
Statistical Methods for Social Sciences - I

• Non Parametric test
• Sign test

• Wilcoxon signed rank test

• Run test

• Kolmogorov-Smirnov Goodness of fit

• Wilcoxon matched pair signed rank test

• Mann-Whitney test

• Kruskal-Wallis test

• Friedman test

• Time series analysis
• Index number
• Path analysis
• Factor analysis



• In many real life problems particularly in Social and Behavioural Sciences where
the requirement of parametric tests cannot be satisfied, (non quantitative form).

• In such situations, the parametric tests are not applicable.
• Thus, different tests and methods which are independent of population

distribution and also applicable when the observations are not measured in
numerical scale that is in ordinal scale or nominal scale.

• These tests are known as “Non-parametric tests” or “Distribution Free Tests”.



•Non-parametric tests



• One-Sample Tests 
• Sign test, 
• Wilcoxon signed-rank test, 
• run test 
• Kolmogorov-Smirnov goodness of fit 

test 

• k-Sample Tests  

• The procedures for testing for the 
significance of differences among 
three or more populations. 
• Kruskal -Wallis test 
• Friedman test for k( > 2) samples  

Two-Sample Tests 
• Paired sign test, 
• Wilcoxon matched-pair 

signed-rank test, 
• Mann-Whitney U test 
• Kolmogorov-Smirnov test. 

Analysis of Frequencies 
Chi-square tests for 
categorical data 

• Goodness of fit test 
• and test for 

independence of two 
attributes. 



• One-Sample Sign Tests 

• The sign test is the simplest of the non-parametric tests. 

• It is based on signs as plus and minus 

• It is used as an alternative of the t-test for testing population median instead of 
population mean under the circumstances when the parent population is not 
normal. 

• Further it also works if data is available in ordinal scale while for t-test we needed 
data at least in interval scale.

• Assumptions
• The sample is selected from the population with unknown median. 

• The variable under study is continuous. 

• The variable under study is measured on at least ordinal scale.



• Let X1, X2 …Xn be a set of n random observations arranged in the order in
which they occur taken from the parent population having unknown
median μ.

Step1: Find Median μ

Step2: Obtain difference Xi- μ, if difference +ve then put +ve sign else –ve sign

Step3: Count the number of plus signs (S+) and number of minus signs (S-) and Total
number of signs (S)

Step4: If plus sign (S+) is less than minus sign (S-) then we will take plus sign (S+) as 
success and minus sign (S-) as failure. Similarly, if minus sign (S-) is less than plus sign (S+) 
then we will assume minus sign (S-) as success and plus sign (S-) as failure.

Step5: To take the decision about the null hypothesis, we use concept of p-value. 

(Table-I: Cumulative Binomial Probabilities)



• Criteria

Opposite of the above case

Same conclusion as above



Same conclusion as above

The Test statistic of Z-test is given by 
Here, we used n > 20 for large 
sample instead of n > 30, because 
binomial distribution with p = 0.5 
approximated by normal 
distribution less than 30.



• Problems

• Ref. PDF



• Wilcoxon signed-rank test

• If the observation is available interval or ratio scales then choice of sign test is not
recommended. It do not take into account the information available in terms of
the magnitude of the differences.

• To overcome this drawback of the sign test Wilcoxon signed-rank test do the job
for us, which takes into account the information of signs as well as of magnitude
of differences.

• The Wilcoxon signed-rank test is also used as an alternative of the t-test. 

• Assumptions 
• The sample is selected from the population with unknown median.

• The sampled population is symmetric about its median. 

• The variable under study is continuous. 

• The variable under study is measured on at least interval scale. 



• Let X1, X2 …Xn be a set of n random observations arranged in the order in which
they occur taken from the parent population having unknown median μ.

Step1: Find Median μ

Step2: Obtain difference di =Xi- μ, if difference is zero then exclude those from analysis

Step3: After that, we find the absolute value of these di’s (|di |)obtained in Step 2

Step4: In this step, we are ranked  |di | with respect to their magnitudes from smallest to largest, 
that is, the rank 1 is given to the smallest |di | and so on

Step5: Now assign the signs to the ranks which the original differences have. And calculate the 
sum of the positive ranks (T+) and sum of the negative ranks (T-)

Step6: To take the decision about the null hypothesis, the test statistic is the smaller of (T+) and (T-) 

(Table-II: Critical Values for Wilcoxon Test)



Opposite of the above case





• Problems

• Ref. PDF



• Run test 
• The fundamental assumptions of the parametric test is that the observed data

are random

• It is always better to check whether this assumption is true or not.

• A very simple tool for checking this assumption is Run test.

• A run in observations, is defined as a sequence of letters or symbols of one kind,
immediately preceded and succeeded by letters of other kind or no letters.

• Assumptions
• Observed data should be such that we can categorise the observations into two mutually

exclusive types.
• The variable under study is continuous.

