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	 ±.41 to ±.70	 Moderate

	 ±.71 to ±.90	 High

	 +.91 to ±.99	 Very High

	 ±1.00	 Perfect

Methods of Computing Coefficient of Correlation

There are three main methods to computation of coefficient of correlation

Spearman’s Rank Difference Method1.	

Pearson’s Product-Moment Method2.	

Scatter-Diagram Method3.	

Spearman’s Rank Difference Method28.4 

We call rank difference method as series order method also. This method was postulated by Charles 
spearman and this method is called Spearman’s correlation method after his name. Correlation 
coefficient obtained by this method are called Spearman correlation coefficient or called Spearman 
correlation coefficient or spearman’s ranking correlation coefficient also. By this method obtained 
correlation coefficient are express by Latin language letter ρ (rho). 

Where there are relatively few measures in the series, the Rank Difference method of correlation is 
employed generally. As the name indicates the size of the correlation coefficient (ρ) depends upon 
the sum of the differences in ranks between each pair of measures (a pair means one individual’s 
measures in the two variables).

In this method both the scores of this variables are ranked separately on the basis of their size. After 
separating the scores of both variables calculate the difference of rank assigned on two variables and 
taking square of them, which is known as DV. After calculating the value ΣD² by the help of following 
formula calculate the value of correlation coefficient.

ρ or rho = 
26 D1 2N(N 1)

S
−

−
where, 	 ρ	 =	 Correlation coefficient

	 ΣD²	 =	 Sum of squares of rank difference

	 N	 =	 Total no. of students

Illustration 1: Marks obtained by 12 students in two subjects mathematics and economics 12 students 
marks are given below. By Rank difference method calculate its coefficients coefficient.

Economics: 60 34 40 50 45 41 22 43 42 66 64 46
Math: 75 32 34 40 45 33 12 30 36 72 41 57

Solution: Find out Correlation Coefficient

Table 28.1
Student Economics Math R1 R2 D D2

A 60 75 3 1 2 4
B 34 32 11 10 1 1
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C 40 34 10 8 2 4
D 50 40 4 6 2 4
E 45 45 6 4 2 4
F 41 63 9 9 0 0
G 22 12 12 12 0 0
H 43 30 7 11 4 16
I 42 36 8 7 1 1
J 66 72 1 2 1 1
K 64 41 2 5 3 9
L 46 57 5 3 2 4

N = 12 Σd2  = 48

	 ρ	 =	
2

2

6 D1
N(N 1)

S
−

−

	 	 =	 2

6 481
12 (12 1)

×
−

−

	 	 =	 2881
12 (144 1)

−
−

	 	 =	 2881
12 143

−
×

	 	 =	 2881
1716

−

	 	 =	 1716 288
1716

−

	 	 =	 1428
1716

	 	 =	 + 0.83 Ans.

Explanation: The results of marks obtained by 12 students in both two subjects economics and 
mathematics show the high positive correlation between them.

Example: By following data find correlation coefficient between father and son height’s 

Height of father in inch 20 25 32 28 30 27 35 60 80
Height of son in inch  21 27 30 24 28 22 37 64 82

Solution: Calculate correlation coefficient between father and son height’s.

Table 28.2
Father’s height Son’s height R1 R2 D D2

20 21 9 9 0 0
25 27 8 6 2 4

32 30 4 4 0 0
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28 24 6 7 1 1
30 28 5 5 0 0
27 22 7 8 1 1
35 37 3 3 0 0
60 64 2 2 0 0
80 82 1 1 0 0

N = 9 ΣD2  = 6

	 ρ	 =	
2

2

6 D1
N(N 1)

S
−

−

	 	 =	 2

6 61
9 (9 1)

×
−

−

	 	 =	 361
9(81 1)

−
−

	 	 =	 361
9 80

−
×

	 	 =	 361
720

−

	 	 =	 11
20

−

	 	 =	 120
20

−

	 	 =	 19
20

	 	 =	 +0.95 Ans.

Did You Know? Rank Difference Method is developed by Charles Spearman.

Illustration: 3 By following data calculate rank correlation coefficient

Student A B C D E F G H I J K L

Science 50 54 56 59 60 62 61 65 67 71 71 74

Math 22 25 34 28 26 30 32 30 28 34 36 40
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Solution:

Table 28.3
Student Science marks Math Marks R1 R2 D D2

A 50 22 12 12 0 0
B 54 25 11 11 0 0
C 56 34 10 3.5 6.5 42.25
D 59 28 9 8.5 .5 .25
E 60 26 8 10 2 4
F 62 30 6 6.5 .5 .25
G 61 32 7 5 2 4
H 65 30 5 6.5 1.5 2.25
I 67 28 4 8.5 4.5 20.25
J 71 34 2.5 3.5 1 1
K 71 36 2.5 2 .5 .25
L 74 40 1 1 0 0

N = 12 ΣD2  = 74.50

	 	 =	
2

2

6 D1
N(N 1)

S
−

−

	 	 =	 2

6 74.501
12(12 1)

×
−

−

	 	 =	 4471
12(144 1)

−
−

	 	 =	 4471
12 143

−
×

	 	 =	 4471
1716

−

	 	 =	 1716 447
1716

−

	 	 =	 1269
1716

	 	 =	 +.739 Ans.

Explanation: The marks obtained in both subjects mathematics and science by 12 students show 
correlation is highly positive between them.

Interpretation: The value of rank correlation between science and mathematics is +.739. it is clear that 
correlation coefficient is positive and of high degree. Hence on the basis of this correlation coefficient 
it is said that the student obtained high marks in science they show tendency of obtaining high marks 
in mathematics also and the student obtained less marks in science, they show tendency of getting 
less marks in mathematics also. Along with most of the students have done so. 
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Example 4: By rank difference method calculate correlation coefficient of following two sets of data

Set A 80 80 80 75 75 62 74 66 71 59 67 67
Set B 75 75 69 73 62 58 70 61 61 61 63 72

Table 28.4
Set A Set B R1 R2 D D2

80 75 2 1.5 .5 .25
80 75 2 1.5 .5 .25
80 69 2 6 4 16
75 73 4.5 3 1.5 2.25
75 62 4.5 8 3.5 12.25
62 58 11 12 1 1
74 70 6 5 1 1
66 61 10 10 0 0
71 61 7 10 3 9
59 61 12 10 2 4
67 63 8.5 7 1.5 2.25
67 72 8.5 4 4.5 20.25

N = 12 ΣD2  = 68.50

	 ρ	 =	
26 D1 2N(N 1)

S
−

−

	 =	 2

6x68.501
12(12 1)

−
−

	 =	 4111
12(144 1)

−
−

	 =	 4111
12x143

−

	 =	 4111
1716

−

	 =	 1716 411
1716

−

	 =	 1305
1716

	 =	 0.76 Ans.

Explanation: This result show high positive correlation between two sets of data.

Limitations of Rank-Method: Rank difference method is not more reliable. In this method care is 
taken only on ranks, their own value has no significance. For example A, B, C’s marks in mathematics 
30, 40, 50 respectively and in English 70, 80, 90, then in first and second condition rank will be only 
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3,2,1. Now if English’s marks is done 100, 110, 120 then their rank will be same. Now in this method 
in every condition answer will be some. Obviously, this method is not more, correct.

Utility of Correlation Coefficient: The main utility of correlation coefficient are as follows-

Helpful in Prediction1.	

To determine reliability of test2.	

To know the  estimation of validity test3.	

Useful in diagnosis4.	

To get the information of heredity and effects of environment.5.	

Elimination of false beliefs6.	

Use in factor-analysis7.	

In establishing the cause and effect relationship8.	

Besides aforesaid points utility of correlation coefficient can be cleared as follows-

If a student has scored highest in home test then on the basis of that we predict that the 1.	
student must stand first in board examination.

To know reliability either we apply Test-Retest Method or Split Half Method or any others 2.	
we must find out the value of correlation coefficient.

In validity determination we correlate out of test to any criterion and on the basis of correlation 3.	
coefficient validity is known.

If we had proved that in science and mathematics exists positive correlation by given test 4.	
on a big group and if we do not see directly in class then in this condition, correlation solves 
our problems

 5.	 Francis Galton, Karl Pearson and Thorndice have done many experiments to observe the 
effects of heredity and environment on peoples.

 Example Having experimented on 5000 boys Karl Pearson proved that there is no 
relation of face and physical appearance to their mental ability.

To understand the form of intelligence Spearman was the first to take help of factor-analysis-7.	
technique.

What is the impact of environment on children’s achievement and motivation, this type of 8.	
relationship is seen also.

Task Express your views on the application of correlation coefficient.

Self Assessment

State whether the following statements are True or False.

Correlation is a measurement at the approximate level between two variables.1.	

Positive correlation occurs when 2.	 increase of one variable causes decrease in another 
variable



Methodology of Educational Research and Statistics

Notes

256 LOVELY PROFESSIONAL UNIVERSITY

Rank difference method is also called series rank method.3.	

There is no relation between children motivation and their academic achievement.4.	

Product Moment Method28.5 

This method is called Pearson method.

Two variables x and y which express some features (time ,place etc.) of the values of infinite pairs like 
(x1 ,y1), (x2

 y2).... (xn,yn) respectively. In present studies use of Karl Pearson method is used between 
two variables  in linear correlation.

Karl Pearson’s correlation coefficient is defined by r (x,y) following—

	 r(x,y)	 =	

( )

n

i i
i 1

n n
2 2

i i
i 1 i 1

(x x)(y y)

x x (y y)

=

= =

− −

− −

∑

∑ ∑

	 Or generally r	 =	
2 2

(x x)(y y)

(x x) (y y)

S − −

S − S −

Where x  and y  are AM’s of x and y series respectively.

This method is called the direct method of Karl Pearson calculation.

If there is no possibility of confusion in it then we write r (x, y) as only r.

By mathematical method it can be proved as -1 ≤ r ≤ 1.

If correlation between two variables is linear then the explanation of correlation coefficient of Karl 
Pearson will be done by following way.

Value of ‘r’ Status of correlation linear between variables

 r = + 1
 0.75 ≤ r < 1
 0.50 ≤ r < 0.75
 0 < r < 0.50 
 r = 0
-0.50 < r < 0
-0.75 < r ≤ -0.50
 -1 < r ≤ - 0.75
 r = - 1

Perfect clear Positive Correlationyy
High level Positive Correlationyy
Normal Positive Correlationyy
Low level Positive Correlationyy
Absence of correlationyy
Low level negative correlationyy
Normal negative correlationyy
High level of negative correlationyy
Perfect clear negative correlationyy

Remarks 1. Karl Pearson’s correlation coefficient can be described as product moment correlation 
coefficient or Karl Pearson moment correlation coefficient also.

Remarks 2. In Karl Pearson’s correlation coefficient r can be indicated by ρ (x, y) or only by ρ also.

Letter ρ is Greek alphabet ‘rho’

Remarks 3. Karl Pearson’s geometrical correlation coefficient is called coefficient of calculation 
(determination) also.
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For example

If r = 0.753 then determination of coefficient will be (0.783)² = 0.567.

Coefficients of determination always exist between 0 and 1 (in which both are included)

Remarks 4.

	 r	 =	
2 2

(x x)(y y)

(x x) (y y)

S − −

S − S −
 which is described.

	 r	 =	
22

n

(x x)(y y)
(y y)(x x)

n n

S − −

S −S −

	 r	 =	
n y

(x x) (y y)
n

S − −
s s

Example: With the help of following chart calculate correlation coefficient

X 10 12 15 8 5 16

Y 15 16 8 10 11 12

According to that above question will be solve likewise.

Table 28.5
X Y x y x2 y2 xy
10
12
15
8
5
16

15
16
8
10
11
12

-1
+1
+4
-3
-6
+5

+3
+4
-4
-2
-1
-0

1
1
16
9
36
25

9
16
16
4
1
0

-3
+4
-16
+6
+6
0

66 72 0 0 Σx2 = 88 Σy2 = 46 Σxy = –3

Mean at x = 11 and y = 12 respectively,

First we calculate mean of both series separately.1.	

Then we will calculate difference from mean of both series. From each number of first series 2.	
we deduct mean value. Thus we will get mean value (11) and difference from number x. 
Similarly we will deduct mean value 12 from each number of second series and in this way 
we get Y column.

Now in the next column we square 3.	 x and y column’s number. Thus we get x² and y² 
column.

Again we multiply the number of 4.	 x and y column in the next column Thus we get xy 
column. 

Again we add three column viz x², y² and xy separately. This will be written as Σ 5.	 x, Σ y and 
xy.
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After doing all these calculation now we will use formula. By product moment method, correlation 
coefficient will be calculated by following formula.

	 x	 =	
2 2

xy
x y
S

S × S

In the above question 

	 Σxy	 =	 – 3

	 Σx²	 =	 88

	 Σy²	 =	 46

Hence,	 r	 =	 3
(88)46

	 	 =	 3
4048
−

	 	 =	 3
63.62

−

	 	 =	 –0.047.

According to a third method we do not calculate actual mean rather than we use assumed 6.	
mean. Below the same question has been solved by assumed mean.

Table 28.6
X Y x y x2 y2 xy
10
12
15
8
5
16

15
16
8
10
11
12

0
2
5
-2
-5
+6

5
6
-2
0
+1
+2

0
4
25
4
25
36

25
36
4
0
1
4

0
12
-10
0
-5
+12

66 72 0 0 94 70 +9

In the above question actual mean are x = 11, y = 12

Whereas assumed mean x = 10 and y = 10

	 	 	  Cx = 1, Cy = 2

Cx (first difference of actual mean and assumed mean = 11 – 10 = 1

Cy (Second’s difference of actual mean and assumed mean) = 12 – 10 = 2

	 2
xC 	 =	 (1)² = 1

	 2
yC 	 =	 (2)² = 4

	 sx	 =	

2
2
x

x 94C
x1 6

S
− =

 
– 1 = 3.93

	 sy	 =	

2
2
y

y C
N

S
−
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	 	 =	 70 4 2.76
6

− =

According to formula 

	 rxy	 =	
x y

x y

xy C . C
N

.

S
−

s s

	 	 =	

9 1 2
6

3.83 2.76

− ×

×

	 	 =	 .5
10.57

−   = (-0.047).

This method is used in such a condition which is convenient and useful in which actual mean comes  
in decimals examples 104.3 or 98.6 etc because in such a condition deduction of such mean from true 
scores and to make their squares is very tough. Hence in place of actual mean we take mean of perfect 
integer around scores. This is called assumed mean. By doing so difficulties of x and y and making 
their squares is removed. 

In fact, the use of  rank system (rho)’s is more appropriate when to calculate correlation coefficient of 
less scores. Up to a range of 30 scores rank method can be used. Calculate correlation coefficient by 
product moment method of more than this number of scores.

Correlation coefficient (rho) computed by rank method almost equal to calculated by product 
moment method. J. P. Gilford statement is that in any condition correlation coefficient calculated by 
both methods is not more difference than 0.018 and in each condition correlation coefficient ρ (rho) 
calculated by product moment method (r) is greater than the correlation coefficient calculated by Rank 
system (only left to condition Zero and + 1.0 correlation coefficient). But this statement is not correct 
through practical approach. By previous example it is clear. By Rank Method result ρ is + 0.085 and 
by Product—Moment result is –0.047. Difference of both is approx 0.038. Second, ρ (rho) is greater 
then r. Product moment correlation coefficient is calculated only in those condition where following 
conditions is fulfilled: 

When sample is large.1.	

When distribution of scores is even.2.	

When measurement is available in continuously.3.	

Summary28.6 

When two variables are inter-related in such a way that increase in one causes increase in yy
second also or vice-versa, then in that condition we can say that correlation exists between 
these two quantities.

Correlation is of three types—1. Positive correlation, 2. Negative correlation, 3. Zero yy
correlation 

In educational field mostly the quantity of two series need to determine. This relationship can yy
be expressed as coefficient of correlation.

Rank method is called series rank method also. This method had been postulated by Karl yy
Spearman and name of we call this method Spearman correlation method after his name 
and we called the correlation coefficient obtained by this method as Spearman’s correlation 
coefficient or Spearman’s series rank correlation coefficient also.
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Rank method is not more reliable. In this method only ranks of numbers has been considered  yy
their own value has of no importance. 

This is called direct method of computing of Karl Pearson’s correlation coefficient.yy

Keywords28.7 

Rotation1.	 —rotating, revolving.

Scattering2.	 —Scatter, Spread.

Review Questions28.8 

What is meant by correlation? Does it always reflect cause and effect relationship between 1.	
two variables?

What are main characteristics of the Karl Pearson’s correlation coefficient. Upon which 2.	
concepts this formula is based? 

What do you mean by correlation coefficient? Explain its general rules.3.	

By Spearman’s Rank Difference Method calculate correlation coefficient.4.	

Student A B C D E F G H I J
Math 78 36 98 25 75 80 25 62 36 40

Hindi 84 54 36 60 54 92 36 62 36 98

(Ans. 0.46)

By following data calculate Spearman’s correlation coefficient-5.	

X 15 25 38 25 15 12 40 25
Y 40 60 20 25 30 50 20 30

(Ans. 0.64)

Answers: Self Assessment

1. between	 2. Three 	 3. Extrovert	 4. True	 .	

5.	 False	 6. True	 7. False

Further Readings28.9 

Books Educational Research’s work procedure—1.	 L. Kaul, Vikas Publishing

Educational Techniques and Assessment—2.	 Dr. Rampal Singh, Bhatt Brothers.

Educational Technique—3.	 S. S. Mathur, Bhatt Brothers.

