—

| HYPOTHESIS

Hypothesis is a pivot of all kinds of researches. A research without hypothesis is just like a
qvigator in the sea without compass. After defining the research problem formulation of hypothesis
<2 fundamental step from where the researcher moves into successive stages of research process to
arive at the findings. Hypothesis is to be formulated in the light of aims, objectives, scope and
Imitations of the research study. It will be empirically tested and its findings may either reject or
acept the hypothesis. Keen observation, creative thinking, hunch, wisdom, imagination, intuition,
vision, insight, sound judgment and through knowledge about the phenomenon, situation and
dated facts and variables are of great significance in the formulation of reasonable hypotheses. The
brmulation of hypothesis play important role in the growth of knowledge, concept models and

heories, which will be useful for the policy makers of all fields to take a correct decision in the
takdrop of research findings.

Tf}e term ‘hypothesis’ is derived from the ancient Greek word, “hypotithemi’ that means ‘to put

‘:eder Or ‘to suppose’. Hypothesis is also a combination of two words ‘Hypo + Thesis, where ‘Hypo’
‘ p;s ins tent;.ative or subject to verification and ‘Thesis” a statement based on concepts, theories and
iSsu;:Xp-enences about the solution of the probl.em. The terfn hypothesm literally means an
"ﬁriabihon Or a supposition about the state of -affalrs of a cert(?l.n thing or [.Jhenome'n.a or facts or
Sane, 0]1‘ Slh‘xation. Thus, “hypothesis is perc<?1ved as a proposition or set. of propositions set forth
pmﬁﬁbi :lnano.n for occurrence of some __spec.ifle.d group of phenomen.on either assert'ed merely as a
St CO“)eCturebt_o guide some i tlgatl'Ol'\. or accePte.d as highly probable in th.e light of

v facts, Quite often a resear pothesis 1s a predictive statement, capable of being tested
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The view point of v

resented as under:-

. - Lers has been
arious thinkers has P ] is is a statement tem\‘
: “Hypothes Cogy
and Scates (1936): Mg

d it is employed as a pagi :

henomenon, an SIS for g
aboutap blished, it may take the form of facts, princjp!p?""
voav',:

In the words of Good, Barr
true in the light of what is , at the time, ';nz‘i’;”is fully esta
in the search for new truth. When hypothe
theories”. )

In the words of Lundberg (1951): Hypz
remains to be tested. In the most glemetp;:tri)gn"
[ hich base for further invest . ) _
e hesis is a shrewd guess Or inference that is fOrmu!ate i,

In the words of Best (1963): "Hypot and to guide in further investigation”

Isi i ed facts or conditions inve
provisionally adopted to explain observ assumption whose testability is to be tested g, :

In the words of Mouly (1963): “Hypothesis is an ass vious knowledge”.
basis of the compatibility of its implications with empirical ewdelnces and_ pre y i
In the words of Gopal (1965): “Hypothesis is a tentative solution poSed on cursory obseny, ,

known and available data and adopted provisionally to explain certain events and to guide in the NVestigate,
of others. It is in fact, a possible solution to the problem”. -

In the words of Theodorson and Theodorson: “A hypotheses is a tentative statement asserting ;
relationship between certain facts”.

In the words of Goode and Hutt: “A proposition which can be put to a test to determine its validity”,

In the words of Kerlinger (1973): “A hypothesis is a conjectural statement of th> relationship betwes
two or more variables”.

In the words of Black and Champion (1976): “A hypotheses is a tentative staterent about somethin;
the validity of which is usually unknown”. !

In the words of While Bailey (1978): “Hypothesis is a proposition that is stated in a testable form &
that predicts a particular relationship between two or more variables”.

: g f
In the words of Gnr.m'el! (1988): “Hypothesis is written in such a way that it can be proven or disprover |
by valid or reliable data—it is in order to obtain these data that we perform our study”. |

In the words of Palmar O Johnson: “A hypothesis in statistics is s; o 1abot
a population”, tics is simply a quantitative statemen

In the words of Webster: “Hypothesis is g tentativ ' ; tis
logical or empirical consequences”. € assumption made in order to draw out and test

theses is a tentative generalisation, the valigi

tage the hypothes

Y of wy,
s may be any hunch, guess, fmeg;,«;;f

On the bases of these definition it can
assertion, proposition, predictive or tentativ
the truth or reality of which is yet to be kn
becomes the basis of systematic and scientif
proper direction. Hence, “hypothesis is 5
through the process of active testing ; whijc

. Process of rigorous empirical testi -
'€ enquiry which guides the research process if o
tentative answer to the defined problem, that has t0 P
hmay or May not be correct ”