For example a sequence of two letters H and T 
as given below: 

that there are eight runs as shown 
below:



• Set Null Hypothesis
• H0 : The observations are random

• H1 : The observations are not random [two-tailed test]

• Step1: If the data in symbolical form then it is ok, but if data in numeric form
then first we convert numeric data in symbolical form.
• For this, we calculate median of the given observations we replace the observations

which are above the median by a symbol ‘A’ (say) and the observation which are
below the median by a symbol ‘B’ (say) without altering the observed order. The
observations which are equal to median are discarded form the analysis and let
reduced size of the sample denoted by n

• Step2: Counts number of times first symbol (A) occurs and denote it by n1 and Counts
number of times second symbol (B) occurs and denote it by n2 (n1 + n2 = n).

• Step3: Count total number of runs in the sequence of symbols and denote it by R

• Step4: If R lies between RL and RU, that is, RL < R < RU then we do not reject the null
hypothesis at 5% level of significance.

(Table III: Critical Values of Runs Test)



• For large sample (n > 40)

• If sample size n greater than 40 or either n1 or n2 exceeds 20, then  The statistic R 
is approximately normally distributed

• Therefore in this case, we use normal test (Z-test). The test statistic of Z-test is 
given by



• Problems

• Ref. PDF



• Kolmogorov-Smirnov Goodness of fit test
• (discovers A. N. Kolmogorov and N.V. Smirnov)

• The main difference between chi-square test and Kolmogorov-Smirnov (K-S)
test is that the chi-square test is designed for categorical data whereas K-S
test is designed for the continuous data.

• K-S goodness of fit test is based on the comparison of empirical (observed or
sample) cumulative distribution function with the theoretical (specified or
population) cumulative distribution function.

• Assumptions
• The sample is randomly selected from some unknown distribution.

• The observations are independent.

• The variable under study is continuous.

• The variable under study is measured on at least ordinal scale.

• Null Hypothesis
• H0: Data follow a specified distribution

• H1: Data do not follow a specified distribution

In symbolical form 



• Step1: Compute the empirical cumulative distribution function, say, S(x)

• Step2: Compute the theoretical cumulative distribution function F0(x) for all
possible values of x

• Step3: Find difference, S(x) - F0(x) for all x

• Step4: The test statistic is denoted by Dn

• Step5: If Dn ≥ Dn α (table value) then we reject the null hypothesis at α level of
significance

• For large sample (n > 40)

(Table IV: Critical Values of K-S One-Sample Test)

D equals the supreme over all x, of 
the absolute diff between….



• Paired sign test

• When the observations are recorded as before and after.

• If the assumptions of paired t-test is (are) not fulfilled then we use paired sign
test

• Assumptions
• The pairs of measurements are independent.

• The measurement scale is at least ordinal within each pair

• The variable under study is continuous.

• The procedure for paired sign test is similar to sign test for one sample

• Null hypothesis

OR



• Step1: Find the difference Xi and Yi and consider only the sign of difference as
plus (S+) or minus (S-) . If difference is zero then exclude all such pairs from the
analysis

• Step2: Count the number of plus signs (S+) and number of minus signs (S-) and
Total number of signs (S)

• Step3: If plus sign (S+) is less than minus sign (S-) then we will take plus sign (S+) as
success and minus sign (S-) as failure. Similarly, if minus sign (S-) is less than plus
sign (S+) then we will assume minus sign (S-) as success and plus sign (S-) as
failure.

• Step4: To take the decision about the null hypothesis, we use concept of p-value.

(Table-I: Cumulative Binomial Probabilities)

Follow same criteria as discussed in One-Sample Sign Tests



• Problems

• Ref. PDF



• Wilcoxon matched-Pair signed-rank test 

• The test is a good alternative to the paired t-test in cases where the differences
between paired observations are not believed to be normally distributed

• The test is same as described above in Wilcoxon signed-rank test, when di =Xi- μ is
replaced by di =Xi- Yi

• Assumptions 
• The distribution of differences di's is symmetric. 

• The differences di's are mutually independent. 

• The measurement scale is at least interval within each pair

• The variable under study is continuous. 



• Step1: Obtain difference di =Xi- Yi, if difference is zero then exclude those from analysis

• Step2: After that, we find the absolute value of these di’s (|di |)obtained in Step 1

• Step3: In this step, we are ranked  |di | with respect to their magnitudes from smallest to 
largest, that is, the rank 1 is given to the smallest |di | and so on

• Step4: Now assign the signs to the ranks which the original differences have. And calculate the 
sum of the positive ranks (T+) and sum of the negative ranks (T-)

• Step5: To take the decision about the null hypothesis, the test statistic is the smaller of (T+) 
and (T-) (Table-II: Critical Values for Wilcoxon Test)

Follow same criteria as discussed in Wilcoxon signed-rank test 



• Mann-Whitney U Test (developed jointly by Mann, Whitney and Wilcoxon)

• In studies of consumer behavior, marketing research, experiment of psychology,
etc. generally the data are collected in ordinal scale and the form of the
population is not known.

