el ST LY S

ST T A L A

b

L P e e’ RV AN P AR 3 A AL AN g v 8 e, AR

"

Sy

O

Mm.:.n.\,._.‘.

r&!ﬁ

P——

ML
Hel
(TE B
TR
Hte
e
Malt
nme
(TR
Mmad
Mes

1T
Kr72
K73
| T Sl |

e

LA R
15.1.1.
1512
1513
15.14
15.15.
15186
j L33
1521
1522
1523
€24
1525
15.2€
1525
153
15.3.1
1532

154.1.
1542
1543,
1544,
155.

155.1.

1552

1553.
1554,
15.6.

Seatistion! Pachage for the Social Sclences (STSS)
Intrndoectan

Cearrng STSS

Cresting #nd Frtering Data in PSS
Computation of Dewrptive Stanstics
Minitah

Imestocnon

Faterning Data

Viewing Descriptive Sutahes
Creating Graph and Cham

Runming A Regresuon Analysis
Design of Experiment

InToducton

Compoments of Expenimental Design
Pupose of Expenimentatbon
Fxpenment Desipn Process

Omline Statistical Software's 12 Industrial and Qlinlcal Trial Approach

Exercise
Module §

Chapter 15: Design and Analysis of Experiemnt

Factorial Design

Iasnducbon

Defimition (Vocabulary)

2 Factorial Design

2’ Factorial Desipn )
Advantapes of Factonal De;:l
Dusadvastages of Factorial Design
Response Surface Methodology

Ot:jec'nm of Response Surface Methodology (RSM)

Experimental Strategy

Res
Data Design

Intreduction
Desige the
A P::Ii:'iry on Pasting Daua
Analyze the Recults
Optimization Techniques

ntroduction
{‘Jp&uﬁmion Using Factorial Designs
Sequential Optimization
Screen Design
Exercise

Types of Response Surface Design
Historical

m
m7
m?
219
29%
M)
0

308
n
310
m
312
3
mn
1K
34
315

ns
315
315
317
320
321
m
mn
mn
n
i
24
324
324
324
325
328
325
19
329
330
33l
131

mn
339
343
M7
M9

CHAPTER
I

m
1.1. BTATISTICS AND BIOSTATISTIC

I.1.I.  Meaning and Definition
The origin of the word “statistics’ can be traced back (o either the Latin word Stanes or

Introduction to

the Italian word Starista or German word Statisrik. All the three words mean, ‘an _

organised political state®, ‘Statistics’ was regarded as the ‘science of statecraft’ in early
years because it was mainly used by the admunistration to keep track of burths, death, crop
yield, taxes, etc. It was referred to as the ‘science of king” or “king” as it was used as a
ool for government record collection. In present time, statistics is regarded as an
important tool for decision-making in uncertain times.

According to the first concept (Descriptive Statistics or Statistical dat), staustcs is
expressed as pertaining to numerical data. This concept Lakes statistics in the plural sense.

According to the second concept (Statistical methods) statistics 15 expressed as a
science. [t Lakes *Statistics’ in the singular eanse.

1.1.1.1, Statistics as Statistical Data

Statistical data refers to the collection of quantitative data such as price of 3 commodity,
production, export, import, births, deaths, etc.

According to Bowley, “Statistics arc numerical statement of facts in any department of
enquiry placed in relation to each other”. This definition gives importance to quantitative
aspects and helps in comparative study of figures.

According to Webster, “Classified facts respecting the conditions of the peopls in 2 state
especially those facts which can be stated in numbers or in any other tabular or classified
amangements”, The above definition denotes that the facts which are expressed
guantitatively can be termed as statistics and qualitative facts cannot be treated stanistically,
According to Yule and Kendall, “By statistics we mean quantitative data affected to a
marked extent by multiplicity of cause™,

According to Boddington, “'Statistics is a science of estimates and probabilities”.

For the analysis of biological phenomena, biostatistics (or biometry) deals with the
statistical process and methods applied. Biostatistics includes the design of biological
experiments and demonstrates the collection summarization, and analysis of data from
those experiments.

LLL2,  Statistics as Statistical Methods

Statistics as a *science of statistical methods' is based on the idea that, “Statistics is what
statislics does or statistics is what statisticians do”. This definition considers statistics as a
subject or method.

