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Preface 
 

We are honored to be part of this special event in The First International Conference on 
Statistical Methods in Engineering, Science, Economy, and Education (SESEE-
2015) together with Department of Statistics, Faculty of Mathematics and Natural Sciences, 
Universitas Islam Indonesia.  
  
This first edition of the conference is a continuation of the First Workshop on Big Data and 
Hadoop Implementation which has been successfully held in the Department of Statistics, 
Faculty of Mathematics and Natural Sciences, Universitas Islam Indonesia during the period 
of September 16-18, 2015 which has attracted more than 100 participants. 
 
This first conference event we accept 26 submissions after rigorous review processes by 
program committee members of SESEE-2015. All registered and presented papers will be 
published by online proceedings and indexed by Google Scholar. The best selected papers 
will be invited by Scopus indexed journal. 
 
On behalf of SESEE-2015, we would like to express our highest appreciation to be given the 
chance to do cooperation with KOMPAS Media for their support. Our special thanks go to 
the Rector of Universitas Islam Indonesia, the Dean of Faculty of Mathematics and Natural 
Sciences, Steering Committee, Program Committee Chairs, Organizing Chairs, all Program 
and Reviewer Committee members and all the additional reviewers for their valuable efforts 
in the review process that helped us to guarantee the highest quality of the selected papers 
for the conference.  
  
We also would like to express our thanks to the three keynote speakers, Prof Dr Jemal H. 
Abawajy from Deakin University, Australia, Prof Dr Mustafa Mat Deris from Universiti Tun 
Hussein Onn Malaysia and Mr. Younes Sa’adi, MT., from Batna Universite, Algeria. We are 
also very pleased to have with us our best special coordinator in conducting this Conference, 
Dr. Tutut Herawan from Universiti Malaya, Malaysia. 
 
We cordially thank all the authors for their valuable contributions and other participants of 
this conference. The conference would not have been possible without them. We wish to 
thank the members of the student committee for their very substansial work, especially 
whose who played essential roles, Septianusa, Rudy and Ulwan.  
 
We hope that the papers become very useful references to enrich the ideas that can support 
the advancement of statistical method in various application. 
  
 
 
 

SESEE-2015 Chair 
 

RB  Fajriya Hakim 
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Abstract: The Chi-Square statistic is the primary statistic used for testing the statistical significance of the 

cross-tabulation table. The Chi-Square test is based on an approcimation that works best when the expected 

frequencies are fairly large. There is still a lack of consensus on the optimum method most texts recommend the 

use of the chi squared test and there is disagreement on the boundary between ‘large’ and ‘small’ sample sizes. 
So in this paper discussed the limitations and requirements for proper use, especially related to the minimum 

number of sample requirements for table 2x2.  

The study focussed on four  versions of the Chi Squared test the tests were: Pearson’s Chi-Squared test, Yates’s 
Chi-Squared test, Likelihood Ratio Chi-Square test and  ‘N - 1’ Chi-Squared test. From each of the test statistic 

equations, composed functions that can explain the relationship between the size of the sample (m), the 

probability of each category (k) and the amount of difference can be detected (d). Concluded that it takes a 

larger sample when the value of k nearest 0.5 and smaller when approaching a value of 0 or 1. The four test 

statistics that have the same pattern, but the statistics Yate's need a sample of the largest while the three others 

the sample sizes are nearly equal. 

