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UNIT – II 

Non-Parametric Test 

 Non-parametric tests are the mathematical methods used in statistical hypothesis 

testing, which do not make assumptions about the frequency distribution of variables that are 

to be evaluated. The non-parametric experiment is used when there are skewed data, and it 

comprises techniques that do not depend on data pertaining to any particular distribution. 

 The word non-parametric does not mean that these models do not have any 

parameters. The fact is the characteristics and numbers of parameters are pretty flexible and 

not predefined. Therefore, these models are called distribution-free models. 

Assumption 

 The form of the population is unknown. 

 The population possesses density function. 

 Lower order moments exists i.e '

2

'

1 , are finite. 

 Sample observation are independent and random 

 The variable under study is continuous. 

 The two populations are identical or the measures of location of two populations are 

the same. 

Applications of Non-Parametric Test 

 The conditions when non-parametric tests are used are: 

 When parametric tests are not satisfied. 

 When testing the hypothesis, it does not have any distribution. 

 For quick data analysis. 

 When unscaled data is available. 

Advantages of Non-Parametric Test 

 The advantages of the non-parametric test are: 

 Easily understandable 

 Short calculations 

 Assumption of distribution is not required 

 Applicable to all types of data 
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Disadvantages of Non-Parametric Test 

 The disadvantages of the non-parametric test are: 

 Less efficient as compared to parametric test 

 The results may or may not provide an accurate answer because they are 

distribution free 

Types of Nonparametric Tests 

 1-sample sign test. Use this test to estimate the median of a population and compare 

it to a reference value or target value. 

 1-sample Wilcoxon signed rank test. With this test, you also estimate the population 

median and compare it to a reference/target value. However, the test assumes your 

data comes from a symmetric distribution (like the Cauchy distribution or uniform 

distribution). 

 Friedman test. This test is used to test for differences between groups with ordinal 

dependent variables. It can also be used for continuous data if the one-way ANOVA 

with repeated measures is inappropriate (i.e. some assumption has been violated). 

 Goodman Kruska’s Gamma: a test of association for ranked variables. 

 Kruskal-Wallis test. Use this test instead of a one-way ANOVA to find out if two or 

more medians are different. Ranks of the data points are used for the calculations, 

rather than the data points themselves. 

 The Mann-Kendall Trend Test looks for trends in time-series data. 

 Mann-Whitney test. Use this test to compare differences between two independent 

groups when dependent variables are either ordinal or continuous. 

 Mood’s Median test. Use this test instead of the sign test when you have two 

independent samples. 

 Correlation Use when you want to find a correlation between two sets of data. 

The following table lists the nonparametric tests and their parametric alternatives: 

Nonparametric test Parametric Alternative 

1-sample sign test One-sample Z-test, One sample t-test 

1-sample Wilcoxon Signed Rank test One sample Z-test, One sample t-test 

Friedman test  Two-way ANOVA  

Kruskal-Wallis test  One-way ANOVA  

Mann-Whitney test  Independent samples t-test  

Mood’s Median test  One-way ANOVA  

Spearman Rank Correlation  Correlation Coefficient  

 

https://www.statisticshowto.com/sign-test/
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/mean-median-mode/#median
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/wilcoxon-signed-rank-test/
https://www.statisticshowto.com/symmetric-distribution/
https://www.statisticshowto.com/cauchy-distribution/
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/uniform-distribution/
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/uniform-distribution/
https://www.statisticshowto.com/friedmans-test/
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/discrete-vs-continuous-variables/
https://www.statisticshowto.com/repeated-measures/
https://www.statisticshowto.com/gamma-coefficient-goodman-kruskal/
https://www.statisticshowto.com/test-of-association/
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/kruskal-wallis/
https://www.statisticshowto.com/mann-kendall-trend-test/
https://www.statisticshowto.com/mann-whitney-u-test/
https://www.statisticshowto.com/moods-median-test/
https://www.statisticshowto.com/sign-test/
https://www.statisticshowto.com/one-sample-z-test/
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/wilcoxon-signed-rank-test/
https://www.statisticshowto.com/one-sample-z-test/
https://www.statisticshowto.com/friedmans-test/
https://www.statisticshowto.com/probability-and-statistics/hypothesis-testing/anova/#TwoWay
https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/kruskal-wallis/
https://www.statisticshowto.com/probability-and-statistics/hypothesis-testing/anova/#OneWayANOVA
https://www.statisticshowto.com/mann-whitney-u-test/
https://www.statisticshowto.com/probability-and-statistics/t-distribution/independent-samples-t-test/
https://www.statisticshowto.com/moods-median-test/
https://www.statisticshowto.com/probability-and-statistics/hypothesis-testing/anova/#OneWayANOVA
https://www.statisticshowto.com/probability-and-statistics/correlation-coefficient-formula/spearman-rank-correlation-definition-calculate/
https://www.statisticshowto.com/probability-and-statistics/correlation-coefficient-formula/
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Difference between parametric and non-parametric test 

Properties Parametric Test Non-parametric test 

Assumptions Yes, assumptions are made. 
No, assumptions are not 

made 

Value of central 

tendency 

The mean value is the central 

tendency 

The median value is the 

central tendency 

Correlation Pearson Correlation  Spearman correlation 

Probabilistic 

Distribution  

Normal Probabilistic 

Distribution 

Arbitrary Probabilistic 

Distribution 

Population knowledge 
Population knowledge is 

required 

Population knowledge is not 

required 

Used for Used for finding interval data 
Used for finding nominal 

data 

Application Applicable to variables 
Applicable to variables and 

attributes 

Examples t-test and z-test 
Mann-Whitney and Kruskal-

wallis 

 

Spearman Correlation 

 The correlation test measures the strength of the association between two variables. 

Spearman’s Correlation is a statistical measure of measuring the strength and direction of the 

monotonic relationship between two continuous variables. Therefore, these attributes are 

ranked or put in the order of their preference. It is denoted by the symbol “rho” (ρ). 

Assumption 

 Random samples. 

 A monotonic association exists between 2 variables. 

 Variables are at least ordinal  

 Data contains paired samples need variable x and y values, if there is a missing value 

you need to delete the row. 

 Independence of observations. 

Advantages of Spearman’s Rank Correlation 

 This method is easier to understand. 

 It is superior for calculating qualitative observations such as the intelligence of 

people, physical appearance, etc. 

 This method is suitable when the series gives only the order of preference and not the 

actual value of the variable. 

 It is robust to the outliers present in the data  
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 It is designed to capture monotonic relationships between variables. Monotonic 

relation measures the effect of change in one variable on another variable  

Disadvantages of Spearman’s Rank Correlation: 

 It is not applicable in the case of grouped data. 

 It can handle only a limited number of observations or items.  