According to A.L. Bowley, “Statistics may be called the science of counting™. In this
definition only one aspect is covered, i.e., counling. But, in many cases data collection
also depends on estimation, which helps in further classification, tabulation, etc.
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According to A.L.Bowley, “Statistics may tightly be called the science of averages”,
Statistics uses averages to summanise the collected data. However, it also uses diagrams,
graphs, correlation coefficieat, etc, for analysis, which has not been included in the abave

definition of statistics and hence make it incomplete.

According to Wallis and Roberts, “Statistics
in the face of uncertainty™.

According to Croxton and Cowden, “Statistics may be defined as the collection,
presentation, analysis and inierpretation of numerical data™,

1.1.2. Types of Statistics

Statistics can be classified into two main categories: ) :
1) Descriptive Statistics: This includes the methods of data collection, presentation

1.1.3. Characteristics of Statistics
Basic chz:actcnsncs ofsuu.rucsa.rensfolluws: _ T

)]

2)

3)
4)

5)

-'d:tmni:ﬁngthcmmsf_dﬂ’-"“’,b“_‘hr.’" 5 ich means it is always c.(p(tsscdi

1.1.4. Scope/App
Statistics has affected almost

) vermment
T Statistics and the Gore

is a body of methods for making decisions

end characterisation of 1 set of data. All these help in describing the various features
of the collected sample data. Descriptive statistics includes graphical rf.presenmion
and quantitative meastres. For example, graphical representation includes bar
charts, line graphs and pie charts whereas measures of central tendency, dispersion,
skewness and kurtosis denote quantitative measures.

Inferential Statistics: Inferential statistics includes the methods that help in

characterising 2 population or help in decision-making which is based on the sample
] d population are two rclative terms. The larger

results of the population. Sample an terms. The r
unit zbout which analysis is to be done is referred to as ‘population or universe
and the fraction or a porion of that population/oniverse is called ‘sample’.

considersd 2s statistcs cannot help in analysis or drawing of conclusions.
> o p but 2 number of such figures belp in

Single dzath or birth docs not comprise statistics

Gm:qﬂy, stztistics contins qmm“bc v vt
1 jons. Hence, this can never be considered as statistics. _

isti affected buzsa-notu causes or factors. One cause of factor cannol be said

o i vespos : given set of data.

- analysis of a . L
to be responsible for the results after ar.ig 2 ot 2 predetermined purpose. This

isti is colleced in a syslem nner :

St resed ard plan for data collection 1S predetermined. o

1sad for comparative studies. For mmp_le. for mmﬂg ;
in an office, u;cpu'fomunccappmsalcanbc-

lications of Statistics o
2] areas of life as it covers simple hu_lschal:_js mbili‘v,bu?mcsse&
Sonrof&marcaswmﬂaﬁsdcshumuscdmas_fu ows: e
r rmment: Statistics has been used extensively since
atist the administrative heads
inni i icty. Statistics has been used by th -
i g mgamsdl;::'clgz form of collecting data on dllll'mm'asm:g :_::r
o mkﬂf?;::llz:ng sound military and fiscal policicsinﬂuu:ed.::cgcm ummlmrﬁ
o . e etc. ,
popu ation l strength, ) nes
o crn.mcﬂl i ﬂ:l:xh;o:s:c:;?:ctglu ::flysu as well as the buggm :::r of iult;sz::h:
e am.;m::ll A f duugb collected and interpreted by various partmen
huge b o e am PRl mlicieunddaullm-mnhng.

Introduction to Piostatisticy (Chapter 1)
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2) Statlstles und Mathematics: Statistics can be comsiderzd as 3 branch of sci
=re of science

which is conceived on the 1 i
oundation of mathematics A
. 5 . T L
knowledge of mathematics for unders tanding the basic fundp:m::a;: :,; l!dul:;';c -
i Cs.