I 2. cCHARACTERISTICS OF HYPOTHESs |
The following the basic W—’/
1. Valid: Hypothesi ‘ - ‘
'1 H}pot.hems m»ust be valig and relateq t L hichit®
trying to explain. 0 the phenomena or situation wh
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Con?ep.tua.l Ciarifty: Hyp(_’thﬁ‘Sis must be clearly and preci :

ambiguity RIS ormulation of hypothesis. It means ;’“C‘Sle‘}’_ S ShUU\d b?dr;o

should_b,e operationalsed, should be commonly accEptez;pa(:c;Cs:S qtl\c;) Eld > dehn-iib‘luea g
Testablhty: A‘h'ypothe‘sis should be testable and not moral j ould be communt : .
to collect 'erepmcal ev‘1dences to test the hypothesis InOtr;: judgement. It sk.\o.uld be poss! "
h}"POthESIS is testable if other deductions can be conéirmedeo‘:(;ri(sijpcgrg\'/:;/ ‘S;a:;;:::;;‘gén"

speciﬁ‘:ity: A hypothesis should be specific and i
‘ . exple ' . )
vayiables and the situations under which these relatfo;lrv‘vitnehz)lf ccted the resen” o
sstency: A h i i .
6. CUI.‘S‘;te de)r,ived fm}’PT;hQSE should be logically consistency. Two or more hypothesis
logically m the same population must not be mutually contradictory.
Obie Ctlv“,y: Hypothesis should be free from value judgement. In the scientific resear
researcher’s value system has no place in scientific enquiry.

ch the

gimplicity: Hypothesis should be a simple one requiring fewer assumptions. But the

simplicity does not mean vague idea.
me theoretical foundations.

9 Theoretical Relevance: Hypothesis should be based upon so
only then a

When a research is systematically based upon a body of existence knowledge,
genuine contribution is more likely to result in.
Availability of Technique: Hy pothesis should be related to available techniques, otherwise
it will not be researchable. Hence, the researcher must ensure that statistical or
mathematical techniques are available for testing the proposed hypothesis.
{1, Future Oriented: Hypothesis is forward looking concept as it is related to future

verification not the past facts, information or situations.

|3. FUNCTIONS OF THE HYPOTHESIS

Hypothesis serves the following important functions:-
1. Guide and Direction: Hypothesis provides the definite base to the scientific investigation.

It guides the direction of the research, without which research becomes unfocused.
2. Source of Data: It specifies the source Of data which is required to test the hypothesis.

3. Determine Data: It determine the
are relevant and which are not. It prevent the blin

of data.
4. Type of Research: It suggests which type of research is likely to be most appropriate.
propriate technique of the research.

5. Appropriate Technique: It determine the most ap
thesis contributes to the development of

6. Contribute to the Development: of Theory: HY}_’O ae
| body of knowledge and theory. It links theory with present research. When 1t 1s proved true

- then jt forms a part of theory:

10.

data required in the investigation. It defines which facts
d research and indiscriminate collection

WRRNL

ch are presented as under:-

e's, whi
as of the hypothesis. It gives direction to research
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what is known and what is to be known. Logical deductions from theory leaq to the
formulation of new hypothesis.

2. Observations: Observation can be one of the important sources of the hypothesis. Randop,
observations during discussions, conversations and reflections on the life of Persons als,
throw light on events and issues.

"

2.

Analogies: It is another useful source of the hypothesis. Here, the defined problen, is
compared with the previous studies or researches and then the hypothesis is formulateq i,
accordance with past experience and present circumstances.

4. Intuition and Personal Experience: Personal life experiences also determine researcher

perception and conception. These may in turn guide a person for formulation of hypothesis
more quickly.

SJI

Findings of the Existing Studies: Hypothesis may also be formulated from the findings of

the existing studies in order to replicate and test them.

6. Body of Knowledge: An important source of hypothesis is existing body of knowledge in
any particular subject. Where formal theories exist, hypothesis can be deduced. In case
hypotheses are rejected, theories would be modified.

7. Culture: A particular culture in which researcher is nurtured is also an important source of
hypothesis. Western culture emphasises on individualism, democracy, competition and
equality so research will revolve around these subjects. Whereas Indian culture emphasises
on traditions, collectivism, values, karma, puruswartha and spirituality so research will
revolve around these areas.

8. Continuity of Research: The continuity of research in a particular itself constitutes an
important source of hypothesis. For example research in the area of corporate governan®
can also provide fertile ground for research in the area of corporate social responsibilitY and
business ethics. The rejection of hypothesis leads to the formulation of new insight in that
area.

9. Folk Wisdom: Sometimes researcher can get idea of a hypothesis commonly held lay belief

like role of caste, religion and region in Indian polity.

B L i e em e e omwt N NA SR R RAN AP R s L
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8. TEST OF SIGNIFICANCE

Various tests of significance have been developed to meet various types of requirements in

Usiness, economic, social, financial and operational environments etc. These are both parametric and
7

Mo :

" parametric test,

L Parametric tests are statistical techniques to test a hypothesis based on certain assumptions
Ut the population. The most important parametric tests are: the z-test, the t-test and the F-test.

TheY are based'upon the following assumptions:-

, ) the selection of one item must not
* Th . ot be independent, means
e observations or value must be

y other item.

. andom basis should be normally
e sample is drawn atar Al

Mistributed, 1
- e population shou

T}\g population from ‘
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* Parametric test require quantitative measurement of sample data in form of ,p, 'merval iy

ratio scale, so that arithmetic operations can be used. istribution free tests .

2. Non-parametric tests are referred to population free or dlsm.bu 1(;1116 non- arlads th.ey T ng,
based on the characteristics or normality assumptions of the PopulatIO;-. ualitatili./e i?etrlc tests Te
applied when the Population is not normal or the data being measured 1s q ute when thnafure, Th@se
tests can be applied to nominal and ordinal scale data and are casy toicomp test, M ‘e’Vsa‘mple o
is small. The important non-parametric tests are: the Chi-square t.est, Runst: etS , daSnn_ hitne test
Wilcoxon matched-pairs signed rank test, Kruskal-Wallis test, Friedman test an Pearmapg Tan
correlation.