 It Ignores Non-Monotonic Relationships between the variables for example it does 

not capture other types of relationships, such as curvilinear or nonlinear associations 

between the variables.  

 It only considers the ranks of the data points and ignores the actual magnitude of 

differences between the values of the variables. 

 Converting the data into ranks for Spearman’s rank correlation discards the original 

values of the variables and replaces them with their respective ranks. This 

transformation may result in a loss of information in the data, especially if the 

variables of the data have meaningful magnitudes or units. 

Formula 

Spearman's rank correlation formula is given by, 

1. Spearman's rank correlation formula for no tied ranks 

  
)1(

6
1

2

2




nn

d i
  

Where,  

ρ = Spearman Correlation coefficient  

di = the difference in paired ranks 

n = total number of observation 

2. Spearman's rank correlation formula for tied ranks 

  
12

)( 3 


tt
  

Where,  

ρ = Spearman Correlation coefficient  

t = number of observations in a group tied for a given rank 
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Test procedure for Spearman's rank correlation 

1. Null Hypothesis (Ho) 

H0: There is no significant relationship between two independent variables. 

2. Alternative Hypothesis (H1) 

H1: There is significant relationship between two independent variables. 

3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 

1. Spearman's rank correlation formula for no tied ranks 

  
)1(

6
1

2

2




nn

d i
   

Where,  

ρ = Spearman Correlation coefficient  

di = the difference in paired ranks 

n = total number of observation 

2. Spearman's rank correlation formula for tied ranks 

  
12

)( 3 


tt
  

Where,  

ρ = Spearman Correlation coefficient  

t = number of observations in a group tied for a given rank 

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value 

 For two sided test, from Spearman's correlation table for (n - 2) degrees of freedom. 

6. Inference 

 If the observed value of the test statistic ρ exceeds the table value of Spearman's 

correlation, we reject the Null Hypothesis Ho otherwise accept it. 
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Test for Spearman's Rank correlation  

In a marketing survey the price of tea and coffee in a town based on quality was found 

as shown below. Could you find any relation between tea and coffee price? 

Price of tea 88 90 95 70 60 75 50 

Price of coffee 120 134 150 115 110 140 100 

 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State the alpha 

 Compute the test statistic 

)1(

6
1

2

2




nn

d i
  

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: There is no a significant correlation between price of coffee and tea. 

 H1: There is a significant correlation between price of coffee and tea. 

Level of Significance 

α = 0.05 

Test Statistic: 

Here,  n = 7, then  

Price of tea Rank Price of coffee Rank d d2 

88 3 120 4 1 1 

90 2 134 3 1 1 

95 1 150 1 0 0 

70 5 115 5 0 0 

60 6 110 6 0 0 

75 4 140 2 2 4 

50 7 100 7 0 0 

    Total 6 

Under the null hypothesis, the test statistic is 

nn

d
r





3

26
1  
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77

66
1r

3 


  

7343

36
1r


  

336

36
1r   

1071.01r   

893.0r  

Table Value 

The degrees of freedom = (n – 2) 

      = 7 – 2 = 5df 

       Table Value = 0.900 

Conclusion 

Since the calculated value is less than the table value (0.893 < 0.900). We do not 

reject the null hypothesis. Hence, we conclude that there is no significant correlation between 

price of coffee and tea, (i.e.,) both coffee and tea’s are equal quality. 

 

Chi Square Test for Association of attributes 

The Chi-Square Test for Association is used to determine if there is any association 

between two variables. It is really a hypothesis test of independence. The null hypothesis is 

that the two variables are not associated, i.e., independent. The alternate hypothesis is that the 

two variables are associated.   

Formula 

Chi Square Test for Association of attributes formula is given by, 





i

ii

E

EO 2

2 )(
  

Where, 

Oi = Observed Value 

Ei = Expected Value  

)

)()(

nsObservatioofNumberTotal

TotalColumnTotalRow
Ei


  
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Test procedure for Chi Square Test for Association of attributes 

1. Null Hypothesis (Ho) 

H0: There is no significant association between two independent variables. 

2. Alternative Hypothesis (H1) 

H1: There is significant association between two independent variables. 

3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 





i

ii

E

EO 2
2 )(

  

Where, 

Oi = Observed Value 

Ei = Expected Value  

)

)()(

nsObservatioofNumberTotal

TotalColumnTotalRow
Ei


  

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value  

 The critical values for the chi-square table depend on the degrees of freedom and the 

significance level of the test. 

6. Inference 

 If the observed value of the test statistic 2 exceeds the table value of chi-square, we 

reject the Null Hypothesis Ho otherwise accept it. 

 

Test for Chi Square Test for Association of attributes 

The table given below shows the data obtained during outbreak of smallpox: 

 
Attacked 

(B) 

Not Attacked 

(b) 
Total 

Vaccinated (A) 31 469 500 

Not Vaccinated (a) 185 1315 1500 

Total 216 1784 2000 

 

Test the effectiveness of vaccination in preventing the attack from smallpox. Test 

your result with the help of 2 at 5 per cent level of significance. 
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Procedure 

 State the null hypothesis and alternative hypothesis 

 State the alpha 

 Compute the test statistic 





i

ii

E

EO 2
2 )(

  

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: The vaccination is not effective in preventing the attack from smallpox. 

 H1: The vaccination is effective in preventing the attack from smallpox. 

Level of Significance 

α = 0.05 

Test statistic 

 Under the null hypothesis (H0), the test statistic is 





i

ii

E

EO 2
2 )(



 

 
N

BA
ABofnExpectatio




 

When A represents vaccination and B represents the attack. 

 

54
2000

216500



ABofnExpectatio

 

 

446
2000

1784500



AbofnExpectatio

 

 

162
2000

2161500



aBofnExpectatio

 

 

1338
2000

17841500



abofnExpectatio
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The expected value is, 

 
Attacked 

(B) 

Not Attacked 

(b) 
Total 

Vaccinated (A) 54 446 500 

Not Vaccinated (a) 162185 1338 1500 

Total 216 1784 2000 

Calculate the chi-square, 

Group Oi Ei (Oi – Ei) (Oi – Ei)2 (Oi – Ei)2/Ei 

AB 31 54 -23 529 9.796 

Ab 469 446 23 529 1.186 

aB 185 162 23 529 3.265 

Ab 1315 1338 -23 529 0.395 

Total     14.642 

 Chi-square value = 14.642 

Table Value 

 Degrees of freedom = (r-1) (c-1) 

     = (2-1) (2-1) = 1 df 

   Table value = 3.841 

Conclusion 

Since the calculated value is greater than the table value (14.642 > 3.841). We reject 

the null hypothesis. Hence, we conclude that the vaccination is effective in preventing the 

attack from smallpox. 

 

Chi-square test for goodness of fit 

The Chi-square goodness of fit test is a statistical hypothesis test used to determine 

whether a variable is likely to come from a specified distribution or not. It is often used to 

evaluate whether sample data is representative of the full population. 