According to Connor, “Statistics |
o g sucs 15 a branch of Applied Mathematics which

i;::hn;:‘l;::: In‘ W. I. King, “Suu’su’c; may properly be considered as a branch of
i s In as much as it atempts to formulate definite rules of proced o
applicable in handling groups of data of many different varieties™ . procedire

3) Statistics and Economics: Statistics is used as an important tool in economics stud
1 0y

4

and research. Economics i i i i
:c;alml.)l'lmag(:n m :ﬁ? arll:! H:gnz:z“;nﬁsrcs g)?fu;l;o:ﬁ ‘iindlz's:i E‘&Ti:;
i) ;t:t&:tcltc‘;lc;‘n;hods are used for measuring and forecusting Gross National
ii) ;S;a;fjr::al studies of business cycles give a clear picturs zbout the economic
iii) Economic policy-making de isd 'si ;
o e o et e i e T
which uses statistical methods. e e
¥) g:rmz:;! s.:l:‘;j;n‘:; l[;imncc b.y.:king. consumer savings and credit availabiliry,

) .Staﬁstfu !nd Physical Science: The use of statistical methods is continuoasly
Increasing in the field of physical sciences such as Biology, Physics, Chemiszry,
@mnnmy. M_cd.icinc. elc. Statistical data are collected from different results 1'31.'
d_LH:ant experiments. These are then comparatively studied to find out whether the
d.!ffcnng n:s_u]t.s are statistically significant or not. As more facts are discovered. the
differeat estimates in physical seience such as distance between wo plzness in the
universe become more accurate,

5) Statistics and Natural Sciences: Suiistics is also very important in the sudy of

natural sciences such as astronomy, biology, medicine, meteorclogy, zoology, botany,
ete. For example, for diagnosing the exact disease of a patient, the doctor must believe
on real data such as the body temperanure, pulse rate, blood pressure, etc.

6) Suﬁuﬁumnm:hhmmﬁaMﬁukmmwmo{m

study. Improvement in knowledge has been passible because experiments are carried out
lm_h the help of statistical methods. For example, experiments about crop yields and
their correlation with different types of fertilisers and different types of soil are designed
and studied with the help of statistical techniques. In the current time, statistical methods
are used in all rypes of rescarch work including medicine and public health

7) Statistics in Astronomy: Astronomers were one of the first groups of people who

§)

used statistics in the study of movement of heavenly bodies and eclipses and other
mch astronomical issues. Astronomers carlier relied heavily on estmation but later
Statistics helped to turn these estimations inte accurate ideas.

Statistics In Education: Statistics is used extensively in the field of education
because research has become a common feature in all branches of activites. lo
education, statistics plays a vital role in formulation of new policies for new courses
to be started, consideration of infrastructural requirements for new courses, elc.
Apan from this, there are many people involved in research work who test past
knowledge and develop new knowledge with the help of statistics.
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Q) Statistics In Accounting and Auditing: In accounting, exactness is an essential
component but for decision-making purposes, approximation is taken into pccount
The current aseel value is calculated on the basis of its current values and the
comected values are determined with the help of current purchasing power of money
or the current value of it, while taking depreciation into consideration. This is done
through the use of price indices which are based on the collection of statistics. For
determining the trend of future profits it is required to use the study of correlation
analysis between the profits and dividends. In auditing, sampling is generally used as
it is not possible 10 examine voluminous transactions due to lack of human resources.
An auditor will first co-relate the past error percentage with the current error rate
after conducting a pilot audit. After this, the auditor decides on the sample size of
books to be audited.

10) Statistics in Planning: Statistics is important for efficient planning in all modern
economies, especially in the developing countries. This helps in successful planning
by taking into consideration the correct analysis of complex statistical data. The
plans, adopted for the economic development of a country, are also made on the
basis of statistics available about the different economic problems being faced.

11) Statistics and Commerce: Commerce is now very much dependent oa statistics for
success of businesses. Any businessman cannot afford 1o over-stock or under-stock
the goods. In the jnitial stage it is required to do a market survey using slatistical
techniques to understand the changing tastes of the consumers because a number of
multinational companies have also entered with new products and services. Thus. the

statistical techniques help in providing the present conditions and forecast the future.

12) Other Areas: Statistics is used by many businesses such as insurance companics,
stock brokerage houses, banks, public utility companies and so on. It also helps

politicians to study their winning chances from a constituency through the use of

sampling techniques in random selection of voter samples and studying their

preferences on issues and policies.