9. TEST OF SIGNIFICANCE FOR LARGE SAMPLE Z-TEST

The variables are classified into small and large sample. A sample with more than 30 Variab|eg is
known as large sample. In case when sample size is large i.e., (n 2 30), z-test can be used for testing
the hypothesis. Z-test is a popular test for judging the significance of mean and proportion, 7 vale
will be computed from the sample data with the help of z statistics. Then the critical Z value is foyng
out from the table at 3 particular level of significance. The Table Z value will be compareq with
calculated Z statistics for taking the decision about the hypothesis. If the calculated 7 value is mop,

than the Table value then reject the null hypothesis and conclude that the alternative hypothesis js
accepted or vice-versa.

In this case a single mean is drawn from a particular population and some measure of central

tendency like mean is calculated in order to determine the statistica] significance between sample
mean and population mean,

The z-test is used by applying the following formula:-

X-u

Z:
o/vn

Where, X =The Mean of Sample,
K = Population Mean.
0 = Standard Deviation of Population,

n = The number of items in 5 sample,

Example-1. The mean life of time of 225 CFL bulbsg produced by the a company is found to be
h

1270 hours with a standard deviation of 90 ours. Test the hypothesis that it has mean life of 1300
hours.

Solution- Null Hypothesis: 55 =W =2600.
o i X 1 % 2600

- Alternative Hypothesis:
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Z=5
pecision: The calculated value 5 is more than standard value 1.96 at 5% level of significance.
Hence hypothesis is rejected and there is a significant difference in sample mean and population
meal:
g2 Z-test for Testing the Difference Between Two Mean

There are many instances in social science and business research which involve a comparison
petween two populations. The null hypothesis is such situation is stated as under:-
yull Hypothesis: There is no significant difference between mean of two populations.
Ho: X=Y
Alternative Hypothesis: There is significant difference between mean of two populations.
Ho X# Y
To test the hypothesis the following formula of z-test is applied:-

= Mean of the first sample-

Where, X
Y = Mean of the second sample
2
X
2
y

o2 = Variance of the first population.

62 = Variance of the second population.

Ni = Size of first Sample.

N2 = Size of second sample.
Example 2: A random sample of 1000employees from Chandigarh shows their mean wages as
Rs 47 per week with standard deviation Rs. 28. A random sample of 1500 employees from
Trivandrum gives a mean wage of Rs 49 with standard deviation of Rs. 40 per week. Is there a

significance difference between the mean wages of two cities?

Solution:

Let us take a null hypothesis that there is no significant difference betwe
; : : en mean wa
two cities. X 5 o ; ges between

- 47. ‘gfggfi;gﬁ;'—-:izs. 63 = 40. Ni=1000. Nz ==1500.
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L, XY
g
] nl ;IZJ

g 47-39

(28" (40)”
11000 1500
Decision: Calculated value is 1.47 which is less than the standard value 1.96 3t 5%

. . i signifi -
Slgniticance. Hence hypothesis is accepted, which shows that there is no significant g;
between mean wages in two cities.

leVel of
ff erencE

9.3 Z-test for Hypothesis Testing of Difference of two Proportions:

When the two samples are drawn from the different population having similar universes in thy
case the researcher may be interested to find out whether the difference between the Proportion
Success is significant or not. Here the hypothesis formulated will be that there is NO significy,
difference between the proportions of successes between two samples.

For testing the difference between the two proportions the following procedure will be applied:-

Step- 1: Formulate the null hypothesis: There is no significant difference between the PToportions
of successes between two samples. Ho: p1=pa.

Step- 2: Calculate the value of P and q, where p is pooled estimate of the proportion in te
population:

npy +n2p2 X1 +x
T el S
n +ny

es in the two samples of size ni and n»
Proportion in the second sample = p2

r of the difference between Proportions;

1 1
S.E. o — — + —
s \/Po o {nl 712}

Step- 4: then apply the rule to calculate the z value:

Proportion in the first sample = py,
Step- 3: Calculate the standard erro

Iy

Ly

"
13
i
i’
!

8
‘_.‘t

Difference pl-p2
Z = T T =——___ =
‘ , S.E. S.E.(p1- p2)
Step- 5: Interpret the results: If the calculateq value of 7 j

 level of significance (generally, 1.96 at 59 level of significanc
5 e concluded that there is a significant difference b

mples or vice-versa. .

i 3= . ‘b “_1
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Null hypOthe51s: there is no significant difference in the production of defective items before and
et the repail:

s pi= P2

20 3
= Lo Pl = —=0.04, = —_—=
step- 2 500 P2 0.03,
ciop-3 Py 2500x0.04+100><0.03_ 2043 23 _0.0383
P 500+ 100 5004100 600

q =1-pn qo=1-0383= 09617

Step- 4: Calculate the standard error of the difference between proportions;

SE. (p1- ) = J0.383x0.9617{—1—+—1—} - 0.021.
500 100

Step- 5. Apply the rule to calculate the z value:

i 1-p2
7 - Difference _ P p2_ _ 0.04+0.03 _ 0.476.
SiE. S.E(pl-p2) 0.021

Step- 6. Interpretation of results: The calculated value of Z is 0.476 which is less than the table
value 1.96 at 5% level of significance, hence, the hypothesis will be accepted and it can be concluded
that there is no significant difference in the production of defective items before and after the repair.
Machine has not improved significantly.