Keywords:Pearson Chi-Square; Likelihood Ratio; Normal Distribution;'N - 1' Chi-Squared 

 

1. Introduction  

TheContingency table, also known as Cross-tabulation, is a joint frequency distribution of cases 

based on two or more categorical variables.   Contingency table analysis is a common method of 

analyzing the association between two categorical variables. There are two separate sampling 

strategies lead to the contingency table analysis. First, Test of Independence. A single random sample 

of observations is selected from the population of interest, and the data are categorized on the basis of 

the two variables of interest. Second, Test for Homogeneity [1]. Separate random samples are taken 

from each of two or more populations to determine whether the responses related to a single 

categorical variable are consistent across populations.  
The Chi-Square statistic is the primary statistic used for testing the statistical significance of the cross-

tabulation table. The two-way table is set up the same way regardless of the sampling strategy, and the 

chi-square test is conducted in exactly the same way. Chi-Square tests whether or not the two variables are 

independent. The chi-square test is based on an approcimation that works best when the expected 

frequencies are fairly large. No expected frequency should be less than 1 and no more than 20% of the 

expected frequencies should be less than 5. For tables larger than 2x2, the chi-square distribution with 

the appropriate degrees of freedom provides a good approximation to the sampling distribution of 

Pearson's chi-square and the Likelihood Ratio Chi-Square. However, the Chi-Square statistic is only 

approximated by the chi-square distribution, and that approximation worsens with small expected 

frequencies. When we have very small expected frequencies, the possible values of the chi-square 

statistic are quite discrete. The general rule is that the smallest expected frequency should be at least 

five. However Cochran (1952), who is generally considered the source of this rule, acknowledged that 

the number "5" seems to be chosen arbitrarily [3]. 

Statistical test of 2 × 2 tables have been under discussion for a hundred years and dozens of 

research papers have been devoted to them. However, there is still a lack of consensus on the 

optimum method most texts recommend the use of the chi squared test for large sample sizes and the 

Fisher-Irwin test for small sample sizes, but there is disagreement on the boundary between ‘large’ 
and ‘small’ sample sizes [4]. Because the Pearson Chi-Square statistics and Likelihood RatioChi-

Square statistics  are based on a normal distribution approach, so in this paper discussed the 

limitations and requirements for proper use, especially related to the minimum number of sample 

requirements for table 2x2. Two distinct research designs can give rise to 2×2 tables : Model I (Row 

totals fixed, column totals free to vary), Model II (Both row & column totals free to vary). Model 1 
66

mailto:jnugraha@uii.ac.id


 

Nugraha, Jaka., “The Ability The Chi Squares Statistics To Rejecting The Null Hypothesis On Contingency 

Tables 2x2” 

 

ISBN : 978-602-99849-2-7 

Copyright © 2015by Advances on Science and Technology 

where we wish to test the hypothesis that two proportions are equal. Model II where we wish to test 

the hypothesis of independence of two variables of classification.  

The validity of the chi-square test depends on both the sample size and the number of cells. 

Several rules of thumb have been suggested to indicate whether the chi-square approximation is 

satisfactory. One such rule suggested by Cochran (1954) says that the approximation is adequate if no 

expected cell frequencies are less than one and no more than 20% are less than five. Because of the 

expected cell frequency criterion in the second sampling strategy, it may be necessary to combine 

similar categories to lessen the number of categories in your table or to examine the data by 

subcategories 

2. Contingency Table 2x2 Analysis 

A number of experiments involve binary outcomes (i.e., 1 and 0, yes and no). Typically, these 

occur when you are observing the presence or absence of a characteristic such as a disease, flaw, 

mechanical breakdown, death, failure,  and so on. The analysis of the relationship between two 

bivariate categorical variables results in a 2 × 2 crosstabulation table of counts.  There are 2 x 2 

possible combinations of responses for these two variables. The 2 × 2 crosstabulation or contingency 

table has 2 rows and 2 columns consisting of 2 × 2 cells containing the observed counts (frequencies) 

for each of the 2 × 2 combinations.  The observed frequencies are presented in Table 1. 