Educational Technique Management and Evaluation—J4.	 . C. Agrawal, Bhatt 
Brothers
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Unit 29: Chi-Square Test
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29.1	 Meaning	and	Structure	of	Non-Parametrical	Test

29.2	 Chi-Square	Test

29.3 Summary

29.4 Keywords

29.5	 Review	Questions

29.6	 Further	Readings

Objectives

After	studying	this	unit,	students	will	be	able	to:

Understand	the	meaning	and	structure	of	non-parametrical	test y

Understand	Chi-Square	Test. y

Introduction

It	has	been	already	said	that	the	use	of	parametric	test	like	-	T-	test	and	F	–	Test’s	of	depends	upon	
several	conditions.	It	can	be	used	till	these	conditions	is	not	fulfilled.	These	two	equal	distribution	and	
homogeneity	of	variance	are	the	most	important	conditions.	These	does	not	fulfils	many	conditions	of	
research.	Hence	in	that	these	test	cannot	be	used.	In	this	condition	non-parametric	test	is	used.	Each	
paramedic	test	has	a	number	of	non-paramedic	options	are	available.

Meaning and Structure of Non-Parametrical Test29.1 

Use	of	Parametrical	 test	 is	 based	upon	 some	 concepts	 regarding	population.	Their	 applications	
depends	upon	the	characteristics	of	these	parameters.	Hence	these	are	called	parametrical	test.	Just	
its	opposite	non-parametrical	test	does	not	impose	any	condition	of	anyone	regarding	parametrical	
population,	 therefore	 these	are	called	non-parametrical	 tests.	 In	some	non-parametrical	 test	some	
concepts	are	vested,	but	they	are	least	and	of	general	types.	In	the	universe,	there	is	no	condition	
regarding	distribution	of	variables.	Therefore,	 generally	 it	 is	 called	 is	distribution	 free	 statistical	
method.	In	non-parametrical	statistical	techniques	groups	are	compared	on	the	basis	of	distribution	
of	variables	in	place	of	prameters	such	as	mean,	variance	etc.

Advantage of Non-Parametrical Tests

These	tests	have	following	advantages.

In	the	condition	of	very	low	sample	(N=6)	only	these	tests	can	be	used.1. 

Dinesh Kumar, Lovely Professional University
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This test can be used where the samples have been categorized in different population 2.	
groups

Whatever may be the shape of distribution of variables in the whole population these tests 3.	
have the capacity of correct statement of probability of available results.

When thesis is available in the form of categories and ranks then the application of these 4.	
tests is possible.

Understanding these tests, learning their application and computation regarding these etc. 5.	
are very simple.

It can be used in those circumstances in which parametrical test is applicable.6.	

In any condition of parametrical test where their conditions do not fulfils, non-parametrical 7.	
tests can be used.

Demerits of Non-parametrical Tests

These tests have some own limitations also which is mentioned below-

In the condition of any one parametrical test as much power of the test on sample of definite 1.	
size is available as to get the same power at test in the condition of non-parametrical test 
sample’s size will be made to increase In other words, there tests power is less.

There is none tests in which interaction affects of variables can be studies. In spite of these 2.	
difficulties non-parametrical tests have great importance because research condition is such 
a way in that parametrical conditions is fulfiled and alternative are found out.

Some specific and more used non-parametrical tests have been described in this chapter.

Non-parametrical Independent Design Group

Under this heading those non-parametrical tests has been dealt which is used in comparing of 
independent groups.

Self Assessment

Fill in the blanks:

Chi-square design is ……………………….of mutual relationship of two variables.1.	

In the case of single sample to find out expected frequencies………………hypotheses can 2.	
be used.

Chi-square is an alternative of non-parametrical test of  ………………………...3.	

Chi-Square Test29.2 

Chi-square (χ²) is such a non-parametrical statistical method in which it is tested that a frequency 
distribution which is obtained by research is significantly differ or not on the basis of expected frequency 
distribution. If they are not different then both is considered to be associated. Thus Chi-Square is a 
test method of mutual relationship of two variables or two frequency distribution. The help of this 
analytical method is taken to know whether the difference between obtained and expected frequencies 
is only a chance or a realistic. There are a number of types of this design. It is used mainly in four 
different conditions. These are:
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One way status1.	

Two independent group’s status2.	

Contingency-analysis3.	

More than two independent groups’ status4.	

1. One way Status

This method is used where there is acquired frequency distribution is compared to such a distribution 
which is a standard distribution and which is expected from a definite hypotheses as a normal 
probability hypotheses or normal distribution’s hypothesis. It will be clear from following given 
example. 

Example 1

One researcher try to know whether the educated females like to do jobs. To know this he selected 
48 educated females and asked her if she likes doing job. She was told to choose one out of three 
alternatives (‘yes’, ‘no’ ‘neutral’). He got each answer’s frequencies like this-24, 12, 12. On the basis 
of normal distribution he tested if obtained distribution (24, 12, 12) is significantly differ from normal 
distribution (16, 16, 16). He is assumption was that if really females likes doing job then their distribution 
should be differ from expected distribution (16, 16, 16) i.e, if they are not serious about doing jobs or 
hot then 48 women’s distribution answer under three alternate will be same (16, 16, 16). He tested this 
distribution by Chi-Square method to know whether the obtained distribution is significantly different 
or not. To do this he prepared a table and on the basis of that he calculated the value of Chi-square. 
The whole method of this calculation has been given in the following table.

Notes Chi-square design is a method of two variables or two frequencies mutual 
relationship.

Table 29.1:  One sample Chi-Square Test
Preferred Not-preferred Indifferent Total

Fo
Fe
Fo-Fe
(Fo-Fe)2

2(Fo Fe)
Fe
−

24
16
8
64

4

12
16
4
16

1

12
16
4
16

1

48
48

6 = x2 value

In the above table Fo’s meaning is required frequencies, Fe’s meaning expected frequencies. This 
one-way sample is an example of Chi-square because in this data has been collected from only one 
sample (48 females) i.e, only one sample has been used. 

Formula of Calculation of Chi-square is
2

2 (Fo Fe)x
Fe
−

= S
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In which meaning of Fe is expected frequencies and Fo’s meaning is required frequencies.

By above formula table-1 each category Chi-square value has been calculated. After that the values 
of all categories are sum up. This whole Chi-Square has got 6.0.

 Example As in T-test the value of T is tested for significance, in the same way, in 
Chi-Square test, the significance of value of Chi-square is tested on the 
basis of Chi-Square in table-D. 

If obtained Chi-value is equal to or more than the  given value in the table-D, then it is considered as 
significant. Rest of the problem process and argument just is as T-test.

Calculation of Dependent Factors (df)

In the use of table-D concepts of df is used. The formula of getting it is (r-1 ) x (k-1) i.e, deducting one 
from each number of row and column, remaining is multiplied mutually. In the Previous example 
there are 3 Rows and Columns. Thus df = (3-1) x (2-1) = 2.

Relevancy- In table D there are 2df and at 0.5 level Chi-value is 5.991. Obtained value is 6.0 which is 
more than table value. 

Hence hypotheses Ho that “there is no difference between both distribution” reject it, this conclusion 
will be drawn that there is significant difference in distribution. In other words it will be to say that 
females like doing job because “yes” answer frequencies is maximum. If “no” answers frequencies 
may maximum then conclusion is that females do not likes doing job. Hence, in fact what will be the 
conclusion, this depends upon data frequencies observations.

If test is to be done from one side then the value of Chi in table D at 0.05 levels observes in column. 
01 and for .01 observe in column 0.02

Hypotheses of Expected frequencies

In the condition of oneway sample to know expected frequencies, the concept of “normal probability” 
can be used as it has been cleared in previous given example. Besides this “normal distribution” 
concept it can be used also. It depends upon condition of research which method will be used and 
where. For example if we try to know that any class scores distribution is normal or not then expected 
frequency will be calculated on the basis of normal distribution. 

Limitations of Chi-Square

The application of Chi-Square is prohibited in following conditions.

When df only one e.g., K (group) = 2 and any expected frequency is less than 5.1.	

When df is more than 1 but more than 20% frequency is less than 5 or any expected frequency 2.	
is less than 1.

2. Two Independent Group Design

In this condition two independent groups are compared on the basis of Chi-Square, exactly as in T-test, 
by finding the value of T. The difference is so much that by finding the valve of Chi-square in place 
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of T their relevancy is tested and conclusion is drawn whether the both groups are different from 
any characteristics or are dependent variables to each others Both groups are not different to each 
other, this hypotheses (Ho) is the base of the test. Hence Chi-Square parametrical test is an alternate 
of non-parametrical. In case the conditions of T-test is not fulfilled it can not be used in that ase Chi-
Square can be used. For example suppose a researcher wants to know “If there is any difference in the 
desires of doing a job between male and female.” He asked one question to each of male and female 
and puts three alternative of answers “yes”, “no” and “natural’s” and he gets data. In this condition 
Chi-Square test can be used.

Method of Use 

There will be the same method as in Chi-square Test which has already been described in the case of 
one way group but there is a difference in this condition in which two groups is used in place of one 
group. Preparing the table the each column’s Chi-Square will be computed and in the end summing 
all those will give Chi-Square.

The formula to find out Chi-Square is afore e.g.,

Chi-square 
2(Fo Fe)

Fe
−

= S

By following illustration method of computation has been clarified.

Example 2

Suppose that the above given question, researcher has asked to 90 males and 100 females and get 
answer in the form of ‘yes’, ‘no’ and ‘neutral’. Having prepared the frequency distribution table and 
test of this hypotheses that “There is no any wrathful difference between male and female about doing 
desired job”. Following table shows data and computation method.

Table. 29.2: Relation between Necessity and Sexuality.
Response Mode

Yes No Indifferent Total
Male

Female

Fo

Fe

Fo-Fe

2(Fo Fe)
Fe
−

Fo

Fe

Fo-Fe

2(Fo Fe)
Fe
−

14.0

196.42

5.42

1.51

27.0

21.57

5.43

1.30

66.0

62.52

30.48

.20

66

64.44

3.49

3.18

10.010.0

8.05

1.95

0.47

7.0

9.0

2.0

0.49

90

100

Total 41 17132 190
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To solve out this problem, each column frequencies will be calculated in the value of Chi-Square and 
finally all values will be solved by putting following procedure.

Fe 1.	 (1) i.e., cell-1= 41 90x 19.42
190 1

−  (out of 190 total Fe for ’yes’ response = 41; how many out 

of 90, total of first row).

Fe 2.	 (2) i.e. for cell -2 =
132 90x 16.52
190 1

= (out of 190 Fe for ‘No’ response=132; how many out 
of 90).

Fe3.	  (3) i.e. for cell-3 = 17 90x
190 1

=
 
8.05

(out of 190 Fe for cell -3, indiff. Response=17; how many out of 90)4.	

Fe5.	  (4) = 11 100x
190 1

=
 
= 21.57 (same argument).

Fe6.	  (5) = 132 100x
190 1  

= 64.44 (same argument)

Fe7.	  (6) = 17 100x
190 1

=
 
= 9.00 (same argument)

After that we find out (Fo-Fe) for each cell. These values are also given in the table for each cell. and 
divided by Fe convert it into Chi- Square. There are respectively 1.51 + 2.0 + 0.47 + 1.30 + 0.18 + 0.49. 
The sum of all these i.e, Σχ² = 4.51.

Relevancy of Chi-Square

In table D (2 x 1 = 2df) at level 0.05 Chi value is 4.991 but obtained value is 4.15 which is less than table 
value. Hence at level 0.05 Ho e.g., “there is no difference” hypotheses can not be rejected. As a result 
of this “there is no difference” will have to accept because the value of Chi-Square is not significant. 
It can be happened by incidentally also. 

Conclusion

Therefore the conclusion is drawn that there is no relationship of sex to desire of doing job. 

3. Contingency Analysis

 If distribution of frequencies is in the form of 2 x 2 table, then there is another method to calculate 
Chi-square which is very simple and used in most conditions. In this rows (r)’s number is 2 and 
columns (k) number is 2 also. Hence in this df = (r-1) (k-1) e.g., (2-1) (2-)-1. To find out Chi-Square 
following formula is 

2

2

NH |AD BC|
2x

(A B)(C D)(A C)(B C)

 − −  =
+ + − +
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In which |AD-BC|’s meaning is that deduct AD form BC or vice-versa

In the above formula deduct N/2 from (AD-BC) which is called (Yates Correction)

The reason of this obtained Chi values’ have to make to their actual e.g., theory based and expected 
Chi-Square distribution. According to Morone (1954) tabulated distribution is bionomical distribution 
is which is not continuous whereas Chi-Square distribution is continuous. Therefore to make similar 
binomial distribution into Chi-Square distribution this correction is to be done.

Example-3

A researcher try to know if students’ socio-economic status affects their academic achievement. He 
selected 48 of low level Socio-economic students and divided their academic achievements into two 
category-success and failure. He arranged this data into 2 x 2 table calculate Chi-Square value on 
contingency formula and tested the hypotheses. Following table and based calculation are given 
below:-

Table. 29.3 : Examination Result

Fail Pass Total

SET 36(A) 12(B) 48

SES 32(c ) 16(D) 48

Total 68 28 96

To know the answer of this question Chi-Square test can be followed. In this data 2 x 2’s contingence 
table is prepared and putting the value in formula.

	 x2	 =	

2NH |AD BC|
2

(A B)(C D)(A C)(B D)

 − −  
+ + − +

 	 	 =	
2

96 (36)(16) (12)(32) 96 / 2
48 48 68 28

 − − 
× × ×

	 	 =	 [ ]296 576 384 48
4386816

− −
=

	 	 =	 1990656
4386816

	 	 =	 0.4537 for df

Relevancy and Conclusion

At 1 df and 0.05 level in table D, value of Chi-Square is 3.841. Obtained Chi-Square value is 0.4537 
which is very low than table value. Hence Ho hypotheses “both groups (HSES & LSES) there is no 
difference” cannot rejected. Obtained Chi-Square is not wrathful e.g., it can be happened incidentally 
also. Therefore final conclusion will be that students’ Socio-economic level does not affect their 
academic achievement. It seems that there is no relationship between socio-economic level and 
academic achievements.
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2 × 2 Contingence Methods limitations.

Did You Know? Contingency method is used only when expected frequencies is fairly 
large. 

If this condition is not fulfilled then by combining nearly frequencies by reducing number of cells 
frequency of 2×2 table can be increased. More than that following points is considered necessary.

When the size of 1.	 N is greater than 40 then for continuity use of application is must for 
correction.

When 2.	 N lies between 20-40 then use above formula only when, all expected frequency of 
cells is 5 or greater than 5.

Caution When N is less than 20 then Chi-Square should not be used

4. More than two independent group status

If there are two or more than two Independent Group to be compared then Chi-square  method 
can be used. In this situation frequencies are arranged in K x r table. Hypothesis (Ho) is remained as 
previous. k is not different from themselves. χ2 test is done in the same way as it is explained earlier. 
But in this method calculation of frequencies of all cells is different. It will be explained with suitable 
examples later on.

It is the regular option of one-way analysis of variance. If any research is in more than two group but 
if the condition of F-test is not satisfied then it will be used. 

Illustration

A researcher measures intelligence of 100 students of a class to know that there is any relationship 
between intelligence and academic achievement and categorized it into three groups-extraordinary, 
reasonably intelligence and less intelligence. Thus he divides academic achievements into four category 
as a first, second, third and fail. He prepares a table 4 x 3 by taking the students falling in the group 
whose size and Chi-Square calculation is given below.

Table 29.4: Academic Achievement
Wisdom Fail III Division II Division I Division Total

Maximum 	 O
Wise 	 E
 	 O-E
Sample 	 O
Wise 	 E
 	 O-E
Minimum 	 O
Wise 	 E
 	 O-E

5
5.88
.88
5

8.82
3.82
11
6.30
4.70

6
8.40
2.40
16

12.00
3.40

8
9.0
1.0

9
7.84
1.16
13

11.76
3..40

6
8.40
2.40

8
5.88
3.88

8
8.82
.82
5

6.30
1.30

28

42

30

Total 21 30 28 21 100
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In table 27.4 before obtained frequencies of each cell has given and before E expected frequencies is 
given. To calculate expected frequencies multiply the sum of each cell and each column then divide it 
by sum of frequencies (N). Behind this there is an argument. Take cell one. In this all persons are those 
which lie in first line and in first column. The probability of any one person in this line will be obtained 
by dividing the sum of all number (N) by 100 e.g., that will be 28/100. Similarly the probability of 
the person in first column will be 21/100. Hence his probability in first line and in first column will 

be 28 21
100 100

× . This is the probability which occurred in one . total frequency is 100. Hence out of 100 

how many will be the probability 28 21
100 100

 × 
 

multiply it by 100. Thus total expected frequencies of 

first cell will be 28 21 100
100 100 1

× × =5.88

Similarly by multiplying all the sums of expected frequencies of the cells and their columns will be 
divided by 100. All other cells expected frequencies can be found. It is numerated in table 4 on the 
basis of that by previous formula each cells Chi-Square can be find out.

Task Throw light on Chi-Square having more, than two independent groups.

( )2O E
E
−

χ =  i.e.

(.88)2 + 5.88 / (2.40)2 + 8.40 / (1.16)2 + 7.84 / (3.88)2 + 5.88 / (3.82)2 + 8.82 / (3.40)2 + 12.60 / (1.24)2 + 
11.76 / (.82)2 + 8.82 / (4.70)2 + 6.30 / (1.0)2 + 9.0 / (2.40)2 + 8.40 / (1.30)2 + 6.30

Having calculation of above value Chi-Square =

.774 + .686 + .172 + 2.560 + 1.654 + .917 + 1.538 + 0.76 + .506 + .111 + .686 + .268=12.948

Relevancy and Conclusion

In this example df = (4-1) (3-1) = 6.