I 10. TEST OF SIGNIFICANCE FOR SMALL SAMPLE T-TEST

Small sample size referred to size of sample which is less than 30. In case of small sample size the
z-test is not appropriate test statistic as the assumptions on which it is based do not hold good in case
of small sample. The theoretical work on t-distribution was done by W.S. Gosset (1876-1937) under
the pen name #student’ as he was the employee of the company Guinness & Sons, a Dublin bravery,
Ireland, which did not allowed it employees to publish research findings under their own names. The
t-distribution is used when sample size is less than 30 and the population standard deviation is not
known.

'W- test can also be applied to estimate the population mean H when population standard
deviation is unknown and sample size is even large irrespective of shape of population (Naval
Bajpai-2011). There is debate on this issue. Some resea.rchers apply the ‘t'- test when population
standard deviation is unknown, irrespective of sample size. Some of the other researchers are of the
opinion that for large sample size the ‘t'- test and ‘Z'- test are almost identical even when population
standard deviation 18 unknown (Zikmund, Babin, Carr, Adhikari and Griffin - 2014). When sample
sizes approaches 120, the sample standar.d dgvxation becomes a very good estimate of the population
standard deviation: beyﬂnd 120 sample size, tfi;&st and Z-test are virtually identical (Donald, Pamela S
Schindler and J K Sharma - 2014).. b5

The t-statistic is defined as unders- -
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X = The mean of sample.

W= The actual or hypothetical mean of the population.

S=

Standard deviation of sample.

n = Sample size.

4 i h .
Degree of Freedom: Degree of freedom is used to see the table value for']tetstt]mgtth e h};pothem
V= n—11f hypothesis is to be tested 5% level of significance under one tail, then the valye jg 4 be

SES

seen below the 0.025 level. If the value of table is two tails, then the value is to be seen below the 0.05

10.1 Assumptions of t-test

The fol]owing are the pre-requisites for the application of t-test:-

L.

9

3.
4.

The population from which a sample is drawn is normal.
The samples have been drawn at random.
The population standard deviation is not known.

Sample size should small i.e., less than 30.

10.2 Properties of t-test

Following are the properties of the t-test:-

It gives a normal bell shaped curve which is symmetrical.
The mean of t-distribution is zero.

Its value range between plus (+) infinity to minus (--) infinity.

extreme outcomes.

It has a set of critical values like the distribution of Z, X2,

and F etc. These values are referred
to, for testing the magnitude of the c

alculated value of the test statistics.
It is higher than the normal distribution

at the both side of the tails of the curve but lower in
height at the point of the mean ().

The constant C is actually a function of v
V, the distribution of f(#) is completely s
each value of V.

(pronounced as nu

), so that for a particular value of
pecified. Thus, f

B is a family of functions, one for

10.3 The application of the t-test

The following are the cases in which t-test is generally used to test the significance of the various
results obtained from small sample:-

1. To test the significance of the mean of random sample,

z.

To test the differeﬁcé'_, attar
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3. Totes > difference hetwe :
\ est the difference between means of two samples (Dependent Samples) or Paired t-test.
4. Totest the significance of observed correlation coefficient
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J 11. F-TESTANDITS APPLICATION

F-test is another important parametric test in addition to t-test and z-test which is used to find ot
er the two independent estimates of population variance differ significantly or whether the tW
‘ded as drawn from normal populations having the same variance Thi
technique can be used advantageously in the analysis of variances involving two or more number ¢
samples where the s-test and t-test can’t be used because these two tests are used i
samples only. The credit of developing F-test goes to famous statistician R. A Fisher, 50 F-est®
amed in his honour. F-test can be used to test the equality of variance of two normal populatio™
yse variance for than two independent samples as well analysis of covariance.

wheth
samples may be rega

n case of tW

anal
The F-distribution is the distribution of ratio of variances. This test is applied to test the e

of variances of two populations. It is also used for testin ionifi ;
. : g the significa - ' ation &%
testing the equality of several population means. & nce of regression &q™

quﬂm
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h\ othESlS The two popu

all 'P populations have same variance or there i

riances of two populations. Ho: 01 =52 o sgniticantdificencass
- - -’

1319

r\edure of calculating F-test is elaborated as bel
€ as below:-

srnative hypothesis: The
Alt two populations have not same variance or tl
serence in the variances of two populatlons Ho: 0% £ G2 eI Sigmiaeas
2
£.ratio is calculated as under:

_ Large estimate of variance

Small estimate of variance

Where, 57 = Greater variance . S% - Smaller variance.

Degree of freedom: Vi=mu-1 and V2=nz2—1
V1= Degree of freedom for sample having larger variance.
maller variance.

V2= Degree of freedom for sample having s
sis is based on the following

Decision: The decision whether to accept or reject the null hypothe

criteria:
than table value of F at particular

thesis is accepted. Hence, the two
of two

a: If the calculated value of F- ratio is less

F- ratio is not significant and null hypo
or there is N0 significant difference in the variances

Acceptance criteri
level of significance, then
populations have same yvariance
populations.

e value of F at particular level

ted. Hence, twO populations
ulations.

alculated value of F-ratio is more than tabl

t and null hypothesis is accep
the variances of two POP

ave the following results:-

Rejection criteria: If the €
of significance, then F- ratio is significan
have not same variance Of there is 51gmf1cant difference in
o random samples g

t, tw

Example 8: Ina laboratory expenmen

sum of Squares of Deviation
from the mean

Sample

The table value for V1= 9 and V2=

t 5% level of significance:

bR el |
Test the equality of sample yariance 2

12 is 2.7964.

nce in the variance of two samples.

