  This has considered the first 100 

words from each file because most of the time the first set of words provides the main 

idea of an article and the other text provides the supporting details. Moreover it is 

used to reduce the dimensionality of the word matrix and it leads to an optimal 

processing time.  

In the process of creating the word-document frequency matrix, frequency counts 

were used to determine the words which are sufficiently significant in each document. 

Transformations were applied to increase the performances in the categorization 

process. It is complex to categorize documents by considering only the co-

occurrences of words because most of the time the key words of the text may not 

appear in the document with a high frequency. When considering text categorization 

by using only the word frequency, the words with a high frequency can lead to a 

wrong document category. It can use a lot of synonyms to refer to the main idea of the 

document, so that it reduces the frequency of those words. Furthermore it is hard to 

consider synonyms, phonemes, tenses in each and every word available. Therefore the 

methods such as counting the word frequency to identify the categories may not work 

accurately.  

As mentioned in this research methodology, techniques such as SVD and other 

clustering techniques such as GMM and K-means were successfully used to handle 

the issues with the word co-occurrence approach. 

As a pre-categorization process, the research has used LSA categorization technique 

with the use of SVD. This was used to produce a set of concepts related to the 

documents and terms. Since LSA does not require an exact match to return a useful 

result, this can be applied to categorize semantically close documents that do not 

share a given keyword. Generally a large singular value indicates a large effect of the 

dimension on the sum squared error of the approximation, so that the study has 

selected only the important dimensions with the highest singular values and the 

corresponding singular vectors, to create the similarity matrix. This number of terms 
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should be large enough to fit the real structure in the data, as well as small enough to 

eliminate unimportant data. The research has calculated the correlation of the 

documents using the similarity matrix, to describe the degree of relationship among 

documents. This is one of the commonly used statistical analysis methods to describe 

the degree of relationship between two variables.  

A checker-board graph is used to analyse these obtained results graphically, which 

maps the elements in the matrix to a colour map. The checker-board graph 

methodology was specifically used here to give a clear result to make it more 

understandable from the general point of view. It is essential to mention that there are 

a number of different and accurate methods for the same analysis such as K-Means 

and Gaussian Mixture Model as mentioned in the Methodology section above. In 

general cases just identifying the number of clusters or the documents which are 

related to each other will not yield a final effective conclusion for those analyses. 

However these results are of an intermediate nature which needs to be utilized for a 

further analysis to obtain meaningful relationships between the documents. In such 

cases the mere probabilities or cluster centroid values from K-Means or GMM can be 

used for further processing. However, the values given as the output, from these 

methods are not good enough to show the outcome in a clearer way such as the 

checker-board method as it gives clear clustered areas to the naked eye in a graphical 

way. Nevertheless, for a large number of documents, the checker-board method is not 

effective as there can be a larger number of clusters. Therefore, for the processing 

purposes it is essential to use K-Means or GMM approaches to obtain the clusters and 

their respective measures. In this analysis also these two methods were used to cross 

examine the accuracy of the research approach. However for the sake of giving a 

graphical output of the clustered documents this checker-board method was used here 

as it visually represents the results.   

The results obtained from the GMM and K-means clustering techniques have shown 

significant document categories. The posterior values of the class mean obtained from 

the GMM clustering verified the grouping of documents more accurately. Moreover 

as described in the previous chapter, the K-means algorithm has verified the 

previously obtained results by indicating the cluster a given document belongs to.  
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As the final step of the testing process, the research has used performance analysis 

criteria to evaluate the time taken by the categorization process as well as the 

accuracy of the categorization when the number of documents increases. When 

considering the computational time, the time value is gradually reducing the rate of 

increase as the number of documents increases.  When considering the accuracy levels 

of different techniques, both GMM and K-means clustering techniques with LSA, 

give similar accuracies with higher values.  According to the above mentioned facts, it 

can be concluded that, this study leads to a better categorization approach for the 

document with Sinhala text.  

 

6.2 Experimental limitations 
 

An important section which should be included in this discussion is about the 

limitations of the conducted experiments. Typically, if two documents describe the 

same topic with a different vocabulary, or use the same terms to describe different 

topics, it is hard to comprehend those documents. This can lead to categorizing the 

documents in an inaccurate way.  

Moreover the developed software tool which was used for the experimental purposes 

only supports the Unicode supportive fonts. Therefore the experimental samples were 

limited to such text documents which have only Unicode based Sinhala fonts.  

Furthermore, in some clustering techniques, such as LSA, it is difficult to identify the 

exact relationship between documents using the similarity values, when the sample 

size increases.  

 

6.3 Future Work 

   
The proposed approach has shown some interesting results according to the 

experiments. However, several important issues can be addressed and some 

improvements can be made, such as applying hierarchical clustering. A binary tree 

can be used to filter new incoming documents by placing each new document in the 

relevant leaf node and identifying the related cluster associate with it. It is possible to 

apply some more data pre-processing techniques such as handling synonyms, 

phonemes and the words with different tenses. Moreover this approach can be 
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extended to categorize documents written in other Indic languages. This system can 

be further extended to applications such as analyzing insurance claims, automatic fax 

processing, e-mail filtering and many more applications.  

 

6.4 Summary 
 

The conducted research revealed much insight to build a better text categorization 

system for all practical purposes.  Considering all these, this study has identified a 

possible approach to categorize text documents written in the Sinhala language. The 

approaches GMM and K-means with LSA have shown good performance in 

computational time, as well as in cluster accuracy. There are some possible 

recommendations to be carried out in the future, as further improvements and research 

areas related to this study. Those will be discussed in the conclusion.    

 