Tabel 1. 2x2 Contingency table 

 B Bc Total 

A  a b m1 

A
c 

 b d m2 

Total n1 n2 N 

 

This type of analysis is called a contingency table analysis and is usually accomplished using 

a chi-square statistic that compares the observed counts with those that would be expected if there 

were no association between the two variables. Two separate sampling strategies lead to the chi-

square contingency table analysis : 

1. Test for Homogeneity (Model I). Separate random samples are taken from each of two or more 

populations to determine whether the responses related to a single categorical variable are 

consistent across populations.  In this setting, you have a categorical variable collected separately 

from two or more populations. The hypotheses are as follows: 

H0: The distribution of the categorical variable is the same across the populations. 

Ha: The distribution of the categorical variable differs across the populations. 

2. Test of Independence (Model II). A single random sample of observations is selected from the 

population of interest, and the data are categorized on the basis of the two variables of interest. In 

this case, you have two variables and are interested in testing whether there is an association 

between the two variables. Specifically, the hypotheses to be tested are the following: 

H0: There is no association between the two variables. 

Ha: The two variables are associated. 

The two-way table is set up the same way regardless of the sampling strategy, and the chi-square test 

is conducted in exactly the same way. The only real difference in the analysis is in the statement of 

the hypotheses and conclusions. The chi squared test were (1) Pearson’s Chi-Squared test (2) Yates’s 
Chi-Squared test (3) Likelihood Ratio Chi-Square test (4) The ‘N - 1’ Chi-Squared test.  

The original chi-square test, often known as Pearson's chi-square, dates from papers by Karl 

Pearson in the earlier 1900s. The test serves both as a "goodness-of-fitt" test, where the data are 

categorized along one dimension, and as a test for the more common "contingency table", in which 

categorization is across two or more dimensions. The standard Pearson chi-square statistic for 2x2 

Contingency table is defined as 

2=(ad - bc)2
N / m1m2n1n2      (1) 

Pearson's chi-square statistic is not the only chi-square test that we have.  

The likelihood ratio chi-square builds on the likelihood of the data under the null hypothesis 

relative to the  maximum likelihood. It is defined as 

2 = 2*(a*log(aN/m1n1)+b*log(bN/m1n2)+c*log(cN/m2n1)+d*Log(dN/m2n2))     (2) 
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If an expected frequency is lower than five, you have alternatives: Yates correction (Yates’s Chi-
Squared test ) and the N - 1 chi-square test. [2]  

Yates’ correction (Yates, 1934) is equivalent to Pearson’s chi-square but with a continuity 

correction.In cases where an expected frequency is below 5, Yates’ correction brings the result more 
in line with the true probability.  

2 = (|ad - bc| - ½N)2
N / m1m2n1n2      (3) 

The N - 1 chi-square test is another option.  Campbell (2007) carried out a very large sampling study 

on 2x2 tables comparing different chi-square statistics under different sample sizes and different 

underlying designs. He found that across all sampling designs, a statistic suggested by Karl Pearson's 

worked best in most situations. The statistic is defined as  

2 = (ad - bc)2(N - 1) / m1m2n1n2      (4) 

3. Calculation ofMinimumSamples Size 

 

Assuming asample size of2mbyeachpopulation ofm, observational datacan be presented 

inTable2.P(A | B) =khandP(Ac |B) =xwith0<k <1 and0<x <1. 

Table2. Tableof contingencyfor thesampleP(A | B) =k 

 B Bc Total 

A  Km (1-k)m  m 

Ac 
 Xm (1-x)m  m 

Total (k+x)m (2-k-x)m 2m 

Based onchi squarestatisticformulaas inequation(1) s/d(4), going tolook forthe 

minimumnumber of samplesthat candetect the differencebetween theproportion ofpopulationI (A) 

anda population of2(Ac). The hypothesis is 

H0: P(A|B)= P(Ac|B) vs H0: P(A|B)= P(Ac|B) 

The minimumsample sizeto be able torejectH0withsignificance levelforeachtest 

statisticsareasfollows: 

1. Pearson’s Statistics (𝑘𝑚(1 − 𝑥)𝑚 − 𝑥𝑚(1 − 𝑘)𝑚)22𝑚𝑚. 𝑚(𝑘 + 𝑥)𝑚(2 − 𝑘 − 𝑥)𝑚. ≥ 𝛼2  

 