Solution.
gmﬂcant differe

Null Hypothesis:

:'Hﬁ.dlﬁﬁé. : ; <
: ;_,", : Altematwe Hypmheﬁls‘wis fgmflc

ﬁ 6‘2 %G#

There is 0 81

ant difference in the variance of two samples.
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13.20

By applving the F-Test, . , —_19_8____: 108 _ 9.
§ 2. %0 Hogo 230 12
F=71%70-1 9
22
10
= — :1.11
J 9

12 is at 5% level of significance is 279¢,

Decision: The table value for Vi=9 andh\ : hypothesis i accepted. It can be concludeg tha;
: ' nce
calculated value—1.11, is less than table vale, he ;

= . ot F two sam
there is no significant ditterence in the variance of t

ples.

[ 12. ANALYSIS OF VARIANCE

The analysis of variance, popularly .
testing the equality of more than two means of populations. gty jUdged e
significance of the difference between the two means of two samples gh the

application of either Z-test or t-test, but the difficulty arises when the resea.rcher h.as to ttfst the
significance of difference among the more than two sample means at the same time. This technique j;
successfully used by the researchers in the field of economics, commerce, manage.ment, education,
ps._\'cholog_\-', sociolo(;;_\' and in many other areas. This technique is used where multiple sample case
are involved.

The ANOVA technique is developed by Professor R. A. Fisher in 1920s and later on Professor
Snedecor and many others contributed in the development of this technique. The analysis of varianc
technique consists of classifying and cross classifying statistical results and testing whether the mears
of a specified classification differ significantly. In other word, ANOVA is a procedure for testing the
difference among different groups of data for homogeneity. ANOVA is a technique that separates the
total amount of variation in a set of data in two ways, the amount which can be attributed to chance
and the amount which can be attributed to the specific causes. There may be variation between
samples and also within sample items. The between sample variance represents the effect of
treatment or factor and within sax-nple_ variance describes the deviation of data points within each
g T g 0. cnsits o i e v

2 Z analysing the variance to which a response is subject into

11:,5 V.aI‘IOUS components corresponding to various sources of variation. ANOVA is also used to test the
significance of regression analysis.

known as ANOVA is very useful statistical teChnique fo
As discussed in the previous chapter, the

The definitions of analysis of variance are given as under:.

_In the words of R. A. Fisher “The analysi i ; ]
| ' ysis of vari '
ascnbable to one group of causes frqm the variance ascrib:g:;etci;so?}?ﬁned o - Separation of the vanas

€r groups”.

mﬁy bﬁ‘ CIESSiﬁEd ’acmfdi‘ng‘f; e
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12.1 Assumptions of Analysis of Variance
F-test is based on the following assumptions:
1. Normality: The population is normally distributed.

2. Homogenelity: The variance within each group should be equal for all groups. This assumption
ensure that all varances within the group are clubbed into single #within group” source of variation.

3. Randomness: The samples under study have been drawn at random from the population.

4. Independence of Error: This implies that variation of each item around the group mean

should be independent for each item value.
5. Positive F Value: Since F-distribution is always a ratio of square value, so it can never be of a

negative value.
6. Equal Variance: It begins with null hypothesis that variance or means of all populations are

equal.
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LEARNING OBJECTIVE

After the completion of this chapter students should be able to understand the meaning of §
Chi-square test and Factor Analysis. In addition to it some practical problems have also |
been discussed to make the application of concept clear.

A A b B et bt =

| 1. INTRODUCTION

The various tests of significance like Z-test, t-test and F-test are based on certain assumptions or
parameters that sample were drawn from normally distribute populations. F.{m\'.ever, there are ma'ny
situations in which it is not possib]e to make any assumption about the dis'tnbutmn of the pop')ulatlon
from which samples are drawn. In such circumstances the non-parametric tests such as Chl_—square
test, Sign test, Rank sum test, Rank correlation, Median test, One sam.ple run test, H-test, Willcoxon
paired comparison test and Kolmoggrov Semirrnor are widely used in beh'avmural science that do
not require any assumption of normalcy about the paramet.ers or the population \glLles.Gfe?terally, the
most widely non—parametric test used is Chi-square test of independence and goodness OF Tt

The Chi-square test is applied to evaluate the significance of difference between a set 9f the
observed frequencies and a set of the correspondifmg expected frequencies of a samzple dfa;@ without
any assumption about its parent distribution. [t is denoted b)‘/ the Greek letter X?, whic .15 read as
Cl{i-square. This statistical technique was developed by Professo_r Karl Pearson of E.ngland in the year

» d initially in sociological and psychological researches. Like other tests of
1?;)1?;{;::&\\32 é;‘;square test is also function of degree of froedom, as the number of degree of

froedom increases the Chi-square distribution becomes more symmetric. Chi-square test can never
reedom u-

N egative value being a Sum of square quantities. The value of X2 will be between zero (0) to
ave an o

infinity (=<)- ' ‘ ‘
'I‘:;e results of X2 describe the magnitude of the discrepancy between theory and observation,

hich is defined mathematically a::beiow-

W

«(O-E)
E
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14.2 CHI-SQUARE TEST AND FACTOR ANALyg;c

Where, O = Observed Frequencies.
E = Expected Frequencies.
ot statistics which measure the significance of

Hence, X2 test may refers to a “non-parametric te
cted or theoretjCa]

ditference between a set of the observed frequencies and their corresponding expe
frequencies relating to a problem that does not require any assumption of normalcy about

parameters, or parent distribution”.