• Assumptions
• The two samples are randomly and independently drawn from their respective populations.

• The variable under study is continuous.

• The measurement scale is at least ordinal.

• The distributions of two populations differ only with respect to location parameter.

• Null hypothesis If F1(x) and F2(x) are the distribution functions of the first and second 
populations respectively

(test the hypothesis about the
medians of two populations)



• Step1: First of all, combine the observations of two samples

• Step2: Ranking all these combined observations from smallest to largest

• Step3: Let S be the sum of the ranks assigned to the sample observations of
smaller sized sample then for testing the null hypothesis the test statistic is given
by

[Table-VII: Critical Values of Mann-Whiney U Test (Lower Critical Values)]

provides the lower and upper critical values for a given combination of n1 and n2 at α level of

significance for one-tailed and two-tailed test





• For large (n1 or n2 >20) the statistic U is approximately normally distributed
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• Kolmogorov-Smirnov Two-sample Test (Smirnov)

• The comparison is made between the empirical cumulative distributions
functions of the two samples.

• Assumptions
• The two samples are randomly and independently drawn from their respective populations.

• The variable under study is continuous.

• The measurement scale is at least ordinal.

• Hypothesis



• Step1: Compute the empirical cumulative distribution function, say, S1(x) and
S2(x)

• Step2: Find the deviation between the empirical cumulative distribution
functions for all x.

• The test statistic

• Obtain critical value of test statistic at α % level of significance (Table V and VI )

• D ≥ Dα then we reject the null hypothesis at α level of significance, otherwise we
do not reject H0.

D equals the supreme over all x, of 
the absolute diff between….



• For large sample (n1 = n2 = n > 40 and n1 >16 for unequal)



• k-SAMPLE TESTS

• Kruskal-Wallis Test

• Kruskal-Wallis test is the non-parametric alternative to the one way analysis of
variance or completely randomized design (CRD).

• The test represents a generalization of the two-sample Mann-Whitney U test.

• Assumptions
• k samples are randomly and independently drawn from their respective populations.

• The variable under study is continuous.

• The measurement scale is at least ordinal.

• The populations are identical in shape

• Null hypothesis:
•H0 : All k populations/Treatment have same median/effect

•H1 : All k populations/Treatment have not same median/effect



• Step1: First of all, combine the observations of all samples and ranking all these
combined observations from smallest to largest

• Step2: Find the sum of ranks for each sample. Let R1, R2, ..., Rk

• Step3: the Kruskal-Wallis test statistic

• If tie occurs, an adjustment in Kruskal-Wallis test statistic has to be made. The
adjustment factor is

• Therefore, adjusted Kruskal-Wallis test statistic is

• Step4: Obtain critical value of Kruskal-Wallis test statistic

• If calculated value of test statistic is greater than critical (tabulated) value at α level of
significance then we reject the null hypothesis (Table VIII Critical Values of Kruskal-Wallis Test)

where, n = n1 + n2 + ... + nk

where, 
r is the no. of groups of different tied ranks, 
ti is the no. of tied values within ith group that 
are tied at a particular value. 



• For large samples

• If number of samples (k > 3) or for large sample sizes (ni > 5), the distribution of
the test statistic under the null hypothesis is well approximated by the chi-square
distribution with (k –1) degrees of freedom.

• such that we cannot use Table VIII then we use χ2-table for critical value of the
test statistic.
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• Friedman test

• It is a non-parametric version of two-way ANOVA or randomized block design

• This test is also based on ranks and may be viewed as an extension of the
Wilcoxon signed-rank test for two samples.

• Assumptions
• The observations are independent within and between samples.

• The treatments are randomly assigned to experimental units within each block.

• The measurement scale is at least ordinal.

• The variable under study is continuous.

• Null Hypothesis
• H0 : All Treatment have same effect

• H1 : All Treatment have not same effect



• Step1: Rank the observations within each block (sample) independently from
smallest to largest.

• Step2: Find the sum of ranks for each treatment. Let R1, R2, ..., Rk be the sum of all
ranks for treatment 1st, 2nd, ….nth respectively.

• Friedman test statistic (F) given by,

• If tie occurs, an adjustment in Friedman F-statistic has to be made. The adjustment
factor is

• Adjusted Friedman statistic is

• If calculated value of test statistic is greater than critical (tabulated) value at α level
of significance then we reject the null hypothesis (Table IX Critical Values of Freidman Test)

Approximate to chi-square distribution with 
(n – 1) degrees of freedom

where ti is the number of tied 
observations in the ith block (sample). 



• For large samples

• For large number of treatments or for large sample sizes the distribution of the
test statistic under the null hypothesis is well approximated by the chi-square
distribution with (n –1) degrees of freedom.

• So when number of samples and observations per sample are such that we
cannot use Table IX then we use χ2-table for critical values of the test statistic.

• Problems

• Ref. PDF



THANK YOU