1.1.5. Usesof Biostatistics

is defined by biostatistics. PR
D Nomsar o lmd 'loychl:Ck whether the difference between Iwo populations s real

2) Biostatistics isu " .
for a particular attribute, ) .
3) lustudies the correlation berween two of mnrefatmba_ms in the :ame population.
1 studies, it evaluate the efficiency of vaccines, sefa clc. o
;: ﬁyisczn;:: t: locate, define and measure the extent of morbidity and mortality in the
i uate the achicvements of public health programs.

6) It is also used to evaluate| !
7) Itisusedto fix priorities in public health programs.

2.1. Introduction _ N
irfq:enq- is the number of occurrences of a repeating event pef umltdnmc. i‘o; :m
1) The frequency distribution of income in a mpul;llm;‘l w;c;\:‘ MS llouidons
individuals (or houscholds) have the income of a certain leve y. 3.
ider the following data:
2, comsicurﬂ: 1.1,2.2.2.2 2,3,3.3.3.4.4 5

PN e 1 5

Niostatistics & Research Methodology [ [atroduction 16 Diottatistics (Chapter 1)

1.2.2. Frequency Distribution '
Frequency distribution is a serics when a number of ob i ith s

rglalcfl 1'1|I:IE! are put in separate bunches or g:oup;T;t;mm‘ ‘,pmb:-m“#"‘b‘flr
magnitude in a serics. It is simply a table in which the data are grou i
the numbers n[ cases which fall in each class are recorded. It :houm Sy
occurrence of different values of a single phenomenon. '

L 4
the frequeacy of

According to Erricker, ‘a classificati ordin :
of the variable'. Feation sccording 10 the number possesting same
According to Croxton and Cowden, “Frequency distribution i isti
shows the sel o_f all distinct values of the variable aranged in o:d:,‘:;‘;f:mlﬁ Which
,‘ndjnqully or in groups, with their corresponding frequencies side by side™, cand
Reasons for_ Constructing Frequency Distribution
1) Tofacilitate the analysis of data.
2) To estimate frequencies of the unknown popnl'aﬁon distributi

of sample data. fon o e Clcien
3) To facilitate the computation of various statistical measures.

Valge

1.2.3. Types of Frequency Distribution
Basically there are three type of frequency distribution:
| Types of Freqoency Distribation '

- Discrete or Unprouped

Frequeacy Dismbution Continuous or Grouped

Frequency Distnbution

Cumulstive Frequency
Dhseritution

l.l}.l. Disc!'tt_e or Ungrouped Frequency Distribution
In this form of distribution, the frequency refers to discrete value. Here the data are
ztﬂmud in a way that cuﬂ measurement of units is clearly indicated. There is definite
;am:;mhnwun the v:mblfs of different groups of items. Each class is distinct and
::Sh e o 1::: ;l.cher class. hlc.on-cmnnmr)r from one class 1o another class exists. Data
number of rooms in a house, the number of 1 i i
a country, the number of children in a family, ete. TS e
The process of preparing this type of distribution is very si '
' . is very simple. We have just to count
mormes’{mmh{ value is repeated, which is called the frequency of that
I order to facilitate counting prepare a column for tally marks. In another column,
place all possible values of variable from the lowest to the highest. '

Then put a bar (Vertical ling) opposits the particulsr value to which it relates. To

facilitate counting, blocks of five bars are prepared and some '
. . pre and space is left in betwee
cach block. We finally count the number of bars and get frequency. "
Example 1: In a surve inavi i i
z y of 40 families in a village, the number of children per family was

recorded and the following data obtained. ’

1 0 k) 2 1 5 [ 2

2 1 0 3 4 2 1 6

3 2 1 5 3 3 2 4

2 2 3 0 2 ! 4 3

3 3 4| 4 1 2 4 s

Represent the data in the form of a discrete frequency distribution.
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20 Biostatistics & Research Methodology
Solution: Frequency distribution of the number of children
Numbser of Children | Tally Marks | Frequency
0 I 3
1 . S L
2 SR 0
3 T 8
4 The 6
b] | 4
6 2
Total 40

1232. Continuous or Grouped Frequency Distribution

Coatinuous series is one where measurements are only 2pproximations and arc expressed
in class intervals, ie. within certain limits. According to Boddington, “the variable
which can take any intermediate value between the smallest and longest value in the

distribution™,

In 2 continuous frequency distribution the class intervals theoretcally continue from the

beginning of the frequency distribution to the end without break. i
DifTerence between Ungrouped and Grouped Frequency Distribution