L2. CHARACTERISTIC OF CHI-SQUARE TEST

The essential characteristics of Chi-square test that emerges out

discussion are cited as under:-

of the above mentioneq

1. Itis non-parametric test statistics or distribution free test.
2. Itis not symmetric.
3. The value of Chi-square test is always positive being a sum of square quantities. Thus the

value of X? ranges between zero (0) to infinity (). If the value ot X? is zero it means the

observed and expected frequencies completely coincide. The greater the value of X? the
greater will be the difference between the observed and expected frequencies.

4. It evaluates the significance of difference between a set of the oLserved frequencies and
their corresponding expected or theoretical frequencies by making the comparison between
its calculated value and Table value with reference to degree of freedom at desired level of
significance and thereby enables the researcher to draw a conclusion whether difference is
significant or insignificant.

5. The shape of Chi-square depends up on the degree of freedom degree of freedom, as the
number of degree of freedom increases the Chi-square distribution becomes more
symmetric or less skewed and this has been presented in the following figure:-

4

0.2

R o TEATEL o
L e S St v R N LA

N
T

e

0.14

A 4

| 1 I I

¢ B s ) 20 30 40 50 ;’)

2 93 DEXC i

: i Figure - 1
' ‘The above mentioned figure shows that chi-square is becoming more symmetric with the increas
in the degree of freedom. When the de ee of freedom was 2 then the chi-square was skewed an

4 hert this degreéof fr_&;edom‘im:reaseﬁ‘_fd then the chi-square become more symmetric.

- %

.
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GH|.SQUARE TEST AND FACTOR ANALYSIS

. ASSUMPTION OF CHI-SQUARE TEST

14.3

The following conditions must be satisfied before applying the X? test:-
|, The total of frequencies of the given distribution is fairly large i.c. N 50
7. No frequency cell is less than 5. In case any cell is less than 5 it is to be grouped with lower
or upper cell by the technique of pooling to make it 5 or more or preferably more than 10.

3. The observatlons are independents. This implies that no individual item is included twice
or more in the sample.

4. Data should be in original units and are not replaced by any relative frequencies like
proportions, percentages, ratio, rates etc.

No assumption of normalcy is there about the population values or their parameters. It is

o

distribution free statistical test and applied when data is of qualitative nature.
6. The constraints on cell frequencies, if any, are linear.
7. If parametric test like Z-test, t-test and F-test are applied to the problem then X2 test should

not be applied.
8. The values of independent and dependent variables must be mutually exclusive.

9. The total of expected frequencies is equal to total of the observed frequencies.

10. The outcomes are independent of each other.

] 4. PROCEDURE OF CHI-SQUARE TEST ANALYSIS

1 the X2 test analysis:-
there is no significant difference between the observed and

The following procedure is adopted i
1. Set up the null hypothesis that
expected values.

Ho: There is no si

gnificant difference between the observed and expected values or the
pondents is equally distributed.

opinion of res

Alternative Hypothesis:
Hi: There is significant difference between the observed and expected values or the opinion

of respondents is not equally distributed.

2. Setthe level of significance. |
d values or frequencies in a column and denote them by 0.

3. Arrange the observe .
d frequencies ~ E values in each category by multiplying the category

4. Calculate the expecte ;
probability by sample size.
RTxCT

Ee —

N
Where, E= Expected Frequencies. - iy
RT = The row total for the row contammg thﬁﬁﬁ
CT = The column total for the ccﬁumnmma% i

N = The total number of 0bservatmns
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14.4 CHI-SQUARE TEST By ANALYS,S

i d obtain th
»d frequencies an es
Calculate the difference between observed and expecte q

of these differences j.e. (O-E)
’ . cted frequency E and obta;
Divide the each squared difference by the respective expe N the

total as (OxE)2

- This gives the value of X2

. the degree of free
Obtain the critical value of X2 from the X2 table with reference to 2 dom anq
the desired level of significance.

lue of X? is mor
8. Compare the calculated value and table value. If the calculated valu e tha

table value of X2 the nul hypothesis will be rejected and it can be Cdorl}?l.lc(iie.;if that th
significant difference between the observed and expected Vah_les and this difference
due to fluctuations of sampling. If the calculated value of X2 is less than th.e t A

X2 the nul hypothesis will be accepted and it can be concluded that there is no Significany

difference between the observed and expected values and the difference ig due ¢,
fluctuations of sampling.