Test Procedure for Chi-square test for goodness of fit 

1. Null Hypothesis (Ho)  

 Ho: The data is good fit for the distribution. 

2. Alternative Hypothesis (H1) 

 H1: The data is not good fit for the distribution. 
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3. Test statistic  

 Under the null hypothesis (H0), the test statistic is 

 



i

ii

E

EO 2
2 )(

  

Where, 

Oi = Observed Value 

Ei = Expected Value  

)

)()(

nsObservatioofNumberTotal

TotalColumnTotalRow
Ei


  

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value  

 The critical values for the chi-square table depend on the degrees of freedom and the 

significance level of the test. 

6. Inference 

 If the observed value of the test statistic 2 exceeds the table value of chi-square, we 

reject the Null Hypothesis Ho otherwise accept it. 

 

Example 

Fitting of Poisson distribution for the following data and test for the goodness. 

Arrivals 0 1 2 3 4 5 6 7 

Frequency 16 30 45 39 27 19 8 6 

Procedure 

 Define the Null Hypothesis (H0) and Alternate Hypothesis (H1) for given data. 

 For a given Poisson Distribution Calculate respecting Mean. 





f

fx
Mean )(  

 Compute the respective probability using the recurrence relation of Poisson 

Distribution. 

....,2,1,0,
!

)( 


x
x

e
xP

x
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 Compute the Expected Frequency [Ei]. 

 Compute the test Statistic of Chi-Square Test, 

 






n

i i

ii

E

EO

1

2

2  

 Taking decision about the hypothesis H0 with respect to the level of significance and 

degree of freedom. 

Calculation 

Hypothesis 

 H0: The data is good fit for the Poisson distribution. 

 H1: The data is not good fit for the Poisson distribution. 

Level of Significance 

α = 0.05 

Test Statistic 

 Calculate mean (λ). 

x f fx 

0 16 0 

1 30 30 

2 45 90 

3 39 117 

4 27 108 

5 19 95 

6 8 48 

7 6 42 

Total 190 530 

 

   








n

i

n

i

f

fx

1

1
190

530
 7895.2  

For a Poisson distribution the probability mass function is given by, 

....,2,1,0,
!

)( 


x
x

e
xP

x
 

0

)7895.2(
)0(

0)7895.2(


e

P     = 0.0615 
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!1

)7895.2(
)1(

1)7895.2(


e

P  = 0.1714 

!2

)7895.2(
)2(

2)7895.2(


e

P = 0.2391 

!3

)7895.2(
)3(

3)7895.2(


e

P  = 0.2233 

!4

)7895.2(
)4(

4)7895.2(


e

P = 0.1550 

!5

)7895.2(
)5(

5)7895.2(


e

P = 0.0865 

!6

)7895.2(
)6(

6)7895.2(


e

P = 0.0402 

!7

)7895.2(
)7(

7)7895.2(


e

P  = 0.0160 

Calculate the Expected Frequency, 

X F N . p(x) Expected Frequency (Ei) 

0 16 190 x 0.0615 = 11.68 12 

1 30 190 x 0.1714 = 32.57 33 

2 45 190 x 0.2391 = 45.43 45 

3 39 190 x 0.2233 = 42.23 42 

4 27 190 x 0.1550 = 29.45 29 

5 19 190 x 0.0865 = 16.43 16 

6 8 190 x 0.0402 = 7.63 8 

7 6 190 x 0.0160 = 3.04 3 

 

 Compute the test Statistic of Chi-Square Test, 

 






n

i i

ii

E

EO

1

2

2  

Frequency (Oi) Expected Frequency (Ei) Oi - Ei (Oi - Ei)2 (Oi - Ei)2/Ei 

16 12 4 16 1.3333 

30 33 -3 9 0.2727 

45 45 0 0 0 

39 42 -3 9 0.2143 

27 29 -2 4 0.1379 

19 16 3 9 0.5625 

8 8 0 0 0 

6 3 3 9 3 

   Total 5.5207 



Statistical Inference - II Page 15 
 

 

Table Value 

   Degree of Freedom = n – p – 1  

             = 8 – 1 – 1 = 6df 

Table Value from Chi-Square Table in 6df = 12.592 

Conclusion 

Since Calculated Value is less than the Table Value (i.e., 5.5207 < 12.592). So, we do 

not reject the null Hypothesis. Hence, we conclude that the data is good fit for the Poisson 

distribution.  

 

Chi-Square test for Homogeneity of Variance 

The test of homogeneity expands the test for a difference in two population 

proportions, which is the two-proportion Z-test we learned in Inference for Two Proportions. 

We use the two-proportion Z-test when the response variable has only two outcome 

categories and we are comparing two population subgroups. We use the test of homogeneity 

if the response variable has two or more categories and we wish to compare two or more 

population subgroups. 

Test Procedure for Chi-square test for Homogeneity of Variance 

1. Null Hypothesis (Ho) 

 Ho: The population has the same proportion of observations. 

2. Alternative Hypothesis (H1) 

 H1: The population has not the same proportion of observations. 

3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 

  



i

ii

E

EO 2
2 )(

  

Where, 

Oi = Observed Value 

Ei = Expected Value  

)

)()(

nsObservatioofNumberTotal

TotalColumnTotalRow
Ei


  

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 
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5. Critical value  

 The critical values for the chi-square table depend on the degrees of freedom and the 

significance level of the test. 

6. Inference 

 If the observed value of the test statistic 2 exceeds the table value of chi-square, we 

reject the Null Hypothesis Ho otherwise accept it. 

Example 

Suppose there is a city of 1,000,000 residents with four neighborhoods: A, B, C, 

and D. A random sample of 650 residents of the city is taken and their occupation is recorded 

as "white collar", "blue collar", or "no collar". The null hypothesis is that each person's 

neighborhood of residence is independent of the person's occupational classification. The 

data are tabulated as: 

 
A B C D total 

White collar 90 60 104 95 349 

Blue collar 30 50 51 20 151 

No collar 30 40 45 35 150 

Total 150 150 200 150 650 

To calculate chi square test for the following data. 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

 






n

i i

ii

E

EO

1

2

2  

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: The data is dependent. 

 H1: The data is Independent. 

