
Statistical Methods for Social Sciences - I

• Introduction and Scope 
• Frequency distribution
• Statistical measures
• Sampling
• Test of significance 
• Parametric (t, Z and F test)
• Correlation, Rank Correlation
• Regression



Introduction:
• The word ‘Statistics’ is derived from the Latin word ‘Status’, means a

‘Political state’.

• Plural: it is a systematic presentation of facts and figures; Singular: it is a
science, which deals with collection, classification, tabulation, analysis and
interpretation of data.

• Biometry/Bio-statistics: In biology, the study of biological phenomenon
and observations by means of statistical analysis

• Bio-informatics: Combination of computer science, statistics, mathematics
and engineering to study & processes of biological data

Definition:
• Sir Ronald Aylmer Fisher (R. A. Fisher- 1890-1962) - Father of Statistics-

The science of statistics is essentially a branch of applied mathematics and
is concerned with observational data’. It is a study of population, variation
and the methods for reduction of the data.



•Functions:
1. Comparison
2. Forecasting
3. Estimation
4. Condensation
5. Test of hypothesis

•Limitations of statistics:
• Statistics is not suitable to the study of qualitative phenomenon
• Statistics does not study individuals
• Statistical laws are not exact and Statistical conclusions are valid

only on average base
• Statistics is liable to be misused
• Statistics does not reveal the entire information



• Scope of Statistics in social science research:
• Statistical methods can be applied to a variety of social situations.

• In today's data-driven world, statistics is used to make policy
decisions, study social and behavioral changes, and answer important
cultural questions.

• Assignment 1: Scope of Statistics in social science research



• Types of data:
• Primary Data 

• Secondary Data

•Classification:
• Chronological classification

• Geographical classification

• Qualitative classification

• Quantitative classification

• Frequency Distribution:
• a series when a number of observations with similar or closely related

values are put in separate bunches or groups, each group being in order
of magnitude in a series.



• Type of Frequency Distribution
• Discrete (or) Ungrouped frequency distribution:
• Continuous frequency distribution:

• Technical terms:
• Class limits:
• Class Interval:
• Width or size of the class interval:
• Range:
• Mid-value or mid-point:
• Frequency:
• Number of class intervals K = 1 + 3. 322 log10 N
• Size of the class interval: Range/ Number of class interval



•Cumulative frequency (c.f.):
• Less than c.f.

• More than c.f.



•Measures of Central Tendency

• Properties of Arithmetic mean
• The algebraic sum of the deviations of a set of values (observed

values) from their arithmetic mean is zero.
• The sum of squares of the deviations of a set of values from their

arithmetic mean is always minimum.
• Adding or subtracting a constant from each observation of a given

series will add or subtract the same constant to the arithmetic mean
• Multiplying or diving each observation by a constant will multiply or

divide the arithmetic mean by the same constant



•Measures of Dispersion
• Range:

• Mean Deviation (M.D.):

• Standard Deviation (S.D.) σ:

• Coefficient of Variation (C.V.):

• Skewness:

• Kurtosis:

• Variance:

• Standard error of mean ( S.E.m): 



•Properties of variance
• If V(x) represent the variance of X series and V(y) represent the variance

of Y series then
V(x+y) = V(x) + V (y) and V(x-y) = V(x) + V(y)

• Multiplying or dividing each observation by ‘A’ constant will multiply or
divide the variance by square of that constant.

V(ax) = A2 V(x).
• Addition or subtraction a constant from the groups of each observation

will not change the value of variance.

• Assignment 2: Write merit and demerits of statistical measures
(Central tendency + Dispersion)



Sampling
• Population means aggregate of all possible units. It need not be human

population. It may be population of plants, population of insects, population
of fruits, etc.

• Finite population: When the number of observation can be counted and is
definite, it is known as finite population

• Infinite population: When the number of units in a population is
innumerably large, that we cannot count all of them, it is known as infinite
population.



• Sampling Frame: A list of all units of a population is known as frame.

• Sample: portion or small number of unit of the total population is
known as sample.

• Parameter: A summary measure that describes any given
characteristic of the population is known as parameter. E.g.
population mean (μ), standard deviation (σ) and variance by (σ2) .

• Estimator: It is a statistic when it is used
to estimate the population parameter. Eg.
Sample mean, sample variance

• Statistic: A summary measure that
describes the characteristic of the sample
is known as statistic.



• Sampling: The method of selecting samples from a population is known as
sampling.