I 3. USES OF X* TEST

The uses of X2

N the
ere g

is not
able valye of

test can be elaborated as under:-

5.1 X* Test for Independence of the Attributes

mited use X2
as stress man

= test and conclude whether Yoga
agement technique is effective in mana

ging stress or not.
Stress Management Technique Affected Not-affected & Total
‘ e RS U
i Used 140 e gy 170
| @ Not Used 60 20 20
D N e 250
Solution: | - \
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CHI-SQUARE TEST AND FACTOR ANALYSIS LIS
Expected frequency of Cell D = F = RJ,’,(_E =F u ,r‘“,y,‘\’(_l 6.
250

~ [ — _ e — e

ot | Ems | omewr | g | P
(0) (0) - (©0-B (O-E)’ TE 't

T a0 | 1w | a4 T | o118 m_j,
60 64 | 4 16 ; 0.250 |

30 34 t 4 16 1 0.471 |
. IRG * 4 16 | 1000 J
YO = 168 YE= 168 ! 0 Jt 1.839 _t

x2 =5 B2 g3

E
The degree of freedom is v = (r-1) (c-1) = (2-1)(2-1).= 1 Level of significance is 5%.
The Table value of X2 is for v=1and p = 0.051s 3.84.
Decision: The calculated value of X* is 1.839 which is less than of its Table value i.e., 3.84, the

null hypothesis is accepted and it can be concluded that Yoga as stress management technique is not
effective in managing stress.
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| 7. FACTOR ANALYSIS

Factor analysis is a widely used multivariate interdependence te.chniq.ue in t?’t‘e field of COR\mt‘I-CQI
management, economics, social and behavioural sciences. This technique 1.s c’lpPl.lkﬂblL‘ ?\'l?cn there 1s.a
systematic interdependence among a set of observed variables and the mv.estlgat.or 1s Interested in
knowing something more fundamental or latent which creates commonality. It is termed as dat
reduction and summarization technique which reduce a large number of variables to the more
manageable variables. Data reduction, from a large set of variables is based on the nature and
character of relationship among the variables. For instance, in marketing research, there may be a
large number of variables, most of which are correlated and that must be reduced to a man
level. The relationship among set of variables are systematically examined on the
commonality among these variables and presented in the form of a few

ageable
basis of
underlying factors.

In the factor analysis the variables are grouped into a number of factors based on the degree of
correlation among the variables and the factor so derived m

ay be treated as new factors which are

termed as latent variable. The meaning and name of such variable is subjectively determined by the

researcher. Hence, factor analysis is a statistical technj d to determine thé prescribed nu;nber

of uncorrelated factors, where each factor is obtained from a list of correlated variables. This analysis

may be applied to examine the underlying patterns or relationship for 4 large number of \'ariaiﬂes
and to determine whether the data can b

e condensed or Summarized into a smaller set of factors.
The factor analysis can be performed mainly for two reasons:-

1. To indentify a new, smaller set of uncorrelated variables to be yse
regression analysis. .

d in subsequent multiple

2. To identify underlying factors that are

unobserya olai : set of
variables. ble but explain correlation among a set of

I.8. ESSENTIAL FEATURES OF F

ACTOR ANALYSIS
‘T‘he under mentioned are_

. aracteristics of factor analy
L. Itis multivariate technique w -
2.

The large numbers of vari
the basis of Some common

Sis:-
arge numberg of v

are reduceqd or SUmmarjzed t

here initially |
ables
ality.

ariables are considered.

T
0 a small number of factors ©
3. Selection of variables

constitutin
for by them. g

a factor is
ma : 2
de on the basis of total variation nccﬂl“‘l‘d
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Hl'SQUAR
6 2ls0 provides a mea

g It
nu

sure of correlation. A large number of responses about a large

mber of variables are used to identify the highly correlated variables which constitute a
factor-
5, The variab

les constituting a factor are highly correlated with one another in a factor but are
not correlated with other factor.

6. For each factor the researcher has to exercise his judgement to determine the name or theme
of the factor.

7. Factor models are based on the assumption of linear relationship.

_ While deciding on the number of variables to be included in factor analysis, researchers
need to ensure that a group of minimum 4 to 5 variables forms one factor. Hence, the factor

analysis must have good number of variables, depending up on the study also.

The decision about the sample size is also important in this context. However, the

minimum sample size has to be more than 100. Some researchers propose that average

sample size for factor analysis is to be at least 10 times of number of variables. Whereas in
some studies average sample size of 20 or more has been suggested by some researchers.

I_Q.'ASSUMPTIONS OF FACTOR ANALYSIS

Following are the assumptions of factor analysis:-

1. The factors are derived so as to minimise the correlations among the large number of

variables. Hence, the highly correlated variables are combined within a single factor.
2. The variable

s included in factor analysis can construct one or more latent factor.

3. The variables are interrelated, however does not assume any causality.

4. The sample is representative of population. Sample is homogeneous and shows diversity in
the characteristics across all respondents uniformly.

Factors can be represented as a linear combination of the variables.

or is zero. They are known as error and these errors are random.

tween indicator variables can be attributed to common factors.

5.

6. The mean of unique fact
7. The correlation be

8|

The commo

n factors are standardized. This means that mean of each factor is zero and
standard deviation is one.

9. Each specific factor has its unique variance.

10. The variables allotted to a factor are nearly independent of the variables allocated to other
factors.

11. The specific factors are uncorrelated with the common factors.
12. The factors are der

} tyed In S.UCh e that the percentage of total variance explained
the variables _and included in successive factors is maximised. plained by

- APPLICATION OF FACTOR ANALYSIS

“Factor analysis is used in many situations in business research. The y

and application of factor
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CHI-SQUARE TEST AND FACTOR ANALYs,
§

1.