Level of Significance 

α = 0.05 

https://en.wikipedia.org/wiki/Collar_workers


Statistical Inference - II Page 17 
 

Test statistic 

To calculate Expected Frequency, 

650

150349
E11


 54.80  

650

150349
E12


 54.80  

650

200349
E13


 38.107  

650

150349
E14


 54.80  

650

150151
E21


 85.34  

650

150151
E22


 85.34  

650

200151
E23


 46.46  

650

150151
E24


 85.34  

650

150150
E31


 62.34  

650

150150
E32


 62.34  

650

200150
E33


 15.46  

650

150150
E34


 62.34  

The expected frequency is 

 
A B C D 

White collar 80.54 80.54 107.38 80.54 

Blue collar 34.85 34.85 46.46 34.85 

No collar 34.62 34.62 46.15 34.62 

To find Chi-Square Statistic, 

Observed frequency Expected Frequency (Oi – Ei) (Oi – Ei)2 (Oi – Ei)2/Ei 

90 80.54 9.46 89.49 1.111 

30 34.85 -4.85 23.52 0.675 

30 34.62 -4.62 21.34 0.617 

60 80.54 -20.54 421.89 5.238 

50 34.85 15.15 229.52 6.586 

40 34.62 5.38 28.94 0.836 

104 107.38 -3.38 11.42 0.106 

51 46.46 4.54 20.6116 0.444 

45 46.15 -1.15 1.3225 0.029 

95 80.54 14.46 209.09 2.596 

20 34.85 -14.85 220.52 6.328 

35 34.62 0.38 0.1444 0.004 

   Total 24.570 
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 






n

i i

ii

E

EO

1

2

2 = 24.57 

Table Value 

Degree of Freedom = (3 – 1) (4 – 1) 

        = 6df 

Table Value = 12.592 

Conclusion: 

 Since, Calculated Value is greater than the table vale (i.e.,) 24.57 < 12.592.We reject 

the null hypothesis. Hence, we conclude that the data is Independent. 

 

Fisher Exact Test 

Fisher’s Exact Test is used to determine whether or not there is a significant 

association between two categorical variables. It is typically used as an alternative to the Chi-

Square Test of Independence when one or more of the cells count in a 2×2 table is less than 5. 

Formula 

The formula for Fisher’s Exact Test is, 

     

Where, 

 a, b, c and d are the individual frequencies of the 2X2 contingency table 

 N is the total frequency. 

Test Procedure for Fisher’s Exact Test 

1. Null Hypothesis (Ho) 

 Ho: The two variables are independent. 

2. Alternative Hypothesis (H1) 

 H1: The two variables are not independent. 

3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 

     

Where, 

 a, b, c and d are the individual frequencies of the 2X2 contingency table 

 N is the total frequency. 
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4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Inference 

 If the observed value of the test statistic p exceeds the level of significance, we do not 

reject the Null Hypothesis Ho otherwise reject it. 

Example 

 Suppose we want to know whether or not gender is associated with political party 

preference. We take a simple random sample of 25 voters and survey them on their political 

party preference. The following table shows the results of the survey: 

 Democrat Republican Total 

Male 4 9 13 

Female 8 4 12 

Total 12 13 25 

To find the two-tailed p value, using the Fisher’s Exact Test. 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

     

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: Gender and political party preference are independent. 

 H1: Gender and political party preference are not independent.  

Level of Significance 

α = 0.05 

Test statistic  

 Under the null hypothesis (H0), the test statistic is 
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    = 0.068 

Conclusion 

 Since Calculated p value is greater than the level of significance (i.e., 0.068 > 0.05). 

So, we do not reject the null Hypothesis. Hence, we conclude that the Gender and political 

party preference are independent. 

 

Run Test  

A run test is sequence of letter of one kind followed by a sequence of letters of 

another kind. The number of letters in a sequence is called length of the run.  

For example: xxx/y/xxxxxx/y/x/yyyy 

The sequence has 6 runs. The length of third run is 6.  

Formula 

The test statistic for run test is given by 

 
Where, 

U = Number of runs in the combined sample 

 

 

 

Test Procedure for run test 

1. Null Hypothesis (Ho) 

 Ho: The two populations having identical density function. 

2. Alternative Hypothesis (H1) 

 H1: The two populations do not have identical density function. 

3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 
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Where, 

U = Number of runs in the combined sample 

 

 

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value 

 For α = 0.05, Zα/2 = 1.96 

6. Inference 

 If the observed value of the test statistic Z exceeds the table value of Z, we reject the 

Null Hypothesis Ho otherwise accept it. 

 

Example 

The following data relates to two population observations 

S-I 10 20 15 25 18 28 23 10 12 14   

S-II 11 13 18 28 30 32 24 27 22 11 12 22 

Test whether the samples have come from sample population. 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

 

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: The samples are come from sample population. 

 H1: The samples are not come from sample population. 
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Level of Significance 

α = 0.05 

Test Statistic 

 The runs are,  

  10 10/ 11 11/12 12/13/14/15/18 18/20/22 22/23/24/25/27/28 28/30/32 

Here, U = 16, n1 = 10 and n2 = 12 

 

= 11.91 

 

= 5.15 

 Under the null hypothesis (H0), the test statistic is 

 

 

    = 1.80 

Table Value 

Zα/2 = 1.96 

Conclusion 

Since Calculated Value is greater than the Table Value (i.e., 1.80 > 1.96). So, we 

reject the null Hypothesis. Hence, we conclude that the samples are not come from sample 

population. 

 

Test for Randomness 

Run test of randomness is a statistical test that is used to know the randomness in data. 

Run test of randomness is sometimes called the Geary test, and it is a nonparametric test. Run 

test of randomness is an alternative test to test autocorrelation in the data. Autocorrelation 

means that the data has correlation with its lagged value. To confirm whether or not the data 

has correlation with the lagged value, run test of randomness is applied.  

https://www.statisticssolutions.com/run-test-of-randomness
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Formula 

The test statistic for test for randomness is given by 

 

Where, 

U = Number of runs in the sample 

 

 

 

Test Procedure for test for randomness 

1. Null Hypothesis (Ho) 

 Ho: The sample is random 

2. Alternative Hypothesis (H1) 

 H1: The sample is not random 

3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 

 
Where,  

U = Number of rums in the combined sample 

 

 
4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value 

 For α = 0.05, Zα = 1.65 

6. Inference 

 If the observed value of the test statistic Z exceeds the table value of Z, we reject the 

Null Hypothesis Ho otherwise accept it. 
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Example 

The following are the number of students absent from a college on 24 consecutive 

days: 29, 25, 31, 28, 30, 28, 33, 31, 35, 29, 31, 33, 35, 28, 36, 30, 33, 26, 30, 28, 32, 31, 38 

and 27. Test for randomness at 5% level of significance. 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

 

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: The samples are taken at random. 

 H1: The samples are not taken at random. 

Level of Significance 

α = 0.05 

Test Statistic 

 The runs are,  

 25/ 26/ 27/ 28 28 28 28/29 29/ 30 30 30/31 31 31 31/32/ 33 33 33/ 35 35/ 36/ 38  

Here, U = 12 and n = 24 

 

= 13 

 

= 5.74 
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Under the null hypothesis (H0), the test statistic is 

 

 

    = | - 0.42 | 

    = 0.42 

Table Value 

Zα = 1.65 

Conclusion 

Since Calculated Value is less than the Table Value (i.e., 0.42 < 1.65). So, we do not 

reject the null Hypothesis. Hence, we conclude that the samples are taken at random. 