⁡⁡⁡⁡⁡⁡𝑚 ≥ 𝛼2 (𝑘 + 𝑥)(2 − 𝑘 − 𝑥)2(𝑘 − 𝑥)2  𝐹(𝑘; 𝛼; 𝑥) = 𝛼2 (𝑘+𝑥)(2−𝑘−𝑥)2(𝑘−𝑥)2     (5) 

F(k;;x)  is a function thatshowsthe minimumsamplerequired tobe able torejectH0.  

2.  Yate’s Statistics (|𝑘𝑚(1 − 𝑥)𝑚 − 𝑥𝑚(1 − 𝑘)𝑚| − 𝑚)22𝑚𝑚. 𝑚(𝑘 + 𝑥)𝑚(2 − 𝑘 − 𝑥)𝑚. ≥ 𝛼2  


(|𝑘 − 𝑥|𝑚 − 1)22(𝑘 + 𝑥)(2 − 𝑘 − 𝑥)𝑚. ≥ 𝛼2  

⁡⁡⁡⁡2(𝑘 − 𝑥)2𝑚2 − (4|𝑘 − 𝑥| + (𝑘 + 𝑥)(2 − 𝑘 − 𝑥)𝛼2 )𝑚 + 2 ≥ 0 

⁡⁡⁡⁡⁡𝑚≥ 4|𝑘 − 𝑥|(𝑘 + 𝑥)(2 − 𝑘 − 𝑥)𝛼2 + ((4|𝑘 − 𝑥| + (𝑘 + 𝑥)(2 − 𝑘 − 𝑥)𝛼2 )2 − 16(𝑘 − 𝑥)2)1/22(𝑘 − 𝑥)2  

𝐹(𝑘; 𝛼; 𝑥) = ⁡ 4|𝑘−𝑥|(𝑘+𝑥)(2−𝑘−𝑥)𝛼2 +((4|𝑘−𝑥|+(𝑘+𝑥)(2−𝑘−𝑥)𝛼2 )2−16(𝑘−𝑥)2)1/22(𝑘−𝑥)2             (6) 
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3. Campbell’s Statistics (𝑘𝑚(1 − 𝑥)𝑚 − 𝑥𝑚(1 − 𝑘)𝑚)2(2𝑚 − 1)𝑚. 𝑚(𝑘 + 𝑥)𝑚(2 − 𝑘 − 𝑥)𝑚. ≥ 𝛼2  

 

⁡⁡⁡⁡⁡𝑚 ≥ 𝛼2 (𝑘 + 𝑥)(2 − 𝑘 − 𝑥))2(𝑘 − 𝑥))2 + 12 𝐹(𝑘; 𝛼; 𝑥) = 𝛼2 (𝑘+𝑥)(2−𝑘−𝑥))2(𝑘−𝑥))2 + 12                                           (7) 

4. Likelihood’s Statistics 𝑙𝑛 (( 2𝑘𝑚(𝑘 + 𝑥)𝑚)2𝑘𝑚 ( 2(1 − 𝑘)𝑚(2 − 𝑘 − 𝑥)𝑚)2(1−𝑘)𝑚 ( 2𝑥𝑚(𝑘 + 𝑥)𝑚)2𝑥𝑚 ( 2(1 − 𝑥)𝑚(2 − 𝑘 − 𝑥)𝑚)2(1−𝑥)𝑚) ≥ 𝛼2  

 

⁡⁡⁡⁡⁡2𝑚. 𝑙𝑛 (( 2𝑘(𝑘 + 𝑥))𝑘 ( 2(1 − 𝑘)(2 − 𝑘 − 𝑥))(1−𝑘) ( 2𝑥(𝑘 + 𝑥))𝑥 ( 2(1 − 𝑥)(2 − 𝑘 − 𝑥))(1−𝑥)) ≥ 𝛼2  