Reduction in the Number of Variables or Parsimony: Factor analysis reduces the ““ml\er
< Smy)

of variables taken initially on the basis of some common characteristics or nature

number of independent factors. Multi-collinearity is generally preferred betwegy, the
variables as the correlations are the kev to the data reduction. It is also called s dat,
p -

reduction and summarization technique.
Determination of Latent Factors: Factor analysis identifies latent factors which dt’ft’rmine

the correlation among a set of variables.
Determination of Grouping of Factors: Factor analysis identifies the latent relatiunshi
among the various groups of variables under observation. Sometimes a certain relationsh;
exists among the variables but it is not clearly observable but it can be highlighted by the

technique of factor analysis.
Helps in Subsequent Analysis:Factor analysis identifies a new, smaller set of uncorrelateg
variables in the place of original larger set of correlated variables for subsequent

multivariate analysis.
Determination of Cluster of Observation: Factor analysis can be used for determining the

cluster among the observation based on a survey.
Developing Composite Indicators: Factor analysis can be used for developing composite
indicators for the comparison of two situations or two periods, which are considered as
very significant in business and economic research.

Scaling: Factor analysis can also be used in the development of scale in behavioural
research. It divides the characteristics into some independent construct or concepts which
represents a scale to measure an underlying behavioural dimension.

Market Research: In the field of marketing research factor analysis helps in identifying the
underlying dimensions from the observed variables which helps the researcher to group
consumers based on their homogeneity in the characteristics that are measured. This
knowledge can be useful in improving the quality of the product, market segmentation,
product research, pricing studies, planning for more effective advertisement campaign,

control of quality etc.
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l1 1. KEY STATISTICS ASSOCIATED WITH FACTOR ANALYSIS

The key statistics associated with factor analysis are explained as under:-
1. Factor: Factor is a weighted linear combination of the original variables under -
output of factor analysis is in terms of factor. It represents the underlyin
concept that summarizes or account for the original set of observed variables.
2. Exploratory Factor Analysis: This technique is applied when a researcher has L
knowledge about the factors that the variables will be indicating. In such case, computer
based techniques are used to indicate appropriate number of facto;s. “

3. Confirmatory Factor Analysis: This technique is applied when a researcher has the prior
knowledge about the number of factors the variables will be indicatine .

4. Factor Loading: Factor loading are the valyes which explain the extent of closeness &
. L L i LIUSTLR S

~Fr A
3

relationship among variables constituting a factor. These are simple variable correl
. = S arldf COTTToIdus:
between the variable and called as factor—variable correlations : l
S.

Scanned with CamScanner



;QUARE TEST AND FACTOR ANALYSIS 1411

s e
5. Factor Scores: Factor scores are the coetticient of the factors,

6. Factor Matrix: A tfactor matrin contains the tactor loadings of all the variables on all the
factors extracted.

= Factor Plot: This is a plot where the tactors are on different axis and the variables are drawn
on these axes. This plot can be interpreted only it the numbers of factors are 3 or less.

8. Factor Rotation:Rotation of tactor is done to reveal different structure of data. The most
commonly used technique for rotation is the varimax procedure. Though the different
rotation gives ditterent results and should be taken as equal, not superior or inferior to
others. For tinal interpretation the correct rotations should be identified and selected. In
case factors are independent, orthogonal rotation is done, but if the factors are correlated
then an oblique rotation is done. On rotation commonality remains unaffected but the Eigen
value changes.

9. Eigen Value: Eigen value for each factor is the total variance explained by each factor.

10. Scree Plot:A scree plot is a plot of the Eigen values against the number of factors in order of
extraction.

11. Total Sum of Square:When the Eigen values of all factors are totalled, the resulting value is
termed as total sum of squares.

12. Communality: It indicates the amount of variance an original variable shares with all other
variables included in the analysis. A relatively high value of communality indicates that a
variable has much in common with the other variables taken as a group whereas a low
commonality means that the variable does not have a strong relationship with other
variables. The most common type of factor rotation is a process called varimax.

13. Percentage of Variance: This is the percentage of total variance attributed to each factor.

14. Kaiser-Meyer-Olkin (KMO) Measure of Sample Adequacy: This is an index used to
examine the appropriateness of factor analysis. This statistics compares the magnitude of
the observed correlation coefficient with the magnitude of the partial correlation coefficient.
High value of this statistics (Between 0.5tol.0)indicates the appropriateness of factor
analysis whereas low value of this statistics (below 0.5) indicates the inappropriateness of
factor analysis. Kaiser has presented the range the range as follow: Statistics > 0.9 is
marvellous, statistics > 0.8 meritorious, Statistics > 0.7 middling, Statistics > 0.6 mediocre,
Statistics > 0.5 miserable and Statistics < 0.5 unacceptable.

15. Bartlett’s Test of Sphericity: This is the test statistics used to examine the null hypothesis
that there is no correlation between the variables or variables are uncorrelated in the
population. In other words,this test the null hypothesis whether the population correlation
matrix is an identity matrix. It is pertinent to mention here that the presence of identity
matrix puts the correctness of factor analysis under suspicion. Using the level of
) significance generally 5%, the degree of relationship among the variables can be identified.
A value below 0.05 rejects the null hypothesis and indicates that the data in h
produce an identity matrix. This means that there exists a significant rel
the variables, taken from the factor analysis.

and do not
ationship among
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