 

Median Test 

The median test is a non-parametric test that is used to test whether two (or more) 

independent groups differ in central tendency - specifically whether the groups have been 

drawn from a population with the same median. The null hypothesis is that the groups are 

drawn from populations with the same median.  

Formula 

The test statistic for Median test is given by 

 

Where, 

m = Number of rows  

n = Number of columns 

 

Test Procedure for Median test 

1. Null Hypothesis (Ho) 

 Ho: The two samples have the same median. 

2. Alternative Hypothesis (H1) 

 H1: The two samples do not have the same median.  
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3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 

 

Where, 

m = Number of rows  

n = Number of columns 

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value 

 Find χ2
(m-1)(n-1)from χ2for (m-1)(n-1) degrees of the freedom at level of significance. 

6. Inference 

 If the observed value of the test statistic χ2 exceeds the table value of χ2, we reject the 

Null Hypothesis Ho otherwise accept it. 

 

Example 

3 random samples are drawn from 3 population gave the following values if whether 

the population have the same median. 

S-I 1 2 5 7 8 9 3 2    

S-II 2 5 3 8 9 5 2 7 10   

S-III 3 4 2 5 7 8 9 7 11 8 12 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

 

 

 

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 



Statistical Inference - II Page 27 
 

 

Calculation 

Hypothesis 

 H0: The three samples have the same median. 

 H1: The three samples do not the same median. 

Level of Significance 

α = 0.05 

Test Statistic 

 The median is,  

 1, 2, 2, 2, 2, 2, 3, 3, 3, 4, 5, 5, 5, 5, 7, 7, 7, 7, 8, 8, 8, 8, 9, 9, 9, 10, 11, 12 

 Median = (5 + 7) / 2  

   = 6  

samples 
No. of observation 

above median 

No. of observation 

below median 
Total  

1 3 5 8 

2 4 5 9 

3 7 4 11 

Total 14 14 28 

  

 

 

 

 

 

 
 

Observed frequency Expected Frequency (Oi – Ei)2/Ei 

3 4 0.25 

5 4 0.25 

4 4.5 0.0556 

5 4.5 0.0556 

7 5.5 0.4091 

4 5.5 0.4091 

 Total 1.4294 
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     χ2
 = 1.494  

Table Value 

Degrees of freedom = (m-1) (n-1) 

   = (3-1) (2-1) = (2) (1) df 

χ2
(2) (1)= 5.99 

Conclusion 

Since Calculated Value is less than the Table Value (i.e., 1.4294 < 5.99). So, we do 

not reject the null Hypothesis. Hence, we conclude that the three samples have same median. 

 

Sign Test 

The sign test compares the sizes of two groups. It is a non-parametric or “distribution 

free” test, which means the test doesn’t assume the data comes from a particular distribution, 

like the normal distribution. The sign test is an alternative to a one sample t test or a paired t 

test. There are two types sign test: 

(a) One sample sign test 

(b) Two sample sign test 

Used for Sign test 

 To determine the preference for one product over the other 

 Conduct a test for the median of a single population (one sample sign test) 

 To perform a test for the median of paired difference using the data from two 

dependent samples. 

One sample sign test 

The One-sample Sign Test simply determines a significance test of a hypothesized 

median value for a single data set. The One sample sign test is a Non Parametric Hypothesis 

test used to determine whether a statistically significant difference exists between the median 

of a non-normally distributed continuous data set and a standard. This test basically concerns 

the median of a continuous population. It is also called the binominal sign test, with p = 0.5. 

Formula 

The formula for one sample sign test is, 

 

Where, 

Px = the probability of exactly x events appearing in n trials.  
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px = the expected probability of the event associated with the x term on any given trial. 

qn-x = the probability of an event on any given trial q =  1- p  

n = the number of events. 

x = the number of a given outcome being evaluated  

In the application of the sign test, the binomial equation can be used to determine if 

the number of (+) signs occurs more or less often than the number of (-) signs. 

Test Procedure for One sample sign test 

1. Null Hypothesis (Ho) 

 Ho: The difference between medians is zero. 

2. Alternative Hypothesis (H1) 

 H1: The difference between medians is not zero. 

3. Test statistic  

 Under the null hypothesis (H0), the test statistic is 

 

Where, 

Px = the probability of exactly x events appearing in n trials.  

px = the expected probability of the event associated with the x term on any given trial. 

qn-x = the probability of an event on any given trial q =  1- p  

n = the number of events. 

x = the number of a given outcome being evaluated  

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

6. Inference 

 If the observed value of the test statistic p exceeds the level of significance, we do not 

reject the Null Hypothesis Ho otherwise reject it. 
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Example 

A Bank of America West Palm Beach, FL branch manager shows that the median number of 

savings account customers per day is 64. A clerk from the same branch claims that it was 

more than 64. The clerk found the number of savings accounts customers per day data for 10 

random days. Can we reject the branch manager’s claim at a 0.05 significance level? 

Day 1 2 3 4 5 6 7 8 9 10 

Customer 60 66 65 70 68 72 46 76 77 75 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

 

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: Savings account customer median = 64. 

 H1: Savings account customer median > 64 

Level of Significance 

α = 0.05 

Test Statistic 

 Assign observations less than 64 with a – sign and observations above 64 with a + sign. 

Day 1 2 3 4 5 6 7 8 9 10 

Customer 60 66 65 70 68 72 46 76 77 75 

Sign  - + + + + + - + + + 

 Total number of + values =8 

 Total number of – values =2 

 Here, n = 10, x = 8 and p = 0.5  

 Under the null hypothesis (H0), the test statistic is 
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     = 45  0.0039  0.25 

     = 0.0439 

Conclusion 

Since probability Value is less than the level of significance (i.e., 0.0439 < 0.05). So, 

we reject the null Hypothesis. Hence, we conclude that the Savings account customer median 

is greater than 64. 

Two sample sign test 

  The sign test has the null hypothesis that both samples are from the same population.  

The sign test compares the two dependent observations and counts the number of negative 

and positive differences.  It uses the standard normal distributed z-value to test of 

significance. 

Formula 

The test statistic for Median test is given by 

 

Where, 

 U = Minimum number of signs obtained 

 n = Sample size 

  

Test Procedure for run test 

1. Null Hypothesis (Ho) 

 Ho: Two populations have identical distribution. 

2. Alternative Hypothesis (H1) 

 H1: Two populations have different distribution. 

3. Test statistic  

 Under the null hypothesis (H0), the test statistic is 

 

Where, 

 U = Minimum number of signs obtained 

 n = Sample size 
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4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value 

 When 0.05, Zα/2 = 1.96. 