• Sampling technique: There are two ways in which the information is
collected during statistical survey. They are: Census survey and Sample
survey

• Census survey: It is also known as population survey and complete
enumeration survey. Under census survey the information are collected
from each and every unit of the population or universe.

• Sample survey: A sample is a part of the population. Information are
collected from only a few units of a population and not from all the units.
Such a survey is known as sample survey. Sampling technique is universal in
nature, consciously or unconsciously it is adopted in every day life. For eg.
• A handful of rice is examined before buying a sack.

• To measure root length of plants only a portion of plants are selected from a plot.



• Need for sampling

• The sampling methods have been extensively used for a variety of
purposes and in great diversity of situations.

• In practice it may not be possible to collected information on all units of a
population due to various reasons such as
• Lack of resources in terms of money, personnel and equipment.
• The experimentation may be destructive in nature. Eg- finding out the germination

percentage of seed material or in evaluating the efficiency of an insecticide the
experimentation is destructive.

• The data may be wasteful if they are not collected within a time limit. The census
survey will take longer time as compared to the sample survey. Hence for getting
quick results sampling is preferred. Moreover a sample survey will be less costly than
complete enumeration.

• Sampling remains the only way when population contains infinitely many number of
units.

• Greater accuracy.



• Methods of sampling :-

• Non-probability sampling or non random sampling
• Snowball sampling

• Subjective or judgement or purposive sampling

• Quota sampling

• Convenience sampling

• Probability sampling or random sampling

• Every unit of the population at any stage has equal chance
(or) each unit is drawn with known probability. It helps to
estimate the mean, variance of the population.

• Simple Random Sampling
• Sampling with replacement (SWR)

• Sampling without replacement (SWOR)

• Stratified Random Sampling

• Systematic Random Sampling

• Multistage sampling

• Cluster Sampling



Stratified Random Sampling

• Stratified random sampling is appropriate whenever there is heterogeneity in a
population that can be classified with ancillary information; the more distinct the
strata, the higher the gains in precision.

• How it is implemented:
• Divide the entire population into non-overlapping strata  

• Select a simple random sample from within each strata

• Estimating the Population Mean and Variance

L = number of strata 
Ni = number of sample units within stratum i
N = number of sample units in the population 



• Allocating Sampling Effort among Strata

• Uniform allocation:
• The simplest allocation strategy is to select the same

number of samples from each stratum, which is an ideal
approach if there is no information available about
variability of units within strata,
• The cost of sampling is similar for all strata, and strata

are of similar size.

• Proportional allocation:
• The number of sample units to select from each stratum

can be made proportional to the number of sample
units (or size) within each stratum.
• Variation in a stratum often increases with a the size of

a stratum, so in some cases this can be considered a
rough approach for allocating more effort to strata that
are likely to be more variable strata.

Where,
n is the total number of sample 
units available for allocation, 
ni is the number of sample units to 
allocate to stratum i. 



• Optimal allocation:

• The number of samples selected from each stratum is proportional to
the size, variation, as well as the cost (ci) of sampling in each stratum.

• More sampling effort is allocated to larger and more variable strata,
and less to strata that are more costly to sample. (Note: the value of
the strata variance can be obtained from earlier survey or we know
these value)

Where, 
Ni Size of ith stratum
n is the total number of sample units available for allocation 
ni is the number of sample units to allocate to stratum i.
si population variance of ith stratum 
ci cost of obtaining single observation from of ith stratum 
k indexes the L strata



• Neyman allocation

• Neyman allocation is a sample allocation method that may be used
with stratified samples.

• The purpose of the method is to maximize survey precision, given a
fixed sample size and sampling cost among strata is equal.

• Neyman allocation is actually a special case of optimal allocation

• The "best" sample size for stratum ni would be:
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Where, 
Ni Size of ith stratum
n is the total number of sample units available for allocation 
ni is the number of sample units to allocate to stratum i.
si population variance of ith stratum 
k indexes the L strata



Probability Proportion to Size (PPS)

• It is a sampling procedure under which the probability of a unit being

selected is proportional to the size of the ultimate unit, giving larger

clusters a greater probability of selection and smaller clusters a lower

probability.

• In order to ensure that all units (ex. individuals) in the population have the

same probability of selection irrespective of the size of their cluster,

• Each of the hierarchical levels prior to the ultimate level has to be sampled

according to the size of ultimate units it contains, but the same number of

units has to be sampled from each cluster at the last hierarchical level.