In the table D at df 6 and .05 level Chi-Square is 12.59. Obtained value of this example is 12.948 which 
is more than table value. Hence “intelligence does not affects academic achievements” of Ho. Or 
“there is no relationship of intelligence with academic achievement”. It is rejected and this conclusion 
is formulated that intelligence affect academic achievements or they are related to each other.

Self Assessment

State whether the following statements are True or False:

Chi-Square distribution is continuous.4.	

Contingency method is used where there is expected frequencies of fairly very small.5.	

In Chi6.	 -Square test means each cell expected frequencies calculation method is different

When to compare less than two independent groups then Chi-Square can be used7.	
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Summary29.3 

Parametrical test’s based upon some assumption. used regarding population characteristics Just 
its opposite non-parametrical test does not impose any condition regarding. Population regarding 
parametrical Therefore it is called non-parametrical test.

Chi-Square is such a parametrical statistical method in which it is tested that any frequency yy
distribution which is obtained frm any research that on the basis of any hypotheses from 
expected frequencies distribution differ significantly or not

There are a number of types of there design mainly it is used in four different condition. 1. yy
One way condition 2. Two independent groups condition 3. Contingency analysis 4. More 
than two independent groups condition

Keywords29.4 

Theory based:1.	  on the basis of theory.

Negative:2.	  underscores that numbers which is negative value is called negative. 

Review Questions29.5 

What do you mean by non-parametrical test? Mention its merits and demerits.1.	

What do you mean by Chi-Square design? Mention its types.2.	

What do you mean by two independent groups design? Describe it.3.	

What is contingency analysis ? Describe.4.	

Answers: Self Assessment

1. Test method	 2. Equal or normal distribution 	 3. T-Test 	

4. True 	 5. False 	 6. True 	 7. False

Further Readings29.6 

Books Academic Research Methods1.	 —Shareen and Shashikala, Vinod Pustak Mondir

Academic Techniques—2.	 S.S. Mathur, Bhatt Brothers

Education Technique—3.	 R.A. Sharma, Bhatt Brothers

Academic Technique and Assessment—4.	 Dr Ram Pal Singh, Bhatt Brothers
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Objectives

After	studying	this	unit,	students	will	be	able	to: 

Understand	main	basis	of	statistical	analysis y

Understand	parametrical	test:	T-Test y

Understand	single-end	and	double-end	test. y

Introduction 

In	the	last	few	chapters	strategy	of	experimental	design,	their	types	and	rules	had	been	explained.	
In	 the	coming	chapters	some	specific	methods	of	statistical	analysis	of	data	have	been	described.	
Researchers	collected	various	types	of	data	in	different	conditions.	All	types	of	data	analysis	by	any	
one	statistical	method	is	not	possible.	Various	types	of	data	analysis	is	done	by	a	numerous	methods.	
There	are	number	of	statistical	methods	which	can	be	used.	Hence	researcher	has	to	select	a	method	
which	is	more	suitable	according	to	problem’s	nature,	purpose	and	in	context	of	collected	material.	
Therefore,	for	a	researcher	it	is	quite	pertinent	to	know,	which	are	the	main	methods,	which	method	
to	be	used	in	which	condition	and	how	it	can	be	used.	In	coming	chapters	different	statistical	methods	
have	been	described	in	this	context.	

Main Basis of Statistical Analysis30.1 

In	 the	present	chapter	some	matters	related	to	statistical	analysis	process	have	been	explained.	 It	
seems	to	be	important	to	do	so	these	are	the	main	basis	of	statistical	analysis.

Basic	Procedure1. 

Null	Hypothesis2. 

Dinesh Kumar, Lovely Professional University
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Relevancy Test 3.	

Types of error4.	

Statistical Test Sample5.	

Parametrical Test6.	

Non-Parametrical Test7.	

1. Basic Procedure

In every experimental research of statistical analysis process, following steps are followed.

Mention of statistical hypotheses or null hypotheses.1.	

For the rejection of null hypotheses one suitable statistical test (As a T-Test or F-Test or any 2.	
other test) selection

For the rejection of null hypotheses, selection of relevancy level. (as a 0.01 or 0.05) and their 3.	
mention.

Under step-2 fixed value of statistical test’s computation4.	

Under Step-4 compare obtained statistical value to that related stabilized Statistical value and 5.	
on that basis to take decision that null hypothesis should be rejected or not.

Conclusion drawing regarding research analysis.6.	

2. Null Hypothesis 

The first gateway of experimental data analysis from where to enter is null hypothesis. It was invented 
by late scientist, mathematician Ronald Fisher. Research hypothesis like scientific hypothesis or also 
called substantive hypothesis which is only on operational statement and in which between two 
variables any relationship specially vested, changes into null hypothesis because it is null hypothesis 
whose statistical test is possible. On the basis of that rejection regarding research hypothesis something 
to say or draw conclusion is possible. There is not any statiscal method on the basis of which basis 
research hypothesis can be accepted or rejected directly and drawn conclusion can be drawn regarding 
that. Only null hypothesis rejection or non-rejection basis formulation of conclusion regarding 
research hypothesis is done. Due to this reason research hypothesis is called alternative hypothesis 
H1 also. If null hypothesis (H0) is rejected then alternative hypothesis (H1) i.e., research hypothesis is 
accepted. Similarly if null hypothesis (H0) can not be rejected then research hypothesis i.e., alternative 
hypothesis (H1) can be rejected. In null hypothesis there is an inverse relationship between H0 and H1. 
In construction of research design it is necessary to mention two types hypothesis, in the begining.

Null-hypothesis is rejected at that condition when obtained statistical value. (T.F, Chi-Squares, etc.) 
pre-determined relevancy level is equal to given value of table or more than that. In this way H0 is 
the base of testing data.

3. Relevancy-Test

The purpose of relevancy test is to know that the results obtained on statistical test basis, that is not 
due to incidence e.g., that is due to that variables, that treatment on independent variables whose 
effects is studying. When H0 is rejected at any level of relevancy then it is accepted that obtained 
result occurred due to independent variables or treatment. This is not purely co-incidental. In other 
words. obtained result is real e.g., occurred as a result of independent variables assumed as. Thus 
ahead logical order vested in relevancy test.
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H0 Rejected → worthful result → real result e.g., under experiment treatment’s effect’s cause, not by 
incidentally

H0 - not rejected → result worthless → result by incidentally e.g., under treatment effect’s absence.

Regarding this context it is quite necessary to understand the concept of relevancy level. It is known 
as Alfa (α) a Greek Letter. Its meaning is that “ That concept which researcher select to reject of null 
hypothesis” for example .05 level chore for that purpose then its meaning will be that obtained statistical 
value (T, F, χ, etc.) probability of occurrence is equal or less than .05 then H0 will be rejected. Hence 
is relevancy level is determined at that time it is fix also when null hypothesis (H0) will be rejected. 
Thus relevancy level is that criterion, that base which is use to reject in H0 Alfa or relevancy level 
is such a dividing point on normal probability curve below that all probability exists that rejected 
H0 and above that all those which does not accept it. For the rejection of null hypothesis generally 
.05 and .01 level is used. But it selects arbiter ally. As per rule selection of relevancy level should be 
scientific and logical. 

Consequently its selection should be done prior to collection of data because sample size is such on 
element which to pay attention in decision making. Hence researcher keep in mind problems nature 
on the basis at result’s importance and required accuracy Alpha should be selected. To take decision 
of it got answer of such types of questions

How important are the results?1.	

How much risk is there in incorrect result?2.	

How much accuracy is required ?3.	

According to conditions What is the possibility of change error occurrence? Etc4.	

4. Types of Error

Whatever may be the type of research design are and whichever alpha level may be, null hypothesis 
(H0) rejected or not rejected very natural of being error. As relevancy level determined these error is 
determined also. Null hypotheses rejected or not rejected causes two types of error, it is called type-I, 
type- II, errors. The meaning of type – I error is H0’s wrong or incorrect rejection e.g., having it true 
be that is rejected. In other words, its meaning is that draw conclusion that independent variables or 
treatment has effected on dependent variables whereas really there is no effect because in dependent 
variables occurred or available changing happened only by incidence. Second type error’s meaning 
Ho incorrect or wrong acceptance e.g. accept Ho where as it should be rejected.

In other words conclusion drawn from it that there is no effect of independent variables on dependent 
variables whereas it do, no relationship but relationship is. Type- I depends upon error’s probable 
relevancy level. If relevancy level is large (as in place of .01, .01) then H0 rejection as incorrect form 
possibility increase e.g. type –I error vested in relevancy level and it is called Alpha (α) Type – II error 
is called Beta (β). The limitations of these two types of error depends upon sample result. Therefore 
it is said that alpha (α) and N (Sample result) regarding these two take decision begning of research. 
Segal’s statement is that “If we want to less there two types of error then we should increase result 
of sample (N).”

There is a special type of relationship between two types of error. If we try to less one type of error 
then other types of error increased. Therefore researcher should compromise between there two types 
of error and try to maximize balance. The meaning of statistical test is “H’ s correctly rejection”. Which 
can be express by following formula.

Power = 1 – β (type – II error)

Since type – II error probability increase in sample N causes less, it can be understood clearly that 
having greater the result of sample statistical test power is increased.
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5. Statistical Test Sample

To know relevancy of hypothesis’ test any one statistical test (T-Test or F-Test) uses. 

Every Statistical method or test out of these depends upon any specific statistical model. As a T-Test’s 
base in T distribution model. Similarly F-Test’s base is F distribution. Some types of many statistical 
model or tests are which uses in various condones for the test of hypothesis. Therefore this problem 
arise that in any one condition which statistical method used. Availability of a number of alternatives, 
selection any one of that must be a sound base and logic.

One the most important rule is that Statistical method should be used which is most powerful in 
that condition e.g. in which null hypothesis’ incorrect rejection possibility less and right rejection 
possibility is more this is called statistical test power. Hence in the selection of Statistical model one 
matter keep in mind that is his power. Besides this some other matter pay attention also, as a- method 
of sample selection, characteristics of population, types of measures scale to be used for measuring etc. 
regarding all those each statistical test have some conditions. Fulfilling these conditions that test uses. 
Some statistical tests are such that whose conditions are most complicated and therefore they are most 
powerful. Secondly some tests’ conditions do not exist if it exists then very ordinary nature. Therefore 
there tests is not more powerful. The result getting on these basis they are not much accurate or valid 
and is of general natures but it should be memorized that if powerful tests conditions and their basic 
concepts do not fulfill then in that condition their result may be least accurate with respect to less 
powerful tests result. Therefore, important is to observe that in the given condition which test is more 
powerful. Not any statistical method are such that which being more powerful in all circumstances.

Power and basic assumptions point at view two types of statistical model which uses. That is 

Parametric(i)	

Non-parametric(ii)	

Under parametric test, T-Test, F-Test and their various forms comes. There tests are more powerful, 
although its conditions are very tough and hard therefore, they are powerful only when their conditions 
are fulfilled On the other hand, non-parametric tests whose nominal conditions, in some parameter 
related no conditions terms and conditions and basic concepts of each has been mention ahead. 

6. Parametrical Test

According to mostly writers major parametric tests conditions are following-

The selection of sample from that population is which distribution of variables are normal. 1.	
Regarding this Nunlee’s statement is that without fulfilling this condition, whenever any 
big problem does not arise, distribution of modules is not much different from normal 
distribution (as a J- curve). Nunlee added further that if this rule is broken, it does not cause 
great loss because T-Test and F-Test are considered to be more powerful and “concepts of 
normal distribution not fulfilling affect result to very low degree.

Second assumption is homogeneity of distribution. The meaning of it is that all comparable 2.	
groups must be alike to inside group distribution. In the condition of F- Test use it consider 
to be more powerful. If does not so, F-Test’s result relevancy not comes prevail whereas in 
really between groups significant difference will be.

Regarding above two conceptions Karligar Bonu (1960), Anderson (1961), Games & Lukas 
1966 etc. Statement is that “There is given more stress than to need on normal distribution 
and homogeneity”. 

A third concept is that available measures on variables should be of continuous and equal 3.	
interval so that mathematical mechanism editing will be possible.
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A fourth concept that is mentioned by 4.	 Segal is it that distribution of units in groups and their 
selection from population should be done by normal probability method e.g., observations, 
measuring etc. Should be independent.

If these conditions or concepts do not fulfill in any research process then regarding parametric test 
this statement that they are not more powerful, is not appropriate. Perhaps, it is difficult to say what 
is power of any test. At that condition regarding accuracy of research result guess is tough also 
consequently in that condition probability of hypothesis test mention is not meaningful.

7. Non-Parametric Test

Regarding non-parametrical test measurements’ distribution like normal distribution does not 
bound any concepts. From this approach they are called distribution free tests. Similarly continuity 
of measures and their equal interval being condition does not impose. The uses of these tests can be 
done in very small sample condition. Hence it is called small sample test. In condition of very small 
sample parametrical test cannot be used.

The use of non-parametrical test is done in following condition.

When data or measures (e.g. – I, II, III) or in form of ranks.(i)	

When distribution of scores is too skewed or how will be the distribution, it is not possible (ii)	
to guess.

When the magnitude of sample is very small.(iii)	

When data is not in discrete only available in tendencies.(iv)	

It is clear frm above description that at the time of selection of statistical test a number of things to 
be considered. Specially 

Power of test(i)	

Basic concepts of test(ii)	

Form of available scores, etc(iii)	

In the next few chapters important parametrical and non-parametrical test has been described. Where 
and how they uses, mention it in detailed.

Self Assessment

Fill in the blanks:

Null hypothesis was invented by scientist mathematician ……………………..1.	
Research hypothesis is also called ……………………hypothesis (H2.	 1)
Base of T-Test ………………..is model.3.	
The meaning of statistical test power accuracy (H4.	 0)……………………..

Parametrical Test: T-Test30.2 

Parametrical test deals with T- Test and F- Test. In this chapter only T-Test has been described. If 
groups are constructed only independent variables e.g. manipulation of independent variables has 
been done in two categories and only these two groups compares on dependent variables is to be 
done then at that condition T-Test uses. T-Test is a parametrical test and in this only one independent 
variables which is manipulated by two or more than two groups. These types of research design are 
called single variable designs. 
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From this point of view T-Test is of two types-

Independent group based(i)	

Correlated or remeasurable based.(ii)	

Independent groups’ condition both two groups unit differs. In the condition of correlation groups 
one unit of a group keeps under two treatment. If unit matched distributed in two groups rather 
groups’ unit differ they are consider to be correlated. T-Test is used in both conditions but their 
formula is different.

From an another print of view both types of T-Test have two forms

Small –Sample based(i)	

Large-Sample based(ii)	

In both these conditions separate formula is usesd. Thus T-Test has total four types-

Large Sample independent group(i)	

Large Sample correlated group(ii)	

Small Sample independent group(iii)	

Small Sample correlated group(iv)	
Each is described separately ahead.

1. Large Sample Independent Group T-Test
This test is done where number of groups are two, group is independent, sample is large and fulfills the 
condition of parametrical test. In this comparison is done on the basis of mean difference. Hypothesis 
which is to be tested that is as follows “ There is no significant difference between mean’s of groups”. 
For this, difference of mean is converted into T-Value or (C.R. Value) obtained, T or C.R. Value is 
compared with at pre-selected significant level (.05 or .01) value given in T-Table on the observations 
of value of T in table degrees of freedom is keep in mind. If obtained T-Value at that significant level 
and at that degree of freedom equal to table value or more than that null hypothesis (H0) is rejected and 
accepted alternative hypothesis (H1). If this obtained value is less than table value then in place of H0, 
H1 is rejected. Thus indirectly or H0 is not rejected drawn conclusion regarding research hypothesis. 
It will be cleared from given below example. 

 Example Hypothesis- An eleven years old boys’ achievement-motivation level and 
his academic achievement has no difference.

Analytical Design: - high achievement motivation and low achievement motivation an eleven years 
old boys two independent group constructed, calculate their mean and deviation value separately of 
their academic achievement (marks in the test).

In the table of following example data has been presented.

Table 30.1: Relationship between achievement Motivation and 
Academic Achievement 

Group I 
Low motivation

Group II 
High motivation

Mean 88.80 90.5
Deviation 7.81 11.56
Numbers 83 97
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This is an example of large sample independent group. From this C.R. calculation process is as 
follows.

Step 1:	 Calculate S.E. of each mean its formula is 

	 S.E.	 =	 S.D.
N

Hence,	 1S.E 	 =	 7.81
83  

= .857

	 2S.E 	 =	 11.56
95  

= 1.22

Step 2:	 Now on this basis calculate S.E.D (S.E. of difference).

	 Its formula is

	 S.E.D	 =	
2 2

1 2(S.E. ) (S.E. ) +  	 Formula (1)

Accordingly this formula S.E.D= 
2 2(.857) (1.22) + 

	 	  =	1.493

Step 3. Now calculate value of T. Its formula is –

	 T	 =	
D

D
S.E.

 
= 1.70

1.493  
= 1.138

Step 4

Test of Significance- For this 196 df and at level .05 in table (B) given t value (1.97)is now compared 
with obtained t value. It is clear that obtained t value 1.138 is less than 1.97 from table t value. Hence 
this difference at level .05 is not relevant. If not relevant at that level then it will not be relevant at level 
.01 also. Hence Ho cannot be rejected. As a result H0 (having difference) is rejected.