6. Inference 

 If the observed value of the test statistic Z exceeds the table value of Z, we reject the 

Null Hypothesis Ho otherwise accept it. 

Example 

A random sample of paired observation is given below (10,11), (11,13), (12,10), 

(13,13), (14,15), (11,14), (12,13), (13,12), (10,8), (10,13), (14,15), (15,17), (15,13), (11,10),  

(8,9), (9,9), (11,9), (12,14), (13,11), (11, 11). Apply approximately non-parametric test. Test 

whether there is any gain in B=X-Y. 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

   

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: There is no gain in B=X-Y. 

 H1: There is gain in B=X-Y. 

Level of Significance 

α = 0.05 
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Test Statistic 

X Y Sign X Y Sign 

10 11 - 14 15 - 

11 13 - 15 17 - 

12 10 + 15 13 + 

13 13 0 11 10 + 

14 15 - 8 9 - 

11 14 - 9 9 0 

12 13 - 11 9 + 

13 12 + 12 14 - 

10 8 + 13 11 + 

10 13 - 11 11 0 

 

 Reduced Sample Size=Total Number signed observations-Non-Signed Observations 

=20 – 3=17 

  

 

Under the null hypothesis (H0), the test statistic is 

 

 

= | - 0.7276| 

= 0.7276 

Table Value 

Zα/2 = 1.96 

Conclusion 

Since Calculated Value is less than the Table Value (i.e., 0.7276 < 1.96). So, we do 

not reject the null Hypothesis. Hence, we conclude that there is no gain in B = X - Y. 

 

Wilcoxon’s Signed Rank Test 

The Wilcoxon signed rank test is a non-parametric test to compare dependent 

samples t-test data. When the word “non-parametric” is used in stats, it doesn’t quite mean 

that you know nothing about the population. It usually means that you know the population 

data does not have a normal distribution. The Wilcoxon signed rank test should be used if the 

differences between pairs of data are non-normally distributed. 

https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/parametric-and-non-parametric-data/
https://www.statisticshowto.com/probability-and-statistics/normal-distributions/
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Assumptions 

Two slightly different versions of the test exist: 

 The Wilcoxon signed rank test compares your sample median against a hypothetical 

median. 

 The Wilcoxon matched-pairs signed rank test computes the difference between 

each set of matched pairs and then follows the same procedure as the signed rank test 

to compare the sample against some median. 

Formula 

The formula for Wilcoxon signed rank test is  

 

Where, 

T = Minimum Sum of the Rank Value   

n= Sample Size  

Test Procedure for Wilcoxon’s Signed Rank Test 

1. Null Hypothesis (Ho) 

 Ho: The difference between the paired observations in the population is zero. 

2. Alternative Hypothesis (H1) 

 H1: The difference between the paired observations is not equal to zero. 

3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 

 

Where, 

T = Minimum Sum of the Rank Value   

n= Sample Size  

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value 

When α = 0.05, Zα/2 = 1.96 

https://www.statisticshowto.com/sample-median/
https://www.statisticshowto.com/sample/
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6. Inference 

 If the observed value of the test statistic Z exceeds the table value of Z, we reject the 

Null Hypothesis Ho otherwise accept it. 

 

Example 

An experiment is conducted to judge the effect of brand name on quality perception. 

16 subjects are recruited for the purpose and are asked to taste and compare two samples of 

product on a set of scale items judged to be ordinal. The following data are obtained: 

Pair 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Brand A 73 43 47 53 58 47 52 58 38 61 56 56 34 55 65 75 

Brand B 51 41 43 41 47 32 24 58 43 53 52 57 44 57 40 68 

Test the hypothesis, using Wilcoxon matched-pairs test, that there is no difference between 

the perceived qualities of the two samples. Use 5% level of significance. 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

 

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: There is no difference between the perceived quality of two samples. 

 H1: There is difference between the perceived quality of two samples. 

 

Level of Significance 

α = 0.05 

Test Statistic 

 Using Wilcoxon matched-pairs test, we work out the value of the test statistic T as 

under: 
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Pair Brand A Brand B di Rank of di Sign + Sign - 

1 73 51 22 13 13 - 

2 43 41 2 2.5 2.5 - 

3 47 43 4 4.5 4.5 - 

4 53 41 12 11 11 - 

5 58 47 11 10 10 - 

6 47 32 15 12 12 - 

7 52 24 28 15 15 - 

8 58 58 0 - - - 

9 38 43 -5 6 - 6 

10 61 53 8 8 8 - 

11 56 52 4 4.5 4.5 - 

12 56 57 -1 1 - 1 

13 34 44 -10 9 - 9 

14 55 57 -2 2.5 - 2.5 

15 65 40 25 14 14 - 

16 75 68 7 7 7 - 

    Total 101.5 18.5 

 

 W− = 18.5 

 W+ = 101.5 

 Under the null hypothesis (H0), the test statistic is 

 

 Here, T = 18.5 and n = 15 

 

 

 

Z = | - 2.36| 

   = 2.36 

Table Value 

Zα/2 = 1.96 
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Conclusion 

Since Calculated Value is greater than the Table Value (i.e., 2.36 > 1.96). So, we 

reject the null Hypothesis. Hence, we conclude that there is difference between the perceived 

quality of two samples. 

 

Mann-Whitney U Test 

Mann-Whitney u-Test is a non-parametric test used to test whether two independent 

samples were selected from population having the same distribution. Another name for the 

Mann-Whitney U Test is Wilcoxon Rank Sum Test. 

Assumptions 

Mann-Whitney U test is a non-parametric test, so it does not assume any assumptions 

related to the distribution of scores.  There are, however, some assumptions that are assumed 

 The sample drawn from the population is random. 

 Independence within the samples and mutual independence is assumed.  That means 

that an observation is in one group or the other (it cannot be in both). 

 Ordinal measurement scale is assumed. 

Formula 

The Mann-Whitney U test formula is 

 

Where, 

U = Mann-Whitney U test 

n1 = Sample Size One 

n2 = Sample Size Two 

Ri = Rank of the sample Size 

Test Procedure for Mann-Whitney U Test 

1. Null Hypothesis (Ho) 

 Ho: The populations have the same density function. 

2. Alternative Hypothesis (H1) 

 H1: The populations do not have the same density function 

3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 
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Where, 

U = Mann-Whitney U test 

n1 = Sample Size One 

n2 = Sample Size Two 

Ri = Rank of the sample Size 

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value 

 Find Mann-Whitney U table for (n1,n2) degrees of the freedom at level of significance. 

 

6. Inference 

 If the observed value of the test statistic U exceeds the table value of Mann-Whitney 

U, we reject the Null Hypothesis Ho otherwise accept it. 

