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______________________________________________________________________________

ABSTRACT 

 

Feature selection [2] is a method used for improving the efficiency and accuracy of text 

categorization algorithms. It reduces the dimensionality by removing the redundant, irrelevant or 

noisy data from the large data set so that data quality is improved which   increases algorithm 

speed. Existing methods perform well but the problem is which method is good. In this paper, we 

compare different feature selection methods which are based on Chi Square methods and  

propose a new supervised feature selection method. 

______________________________________________________________________________ 

1
 corresponding Author 

 

INTRODUCTION 

 

In most of the previous research it is shown that sometimes the feature selected on the basis of 

higher values ignore the  relevant terms. In this research, we try to resolve this problem by  

extending the χ
2
 term-category independence test This new development describe the category 

dependency more accurately.  

We also developed a new supervised feature selection method, named NFS, which is based on 

the χ
2
 statistic and the χ

2
 term-category dependency measure which selects features having strong 

dependency on the categories.  

This paper is divided into four sections  

1. Chi square test 
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2.  χ
2
 Category Independence Test  

3. Category Dependency Measure (Rw,c) 

4.New Feature Selection Method (rχ
2 
) 

 

1. CHI-SQUARE TEST 

 

Chi-square test uses the chi-square statistic to test the fit between a theoretical frequency 

distribution and a frequency distribution of observed data for which each observation may fall 

into one of several classes. The chi-square distribution is used to compare the goodness of fit of 

theoretical and observed frequency distributions. The goodness of fit of a statistical model is 

defined as how well it fits a set of observations. Measurement of goodness of fit summarizes the 

differentiation between observed values and the values expected under the model. Such measures 

are used in statistical hypothesis testing. A statistical hypothesis test is performed for making 

decisions using data.  

 

2. Χ
2
 CATEGORY INDEPENDENCE TEST  

 

The χ2 category independence test is a feature selection technique used in text mining and 

information retrieval. Terms are ranked by their χ2 statistics value. The χ2 statistic has a natural 

value of zero if w and c are independent. Terms that have strong dependency  to the categories 

are selected as features χ2 value for a term is obtained by comparing the observed co-occurrence 

frequencies in a 2 way contingency table with the expected frequencies when they are assumed 

to be independent. Table 1 contains w labeled documents, which fall in c categories, a 2X2 

contingency table is formed for each term. Expected frequency E (i, j), where I represent the 

presence or absence of a feature and j represents whether the document belongs to a category is 

calculated using: 

 

 

 

The χ2 statistic is defined as:  

http://en.wikipedia.org/wiki/Statistical_model
http://en.wikipedia.org/wiki/Statistical_hypothesis_testing
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TABLE 1 

2X2 contingency table 

 C ⌐c ∑ 

W 90 35 125 

⌐w 50 350 400 

∑ 140 385 525 

 

Degrees of freedom is used to determine whether a particular null hypothesis can be rejected 

based on the number of variables. Thus, the “degrees of freedom” for a contingency table 1 of 

dimension r =2, c = 2  is (r-1) x (c-1) is 1  where r is the number of rows and c is the number of 

columns The value obtained is compared with the value in the standard χ2 tabulation for the 

determined degrees of freedom with confidence level 0.1%. The value in the table for the 

degrees of freedom 1 with 0.1% confidence level is 10.83. For the above example, the expected 

values are E (w, c) = 33.33, E (w, ⌐c) = 91.66, E (⌐w, c) = 106.67 and E (⌐w, ⌐c) = 293.33. χ 2 

value is approximately 172 which is much more than 10.83, hence null hypothesis is rejected and 

alternative hypothesis is to be considered and it is assumed that there is a dependency between 

the word and the category. Now when it is assumed that there is a dependency, goodness-of-fit is 

used to decide the dependency.  

 

 

 

Where, p (cj) is the probability of the documents to be in the category c j . 

 

TABLE 2 

2X2 contingency table 
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 C ¬c ∑ 

W1 50 350 400 

¬w 90 35 125 

∑ 140 385 525 

 

It may be observed from Table 1 that there is positive dependency between w and c since 90/140 

≈ 2/3 of the documents in c contain w and 90/125 ≈ 3/4 of the documents containing w are in c. 

Whereas it is not clear whether the term w1 has a positive dependency with c, 50/140 ≈ 1/3 of 

the documents in c contain w and 50/400 ≈ 1/8 of the documents containing w are in c. 

 

3.CATEGORY DEPENDENCY MEASURE  (RW,C) 

 

In the previous section it is found that CHI does not fully explore all the information provided by 

the χ
2 

category independence test. Let’s analyze where is the problem Compare Table 1 and 2. 

We can find both tables produce the same χ
2
 statistic with χ

2
w,c = χ

2
w’ ,c = 172. This shows that χ

2
 

statistic is not providing proper result.  

Now to resolve this problem a Category Dependency Measure is proposed. We define our 

criterion for the relevancy of a term w to a category c as: the term w should have strong 

dependency on the category c. To evaluate the dependency between a term and a category Rw,c, 

defined as: 

 

Above equation can be interpreted with the probabilities as follows: 

 

 

if there is no dependency between the term w and the category c , then Rw,c should be close to 1. 

If there is dependency, then the observed frequency should be larger than the expected 

frequency, hence Rw,c should be larger than 1. If there is negative dependency, Rw,c should be 

smaller than 1.  