Step 5 

Conclusion- Therefore conclusion is drawn that both groups’ mean has no real difference, e.g., probably 
there is no relationship between achievement motivation and academic achievement.

Large Sample Correlated Group T-Test

In example-1 given method is used there, where, groups are independent, but when groups are 
correlated or matched then following method is used. In this to calculate standard error (S.E) formula 
is same as example- 1 but to calculate S.E.D. formula is following

	 DS.E.
	
=	 2 2

1 2 12 1 2(S.E. S.E. 2r S.E. S.E. )+ −  � Formula (2)

 	 	 =	 ( )( )2
2 12 1 2

1 S.D. - 2r S.D. S.D.
N

 ×  

Similarly to calculate value of t, formula is same as before e.g.

	 t	 =	
D

D
S.E.

It has cleared by below given example.
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Illustration 2. Eleven years old 625 boys were given a test of personality balance At that their mean & 
standard deviation (S.D.) 96.7 and 8.0 respectively found. After that they have been given collective 
consultation. After two months again he had been given some test. This time mean of their equilibrium 
was 106.7 and S.D. 10.0. the correlation at both times test was found 0.52. Was collective consultation 
was impactful? 
To get the answer of this question both times equilibrium test’s mean’s difference relevancy will be 
needed to test, because both groups are correlated. Therefore to calculate their mean difference S.E.D 
formula-2 will be used. Whole process will be as follows.

S.E.1.	 1 
(first time mean ) S.D.

N  
= 8

625  
= 8

25  
= 32

S.E.2.	 2 (Second time mean) S.D.
N  

= 10
625  

= 10
25  

= .40

S.E.3.	 D	  = 
2 2
1 2 2 1 2(S.E. S.E. 2n S.E. S.E.+ −

	 	 = 2 2(.32) (.40) 2 .52 .32 .40 + − × × × 

	 	 =.3596

After the use of second alternate formula S.E.D value will be same

	 t	 =	
D

D
S.E.

	 	 =	 106.7 96.7
.3596

−

	 	 =	 10
.3596

	 	 =	 27.80

This t value at each level of table-B 624 df (N-1) is much more than given value. Hence Ho is rejected 
and conclusion is drawn that collective counsel treatment effects equilibrium definitely.

Computation of Degrees of Freedom

It is necessary to memorize in the condition of independent groups computation of degrees of freedom 
done on the basis of formula n1 + n2 – 2. The reason of this is that in the condition of correlated and 
matched group one person tested twice. Hence correlation is formulated with their measurement. 
Second times obtained measure of test freedom get less because due to group remain some second 
time achievement cannot be complete differ and independent. 

Hence measures comes in first times that cannot be complete free from second times. Therefore one 
person twice measure do not give two df but one df. In this way correlated group condition to calculate 
df N – 1 formula uses.

2. Small Sample Independent Group T- Test

If the sum of both two independent groups units is less than 30 then it is considered as small sample. 
In this condition S.D and S.E.D calculation formula are different. Rest process is same as before. To 
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calculate S.D. and S.E.D formula is as follows.

	1.	
2 2

1 2

x y
N N 2

 S + S
 

+ − 

In which Σx² and y² are the sum squares of differences from their mean of both respective groups.

S.E.2.	 D = S.D. 
1 2

1 2

N N
N N

 +
 

× 

Clarification of computation of whole process is done through ahead given example.

Table 30.2
Group X Group Y

X x x² Y y y²

110 4.5 20.25 115 2.0 4.0

112 6.5 42.25 112 -1.0 1.0

95 -10.5 110.25 109 -4.0 16.0

105 -0.5 0.25 112 -1.0 1.0
111 5.5 30.25 117 +4.0 16.0

97 -8.5 72.25

112 6.5 42.25

102 -3.5 12.25

Sun = 844
N1=8

Mean =105.5

330= Σx² 565
N2=5
Mean =113.0

38
 Σy²

Pooled S.D. = 1.	
2 2

1 2

x y 330 35 5.78
N N 2 8 5 2

 S + S + = =   + − + −  

S.E. = Pooled S.D. 2.	 × 1 2

1 2

N N 135.78 3.302
N N 40

 +  = × =   +   

C.R. (t) = 3.	
Diff. 7.5 2.271
3.302 3.302

= =  for df 11

Task How degree of freedom is computed.

Conclusion: 4.	 In table – B, 11df (n1 + n2 – 2) and at .05 level value of t is 2.20 but obtained value 
of + is 2.271. Hence difference of both two mean’s in real. Therefore at this level H can be 
rejected. At .01 level, it is not relevant because at that level value of t is 3.11 and obtained 
value is less than that.
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This analytical method is very important in the context of studies done in laboratory because in these 
studies result of sample is less but in this conation groups homogeneity or conformity test is necessary 
only homogeneity of variance exists then this method uses.

4. Small Sample Correlated Group T- Test

In this condition S.E.D calculation formulas some which is use in large sample correlated group e.g., 
in this condition

	 S.E.D	 =	 2 2
1 2 12 1 2S.E. S.E. 2r S.E. S.E.+ − × ×

But to obtain there is a second formula also. Its base is both groups measurement difference description. 
Calculate mean and standard deviation (S.D.) of differences. It is named as D and SD. On this basis 
S.E.D is calculated that formula is—

D
D

SS.E.
N

=

This S.E.D’s 
D

D
S.E.  

by formula converted into T Value. It will be cleared from following example.

Table 30.3
X Y D D²

100
90
106
95
102
104
90
105
99

105
95
100
105
99
98
110
106
100

-5.0
-5.0
+6.0
-10.0
+3.0
+6.0
-20.0
-1.0
-1.0

25
25
36
100
9
36
400
1
1

ΣD = - 27.0 ΣD²= 633

1.  
27D 3.0
9

−
= = −

Let d = (D – D ), a deviation score in D. Then:

2. ( )22
2 27Dd 633 552.00

n 9
−S

S = = − =

3. 
2d 552.0 8.306

n 1 8
 S  = =   −   

4. DS 8.306 2.768
N 9

= =

5. Z(t)
D

D 3.0 1.08
S.E. 2.768

−
= = −
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If having used formula 2 calculated value of T will be same as aforesaid method. In table B, 8df (N-1) 
and at .05 t’ s value is 2.31. Obtained T value is 1.08 which is less than table value. Hence H0 can 
be rejected. Therefore research hypothesis (H1) e.g., “ difference is” is rejected and established this 
conclusion that between measures of X and Y there is a significant difference.

This method can be used in case of large sample correlated groups also. From computation point 
of view, this method is very simple, but on that basis we get less information. By this, both groups 
correlation between scores knowledge is not acquired and neither by its groups’ means and standard 
deviation (S.D) is to be found. 

But it should be remaindered that large and small sample correlated groups in both conditions 
calculation of value of T, method is some but if group has been matched equal on the basis of their 
mean and S.D. Then to calculate S.E.D formula is folling.

2 2 2
1 2 xyS.E. S.E. (1 - r ) + × 

Rest Process in this condition is same as before also. 

Did You Know? Each statistical method or test based upon a specific statistical model. 

Self Assessment

Multiple Choice Questions:

To test the hypothesis any one ……………… test is used.5.	

	 (a) Mathematical 	 (b) Statistical 	 (c) Political 	 (d) None of there

From basic assumptions point of view statistical models of …………… types.6.	

	 (a) One 	 (b) Two 	 (c) Four 	 (d) Five

T-Test is a……………. test.7.	

	 (a) Parametrical 	 (b) Non-Parametrical 	 (c) Sample 	 (d) Homogeneous

This type of research (T-Test) design ……………….is called.8.	

	 (a) Bi-Variables design 	 (b) Variable design 	

	 (c) Single Variable designs 	 (d) All three

 T-Test: Special Remark30.3 

Regarding T-Test’s uses some concepts have been mentioned. Some of there are- (i) In population 
distribution of variables being normal (ii) Sample’s population’s variance being homogeneous. It 
can be tested by statistical methods also. It has been mentioned in the higher level books of Statistics 
as Hedge’s (1973) book etc. Again it is important thing that T-Test is a powerful statistical test and 
its result is not much affected if above concepts are broken, but different size independent groups 
condition is its exception. In this condition if homogeneity of variance does not fulfill conditions then 
result will be affected to a great extent. Therefore in this condition, concepts must be tested. If this 
condition does not fulfill then T-Test should not be used. In large sample condition rather not fulfilling 
there condition does not make special difference, but in small sample condition lack of conformity 
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of variance affects result. But in this condition too, if result of sample (Ns) is equal then problem can 
be reduced some degree.

Caution In the condition of small sample before use of T-Test homogeneity of variance 
must be tested.

Single-end and Double–end Test30.4 

The explanation of this concept has done in chapter.10 under experimental design. Here only to 
explain that in case of single-end test how to observe table’s T value. For single end test in table at 
level .05, .10 column and at level .01 in .02 column value of t is observed. If on double – end basis 
obtained t value at any significant level not comes significant then to use of single –end test sometimes 
occurred significant. But to decide which test t (Single – end or double- end) will be used, taken prior 
to collection of data at planning level should be done.

To increase senility of T- Test

Notes The meaning of sensitivity of independent variables or treatment’s effect on 
dependent variable presents their capability or their work efficiency.

Several such measures by that T-Test’s this senility can be increased. It has been mentioned ahead.

To Decrease the level of noise1.	 : In this respect the meaning of noise is effects of uncontrolled 
variables. There effects present in many forms. Experimental design’s rules and under different 
types it has been mentioned already. Mainly its sources are-

Direction given to persons under research.(i)	

Incomplete control of post studies variables(ii)	

Management of study and no control over circumstances(iii)	

Researcher’s bias and(iv)	

persons under research mental set.(v)	

Hence due to occurred “noise” (effects), to control it do every possible measures so that experimental 
effects which is occurred due to independent variables or treatment, explored come before.

To increase size of sample2.	 - To increase the sensitivity of T- Test it is the second measure. To 
do so random error minimizes and type – I and type – II errors’ are decreased. In this way 
,effects of independent variables is more cleared.

To remove the effects of “Floor” and “Roof”3.	  – Its meaning is that to measure the variables’ 
used tests should be neither very simple then mostly persons mark will too high, may be cent- 
percent. At that condition some of them to go high in the tests possibility is decreased. As a 
result difference will be less due to occurred by treatment. This situation is called “Collide 
form roof move down towards floor incidence”. Consequently if test is very hard then a 
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great may number of persons (from marks approach) do not rise above floor. This is called 
“Floor effect”. In this condition treatment effects does not be cleared. Therefore test should 
be neither very tough nor very simple, then T-Test’s sensitivity increases. 

To Increase the reliability of Measures4.	 : To do so increase the reliability of Psychological 
test do one rather many times measures and taken their average and can be done to control 
properly measuring conditions and management.

Selection of a more Suitable Design:5.	  In study – 10 a number of experimental designs have 
mentioned. Under this included independent group design, matched group design, correlated 
repeated group design. T-Test’s Sensitivity much in repeated measures design, less than that 
in matched group design, and least in independent group design. It so happen due to more 
and less controlling of studied variables. In independent group design. It so happen due to 
more and less controlling of studied variables. In independent group design this control is 
least. Hence to increase the sensitivity of T- Test; one measures is that to choose that design 
in which T-Test sensitivity is most, but it is not possible always. At that condition T- Test 
sensitivity too less than other two. Therefore it is necessary to keep in mind each merits and 
demerits and their suitability. Although if in the condition at research it is possible to select 
such a design which covers most sensitivity of T-Test. 

Summary30.5 

The first gateway of research data’s analysis, through which enter is null hypothesis. It had yy
been invented by Late Scientist, mathematician Ronald Fisher.

If on independent variables only group has constructed or manipulation of independent yy
variables have divided into two groups and comparison is do only these two groups with 
dependent variables, then at that condition T- Test can be used.

T- Test is a parametrical test and in this only one independent variable is there which can be yy
manipulated in two or more than two categories.

T-Test is of two types – (i) Independent group based and (ii) Correlated or remeasurable yy
based.

Small sample correlated group test can be used in case of large sample correlated group. From yy
computation point of view this method is very simple, but on that basis very few information 
can be obtained.

Keywords30.6 

Null Hypothesis1.	  – The first stage of experimental data analysis, from where research starts, 
called null hypothesis.

Equal Interval2.	  – having equal distance, having equal interval.

Review Questions30.7 

Mention main basis of Statistical analysis.1.	

What do you mean by Parametrical T- Test? Mention its types.2.	

Describe single- end and double – end test.3.	

Throw light on large sample correlated group T- Test4.	
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Answers: Self Assessment

1. Ronald Fisher 	 2. Alternative 	 3. T- Distribution 	 4. Rejection 	

5. (b) Statistical 	 6. (b) Two 	 7. (a) Parametrical 	 8. (c) Single variables design

Further Readings30.8 

Books Academic Techniques Management and Assessment—1.	 J.C. Agrawal, Bhatt 
Brothers

Educational Research Work Procedure2.	 —L. Kaul, Vikas Publishing

Education Technique—3.	 R. A. Sharma, Bhatt Brothers
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Objectives

After	studying	this	unit,	students	will	be	able	to: 

Understand	one-way	analysis-variance	and	normal	probability	group	design y

Understand	one-way	anova y

Understand	two-way	analysis y

Understand	randomized	block	design	and	Co-	variance	analysis. y

Introduction

In	previous	chapter	statistical	analysis’	T-	Test	had	described.	The	use	of	T-	Test	can	be	done	only	in	
that	condition	in	which	only	two	groups	are	to	be	compared.

In	its	one	independent	variable	give	only	two	treatment	or	divide	at	two	levels,	but	condition	of	research	
is	not	always	same	that	they	are	limited	to	independent	variables	of	two	levels	or	two	treatments.	In	
a	number	of	condition	independent	variables’	division	in	many	treatment	or	many	level	understood	
to	be	more	required.	At	that	condition.	more	than	two	groups	are	mutually	compared.	For	example	at	
motivation	level	what	impact	on	students	academic	achievement,	to	studies	there	researcher	determines	
three	(much	more	motivated	reasonably	motivated,	very	low	motivated)	or	more	than	three	level,	
all	students	three	or	more	than	three	groups	divided	and	compare	it	to	academic	achievement	than	

Kulwinder Pal, Lovely Professional University



Methodology of Educational Research and Statistics

Notes

286 LOVELY PROFESSIONAL UNIVERSITY

studies. In this condition T- Test cannot uses. In this condition that method, that test’s uses, that is 
called analysis of variance. It had invented by Ronald Fisher in short it is called Anova.

In analysis of variance in place of two mean’s difference, total variance of groups total measures, 
and their different parts or section is the base of analysis. Behind the use of it some concepts are 
followed which is mentioned in context of T- Test. Like T- Test this test which is called F- Test, is an 
parametrical test. Hence this test uses when parametrical test concept fulfills. This is a very versatile 
test which has many transformed form and which can be used in many research conditions. The 
most general form of its simple analysis of variance and completely randomized groups design or 
one-way analysis of variance.

Second complicated form is two–way Anova and factor analysis. Firstly, simple variance analysis 
method will be mentioned.

One–way Analysis- variance31.1 

The literally meaning of ‘variance’ is difference, but in statistical language its meaning is ‘Average of 
Squares of difference ‘. This difference is taken from score and mean.

Basically variances’ formula is:-

	 Variance	  = 
2(x - x)

N
S

or and in more impure form  = 
2(x - x)

N 1
S

−  
or 

2x
N 1
S

−
 

1. Parts of Total Variance

Notes Total variance e.g., from sum of score’s mean’s taken differences’ squares can be 
divided into many sections or components.

At least two parts or section are always there. These are: between group variance and within groups 
variance. If these two are added then it will be equal to total variance. By given below example it 
will be clarified:

Table 31.1 Data of three groups

 A-1
X1	  x1	  2

3x
 A-2

X2	  x2	  2
3x

 A-3
X3	  x3	  2

3x
6 	 2	 4 
2 	 –2	 4
3 	 –1 	 1 
5 	 1 	 1 
4 	 0 	 0

4 	 1 	 1
2 	 –1 	 1 
5 	 2 	 4
1 	 –2 	 4
3 	 0 	 0

6 	 +1 	 1
5 	 +0 	 0
4 	 –1 	 1
4 	 –1 	 1
6 	 1 	 1

ΣX1 = 20

1X  = 4
Σx2 	 	 10

ΣX2 = 15

2X  = 3
 	 	 10

ΣX3 = 25

3X  = 5
 	 	 04

SX1=60  
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Suppose that above table shows three independent randomized groups’ (high motivation, normal 
motivation, low motivation level) boys present academic achievement’s scores. We can say these 
groups as A-1, A-2, A-3. On the basis at analysis of this table it is to be tested that “Does motivation 
effects on academic achievements”.

On the basis of this table firstly calculate total variance which is presented in example -1

Example – 1

Computation of total variance
X	 x	 x2

6 	 2	 4

2 	 –2 	 4

3 	 –1 	 1 
5 	 +1 	 1
4 	 0 	 0
4 	 0 	 0 
2 	 –2 	 4

5 	 +1 	 1

1 	 –3 	 9
3 	 –1 	 1
6 	 2 	 1
5 	 1 	 1
4 	 0 	 0
4 	 0 	 0
6 	 2 	 4

2

1
x 34e(V )

N 1 14
S

= =
−

Total variance = 2.428

Using formula 
2x

N
S  value comes to

34
15  

= 2.266

X = 60

3X = 4.0
Sx2 =34

This total variance is supposed to be occurred due to two reasons. Firstly due to that difference which 
is vested at three levels of motivation. Secondly due to that difference which lies in each group of 
boys. Due to these two reasons occurred, variance is called – (i) Intergroup variance and (ii) within 
group variance.