Example 

 The values in one sample are 53, 38, 69, 57, 46, 39, 73, 48, 73, 74, 60 and 78. In 

another sample they are 44, 40, 61, 52, 32, 44, 70, 41, 67, 72, 53 and 72. Test at the 5% level 

the hypothesis that they come from populations with the same mean. Apply U-test. 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

 

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: The population has same mean. 

 H1: The population does not have same mean. 

Level of Significance 

α = 0.05 
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Test Statistic 

 Using Mann-Whitney U test, we work out the value of the test statistic R as under: 

Size of 

sample 
Rank 

Name of related 

Sample 

Size of 

sample 
Rank 

Name of 

related Sample 

32 1 B 57 13 A 

38 2 A 60 14 A 

39 3 A 61 15 B 

40 4 B 67 16 B 

41 5 B 69 17 A 

44 6.5 B 70 18 B 

44 6.5 B 72 19.5 B 

46 8 A 72 19.5 B 

48 9 A 73 21.5 A 

52 10 B 73 21.5 A 

53 11.5 B 74 23 A 

53 11.5 A 78 24 A 

 

 The ranks assigned to sample one R1is, 

  R1= 2 + 3 + 8 + 9 + 11.5 + 13 + 14 + 17 + 21.5 + 21.5 + 23 + 24 = 167.5 

 The ranks assigned to sample two R2 is, 

  R2 = 1 + 4 + 5 + 6.5 + 6.5 + 10 + 11.5 + 15 + 16 + 18 + 19.5 + 19.5 = 132.5 

 we have n1 = 12 and n2 = 12 

 Under the null hypothesis (H0), the test statistic is 

 

 The test statistic for the Mann Whitney U Test is denoted U and is the smaller of 

U1 and U2, defined below. 

 

 

    = 144 + 78 – 167.5 

    = 54.5 
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    = 144 + 78 – 132.5 

    = 89.5 

Therefore, U = 54.5. 

Table Value 

The degrees of freedom, (n1,n2):  

df = (12, 12) 

Table Value = 37 

Conclusion 

Since Calculated Value is greater than the Table Value (i.e., 54.5 > 32). So, we reject 

the null Hypothesis. Hence, we conclude that the population does not have same mean. 

 

Kolmogorov-Smirvov Two Sample Test 

Kolmogorov-Smirvov test is used for testing whether there is a significance difference 

between an observed and theoretical frequency. Kolmogorov-Smirvov test is another measure 

of the goodness of fit of a theoretical frequency distribution. 

Formula 

The formula for Kolmogorov-Smirvov Test is, 

 

Where, 

Fo = Probability of Observed frequency 

Fe = Probability of Expected frequency 

 

Test Procedure for Kolmogorov-Smirvov Test 

1. Null Hypothesis (Ho) 

 Ho: There is no significance difference between an observed and theoretical 

frequency. 

2. Alternative Hypothesis (H1) 

 H1: There is a significance difference between an observed and theoretical 

frequency. 
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3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 

 

Where, 

Fo = Probability of Observed frequency 

Fe = Probability of Expected frequency 

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value 

 The critical values for the KS in a Kolmogorov-Smirvov test depend on the degrees of 

freedom and the significance level of the test. 

6. Inference 

 If the observed value of the test statistic KS exceeds the table value of  

Kolmogorov-Smirvov, we reject the Null Hypothesis Ho otherwise accept it. 

 

Example 

 Compute Kolmogorov-Smirvov test for the following data: 

Class 51-60 61-70 71-80 81-90 91-100 

Observed frequency 30 100 440 500 130 

Expected frequency 40 170 500 390 100 

 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

 

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 
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Calculation 

Hypothesis 

 H0: There is no significance difference between an observed and expected frequency. 

 H1: There is a significance difference between an observed and expected frequency. 

Level of Significance 

α = 0.05 

Test Statistic 

The observed cumulative distribution functions of the two samples 

Observed 

frequency 

Cumulative 

Observed 

frequency 

Fo 
Expected 

frequency 

Cumulative 

Expected 

frequency 

Fe | Fo - Fe | 

30 30 0.025 40 40 0.033 0.008 

100 130 0.108 170 210 0.175 0.067 

440 570 0.475 500 710 0.592 0.117 

500 1070 0.892 390 1100 0.917 0.025 

130 1200 1.000 100 1200 1.000 0.000 

  

  Under the null hypothesis (H0), the test statistic is 

 

       = 0.117 

Table Value 

The degrees of freedom = n  

    = 5 

Table Value = 0.510 

Conclusion 

Since Calculated Value is less than the Table Value (i.e., 0.117 < 0.510). So, we do 

not reject the null Hypothesis. Hence, we conclude that there is no significance difference 

between an observed and expected frequency. 

Kruskal-Wallis Test 

The Kruskal-Wallis H test is a rank-based nonparametric test that can be used to 

determine if there are statistically significant differences between two or more groups of an 

independent variable on a continuous or ordinal dependent variable. It is considered the 

nonparametric alternative to the one-way ANOVA, and an extension of the Mann-Whitney U 

test to allow the comparison of more than two independent groups. 

https://statistics.laerd.com/spss-tutorials/one-way-anova-using-spss-statistics.php
https://statistics.laerd.com/spss-tutorials/mann-whitney-u-test-using-spss-statistics.php
https://statistics.laerd.com/spss-tutorials/mann-whitney-u-test-using-spss-statistics.php
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Assumptions 

There are certain assumptions in the Kruskal-Wallis test. 

 It is assumed that the observations in the data set are independent of each other. 

 It is assumed that the distribution of the population should not be necessarily normal 

and the variances should not be necessarily equal. 

 It is assumed that the observations must be drawn from the population by the process 

of random sampling. 

Formula 

The formula for Kruskal-Wallis Test is, 

 

Where, 

= sum of squares of all groups 

n = Sample Size 

Test Procedure for Kruskal-Wallis Test 

1. Null Hypothesis (Ho) 

 Ho: There is no difference between the sample means. 

2. Alternative Hypothesis (H1) 

 H1: There is difference between the sample means. 

3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 

 

Where, 

= sum of squares of all groups 

n = Sample Size 

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 
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5. Critical value 

 find χ2
(k-1)from χ2for (k-1) degrees of the freedom at level of significance. 

 

6. Inference 

 If the observed value of the test statistic H exceeds the table value of χ2, we reject the 

Null Hypothesis Ho otherwise accept it. 

 

Example 

 Use the Kruskal-Wallis test at 5% level of significance to test the null hypothesis that 

a professional bowler performs equally well with the four bowling balls, given the following 

results: 

 Bowling Results in Five Games 

With Ball No. A 271 282 257 248 262 

With Ball No. B 252 275 302 268 276 

With Ball No. C 260 255 239 246 266 

With Ball No. D 279 242 297 270 258 

 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

 

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: Bowler performs equally well with the four bowling balls. 