The contimous frequency distribution can always be distinguished from the discrets
frequency distibution in that it will contzin two limits upper limits and lower limits of
cach class interval while the discrets frequency distibution will possess only one list of

clzssificanion of values.
For example, Wage dismibution of 100 emplovess
Weekly Wages Number of Employees
4]
S0-100 4
100150 12
150-200 2
00250 a3
280-300 16 i
3350 g
350200 -]
Total 100
i tion _
Com; t of Continuoas Frequency Distributio P
'lil':i:cu:m:;ﬁ some basic technical tzrms whea 2 continuous frequency disgibution is

ormed or data are classified according to class intervals. )
l;) G;[imils:mclmlhnm;rtdrlowﬁlmdlh:hlghﬁtvﬂuu

included in the class. For example,

that can be

take the class 30-40. The lowest value of the
two boundaries of class are known as the

class is 30 znd highest class is the class. The lower limit of a class is the value

lower limits 2nd the opper limit of
below which there can be po jtem 12

upon the pature of

stated depends Jass fimit by U.

limit is denoted by L 2nd upper ©

dmisknowcastlrdm-ln

irserval is 10 (Le~ 20 -]
o L-S

the class. The upper limit of 2 class is the value
g i lass. The way in which class limits are
m-euhchd:atunbem:ml;;h;:—mmdmm Jower class

ference between the Jower limit 2nd the upper imit of the
2) Qasslntervals: The dffcrence betwees B R T8 10 - 20, the class

OJATIrfmﬂunﬁndL‘:dus-inmﬂuhgi\tnpob!:mi:

1

hrhoducrim o Bmuurbcl ﬂl&?ﬂ 1)

Where, a1
L= Largest jtem.

5 = Smallest jtory .

k = The number of classes,

i=L-5 nfervals would be-
k -L=3J.S=10.l=-;
- 50—[0_70

=—==10

7 7

Therefore, the class-in

tervals 1
6070, 2nd 70 - g1, would be 10 -20,20 - 30, 30 - 40, 49 _ 59 5 _

€0,
Types of Class Intervals

There are three methods of classifyi .
i) Eldllﬂ'g Method: “’;ﬂ: élzmtﬁcdmtmﬁa

Expenditore (¥) | No. of Famiies |
) i
SO0 1000 | 9% ]
100001500 | 23 i
130002000 | [E] |
20000250 | 20 _'j
Total | 200 1
From the above table, it is clear

! . e exclusive method ensores contims
d..taz.nslerm:lusLbcuppu:-[xmjtofemec!as:isrt:ehncr!iz‘:o»f:hcn-::uctii:lir

ndmhen d‘:;uub lc!ikemcmbm . in:fm:i]y.lznznhcrofuwi:-;i:n:fxmyd:
vm:blf&:my ke cnly intsgral valves k cannof be wsed with

; ¢ age, beight, weight ez, F example, 3
following table which described the ‘an!ussi\'e mhod" o e

Qlass Interval Freguency

9 ]
10-14 12
15-19 15
20-2 | 21
3034 ) 10
3539 | [
Towl | 70

:1'1'1_!-5. 1o decide whether (o use the inclusive method or the exclusive methad, it
15 Lmportant 1o determine whether the variable under observation in 2 continsoos
or d.tscrm coc. In case of continuous variables, the exclusive method mast be
us-ed.'[hcmciusi\tmctbodshmﬂdbcuscd in case of discrets vaniable
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Diostatistics & Research Methodology

iii) Open End Classes: A class limit is missing cither at the lower end of the first
class interval or at the upper end of the last class interval or both are nol
specified. The nevessity of open end classes arises in a number of practical
situations, particularly relating to economic and medical data when there are few
very high values or few very low values which are far apant from the majority of
observations.

The example for the open-end classes a3 follows:
Salary Range No. of Workers
Below 2000}
2000 - 4000
4000 - (000
£000 - BN
ROOD and above

Range: The difference between largest and smallest value of the observation is
called the Range and is denoted by 'R, i.e.,

R = Largest valoe - Smallest value

R=L-5

Mid-Value or Mid-Point: The central point of 2 class interval is called the mid
value or mid-point. It is calculated by adding the upper and lower limits of a class
and dividing the sum by 2.