Inter group variance1.	  due to treatments and within groups variance sampling error or chance 
error which is called randomized error and that after matched all groups remain something 
suppose to be occurred due to those. Within groups variance in every experimental researches 
known as error.

Between Groups Variance2.	  Below given example -2 table’s basis in which three groups’ mean 

has been arranged as measures between groups variance is calculated. By this formula 
2X

N 1
S

=
 

we get 1.0 and by formula.
2X

N 1
S

−
 we get .666
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Example 2

Calculation of variance
X 	 x 	 x2

4 	 0 	 0
3 	 –1 	 1

5 	 +1	 1	
2x 2(V ) 1.00b N 1 2

S
= = =

− 

ΣX=12 	 	 	 by using formula 
2x

N
S

, it 

M = 4.0 	 	 	 results 2
3
 = .666

Σx2 =2

Within Groups variance: 3.	 Table – 29.1’s each group’s (A-1, A-2, A-3) within group variance 
calculation formula is same as given previously. To find it calculate three groups variance 
separately and then their average taken. Is Each group’s Σx² given in table -1. This is 10, 10, 4 

respectively. In each N – 1 = 4 Hence within groups variance is bV  
= 

10 10 10
4 4 4

3

+ +

 
= 6

3  
= 2.0 

(By formula 
2x

N 1
S

−
)
 
within group variance bV  

= 

10 10 10
5 5 5

3

+ +
=1.60 (By formula 

2x
N 1
S

−
)

By both formula above both types of variance are following.

By formula (i)	
2x

N 1
S

−
 (a). bV  = 2.0 (b) wV  =1.0

	 Hence, accordingly this formula

bV  + wV  = (2.0+1.0) = 3.00

By formula (ii)	
2x

N
S

 (a). bV  = 1.60 (b) wV  = .666

	 Then accordingly this formula 

bV  + wV  = 1.60 + .666 = 2.266

According to formula (iii)	
2x

N 1
S

−

	 Total variance ( bV ) = 2.428

	 According to formula 
2x

N
S , 	 bV  = 2.266

	 According to formula 
2x

N 1
S

−
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V+(2.428)= bV  + wV  (3.0)

	 According to formula 
2x

N
S

V + (2.266) = bV  (1.60 + .666) = 2.266

On the basis of above calculation it can be seen clearly that using formula 
2x

N
S

 total.

Variance (Vt) which is 2.266 inter group variance (Vb) and within group variance (Vw) which is 1.60 
as .666 respectively, is exactly equal to sum. Therefore, it is proved that total variance is equal to sum 
of intergroup and within group variance. It can be expressed by formula as following.

Vt = Vb + Vw

But using formula 
2x

N - 1
S  It is not found so.

There remains a little difference. In this condition Vt = 2.48 and Vь + Vw= 1+2= 3.0. This difference 

occurs due to that in formula 
2x

N - 1
S  in place of denominator degrees of freedom (N-1) concept is used. 

Accordingly mathematics rule to do so is more scientific and satisfactory, because on the basis of this 

formula available value lies value of population’s very close. Therefore this is the formula which is 

always used always use to get value. Here formula 
2x

N
S

 
is used only to clarified that Vt can be divided 

in two parts always into (Vь and Vw). Vь as SSA and Vw as SSw and Vt as SSт can be written. Hence SSт 

= SSA + SSw. Always this formula should be remembered.

Between groups variance’s (4.	 SSA) explanation : Between groups variance that variance which 
gets by each groups mean and three groups (if more than three, then all those) collective 
mean’s differences squares divided by N-1. From example -2 it is clear. The occurrence of 
this variance’s cause consider to be independent variables (their at different levels taken 
difference or various treatments)

Notes Between groups variance is that variance in which subvariable or vested 
independent variance affects and for the research of that experiment is done.

This variance dose not completely occur due to subvariable (independent variables). At least 
randomized error (by choice error), error lies. If variance is more than that error then it can be accepted 
due to treatment.

Within groups variance’s (SSW) explanation

This is that variance which occurred due to in separate groups lies persons or between units remain 
difference. This is correct that group’s by randomized post studied variable controlled, try to make 
matched, rather than it no happen difference between units completely eliminated. Due to this reason 
within groups variance not complete Zero. This remain variance is called SSW and it is considered to 
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be by chance. The characteristics is that it can be estimated, but cannot eliminate completely. Therefore 
,it is named as “error”.

F-Ratio

 Example On the basis of SSA and SSW the decision is taken over this matter that 
experimental effect e.g., independent variables or treatments are affected 
dependent variables or not. 

In Anova the significance of difference of groups, their mutual comparison basis is this ratio. This 
ratio means SSA/SSw is called F-ratio. Sir Ronald Fisher’s one pupil Snedecor as mark of their respect, 
named this ratio F. 

If parametric tests concept fulfils and taken many randomized sample calculate F-ratio then their 
distribution will be normal, as in the assumption of mathematician. On this basis Snedecor has 
prepared F-value’s a table taken different degrees of freedom which is called F-Table. This is present 
is the end of this book under appendix table-C. In this table given F-value is compared with obtained 
F-Value then conclusion is drawn. Behind this assessment the logic is as types. If make difference of 
treatment does not affect on dependent variable then the value of SSA must be equal to SSw. In that 
condition F’s value will be 1.0 

Thus if independent variables have effect’s dependent variables really means that is cause of dependent 
variables the F’s value should be greater than 1.0 but how greater is 1.0 then it can be said that 
independent variables or treatment’s effect is significant or real?

The solution of this problem solved by given value of T- Table. Process is this type that on the basis 
of data firstly calculated F’ Value. Then this F- value is compared with given value of table. If on the 
basis of data obtained f value table’s at any level of 0.05 or 0.01 determines equal to the given value 
of decrees of freedom or more than that then null hypothesis is rejected and conclusion is drawn that 
treatment is effected on dependent variables really. Regarding F- value some other facts should be 
understand properly also. There are—

The rule to calculate F value is that between SS1.	 A and SSw which is greater that is put on place 
numerator and second on place of denominator anyone of both can be greater. Hence either 
of them can be put up and down, but in variance analysis condition SSA Should be kept 
above always. If in any condition SSA is less SSw is more then there is no need to calculate F’ 
value because then at once it is cleared that there is no effect of treatment on result mean F 
is not significant. 

F – Test inevitably one – tailed test because regarding this it is to be considered that Did 2.	
SSA Value from SSw as much as higher that it is called significant? For that SSw is kept on the 
middle point (0.0) normal distribution curve and it is observed that how much above is SSA 
Above curve’s one end expand in one direction. Therefore it is an single test.

The concept of degrees of freedom in F- Test is most important. Its use is to select the value 3.	
of table based value with which compares obtained F – value. For this F- ratio table C’s 
understand through and through essential. In this table at the top in horizontal direction SSA 

degrees of freedom (df) and left side in column vertically SSw’s df observed from both side 
move where meet at an point at that place two value available. In these one is light black 
colour and other dark black colour. Dark black colour holding means greater value level of 
0.01 and light colour holding means small value level of 0.05 is. All these matters will be 
cleared by ahead given examples.
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Normal Probability Group Design 31.2 

Single-way Anova

In the previous chapters SSt, SSA, SSw calculation had been shown but by which method they had been 
calculated actually they are not used. Actually which method is used that step is at follows:

Calculate Correction terms value (c)1.	

Calculate SS2.	 t

Calculate 3.	 SSA

Calculate SS4.	 w

Convert 5.	 SSA and SSw into mean

Calculate F – ratio6.	

Compares it with table value7.	

On the basis of significant test drawn conclusion8.	

Example 3

Table 31.2: Single Way Answer Variance Analysis
X1 X2 X3

6 4 6
2 2 5
3 5 4
5 1 4
4 3 6
20 15 25 =ΣX=60

(Having obtained measures on dependent variable for all the subjects in the different groups a table 
like the above is prepared. In this X is our independent variable which has three treatment conditions 
or levels, X1, X2, and X3. The analysis of variance will follow the following steps):

Correction Term (C) = (Σ X)1.	 2/N = (60)2/15 = 240.0

SS2.	 T = In Table-2 squares of total data’s sum has been given  
Ex2 – c = (62 + 22 + … 42 + 62) – 240.0 = 34.0

( ) ( ) ( )2 2 2
1 2 3

A
1 2 3

SX SX SX
SS C

N N N
= + + =3.	

If N is equal in all groups then aforesaid formula will be written as 
2 2 2
1 2 3x x x C

N
S + S + S

− ; Putting all 
value

2 2 2

A
(20) (15) (25)SS 240 10.0

5
+ +

= − =

SS4.	 W = SST – SSA = 34.0 – 10.0 = 24.00

Mean SS5.	 W = 
10
2  

= 5.0 as here three group are and df is (3 – 1) =2
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Mean SS6.	 W = 
24
12  

= 2.00 df will be 12.

F-ration 7.	 A

W

MSS
MSS

 
= 5

2  
= 2.50

	8.	 Significance – F value is not significant because at 2, 12 df and at level .05 table – C’s F value 
is 3.88 Hence H0 cannot be rejected Result is not significant. 

Treatment is not differ to one9.	  – another and each have equal effects on depend variables. In 
other words independent variable X does not affect dependent variables.

Remarks- 1 

Calculation of SSw’s degrees of freedom can be done by two types: 

From each group’s N deduct 1 and adding all remainders as it is done in previous example (i)	
(5 – 1) + (5 – 1) + (5 – 1) = 12 is done.

Second method is that from whole (ii)	 df group’s df number deducted, as in previous example 
total df number is 15 – 1 = 14 and group’s df’s number is 3 – 1 = 2. Hence df of SSw = 14 – 2 
means 12.

SS(iii)	 A’s degrees of freedom number acquired from deduction of 1 from total number of 
groups. 

Remarks -2	

It observed also that to calculate SSt and SSA Method is same which had clarified in example -1 and 2. 
Only it is difference that in that example this method is in form of mean and each’s deviation whereas 
in this example is in based upon raw score’s use. In deviation form that’s formula was Σx²/N1 but in 

fundamental numerical form this formula is
2

2 ( x)x
N

S
S −

In which Σx²/N1 is correction term (C). This C to calculate SSA and SSt remains same. Hence it is 
calculated once in the beginning because in this method fundamental digits are used. Hence the, 
meaning of SSт is sum of square of total scores separately. Like wise the meaning of SSA is sum of 
columns separately squares total.

Did You Know? SSA /SSw is called F- ratio also.

One–way Anova31.3 

In previous example taken independent groups one-way Anova’s method had been explained. Here 
some method is explained in context of repeated measures design. In this condition only one group 
of persons is kept under treatment. As in pre-test and post-test design groups of a persons firstly and 
later is tested twice. Thus persons one or two variables make equal and after that distributed in groups 
then their measures. In these two types of management Anova (one-way) repeated measures design is 
used. Under this method which is calculated that is a little different to previous independent groups 
method. Repeated measures design’s special utility vested in this matter by that between groups’ unit 
lies occurred variance due to difference of that and that is called error of variance, it becomes less 
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and in this way research’s accuracy and validity is increased. Therefore it is apowerful medium of 
controlling of heterogeneity of subjects, but it is not understood from that these difference, variances 
are completely ended. Some still remain, but the must be less, because in this units of one group is 
worked like controlled groups units.

A main demerits of this design is that in this units pre –test is effected on post –test. After pre test there 
is great change comes in units and they are not representative of whole population in which they are 
selected. Due to there two causes precision of experiments and external validity both has undesirable 
effected. Being there difficulties this design is considered to be superior to independent group design. 
It is called within group design or correlated group design. In this design a new sources of variance 
added which is called between subjects variance or SSs which is eliminated from SSт = SSA + SSs + SSw 
is called SSerror also. It will be cleared from ahead example and how these variance are calculated and 
how the conclusion is drawn.

Example 4 

On recall remembering order’s study of effects 8 students have been given 10 pair of words and after 
two days he has to recall it. After that another 10 pair of words is given for remember and after two 
days he has to say recalled it. Thus remembering, recall this work goes on for 6 schedule. On this basis 
which hypothesis had been to test that had “on recall there is no effects of remembering order”. As is 
prejudice that after first schedule recall is the most and after that it becomes less gradually.

For the clarification/of data/ of test method data has been presented in following tale. For statistical 
computation and analysis including a little changing some steps have been followed which has been 
already mentioned in independent group case. This is as follows.

Table 31.3: Serial Number of Table
Subject L-1 L-2 L-3 L-4 L-5 L-6 Total

S1 7 3 2 2 1 1 16
S2 4 8 3 8 1 2 26
S3 7 6 3 1 5 4 26
S4 8 6 1 0 2 0 17
S5 7 2 3 0 1 3 16
S6 6 3 3 1 1 1 15
S7 4 2 0 0 0 0 6
S8 6 7 5 1 3 2 24

Total Σ = 49 37 20 13 14 13 146

In this case for the fulfill of analysis we will follow the previous example of independent group 
design.

C 	 = (146)1.	 2/48 = 444.08

SST 	 = (72.	 2 + 42.... (0)2 + 22) – 444.08 = 740.0 – 444.08 = 295.92

SS3.	 A 	 = 
2 2 2 2 2 2(49) (37) (20) (13) (14) (13) 444.08

8
+ + + + +

−
 

	 =   4704 444.08 143.92
8

− =
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SS4.	 s 	 = 
2 2 2 2 2 2 2 216 26 26 17 16 15 6 24 	444.08

6
+ + + + + + +

−
 

	 =	 2990 444.08 54.25
6

− =

SS5.	 e × r = SST – (SSA + SSs) 

		 =  295.92 – (143.92 + 54.25) 

		 =  295.92 – 198.17 = 97.75

In the a for said the meaning of SSe×r is occurred variance by interaction between columns and rows.  
It is called interaction.

Mean SS6.	 A = 14.92/5=28.78

Mean SS7.	 e × r = 97.75/35=2.79

F-ratio = 8.	 28.78 10.32
2.79

=

Conclusion: 9.	 In table C 3, 35 df and at level 0.01 F’s value is 3.59 Obtained F-value 10.32 
is which much greater than table value.  Hence to avoid Ho the conclusion is drawn that 
memorizing order definitely effects on recall after first catalogue recall was at most.  After 
that it become less gradually.

Computational Explanation

In the case of repeated measures design method of calculation is a litter different to that of independent 
groups design case. In this case each person is measured, second, third, fourth etc means more than 
one measure therefore between the scores of them correlation is occurred. In other words, between 
the pair of subjects also a new type of variance is occurred.  Although in each group same persons are, 
but after a test a number of differences occurred in them and they are not same, as it was prior due 
to this cause a new type of variance is a added. Hence SSт have three parts SSW + SSA + SSS. Among 
these SSW is understood as that variance which occurred due to persons one groups keeping different 
measuring conditions. It is called between rows variance SSr or SSa also Like  SSA is also a systematic 
variance SSS. Between the scores of group as much as correlation exists, systematic variance is as much 
as also and variance of error is also less. Therefore SSt or SSr rows is computed. It has been cleared 
under example’s Step -4.

Between independent group design and repeated measures design from statistical analysis point of 
view second difference is occurred in selection of error term means SSw. In case of independent group 
design, this is SSw, but in repeated measures design, it is residual variance which is called interaction 
variance e.g., SSc×r also. In fact in case of repeated measures design calculation of SSw is not possible, 
but keep in mind that both SSw and SSres are presents estimate of error, rather SSres is considered to be 
a much better estimate. Hence in case of repeated measures design rather SSw, SS res’s calculation of F 
value uses. Its calculation as previous example’s in step has shown from SSт sum of  and SSe is done 
after deduction of it therefore it is called residual or remainder variance.

Two-way Analysis of Variance (Independent Group)31.4 

The use of aforesaid motioned method as is explained in illustration, uses there, where only one group 
of unit measured on dependent variables again and again or used matched group, but it can be used 
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in that case also where to control any one variable. Its one example is given below. This method comes 
under the category of two–way analysis of variance.

Example 5 

A researcher want to study about an eleven years old boy’s home environment effect on his 
psychological development. He collects scores of five schools’ boys’ home environment and his 
psychological developments on home environment he prepares school wise boys’ two groups (desirable 
and non-desirable home environment). School wise their on dependent variables (developments) 
scores in the form of mean he having arranged in the following table, by F- Test he want to analyze 
it. But he is doubled that various schools environment much differ to one another causes effects of 
school. Can stop to prevail of effects of home environment. Therefore it should be controlled. Hence 
he uses previous method by following type so that effects of school should be ended.

Table 31.4 : Home Environment and Psychology Relationship between development  
(N = 9 in each Cell)

School
Home environment

Total
Low groups High groups

1 56 35 91

2 59 38 97

3 62 32 94

4 57 31 88

5 52 45 97

Means
286 181

467
6.36 4.02

It can be done exactly as it had been done in previous example, in that due to differences between 
subjects variance had been ended (differences between lines) observed this whole process as it is.

C (Correction term) = (467)1.	 2/10 = 21808.9 
(Taken each groups mean scores as individual

SS2.	 т = (56² + 59²……… 31² + 45²) -  C = � 1204.1

(Home environment) = 3.	
2 2286 181 C

5
+

−  � =1102.5

SS4.	 row (school) =  
2 2 2 291 97 .......... 88 97 C

2
+ +

−

SS5.	 res = SSт – ( + SSschools) 

		 = 1284.1 – (1102.5 + 30.6) � = 151.0

Mean SS6.	 (A)  = 1102.5/1, df being 1 � = 1102.5
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Mean SS7.	 res = Mean SSH×S = 
151 0

4
− � =37.75

F = 8.	 1102.5
37.75

� = 29.20.