 H1: Bowler performs not equally well with the four bowling balls. 

Level of Significance 

α = 0.05 
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Test Statistic 

 To apply the H test or the Kruskal-Wallis test to this problem, we begin by ranking all 

the given figures from the highest to the lowest, indicating besides each the name of the ball 

as under: 

 Bowling Results in Five Games Total 

With Ball No. A 271 282 257 248 262  

Rank 7 3 14 17 11 52 

With Ball No. B 252 275 302 268 276  

Rank 16 6 1 9 5 37 

With Ball No. C 260 255 239 246 266  

Rank 12 15 20 18 10 75 

With Ball No. D 279 242 297 270 258  

Rank 4 19 2 8 13 46 

  

 Under the null hypothesis (H0), the test statistic is 

 

 

 

 

 

Table Value 

The degrees of freedom, (Number of Groups Minus 1): (k - 1) 

df = 4 – 1 = 3df 

Table Value = 7.815 

Conclusion 

Since Calculated Value is less than the Table Value (i.e., 4.51 < 7.815). So, we do not 

reject the null Hypothesis. Hence, we conclude that the Bowler performs equally well with 

the four bowling balls. 
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Friedman Test  

Friedman Test is a non-parametric test alternative to the one-way ANOVA with 

repeated measures. It tries to determine if subjects changed significantly across 

occasions/conditions. For example: - Problem-solving ability of a set of people is the same or 

different in Morning, Afternoon, Evening. It is used to test for differences between 

groups when the dependent variable is ordinal. This test is particularly useful when the 

sample size is very small. 

Elements of Friedman Test 

 One group that is measured on three or 

more blocks of measures overtime/experimental conditions. 

 One dependent variable which can be Ordinal, Interval or Ratio. 

Assumptions of Friedman Test 

 The group is a random sample from the population 

 No interaction between blocks (rows) and treatment levels (columns) 

 The one group that is measured on three or more different occasions 

 Data should be at least an ordinal or continuous 

 The samples are do not need to be normally distributed 

Formula 

The formula for Friedman test is, 

 

Where, 

n = total number of subjects/participants. 

k = total number of blocks to be measured. 

Ri = sum of ranks of all subjects for a block i 

Test Procedure for Friedman Test 

1. Null Hypothesis (Ho) 

 Ho: There is no significant difference between the means of three or more groups. 

2. Alternative Hypothesis (H1) 

 H1: There is significant difference between the means of three or more groups. 
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3. Test statistic 

 Under the null hypothesis (H0), the test statistic is 

 

Where, 

n = total number of subjects/participants. 

k = total number of blocks to be measured. 

Ri = sum of ranks of all subjects for a block i 

4. Level of Significance 

 The level of significance may be fixed at either 5% or 1%. 

5. Critical value 

 Find χ2
(k-1)from χ2for (k-1) degrees of the freedom at level of significance. 

6. Inference 

 If the observed value of the test statistic F exceeds the table value of χ2, we reject the 

Null Hypothesis Ho otherwise accept it. 

 

Example 

 7 random people were given 3 different drugs and for each person, the reaction time 

corresponding to the drugs were noted. Test the claim at the 5% significance level that all the 

3 drugs have the same probability distribution. 

 Drug A Drug B Drug C 

1 1.24 1.50 1.62 

2 1.71 1.85 2.05 

3 1.37 2.12 1.68 

4 2.53 1.87 2.62 

5 1.23 1.34 1.51 

6 1.94 2.33 2.86 

7 1.72 1.43 2.86 

 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 
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 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

Calculation 

Hypothesis 

 H0: All three drugs have the same probability distribution. 

 H1: At least two of them differ from each other. 

Level of Significance 

α = 0.05 

Test Statistic 

 Under the null hypothesis (H0), the test statistic is 

 

 Assign Ranks for the drugs corresponding to each person and find the sum.  

Ranks will be in ascending order. 

 Drug A Rank Drug B Rank Drug C Rank 

1 1.24 1 1.50 2 1.62 3 

2 1.71 1 1.85 2 2.05 3 

3 1.37 1 2.12 3 1.68 2 

4 2.53 2 1.87 1 2.62 3 

5 1.23 1 1.34 2 1.51 3 

6 1.94 1 2.33 2 2.86 3 

7 1.72 2 1.43 1 2.86 3 

Total  9  13  20 

 

 Here, n = 7 and k = 3 
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Table Value 

The degrees of freedom, (Number of Groups Minus 1):  

df = 3 – 1 = 2df 

Table Value = 5.991 

Conclusion 

Since Calculated Value is greater than the Table Value (i.e., 8.85 > 5.991). So, we 

reject the null Hypothesis. Hence, we conclude that all the three drugs do not have the same 

probability distribution. 

 

McNemar's Test 

McNemer test is one of the important nonparametric tests often used when the data 

happen to be nominal and relate to two related samples. As such this test is especially useful 

with before-after measurement of the same subjects. 

Assumptions  

The McNemar test has three assumptions that have to be met before running the test:  

 One categorical dependent variable with two categories (i.e., a dichotomous variable) 

and one categorical independent variable with two related groups.  

 The two groups of your dependent variable must be mutually exclusive. This means 

that no groups can overlap: a participant can only be in one of the two groups!  

 The cases (e.g., participants) are a random sample from the population of interest. 

Formula 

The test statistic under McNemer Test is 

Before  
After  

Yes No 

Yes a b 

No c d 
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Example 

In a certain before-after experiment the responses obtained from 1000 respondents, 

when classified, gave the following information: 

Before treatment 
After treatment 

Favorable response Unfavorable response 

Favorable response 300 200 

Unfavorable response 100 400 

 

Test at 5% level of significance, whether there has been a significant change in 

people’s attitude before and after the concerning experiment. 

Procedure 

 State the null hypothesis and alternative hypothesis 

 State alpha 

 Compute the test statistic 

  

 To determine the critical value  

 Compare the calculated test statistic to the critical value. 

 

Calculation 

Hypothesis 

H0: There is no significant change in people’s attitude before and after the concerning 

experiment. 

H1: There is a significant change in people’s attitude before and after the concerning 

experiment. 

Level of Significance 

α = 0.05 

Test Statistic 

 Under the null hypothesis (H0), the test statistic is 
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Before treatment 
After treatment 

Favorable response Unfavorable response 

Favorable response 300 (a) 200 (b)  

Unfavorable response 100 (c) 400 (d) 

 

 

 

 

Table Value 

The degrees of freedom = 1 

Table Value = 3.84 

Conclusion 

Since Calculated Value is greater than the Table Value (i.e., 33.33 < 3.84). So, we 

reject the null Hypothesis. Hence, we conclude that there is a significant change in people’s 

attitude before and after the concerning experiment. 
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CHI-SQUARE TABLE 
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