⁡⁡⁡⁡𝑚 ≥ 𝛼22. 𝑙𝑛 (( 2𝑘(𝑘+𝑥))𝑘 ( 2(1−𝑘)(2−𝑘−𝑥))(1−𝑘) ( 2𝑥(𝑘+𝑥))𝑥 ( 2(1−𝑥)(2−𝑘−𝑥))(1−𝑥)) 

 𝐹(𝑘; 𝛼; 𝑥) = 𝛼2 (2. 𝑙𝑛 (( 2𝑘(𝑘+𝑥))𝑘 ( 2(1−𝑘)(2−𝑘−𝑥))(1−𝑘) ( 2𝑥(𝑘+𝑥))𝑥 ( 2(1−𝑥)(2−𝑘−𝑥))(1−𝑥)))−1
  (8) 

 

4. Properties of Functions F(K;;X) 

The properties ofthe function F(k; ; x) illustrated using Figure 1 and Figure 2 by taking the value 

of =0.05. Figure 1 and Figure 2 describes the effects of changes in the value ofk, namely P(AB) 

and the difference between the value of P(A|B) and P(Ac|B).  

2= 3,8415 and d=|k-x| 

  
Figure 1.GraphF(k; ; x) on somevaluek Figure 2.GraphF(k; ; x) on somevalued 

 

As in Figure 1, the greater the ability to detect a difference (d smaller) the number of samples required 

is also greater. Figure 2 illustrates that the sample also needs greater when k approaches 0.5. 

Furthermore, a comparison of several test statistics can be explained in Table 3 and Figure 3 to Figure 

6. Table 3 is an example in the case of k = 0.5 and k = 0.4 which shows that (a) The number of 
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samples required at Pearson’s statistics, Likelihood’s statistics and Champbell’s statistics relatively 
similar (b) Yate’s statistics require larger samples than the three other statistics. (c) the greater the 
ability to detect a difference (d smaller) the number of samples required also getting bigger. 

Table 3. Tablecontingencyatk=0.4 andk=0.5 

Nilai d k=0,4 k=0,5 

Pearson Yate Likelihood Champbell Pearson Yate Likelihood Champbell 

0,01 18514 19454 18515 18514 19206 20173 19206 19206 

0,02 4647 5117 4647 4646 4800 5283 4801 4800 

0,03 2073 2387 2013 2073 2133 2454 2133 2132 

0,04 1170 1406 1171 1170 1199 1440 1200 1199 

0,05 752 941 752 751 767 959 767 767 

 

In general, to be able to detect the differences of the particular, Yate’s statistics require larger samples 

than the likelihood’s statistics, Campbell’s statistics and Pearson’s statistics. As in Figure 3 and 
Figure 4, likelihood’s statistics, Campbell’s statistics and Pearson’s statisticshaverelatively 

similarproperties.. The four statistic has the same pattern (as a function of d or k). 

Figure 3.The sample sizeatd=0.05 Figure 4.The sample sizeatk=0.1  

In moredetail,to determine thestatistical differenceslikelihood’s statistics, Campbell’s statistics and 
Pearson’s statistics taken short intervals. From Figure 5 and Figure 6, it appears that the order from 

the smallest sample sizer espectively : likelihood’s statistics, and Pearson’s statistics and Campbell’s 
statistics. 
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Figure 5.The sample size at k (0.01,0.04) Figure 6.The sample size at k (0.5,0.53) 

 

5. Conclusion 

Fromthe above discussionit can be concluded that (a) The higher thesample size, the ability todetect 

differences (rejecting H0), the better. (b) The ability ofYate’s statisticslowerbe compared toPearson’s 
statistics, Likelihood’s statisticsandChampbell’s statistics. (c) Ability Likelihood’s statistics relatively 

similar to the Pearson’s statistics and better than the Champbell’s statistics. should give a summary of: 
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