We estimate that the term w is relevant to the category c only when χ2 is statistically significant 
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and Rw,c is larger than 1. Using the above Equation, we get Rw,c = 9.77 for Table 1 and Rw ,c = 

-7.76 for Table 2. Based on our criteria, the term w has strong dependency on the category c and 

is relevant to c, A variant of the χ2 statistic, named correlation coefficient, can be viewed as 

“one-sided” χ2 statistic. The correlation coefficient C for a term w and a category c is defined as:  

 

 

 

The relation between Cw,c  and    is   

 

A simplified variant of the χ
2
 statistic was proposed in [2]. It is based on the correlation 

coefficient, and called GSS coefficient in [4]. The GSS coefficient sχ
2
 for a term w and a 

category c is defined as: 

 

 

 

The following example explains the difference between Rw,c, χ
2
 statistic, and its two variants in 

details. 

TABLE 3 

7 DOCUMENTS IN 3 CATEGORIES WITH 5 TERMS 

 C1 C2 C3 

W1 D7 D1,D2,D3,D5  

W2 D6,D7 D1,D2,D3,D5  

W3 D6,D7 D1,D2,D5  

W4  D2,D3  

W5   D4 

 

From Table 4. Let’s look at the distribution of the term w2 in the categories c1 and c2: all the 

documents in the categories c1 and c2 contain the term w2. Based on Table 3, we can estimate 

that the term w2 is more relevant to the categories c1 and c2 because χ2w2, c2 is larger than χ
2

w2,c1 , 

The statistical values of the correlation coefficient[1] and the GSS coefficient also show the same 
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trend, because the values of χ
2
, C and sχ

2
 are affected by the sizes of the categories, and the size 

of c2 is a double the size of c1 and the three method emphasis on bigger sizes. On the other hand, 

our Rw,c is not affected by the sizes of the categories, thereby Rw2,c1 and Rw2,c2 are the same 

(1.17).  

 

TABLE 4 

STATISTICAL VALUES FOR THE TERM w2 WITH THE CATEGORIES c1 AND c2 

 

 
    

 0.47 0.68 0.04 1.17 

 1.56 1.25 0.08 1.17 

 

4. NEW FEATURE SELECTION METHOD (rχ
2
) 

 

 CHI uses the maximum or average χ
2
 statistic value. The maximum and average χ

2
 statistic 

values of the terms are shown in Table 5. On the basis of    χ
2

max values, we can obtain a list as 

(w5, w2, w1, w3, w4). If we select the top three terms from this list, {w5, w2, w1} will be chosen. 

However, this selection is not good for text clustering. First, w2 is ranked high and selected 

because it shows strong dependency on c3, but in fact w2 does not occur in any document in 

c3(see table 3).If the average χ
2
 statistic value of each term is used for ranking, the result (w1,w3, 

w2). This shows that CHI method can remove the terms that are relevant to a category and keep 

the irrelevant and redundant terms. To address this weakness, we propose a new feature selection 

method, named rχ
2
. Based on the χ

2
 statistic and Rw,c, : 

 

Where is the weight of in the corpus in terms of   and is defined as: 

 

This new term-goodness measure, rχ
2
(w), is the weighted sum of χ

2
w,cj statistics when there is 

strong dependency between the term w and the category cj , and a bigger rχ
2
(w) value indicates 
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that the term is more relevant. When the term w has weaker dependency on the category cj , its 

χ
2

w,cj does not contribute to the calculation of rχ
2
(w). According to the definition of Rw,c, when 

Rw,cj is larger than 1, the dependency between w and cj is strong otherwise the dependency is 

weak.. 

The steps of rχ
2
 to select z terms are as follows: 

 

1) Take a dataset i.e. already clustered or apply clustering algorithm to make it in clusters. 

2) For each distinct term in the data, calculate its rχ
2
 statistic.  

   3) Sort the terms in descending order of their rχ2 statistics.  

   4) Select the top z terms from the list.  

For the term w2 as shown in Table 5, even though χ
2

w2,c3 = 7 is the largest among its χ
2
 

statistics, the corresponding =  0  shows  that  w2  has  negative  dependency on c3. This is 

confirmed by the fact that w2 never occurs in c3 Thus, in our rχ
2
 method, rχ

2
(w2) (1.01 in Table 

5) is obtained without the contribution of χ
2

w2,c3 . Similarly, for the term w3, rχ
2
(w3) is 0.67 while 

its χ
2

max is 2.92.  

 

TABLE 5 

THE χ
2
  STATISTIC, Rw,c   AND rχ

2  
values of 5 terms

 

 

 C1 C2 C3  

          

W1 0.63 0.70 3.73 1.40 2.92 0 3.73 2.73 3.73 

W2 0.47 1.17 1.56 1.17 7.00 0 7.00 2.02 1.01 

W3 1.12 1.00 0.06 1.05 2.92 0 2.92 0.77 0.67 

W4 1.12 0 2.10 1.75 0.47 0 2.10 1.59 2.10 

W5 0.46 0 1.56 0 7.00 7.00 7.00 2.02 7.00 

 

CONCLUSION 

 

In this paper, Based on the χ
2
 statistic and Rw,c ,a new supervised feature selection method 
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(rχ
2
) is proposed which describe the dependency more accurately . rχ

2 
can be used for text 

categorization, and text summarization. Our experimental results show that rχ
2
 generates more 

cohesive clusters than the existing feature selection methods based on the χ
2
 statistic, correlation 

coefficient, and GSS coefficient. 
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