Conclusion9.	  – in table C,1 4 df and at level .01 value of F is 21.27 where as researcher’s obtained 
value is 29.20 which is greater than table value. Hence H0 can be rejected and conclusion is 
drawn that home environment effects children’s psychological development’s 
In this like previous written method SSт is divided into three parts – SSA+ SSschool + SSres. Due 
to differences of school occurred variances (SSs)row’s eliminated from SSт. It is to keep in mind 
if the number of boys of school’s is some then mean of scores assumes one by one scores can 
be applied in table. From computation point of view its result is not affected. This whole 
process is some as, as mentioned in example –4.

Error- Variance (SSres)

Under example -4 & example -5 which error of variance has been mentioned, it has many a name as 
a –remainder or residual variance and interaction variance, similarly it can be written as many types 
as a SSres, SSe x v etc. this is that variance which due to treatments, remains not any difference exist and 
which is by by chance or randomized method selection of unit and distribution in groups remain 
differences between them occurred as assumed. Consequently this is that variance which form total 
variance, both treatments’ (SSA) and school’s variance (SSs) remain after deduction of those therefore 
it is considered to be more accurate than SSw. If effects of differences of school’s environment, effects 
of studied variables and effects of treatments eliminated completely then SSc x r’s value will be equal to 
SSw otherwise. Value of SSc x r always less than SSw. If it is less than that, then it should be understood 
as by chance and in that case SSw should be used for F- value.

Self Assessment

Fill in the blanks:

F – Test is a ……………………. test.1.	

The meaning of variance in statistical language …………………2.	

F- Test is definitely ……………… test.3.	

Two – way Analysis of Variance (Correlated Group)31.5 

Two- way (independent group) variance analysis example has been presented in previous page 
(example 5), but such a case of research may be in which groups are correlated or matched. In this 
case also Anova can be used but its method is rather a little change with respect to previous method. 
Two –way analysis of variance’s (Correlated group) this method’s example has been given ahead.

Example -6 

A researcher want to study a six-year old children effects of practice on learning. He controlled sex 
effects. Hence he choose 5 boys and six girls randomly and then practice trial’s taken under. After every 
trial measures their improvements. Thus which data available at that basis ahead table has prepared 
and calculate necessary variances. Whole calculation has been shown below table.
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(Two – way – variance)
Correlated measures Design

Process of Learning

Table 31.5
SS I II III IV V Total
1 4 7 3 4 6 24
2 3 4 6 9 7 29

Boys 3 2 2 8 5 8 25
4 5 5 5 8 5 28
5 4 6 7 6 9 32

Ex 18 24 29 32 35 138 
(Group-I)

1 6 3 4 8 10 31
2 8 5 5 7 8 33

Girls 3 4 5 5 5 9 28
4 3 3 6 6 10 28
5 6 6 8 9 10 39

Ex 27 22 28 35 47 159 
(Group-II)

In this analysis following steps are included-

C = total number’s (is divided in) group I and group II sum of squares 	1.	

		  =	
2297

50  
= 1764.18

SS2.	 t = 1991 – 1764.18 = 226.82

SS3.	 t = Sum of squares the total of all the ten groups divided by n minus the correction

	 	 = 18² + 24² +………..+ 35² + 47²/5 – 1764.18

	 	 = 9421
5  

– 1764.18 = 1889.2 – 1764.18 = 120.02

SS4.	 t = Sum of squares of the totals of all the rows divided by n minus the correction term

	 = 242 + 29² + ………….. – 28² + 39²/5 – 1764.18

	 = 8989
5  

– 1764.18 = 1797.8 – 1764.18

	 = 33.62

SS5.	 Trials = Sum of squares of the totals of all the trials (column sum of scores for boys and girls 
both for each trial divided by n minus correction).

	 = 
2 2 2 2 245 46 57 67 82 1764.18

10
+ + + +

−

	 = 18603/10–1764.18

	 = 1860.3–1764.18 = 96.12



Methodology of Educational Research and Statistics

Notes

298 LOVELY PROFESSIONAL UNIVERSITY

SS6.	 G 
= Sum of squares between Groups of boys and girls

	 	 =	
2 2138 159
25
+

 
– 1764.18

		  =	 44325
25  

– 1764.18 = 1773 – 1764.18 = 8.82

	7.	 SSW	 =	 Within groups sum of squares.

This is obtained by subtracting between-groups variance from SS8 (sum of squares among subjects).

	 	 =	 33.62 – 8.82 = 24.8.

SS8.	 S × Trials 
= This can be obtained by subtracting SSs and SSTrials 

from SSt (total sum of 
squares).

	 	 226.82 – (33.62 + 96.12) = 97.08.

SS9.	 Groups × Trials

This we can get by subtracting SSGroups (Sum of squares between groups ) and SSTrials from SSrr as 
follows:

	 	 	 120.02 – (8.82 + 96.12) = 15.08.

Pooled SS10.	 S × Trials

This we can get by subtracting SSGroups × Trials from SSS × Trials. It is used as the error term for determining 
the significance of treatments.

	 	 =	  97.08 - 15.08 = 82.0

Table: 31.6
SS df Mean SS F

Groups (Sex) 8.82 1 8.82 3.44 Sig. at .05 level
Within groups (error) 24.80 8 3.10
Trials 96.12 4 24.03 9.386**
Groups × Trials 15.08 4 3.77 1.472 Not Sig.
Pooled SS s× Trials 82.00 32 2.56

49

**Sig. at .01 level

Conclusion – In F table –C 4, 32 df and at level 0.01 F’s value is 4.02 wf whereas exercise obtains F – 
value is 9.386 which is much greater than table value. Hence H0 is rejected and conclusion is drawn 
practice necessarily effects on improvements. Sex’s F-ratio (3.44) is significant at level .05. Hence it will 
be accepted that sex’s effects on improvements means difference between boys and girls improvements, 
but interaction variance (1.472) is not significant on that basis it will be to say practice and sex when 
interaction with each other then there is no significant effects on improvements.

Two–way Anova’s (correlated group) is used there where two independent variables are there and 
one group of units has been measured on dependent variables again and again. It can also be used 
where controlled effects of one variables to study of others effects.
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Randomized Block Design31.6 

In the beginning of this chapter randomized group design had been described. In that units it was 
distributed in group by randomized method and it assumed that group was matched from true 
study point of view, but in fact they do not matched. In their units rather remain difference due to 
that accuracy of research becomes less units, specially among men a number of differences exists. 
In groups their randomized distribution is not able to eliminate completely these differences and 
diversities. As a result effects of treatment does not seem. Hence to less these differences and to increase 
accuracy of research and internal validity purpose researches is used on another design which is called 
“randomized block – design. In short it is written as RB–k design which means number group based 
randomized block design. By this design which data gets their variance analysis too accordingly 
given method of example – 5 in which in place of error do not use SSw rather used SSe x r. In the given 
example ahead its whole process has been mentioned. 

Example – 7

A researcher wanted to stay an eleven years old boy’s learning two techniques of behaviour-control 
(admire and punishment) effect consequently wanted to control intelligence because intelligence is 
considered to be main factor of learning. So he formed blocks of 3-3 boys of equal. In one block boys 
I.Q were 119, 120, 121 respectively, in second I.Q. was 110, 111, 112 third 99, 100, 101, in fourth 90, 91, 
92 in forth 81, 82, 83. From each block one boy’s randomizely he has been distributed in three group 
(admired group, punished group, controlled group). Experiment goes on for one month. After that 
his learning has measured. Whole data had been adjusted in the table by following types. After that 
variance analysis has been done. Whole computation process is given in the table below. 

Table 31.7 Randomized Block Design

Class Prized Group Punished Group Controlled 
Group Total

1 14 13 10 37
2 13 14 11 38
3 15 10 12 37
4 18 14 13 45
5 10 11 14 35

Sum 70 62 60 192

Now, the ANOVA was carried out. The following values were computed stepwise.

C = 1.	 2(192) /15  = 2457.6

SS2.	 T = 142 + 132.... 132 + 142) – 2457.6

	 	 = 2526 – 2457.6 = 68.4

SS3.	 A = 
2 2 270 62 60

5
+ +

 – 2457.6 = 2468.8 – 2457.6 = 11.2

SS4.	 Blocks = 
2 2 2 2 237 38 37 45 35

3
+ + + +

 
– 2457.6

	 	 =	 2477.3 – 2457.6 = 19.7
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 5.	 exr T A BlocksSS SS (SS SS )= − +  = 68.4 – (11.2 + 19.73)

	 	 =	 68.4 - 30.93 = 37.47

Mean SS6.	 A 
= 11.2

2
= 5.6, df being 2

Mean SS7.	 c × r =
37.47.2

8
= 4.68 df being 8(2 x 4, i.e., 2 for columns and 4 for rows)

F-ratio = 8.	 (A)

(C r)

Mss
Mss ×

 

= 5.6
4.68  

= 1.96.

Conclusion –9.	  obtained F-ratio (1.196) in table C 2, 8 df and at level 0.05 given value is less 
than 4.46. hence H0 cannot be rejected. The conclusion is drawn that there is no difference in 
behavior controlling methods. He has no effects on learning.

Simply it can be known SSblack x treatment. Or remainder variance can never be greater then SSw. Its size 
SSblocks depends upon its magnitude. If it is greater than SSc x r result will be least. 

Utility of RB–k design or advantage of this design

In this difference becomes least between units because made it matched and distributed in 1.	
the block. Due to this reason error variance SSw is also less and experiment internal validity 
is increased.

Due to difference in block which variance occurred it is eliminated also. Hence due to this 2.	
error become least.

This design is superior to independent group randomized design. Its efficiency can be 3.	

calculated by formula w

c r

MeanSS
100

Mean SS ×

× . It is clear from that this design is superior to 
randomized design.

This design is very flexible. Taken a number of levels of treatments and blocks, it can be 4.	
analyzed.

The simplicity of analysis is its additional characteristics.5.	

Demerits → One demerit of this design is its inconvenience. When treatments are more in number 
then in due to larger number in block it is tough to make it similar. In one block such a larger number 
exists makes more unconveniciable and if it matched more than one variables then it becomes more 
and more tough.

Co-variance Analysis31.7 

In experimental research controlling of true study variables is considered to be most important, 
because in absence of that result can not be more accurate and valid. To attain this purpose a number 
of measures and methods has been mentioned. Among these one is analysis of covariance. In short 
it is called ANCOVA. This is an extended form of ANOVA. ANCOVA is a statistical method of 
controlling of variables. Due to this research’s result’ accuracy is increased. In previous example 
randomized block design had been described in which on intelligence matched units under treatment 
it had been distributed in this way intelligence had been controlled. In co-variance analysis does 
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not do so their measures can be done and by statistical analysis their effects can be eliminated. In 
variance of treatments (SSтr) having corrected by statistical method on covariate intelligence, due to 
lies differences between units occurred effects can be eliminated. Later measures’ regression effects 
on initial measures which is called between groups regression, is possible by medium of that. Thus 
co-variance analysis is such a statistical method in which various treatments’ among distrinution test 
of significancy of differences is done as long as, when from that, that variance is eliminated which 
occurred among them in the begning due to true study variables or variables. In other words from 
between groups variance in covariates by initials differences occurred variances eliminated means 
after correction this analysis is done. Hence from SSт(y), SSA(y) and SSw(y) that variance is eliminated 
which occurred due to X (covariate) and Y (sub variable) correlation. Thus final analysis is done on 
the basis of these corrected variances. It will be cleared from next example.

In the following table suppose X variable is intelligence and Y boys’ learning achievement. Three 
treatments groups (applaused, punished and controlled). Researcher wants to know that on boys’ 
learning achievement these treatment effects significantly separately, but he wants to control 
intelligence effects whole data has been presented in the table and steps of analysis process has been 
given below.

Example 8

Table 31.8: Co-variance Analysis
Admired group Punished group Controlled group

X1 Y1 X1Y1 X2 Y2 X2Y2 X3 Y3 X3Y3

33 18 594 34 31 1054 34 15 510
42 34 1428 55 45 2475 4 8 32
40 22 880 9 1 9 12 18 216
31 24 744 50 33 1650 16 15 240

Sum  146 98 3646 148 110 5188 66 56 998

First of all, we have to find out three correction terms for X, Y and XY:1.	

C(a)	 x (correction term for X) 	 = ( 146+148+66)²/12

	 	 	 	 	 	 =(360)²/12=10800.0

C(b)	 y(correction term for Y )	 =(98+110+ 256) /12 =5808.00

C(c)	 xy (correction term for XY) 	 = (Sx)(SY)/N

	 	 	 	 	 	 = 360 264
12
×

 
= 7920.00

Now, total sum of squares has to be calculated for X, Y and XY:2.	

SS(a)	 T(x) = (332 + 422.... 122 + 162) – C

 = 13748.0–10800.0

 = 2948.0

SS(b)	 T(Y) = (182 + 342 ..... 182 + 152) – C

 = 7454.0–5808

 = 1646.0

SS(c)	 T(Xy)= Sum of XY total for each treatment group-C

	 	  = (3646+5188+998)–C
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	 	  = 9832 – 7920

	 	 = 1912.0

Now, we have to calculate between –groups sum of squares for X, Y and XY as follows:3.	

SS(a)	 A(X) = 
2 2 2146 148 66 C

4
+ +

−

	 	 = 11894.0 – 10800.0 = 1094.0

 (b)	 SSA(Y)= 
2 2 298 110 56 C

4
+ +

−

	 	 =	 6210.0 – 5808.0 = 402.0

SS(c)	 A(xy) = 
1 1 2 2 3 3X Y X Y X Y

4
+ +

 
– C

	 	 = 	 146x98 148x110 66x56
4

+ + –C

	 	 =	 8571-7920

	 	 =	 651.0

Now, SS4.	 W for X, Y and XY can be calculated by just subtracting SSA 
from SSr

SSa.	 W(x)= 2948.0 – 1094.0 = 1850.0

SSb.	 W(Y) = 1646.0 – 402 = 1244.0

SSc.	 A(xy) = 1912.0 – 651.0 = 1261.0

Upto this point the calculations were done exactly in the same way as they were done in case of simple 
analysis of variance. After this, now adjusted values of SST(y) and SSw(y) have to be calculated. It is here 
stage that, adjustment for initial differences on the covariate X has to be made. The procedure is as 
follows:

(a) Adj. SS5.	 T(y) = SST(y) – T(xy)

T(x)

SS
SS

=1646.0 – 
2(1912)

2948  
= 405.93

	 (b) Adj. SSW(y) = SSW(y – W(xy)

W(x)

SS
SS

 

= 1244.0 – 
2(1261)

1854  
= 386.33

	 (c ) Adj SSA(y) = 405.93 – 386.33 = 19.6

	 Adj. SSA(y)
 
is calculated by subtracting Adj. SSW(y) from Adj. SST(y) 

Next step is to convert Adj. 6.	 SSA(y) and SSW(y) into mean squares by dividing them by their 
degrees of freedom as follow:

	 (a ) Mean Adj. SSA(y) = 
19.6

2  
= 9.8, df being 2.

	 (b) �Mean SSW(y) = 
386.33

8  
= 48.29, df being 8 as one more df is lost in case to ANCOVA as 

compared to ANOVA.
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F-ratio = 7.	 A(y)

W(y)

MeanAdj.SS
MeanAdj.SS

 

= 9.8
48.29

 Not Sig. 

Conclusion8.	 —H0 cannot be rejected value of Mean Adj. SS.A(y) 
is less than mean Adj SSw(y). 

Hence there is no need to calculate. F- ratio. It will be less than that therefore it can not be 
significant. Therefore conclusion is drawn that after the controlling of intelligence no effects 
of treatments on boys’ learning achievement. 

ANCOVA Vested Conceptions

The use of ANCOVA is based upon those conditions and conceptions. That is.

Caution Treatment groups’ should be selected from one population by randomization

Within groups corrected measures’ distribution should be normal. 1.	

Treatment groups should be homogeneous.2.	

Y measures’ (Later) on X measures (initials) regression should be equal in each treatment 3.	
group.

Regression should be linear.4.	

Utility of ANCOVA

In the following conditions ANCOVA has much utility.

Where intact groups are used, as a in education field to use on any school’s total class because 1.	
it is not possible to exit separately only some boys out of class not possible to experiment 
on them. In that case it is not possible also unit by randomizedly distributed in groups, but 
from many point of view much differ to one another therefore differences between them 
affected result adversely. To eliminate it a couple of important variables can be controlled 
by medium of ANCOVA.

In the beginning if any variables between units being differences is not seem and later on it 2.	
is necessary to eliminate their effects then use of ANCOVA proves to be useful-

Task Express your views on the utility of ANCOVA.

Multiple Co-variance Analysis

Above one covariate’s example has been presented, but co-variance analysis can be done in that case 
also where more than one covariates are to be controlled. Upto two covariates calculation is simple, 
but more than one covariates are needed to be controlled then calculation is much long and tough, 
but there are no changing in rules. This method can be used with randomized block design also with 
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Latin groups design and factorial design can be used also. Kirk (1968) and Lindquist (1970) has 
explained it in more detail.

Self Assessment

Multiple Choice Questions:

In repeated measures designs only one persons ……………………….is kept in all 4.	
treatments.

	 (a) organization 	 (b) Caste 	 (c) groups 	 (d) structure 

By randomized block design ………………is obtained5.	

(a) Rule	 (b) data	 (c) interactions	  (d) generalization

In experimental research true study variables ………………is most essential.6.	