• Cumulative total method

• The procedure of selecting a simple random sample of size n consists
of:
• associating the natural numbers from 1 to N units in the population

• and then selecting those n units whose serial numbers correspond to a set of
n numbers where each number is less than or equal to N which is drawn
from a random number table.

• In this case, the probability of 
selection of ith unit is 

TN is the population total which 
remains constant



• Lahiri’s method: 

• Let                   maximum of the sizes of  N  units in the population or 
some convenient number greater than M .

• The sampling procedure has the following steps:
• Select a pair of the random number (i, j) such that 1≤ i ≤N, 1≤ j ≤M

• If j ≤Xi, then ith unit is selected otherwise rejected and another pair of random
number is chosen

• To get a sample of size n , this procedure is repeated till n units are selected.



• Example:
Selection of sample 
using cumulative total 
method:
• Draw a random number 

between 1 and 64 
• Suppose it is 23 
• Unit is selected and 8 

enters in the sample

• Suppose it is 38 then ??? 

• This procedure is 
repeated until the 
sample of required size 
is obtained.



• Here,

• Select a pair of the random number (i, j) such 
that 1≤ i ≤10, 1≤ j ≤14

• Selection of sample using Lahiri’s Method:



Assignment: 3

1. Different methods of sampling

(write in details of the different methods of sampling with
examples, merits and demerits etc.)

2. Differentiate between sampling error and non sampling
error



• Tests of Significance
• Parameter: A characteristics of population values is known as

parameter;

• Statistic: A Characteristic of sample values is called a statistic;

• Estimator: Statistic proposed for estimating a parameter

• Estimate: Specific numerical value of an estimator calculated from
sample is called the Estimate.



• Null Hypothesis (H0): a definite statement about the population
parameter.

• Alternative Hypothesis (H1): Any hypothesis which is
complementary to the null hypothesis

• Level of Significance: The maximum probability at which we would
be willing to risk a type-I error (α) is known as level of significance
or the size of Type-I error is level of significance.

α

β



• Z-test
• t-test
• F-test

• Chi-square
• Sign test
• Wilcoxon signed rank 

test
• Run test
• Mann-whitney test
• Kruskal Wallis test
• Friedman test



• Large Sample Tests- Z-test

• Sample size, n > 30 = large sample, Standard deviation σ is known 

• Range of Z - distribution - ∞ to + ∞

• One sample Z statistics, 

• Two sample Z-Test 

Significant 
result



• Small Sample Tests- t-test, ‘Student’s t- test’ (W.S. Gosset) 

• Sample size, n < 30 = Small sample, Standard deviation σ is same and 
not known 

• Range of t - distribution - ∞ to + ∞

• One sample t test 

• Two Sample t test



• Paired t – test 
• Size of both sample should be same

• Both are dependent to each other (related)

• Test statistic;



• F-test To compare the variability of two 
populations
Range of F:  0 to ∞



• Chi-square (2) test
• It is non-parametric test

• Also called distribution free test

• The range of chi-square distribution is 0 to ∞

1. Testing the independence of attributes for
2x2, 2xc, rx2 and rxc contingency table.

2. To test the goodness of fit
3. Testing of linkage in genetic problems
4. Comparison of sample variance with

population variance
5. Testing the homogeneity of variances
6. Testing the homogeneity of correlation

coefficient

If the degrees of freedom exceeds 30, it is found that √2 follows normal distribution



• Chi-square test for population variance

• Chi-square (2) test for Goodness of Fit

• Chi-square (2) test for Independence of Attribute



•Correlation:
• The simplest method of studying the linear relationship between two

variables diagrammatically



• Karl Pearson’s coefficient of correlation

• a mathematical method for measuring the magnitude of linear
relationship between the two variables. It is denoted by ‘r’

• Test for significance of correlation coefficient



• Properties of Correlation



• Simple linear regression
• If two variables have linear relationship then as the independent

variable (X) changes, the dependent variable (Y) also changes.
• Regression is the measure of the average relationship between

two or more variables in terms of the original units of the data.
• It is functional relationship between a dependent variable, Y with

one or more independent variables, X is called Regression
equation
• Linear regression equation of Y on X is

Y = a + byxX + e
Where: a= intercept;

byx =slope of the line/regression coefficient;
e= is error distributed as N(0,σ2)



• The constants ‘a’ and ‘b’ can be estimated with by applying the `least
squares method’

where, byx is called the estimate of regression 
coefficient of  Y on X and it measures the 
change in Y for a unit change in X. 



THANK YOU