	 (a) Controlling 	 (b) measuring 	 (c) accuracy 	  (d) result

……………..Design is superior to randomized block design 7.	

	 (a) factorial design 	 (b) Latin square 	 (c) ANCOVA	 (d) ANOVA 

L.S.D. (Latin Square Design)31.8 

This design is superior to randomize block design. In there two true study variables can be controlled. 
Like block design to make similar groups in these also, blocks are used, but in this on two true study 
variables make equal blocks. Thus each units of blocks at least equal on those two variables. The 
different levels of these true study variables are distributed in rows and columns. Thus in L.S.D gets 
information about effects at true study variables.

Concepts

The use of this design is only possible:

When blocking variables are equal to the number of treatments. Treatments are distributed in rows 
and columns by randomly. At the same time it keeps in mind too that each treatment should become 
in each column and row once. In each cell of row and column should become only one treatment.

An another condition of this design is also that the effects of treatments should be additive and they 
should not do interactions with rows and columns. Consequently rows and columns should not have 
inter action to each other. Below by on example its process of use has been explained.

Suppose that a researcher want to study the general activities of mice effects of one medicine five 
dose but he thinks that age of mice is also on component that affects their activites. Hence for the 
controlling of age he makes five block of equal age of mice–one in 5-6 months, second in 7-8 months, 
third in 9-10 months fourth in 11-12 months and fifth in 13-14 months. In each block keeps 5 mice. If 
experiment is such that in one day only 5 mice can be tested then he thinks that day to-day occurred 
changing effects result then he try to control it also keeping all those in minds to analyze of data he 
prepares a following types table. In this days above as headings of columns and blocks of ages left 
side from up to down wardes. After that taken on from each blocks of mice by randomly in five days 
prepares distribution separately. Aforesaid table takes form of this type:
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Example  9 

Table 31.9: Latin Square Design
Age in Months Mon. Tues. Wed. Thur. Fri.

13-14 1 3 4 2 5
11-12 5 4 3 1 2
9-10 2 5 1 4 3
7-8 4 2 5 3 1
5-6 3 1 2 5 4

After that treatment’s (medicine) different doses’ by randomization is imposed in each row and 
column, but the condition is that each treatment come only once in row and column. Thus distributed 
treatments. Which order prepares that is presented to ahead given table.

Table 31.9 (A): Treatment Facility
Age in Months Mon. Tues. Wed. Thur. Fri.

13-14 A E C B D

11-12 D C B A E

9-10 E A D C B

7-8 B D A E C

5-6 C B E D A

These A, B, C, D and e letters denote five levels of drug in which.

	 A = 10 mg, 	 	 B = 15 mg,

	 C = 20 mg, 	 	 D = 25 mg,

E = 30 mg,

Suppose the experiment was conducted and the researcher obtained following scores on the dependent 
variable.

Table 31.9 (B): Latin Square design data
Age in Months Mon. Tues. Wed. Thur. Fri. Total

13–14 8 10 4 6 10 38
11–12 8 2 4 14 15 43
9–10 12 10 6 5 9 42
7–8 5 4 12 14 3 38
5–6 3 7 12 7 10 39

36 33 38 46 47 200

The analysis of the data cast in this table is done as follows: 

C = 1.	
2X

N
S

 
= 

2200
25  

= 1600.00
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SS2.	 t = Sum of squares of all scores in the cells minus the correction term.

		  = 1948.0 – 1600.0 = 348.0

SS3.	 age 	 =  Sum of squares of all the row totals divided by N minus the correction term.

	 	 =	
2 2 2 2 238 43 42 38 39 1600

5
+ + + +

−

	 	 =	 8022
5

	 	 =	 1600=4.4

SS4.	 Days 	 = Sum of squares of column totals divided by column n

	 	 =	
2 2 2 2 236 33 38 46 47 1600

5
+ + + +

−

	 	 =	 1630.8– 1600 = 30.8

We, now, have to find out the sum of all scores for A, B, C, D, and E with the helAp of table -1 – How 
to do it is demonstrated below:

A = 8 + 10 + 12 + 14 + 10 	= 54, i.e., In A sum of all five columns datas

B = 5 + 7 + 4 + 6 + 9 	 = 31, i.e., In B sum of all datas of five columns

C = 3 + 2 + 4 + 5 + 3	 = 17 i.e., In C sum of all datas of five columns

D = 8 + 4 + 6 + 7 + 10 	 = 35, i.e, In D sum of all datas of five columns

E = 12 + 10 + 12 + 14 + 15 	 = 63, i.e., In E sum of all dates of five columns

SS5.	 Tr = 
2 2 2 2 254 31 17 35 63 1600

5
+ + + +

−

    	 = 9360
5  

– 1600 = 1872 – 1600 = 272.0

SS6.	 W = SSTC – (SSage + SSdays + SSTr)

	 =348-(4.4+30.8+272.0)=348-307.2=40.8

Table 31.9 (C): Summary of Results
Sources of Variance SS df Mean SS F
Age 4.4 4 1.1
Day 30.8 4 7.7 2.26
Drugs 272 4 68 20
Mistakes 40.8 12 3.4

Thus, it is clear from obtained results that drugs’ different doses effect the significance on the level 
of mice activities separately, because treatments’ variances’ difference at level .01 is significant. In 
the above example, treatments’ F-value is (20.0) which at 4, 12 df at level 01 in relevant. Hence the 
conclusion is drawn that drugs affect activities of mice.
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Uses of Latin Square Design

This design is much useful in that condition where researcher wants to control two true study variables 
effects. These variables are those which are related to dependent variable and if it does not control then 
result’s accuracy and validity becomes doubtful. Hence by medium of blocking they are done inactive. 
In Biology and medicine science L.S.D has great importance because in these effects of differences 
lies between units are ended, drugs or independents variables’ effects studies creatures’ behaviour 
effects. Through medium of blocking these true studies’ effects are become Zero in this design on 
these variables matched the unit keeps them in one block. Thus to make several blocks this design is 
used. For example if block is to be prepared on weight and size basis then prepare in this type.

Table 31.10
Weight Small Medium High

40 – 50 kg.
60 – 70 kg.
80 – 90 kg.

Thus weight and size different levels can be distributed in columns and rows and their effects can be 
eliminated from experiment

Its second utility is in treatment counter balancing as is shown in following table.

Table 31.11
S-1 S-2 S-3

Group-1 a3 a1 a2

Group-2 a1 a2 a3

Group-3 a2 a3 a1

It is clear from above table each treatment under counter is equally happened.

Comparison of error of perfect randomized groups and block design 
and L.S.D

 Example From the point of view of accuracy and validity of research. L.S.D is superior 
to both–perfect randomized groups design and randomized block design 
because size of error is less than both of them.

It can be cleared by as follows:

Perfect randomized group design error-perfect variance (SSт) – treatment variance (SSтr). Error

in randomized block design error = SSтr– SSblocks i.e., SSTr– SSrows

But error in L.S.D = SSTr – (SSrows + SScolumns)

It is clear that in L.S.D., due to occurred error by SScolumn, less on extra part it becomes less with respect 
to both of above.
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Randomized Groups Independent Replication
In this design degrees of freedom becomes less because both columns and rows df from df of SSw is 
to be subtracted. Due to this reason it become essential with more df SSw calculated. To fulfill this 
purpose beside whole experiment taken Latin Square indecently replication should be done. These 
Latin Squares should be free from Pervious Squares and they should be selected by randomization. 
Including all those Latin squares doing analysis number of df increased and obtained the result more 
accurate. In this effect of treatments seems clearly.

Summary31.9 
Like T-Test this test which is called F-test too, is a parametrical test. This is a most used test which yy
has a a number of changed form and which can be used in many experimental conditions.
The meaning of variance in literally is difference, but in statistical language its meaning is yy
“average of squares of differences”. These differences are taken frm scores and mean.
Between group variances is that variances which each group mean and collective mean of yy
three groups’ differences squares gets by divided N-1.
SSyy A/SSw is called F-ratio. Sir Ronald Fisher’s one pupil Senedecor as a respect to him named 
this ratio.

Keywords31.10 
Variance1.	  – difference, under statistics obtained data-average of square of differences.
Design –2.	  Construction, Types form.

Review Questions31.11 
What do you mean by single – way variances analysis?1.	
What is randomized groups design? Mention with examples?2.	
Throw light on repeated measures design 3.	

		  Or
	 Illustrate single way ANOVA with example.

What do you mean by two way analysis of variance? Explained in detail.4.	
What is called randomized block design? Illustrate with example5.	
Explain Latin square design (L.S.D).6.	

Answers: Self Assessment
1. Parametrical 	 2. Average of square of difference 	 3. One ended	 	
4. (c) group	 5. (b) data	 6. (a) control	 7. (b) Latin square

Further Readings31.12 

Books Academic Technique and Assessment – 1.	 Dr. Rampal Singh, Bhatt Brothers
Education Technique – 2.	 S. S. Mathur, Bhatt Brothers.
Academic Technique Management and Assessment – 3.	 J C Agarwal, Bhatt 
Brothers.
Education Technique- R. A. Sharma, Bhatt Brothers.4.	
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Objectives

After	studying	this	unit,	students	will	be	able	to:

Understand	format	of	the	thesis	and	style	of	writing y

Understand	construction	of	tables	and	figures y

Understand	reference	material	and	presentation	of	on	appendix y

Understand	typing	of	report	and	evaluation. y

Introduction

After	the	completion	of	research	work	whole	description	is	presented	in	the	format	of	thesis.	How	
thesis	should	be	prepared,	regarding	this	at	international	level	with	a	little	change	has	followed	a	
universal	law.	For	researches	knowledge	of	there	rules	and	methods	is	essential.	According	to	there	
rules	and	methods	he	should	have	prepared	his	thesis.	It	has	been	described	in	this	chapter	whole	
materials	of	chapter	has	divided	in	following	parts.

Format	of	the	Thesis(a) 

Style	of	writing(b) 

Constructions	of	the	Tables	and	Figures(c) 

Presentation	of	Reference	Material(d) 

Presentation	of	Appendix(e) 

Kulwinder Pal, Lovely Professional University
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Typing of Report(f)	

Evaluation of Report (g)	

Format of the Thesis32.1 

Under this, this matter has been explained that after the completion of research, how should be 
presented their whole description in written format mean, how should have been thesis’s written 
format. From this point of view whole thesis is divided in following

1.  Preliminary Needs

Title Page(i)	

Letter of Approval(ii)	

Acknowledgement(iii)	

Preface(iv)	

Contents(v)	

List of Tables(vi)	

List of Figures(vii)	

2.  Main Contents
Introduction(i)	

Statements of the problem(a)	

Purpose of the problem(b)	

Analysis of related Researches(c)	

Basic Concepts of hypothesis(d)	

Statement of Hypothesis(e)	

Describe of Technical Terms(f)	

Survey of Related Literature(ii)	

Process and Method of Study(iii)	

Result of Study(iv)	

Explanation of Result of study(v)	

Summary (whole description’s)(vi)	

3. Reference Materials (Bibliographic, Appendix, etc.)
1. Primary Needs

In each thesis prior to describe of research, according to rule and tradition of universities some pages 
are added due to formality. In these title page, letter of approval, acknowledgement, preface, content’s 
(catalogue of chapters) list of tables and list of figures pages are included.

I. Title page 

In this page which information is given- that is as follows- (i) heading of the problem, (ii) Name of the 
researched (including titles), (iii) Faculty and name of that university where thesis is to be presented, 
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(iv) Name of the title for which thesis is presented, (v) the year in which it is presented. How these 
information should be typed on the pages. Regarding this special rule is as follows-

Heading of problem is typed in capital letters. Between the page both side left equal margin (i)	
from top 1½” space is left. If title is more than one line then it is printed in double space and 
reverse pyramid format. See specimen on next page. This is in English but in Hindi it should 
be appeared in some format.

This page’s important term’s first letter of other all information’s is typed in capital letters. (ii)	
Saw specimen given on this page.

	 There is no question of capital letter in Hindi. Hence problem heading in a little large size 
and rest all information can be typed a little less size. In electrotyping such an arrangements 
is given. If there is not such arrangement then problem heading can be under lined.

II. Letter of Approval 

If according to rule of university letter of approval attachment is necessary then done their photocopy 
attached in thesis as per as.

a study of the relationship between personality
factors and administrative effectiveness 

of the principals in orissa

By
narayan tripathy

M.A. (Education), M. Phil, (Education),
Lecturer (Education)

Bhadrak College, Orissa

A THESIS
Submitted to the University of Meerut (U.P)
in Fulfillment of the Requirement for the 

Degree of Ph. D. in Education.

Supervised by

DR. R.P. BHATNAGAR
Retd. Professor and Head,
Department of Education,
Dean, Faculty for Education,
Meerut University, Meerut.

DEPARTMENT OF EDUCATION
Institute of Advanced Studies

Meerut University (U.P.)
1984

TABLE OF CONTENTS
APPROVAL SHEET	 II

ACKNOWLEDGEMENT 	 III

LIST OF TABLES	 V

LIST OF FIGURES	 VII
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Chapter

1. INTRODUCTION	 1

	 Background of the Study	 3

	 Statement of the Problem	 7	

	 Objectives of the Study	 8	

	 Hypothesis of the Study	 9	

	 Significance of the Study	 10

	 Definition of Terms	 12

	 Scope of the Study	 14

II.  REVIEW OF RELATED LITERATURE	 15

	 (Subdivisions as in the First Chapter)

III.  METHOD AND PROCEDURE	 40

IV.  THE DATA AND THE RESULTS	 82

 V.  INTERPRETATION AND DISCUSSION OF RESULTS	 102

VI.  �IMPLICATIONS OF FINDINGS AND SUGGESTIONS FOR FURTHER RESEARCH	 114

VII. SUMMARY AND CONCLUSION 	 135

	  BIBLIOGRAPHY	 156

APPENDIX-A		 177

APPENDIX-B		 181

LIST OF TABLES
Table

  1. Mean and Standard Deviation of Group-A 	 30

  2. Mean and Standard Deviation of Group-B 	 36

  3. t- Values on All Variables between Group-A and Group-B 	 40

List of Illustrations
Figure	  	 Page

1. I.Q. Distribution Curve of Boys	 38

2. Comparative Bar-diagrams Showing Achievements of Boys and Girls	 46	

3. I.Q. Distribution Curve of Girls	 58

4. Comparative Bar-diagram Showing I.Q. Distributions of Boys and Girls	 60

III. Acknowledgment Page and Preface 

In each thesis after letter of approval one on two pages are acknowledgement and preface. Preface 
deals in very short purpose and scope of research is to be mentioned. After that from that persons 
get important help is research work, express grateful to all of that, but gratefulness should not be 
exaggerated. This should not be flirting. Should be objective. Whenever it is not necessary gratefulness 
and acknowledgement do not keeps separately rather it should be written together.
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IV. Contents

After that in each thesis those are the pages in which it is shown that what is in thesis very first page of 
it space leaving 1” from top and in middle of page “Vishay-Suchi” (if in Hindi) or “Table of Contents” 
in English is typed. From that, “leave space left side in capital letter, approval sheet, acknowledgement 
and preface etc. chapters and bibliography etc. heading given double space between each are typed. If 
thesis is in English then from where chapter begins, above that chapter heading is typed whose only 
first letter is capital. Each heading’s right side there page number is given from where page number 
is starts, above ½” that heading page is typed whose only first letter is capital. There is no question 
of capital letter arise in Hindi.

From letter of approval upto table of figures number of pages should be in Roman digit (as a I, III, IV 
etc.) and after that all page are numbered in Arabic digit. Bibliography and appendix’s page number 
100 in order of thesis’s page number goes on ahead.

Chapter headings is in capital, but their sections heading in small letters (first letter in capital) are 
typed each titles page no. as per given in thesis and term of heading also as per thesis.

As far as possible heading should be in one line and syntax should be same. Contents specimen has 
been given on the previous page.

V. List of Tables

After content those pages are on which tables and figures list in presented list of tables and figures 
is typed on separate page. Under this which information are presented, that is (i) order Number of 
tables and figures (as per thesis) which is types in Arabic digits, (ii) heading of tables (iii) Number of 
that page on which their available in thesis on the previous page its specimen is given, see that.

2. Main Contents

Notes In the Main contents of thesis, research work is described. This part is mainly 
readable and of permanent importance.

Under this basically six chapters are included. (i) Introduction (ii) Survey of related literature (iii) 
Design of the study (iv) Analysis of data, result and their interpretation (v) Utility of conclusion and 
suggestion for next research (vi) Summary 

I. Introduction

Under this heading researcher presents whole introduction means he throws light on that how problem 
is originated, how it is differ from related research, what is their extensive meaning, what are their 
variables, what is their meaning, what is the purpose of problem, what are their hypothesis, what is 
their scope, what is their importance, etc.

II. Survey of Related Literature

Under this related to problem whatever literature is available, their to be studied if it seems necessary 
at suitable place it is mentioned. Some educationists its mention in whole thesis where consider to 
necessary and significant, thereby should be used, in the favour and for that a separate chapter made 
don’t consider appropriate. Regarding this it is appropriate that or he does not think so, research 
should do accordingly his own thesis guidelines. If a chapter is prepared then it is divided into many 
perspective for fulfillment of different purpose it should be mentioned. Having studied of previous 
research in the field of problems or have got answered of questions, next more how much, why and 
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in what direction need of research is. What is the importance of research that whole introduction, 
hypothesis of problems’ how related literature presents a logical base, how has defined in related 
literature variables of hypothesis, how they have measured etc a number of aspect are in the explanation 
of that related literature and survey of informations can be much beneficiary. In this chapter what out 
to be and how whole matter should be composed regarding this not any format can be this is depends 
upon to a far extent types of problem.

III.  Methods of study and research process
In the third chapter of management whole process of research is described. Researcher writes correctly 
and in details that how research has been done. Under this definition of population, method of selection 
of sample, definition of variables, description of test to use their measure, information’s analysis method 
etc are described in details what will be written, this depends upon to large extent that what types 
of study is. Specially paid attention is that not any important information should be left. In reader’s 
mind on reading time this question should not arise that how it had been done.

IV. Analysis of information and result
Generally in the fourth chapter of thesis data and information’s analysis and research results are 
presented. This is an important part of whole research process. Data can be of quantitative or qualitative 
or anyone of them or both types. Regarding their presentation it will not be appropriate to mention 
any fix rule or process become this is depends upon that what types of problem is and what types 
of related data is. A general suggestion is that presentation of data and their analysis accordingly 
hypothesis. Having done the statement of hypothesis it should be explained that for the testing of 
that which types of informations and data have collected it should be presented in the form of table 
properly after that how their analysis have been done what result got, it should be mentioned in that 
order result’s explanation should be given. Explanation means evolution of significancy of result is a 
tough job. In this researcher’s method, short comings of process itself error occurred in the collocation 
of data, available result of previously done research etc keeping in mind and having mentioned 1+ it 
is to statement that how far logical the obtained result, probable and reliable are. If other research’s 
result is different from any result have been come then it is essential to mention why it is so.

V.  Suggestion for next research and utility of results 
Not any research is comple in itself Hence researcher feels for a number of  times during this work 
that if it is done by another types, another types of information is collected, big sample is selected or 
taking different population research is done analysis any other method is used then it will be much 
better. Similarly during research work. Some new research problems prevails in his mind, But he 
himself now could neither research on another problem and nor can change in their process.

Hence thesis’s in the IV chapter or prepared a separates chapter-V presented in that. In this sequence 
obtained result of that chapter how can they useful in education’s field mentions that general for this 
to keep a separate for this is considered to be more suitable.

VI. Summary and conclusion
This is final is final chapter of thesis. In this chapter researcher is presented whole thesis’s work 
procedure and all chapters (except chapter-II) Summary. This is the chapter which is read much. 
Examined reads this chapter at first. In chapter-II survey of related literature is done. It is not necessary 
to present their summary separately it is to write in short with statement of problem. It is written in 
15 to 20 pages sufficient. 

Some researcher is submitted this chapter as an extract. In fact obstruct is differrent from “Summary 
and conclusion” of Chapter. It is a rule to write obstruct in approx 600 words. According to rule of 
university its 4 or 5 copies demanded separately. In somewhere it is tradition to add it in the begning. 
Its purpose to know reader should reat it completely or not.
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3. Reference Material

After the completion of six chapters in the some order reference material is included in the thesis. 
Under this firstly presented bibliography.

After that in some order appendix is presented. How it can be written and presented, it has been 
mentioned in details ahead.

Self Assessment

Fill in the blanks:

After completion of research work……….. to be presented in the format.1.	

Problem’s heading in capital letters …………is done.2.	

In each thesis after letter of approval acknowledgement and ………… are.3.	

From letter of approval to list of figures page number………… marked up in digit.4.	

Style of Writing32.2 

In the previous section-9 it has been mentioned that what, where is written in thesis. In this section 
it try to explain how all those should be written.

Report of research or thesis is a scientific and technical report. That is read by experts that know it very 
well that in that where, what and how it should be written, Hence keeping in mind expert’s approach 
the thesis should be written. At international level approved indices (Compbell, 1954 Dugdell; 196 
Turabian, 1960) can be found introduction there approaches. Each researcher before to write thesis 
having read any one of them that instruction should be followed from begging to end some general 
suggestion are presented below:

Style of writing should be fact based objective, logical and simple. To say matter indirectly, 1.	
that is not based on facts; being impulsive and sentimental, to say his matter being very 
defensive, try to affect reader unnecessarily express in style-there are considered to be the 
demerits of style of writing.

In writing style researcher’s schoolship, the in intensive technical study, art of writing and 2.	
mastery over language should be seems clearly.

Collection of description-- 3.	 The collection of description of each chapters should be in order 
and symmetrically means firstly it should be divided in main parts. Main parts heading in 
the centre of page and subsection’s headings should be written left in the margin under each 
section and subsection related matter should be captured each section and subsection collection 
of thoughts should be symmetric means which thoughts prior to that or should be captured 
later that can written in that order. Something is written somewhere, some any another place, 
it should not be done. Related thoughts should be come at one place and in same order at 
which order they are related to one another. This coherence is most required aspect of style 
of writing. Every section and subsection have a theme. Keeping that in centre all thought 
around that should be collected systematically. In each section and subsection descriptions’ 
thought’ facts, logics as required should be made a series consequently it should be so much 
collected that their one link exit from between then series broken append at once.

Language--4.	 The purpose of research report is to give reader objective information of research. 
Language is an powerful medium of this information. Hence it should be such a type that it 
can succeeded in their purpose because p[purpose of report of research is to give objective 
information hence figure of speech language, use of tough language, is use of hard word, 
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rhythmic language use, use such a word which is not in use now a days should not use long 
sentences. Such a type of language creates difficulties to understand thoughts and facts. 
Language should be simple and clear so that study related matter understood quickly and 
avoid misunderstood. If any words or concepts use is inevitable about that it seems to be 
difficult to understand then and there clarify it two or three sentences.

Balance and specification- 5.	 It is to be necessary in whole report’s descriptive material 
presentation balance is must means description’s different sections, Subsection etc write 
to need in as details, so will have written. Any me chapter very extensively and second 
unnecessarily in short write creates imbalance in report. This balance must be maintained in 
each chapter within also. Any important aspect is having written 8-10 lines and to finished 
it, and to finished it, and of general importance aspect is written in many pages is an enplane 
of imbalance. In report same point of thoughts or words or statement is such that which is 
specific. It needs stress on them so that they attracts reader. Hence it is to write in underlined, 
in capital letters or a different front style in this specification process balance is necessary 
also. Where is to stress necessary, only there is given. Worthless thoughts, statements, words 
to give on those is not appropriate.

Unity and clearness of thoughts-6.	  In the whole description of report the unity of thoughts and 
material is much essenmtial. Research’s any one aspect related all thought should be appeared 
in one place. If pective is of formulation of one test then its whole description should be 
appeared in chapter there in one place. At different place or in that chapter or in other chapters 
related to that material should not be scattered. This unity of report presentation increased 
the clearness of report. Clearness is most important charactertices of report writing.

Some other suggestion-7.	 In the writing of report researcher should keep following matter in 
mind-

In writing of report third person is used, e.g. “researcher experienced, I experienced” (i)	
not.

In the text of report abbreviations is not used. Their use is prohibited in footnote, (ii)	
bibliography, appendix and table.

Percentage is written in words, not% like this (iii)	

In the begning of sentence number is written in words, not in digit(iv)	

That number which is less the 100, written in words, not in digit(v)	

Between paragraph thoughts is given number then that serial number is written in (vi)	
brackets, as 	  (3) or (c)

Whatever done in past by researcher or by some other persons, at the time of their (vii)	
mention uses past tense as a “Selection of Sample” had been done by randomization 
and this was based upon city’s 110 schools

But when given table, given r4esult of research and pre established and universal (viii)	
statements, rules, theories is mentioned then use present tense. As a “It is clear frm 
this table’ “Skiner’s refroze theory indicates towards this’ one the basis of analysis this 
conclusion is drawn’ etc.

Construction of Tables and Figures32.3 

In each research report tables and figures from subject clarification point of view has great importance. 
That matter which takes many paragraphs to understand it clear from only one table study. Some 
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is to say about figure also Hence tables and figures how can be types, to know this for researcher is 
essential. 

Rules Regarding Tables1.	  – Regarding construction of table some rule is as follows-

In a well constructed table a number of mutually related facts is adjusted such a way (i)	
that he can express any one main though is as a – a samples many characteristics (as a 
total number of units, Number of School, number of boys and girls, all their different test 
scores etc) can be shown in one table. If it will be explained then to write a paragraph

Table should be prepared in such a way that each matter understood one self means (ii)	
it should be self explanatory.

General and simple numerical facts under text should be written reflective. There is no (iii)	
advantage to make table for that e. g. Total 120 school, 40 out of them had selected and 
in this 40 from each school 10 percent units had selected to show such a simple truth 
there is no need to prepares a table.

Some general types statistical facts in the order of text on informal table (in which (iv)	
heading of table, column and rows are not) form can be presented writing one sentence 
after that insert: (colon) below that presented as a total number of boys and girls that 
appered in there three test- as follows was.

Boys Girls Total
Intelligence test 170 180 250
Interest 190 80 270
Personality test 150 100 250

510 360 770

	 	 Such a type of table is not mentioned in content.

In that sentence as a context indicates towards table, after that sentence table is presented, (v)	
Never before that it presented.
If table is to large that after that sentence it cannot captured on some page then after (vi)	
ending the final paragraph should be presented to next page.
If table is greater than half page then it should be presented in one whole page (vii)	
centre.
Which tables that is great than one page, it should be presented in appendix.(viii)	
In whole report from beginning to end (including index also) all table number (ix)	
continuously.
There is two methods to write order number of table. In one on the top most written (x)	
table ahead of it in Arabic written their table number and below that leaving two space 
their title is written. In the end of heading not insert any punctuation marks. If table in 
English then (TABLE) and below their heading both typed in capital letter. If heading is 
longer than one sentence then it is typed in single space in the form opposite pyramid. 
In the second method order number of table keep separate in one line written in the 
beginning of heading line,—Table 40- group a intelligence test scores.
Table’s columns and rows’ heading should be written in very short and their order number (xi)	
in bracket should be written below that if heading is big then it be broad side typed.

Table related footnote, just below table leaving a ½ space typed, not in end of page.(xii)	

Colu(xiii)	 mn’s heading above one double or darked horizontal rule and below that single 
line is drawn. In the end of table one single horizontal line is drawn.
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Rules related to figures- 2.	 Regarding presentation of figures following rules are-

Order number of figure in Arabic number below term figure- fig. puts ahead and their (i)	
heading either to but word figure or written in that line or just up of figure or under 
the figure an where can be written in whole report from beginning to end all figures 
order number is putting continuously.

Heading of figure in capital letter and if more than one lines then presented in the form (ii)	
of opposite pyramid, There is no punctuation marks puts in end of headings.

Figure is presented after just that lines in which there caption has come.(iii)	

Presentation of Reference Materials32.4 

In report each researcher is to present a number of authors, researcher and expert’s view, statements 
etc. context here and there. In each chapter such references are included. All of those separately symbol 
number within the text where context is come to be presented and in the end in the bibliography 
their full detail is to given. In anywhere complete description in the below page in form of footnote is 
given. Footnotes and catalogue of context books presented to complete description a little difference 
is occurred. It will be clarified later.

There are a number of methods to denote symbol marks of context within the text. Most general 
method is that which context appears where, there in bracket author’s name and after that putting come 
the publication year of that book is inserted as a (Bhatnagar, 1993). All there context book prepare a 
catalogue alphabetically added the end of theirs order second method in bracket only write that order 
humber which appears in the end of book in catalogue is as a (60). Its meaning will be full description 
of context books in catalogue order number is given at 60. A third method is based on footnote. Under 
this context appears within the text in super of context footnote order number putting in Arabic digit 
whose meaning is that their full description bottom of page is given in the footnotes.

Presentation of quotation in report, some rules also which are as follows:-

First of all it should be remembered that it is not considered to be good to use much quotations in 
the reports. It is quite inevitable then quotation should be used other rules regarding this is given 
below.

1. Quotations
Regarding quotations some rules are as follows.

Quotation should not be too long. Small and under stance ended quotations is considered (i)	
to be good. It should be closed with quotation 

Under quotation if appeared another quotations then it should be enclosed by single (ii)	
quote.

Last word of quotation up half space typed context in Arabic digit if sentences is typed just (iii)	
after punctuation marks. This symbol number should be same as given in footnotes with 
their details

Long quotations (four or more than four typed lines) in a separate paragraph in single space (iv)	
in the centre of page without quotation marks is typed. In this long quotation if any another 
quotations comes then it should be closed by double quotations marks. The quotation which 
is abnormally long that is presented in appendix.

If any footnote (v)	 is presented by in the format of footnote then in the form of paragraph in 
single space and kept under quotation marks.
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Kf first wor(vi)	 d of quotation from grammatically in sentence aforesaid which has been said 
related to that then it is written in small rather than capitals, whether in original sentence 
it may be capital, such a question arises only in English, in Hindi there is no such question 
arises.

After last quotation marks only one punctuation marks is used. If full stop or coma then that (vii)	
is under quotation marks, colon or semicolon are then outside quotations marks if question 
mark or exclamation mark keeps under quotation marks. But question mark is not a part of 
quotation, part of a sentence then it is kept outside quotation marks.

2. Footnote

Regarding footnote rule are as follows:

Footnotes in the bottom of page below text typed given three space from left to right one (i)	
space Below text one two inch long line from left to right is typed. From two space below 
of that footnote is typed.

Footnote is typed in single space, but between two footnote are given two space(ii)	

First line of footnotes like Para line typed from left to right leaving three space and their first (iii)	
word’s half space above their citation number which comes in text, that is typed.

The number of footnote given either by page wise or in whole report from begin to end in a (iv)	
series. It is more convincible to put down pagewise

If cited material is any formula of table then on that not put quotation symbol number rather (v)	
it is shown by any asterisk or any other symbol mark.

In thesis published essays and published books and in report which method is followed that (vi)	
is differ from thesis method

If in a context booked footnote, some pages and some footnotes appears again then putting (vii)	
their context symbol number only that is (lbid) is written. If context material is some, but 
page number is differ then some page 8 (lbid, p.s) as follows is written

If any footnotes references has been comes before after that another footnotes appears after (viii)	
that again some context comes, then in footnote author’s name, after that semicolon and after 
that abbreviations (op.sit) and their page number is written. If any writers’. More then one 
books citation presented in thesis then related to context specific books’ name is also given 
each times but the page number is some then ‘loc.cit’ is used.

These three abbreviation’s uses specimen has been given below-

P. Bhatnagar, In applied sciences research’s experimental design, Loyal Book Depot. Merrut 1.	
1993 page 220

lbid2.	

lbid 2143.	

Mauli, Jeorge J. The Science of Educational Research, Ureshiya Publishing House, Pvt. Ltd. 4.	
New Delhi 1964, page 308

Bhatnagar, loc-cit (means Bhatnagar’s book and same page)5.	

Waan Dalen, D.B. Understanding Educational Research, Macgraw Hill Inc. New York, 1966, 6.	
Page 360

Bhatnagar op. Cit. 2607.	

R.P Bhattnagar, E8.	 ducation Administration, Loyal Book Depot. Meerut 1989, Page 52

Bhatnagar “Design of Research” Op. cit page 2409.	
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Some other mostly used abbreviates are given below. It is generally uses in books and thesis
Ch., chap, chaps.	 Chapter (s)
e.g.		  for example
ed., edd. 	 edition (s)
ed., eds. 	 editor (s); edited by 
et. al.	 and other (Bhatnagar et al.)
i.e.	 	 that is
MS, MSS	 manuscript (s)
mimeo.	 mimeographed
n., nn.	 footnote (s) e.g.n. 10 or nn. 2.4 
p.pp.	 page (s)
passim	 here and there
Pt. Pts.	 part or parts
sec.,	secs.	 section (s)
trans.	 translated by
rev. 		 revised or revision

3. Bibliography

Bibliography is presented in the end of thesis in chapters “summary and conclusion” It is (a)	
included under appendix. The presentation of footnote and bibliography appears a little 
different. In footnotes author’s first name comes first and later on last sub name e.g., R.P. 
Bhatnagar. But in reference book his surname comes first and initial name comes later, e.g; 
Bhatnagar, R.P. Second difference is that footnote is types as paragraph means their first line 
from left, leaving three space from margin is typed so that other lines of below appears to be 
left side but is context catalogue first line starts from margin and other lines starts leaving 3-4 
space leaving from margin and typed. Thus is context catalogue first (top) appears in the left 
side where as other lines shifted within it will cleared from below given example.

Footnote – (For books)

R.P. Bhatnagar; In applied Sciences research’s design, merrut: Loyal book depot Second No. 1993 
Bibliography (For book) 

Bhatnagar, R. P. in applied science research design, Merrut: Loyal book depot; Second No. 1993

In bibliography whole order of description is as follows(b)	 - (i) Author’s sub name (ii) Actual 
name (iii) Title of books which is underlined in typing thesis (iv) edition (v) valume if more 
than one (vi) If more than one (vii) Publication place (Viii) Name of publisher (iX) year of 
publication of copyright year.

In any journal printed essay’s context description is as follows(c)	 - (i)Sub name of author (ii) 
Actual name (iii) Heading of essay (iv) Name of journal which is underlined (v) volume 
number (month, day , year (vi) Page.

In daily news paper printed context material description is presented by following types(d)	 - 
(i) News paper is underlined, (ii) Month, day, year (ii) Page if authors name is also then like 
books comes before news papers name.

Unpublished material context description is given as follows(e)	 - (i) author sub name (ii) Actual 
name (iii) Heading of material which is underlined	 (iv) Types of thesis e.g. Ph. D thesis, 
or report or any paper presented in press conference etc. (v) Place where presented or where 
available. In bibliography context description regarding some rules are as follows-