+U

| o [ =

ie., Mid-value = L

For example, if the class interval is 20-30 then the mid-value is
20+30
2
Frequency: Number of observations falling within a particular class interval is
called frequency of that class. For example, Let us consider the frequency
distribution of weights of persons working in a company.

=15

| Weight {in kgs) | Number of Persons
3040 25
40-50 53
50-60 il
60-70 95
70-80 80
80-90 60
90-100 30
Total 420

In this example, the class frequencies are 25, 53, 77, 95, 80, 60, and 30. The total

" frequency is equal to 420. The total frequency indicates the total number of

observations considered in a frequency distribution.

Number of Class Intervals: The number of class interval in a frequency is matter of
importance. The number of class interval should not be too many. For an ideal
frequency distribution, the number of class intervals can vary from 5 to 15. Te
decide the number of class intervals for the frequency distributive in the whole data,

we choose the lowest and the highest of the values.

The difference between them will enable us to decide the class intervals, Thus the
number of class intervals can be fixed arbitrarily keeping.in yviewsthe nature ;of

Introduction to Biostatistics (Chaprer 1)
23
problem under study or it can be decided with the help of § f
: tu
to him, the number of classes can be determined by !hc;:'onnul:gu Fule. o
K=1+32322 logis N

Where N = Total number of observations.
log = Logarithm of the number.
K = Number of class intervals.

Thus, if the number of observation is 10, then the number 1
, of cla: i
K=1+3.32210210=4322 = 4 clasintervals s

IF 100 abservations are being studied, the pumber of : .
» class ;
K=1+3.3221og 100=7.644 = 8 and s0 on. interval is

7) Size of the Class Interval: Since the size of the class interval is inversel
;_vrl:pcmonu to the nmn!:cr of class interval in a given distribution. The zpmxirmtr
value of the size (or width or magnitude) of the class interval C is obtained
using sturges rule as: I erned by

| AN INIEI I R\ AN LS

Size of class interval(C)
o Range
Numberof Class Interval
= Range
143322 log,, N

2N N g

“. -
'here Range = (Largest Value — smallest value) in the distribution.

1.233. Cumulative Frequency Distribution

A cumulati istributi i
e l:”u c;z:]e[?:hu;huuon of rr:q_u:'ncws shows the number of data jtems with values les
han or ¢ upper class limit of each class, While a cumulative relative fmquenr;

=L

class limit of each class,
Table 1.1: GCS Scores of Table Sharing the Cuamulative

N

Frequency
GCs Frequency Cumila '
tive Frequen
Score (Number of |(Cumulative Numb:-qor P:-{!enl.ﬁ jw
3 Patients)
- 15 0 10 | l‘l 'I
15 .
5
> (1] 21 i
2 23 ' 1
;‘ ; 12 | 15
15
e 7
|

154
¥ for each category tells us how many subjects there are in that
table. For example, 35 patients

Slel=ls
o | ] | e
wi—=lals|=
=|=]3[2lz

=, ;

=F o wl el = =

4d a GCS score of 7 or less.

?\-
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1

1.3.1 Very Sh

d. v Short Answer Type Qu

1) Dfﬁnc the biostatistics. b Q estions
2) Write the uses of biostatistics.

3) What is frequency?

Write the formula to calculats the number of class intervals,

1.3.2. Short Answer Type Questions
1) What are the different types of statistics?

2) Explain the characteristics of statistics.

3) What do vou mean by ; distribution?

4) Why Statistics is considered as Statistical Methods

13.3. Long Answer Type Questions
1) Explain the scope/application of statistics.
bution with the suitable example.

2) Explain various Iype of ency distri mpl
3) Converntthe following distribution into *more than’ frequency distribution:
Weekly Wages Less than No. of Workers
[ 20 41
20 92 |
&0 156
i £0 | 194
[ 100 201
the data on weights (in kg.)

4) Construct 2 frequency distribution table for

students of 3 class using intervals 30-135.35-40 and so on

40, 38,33, 48, 60, 53.31,46,34, 36, 49, 41, 55. 49, 65,42,
2 conlinuous frequencics distribution (Take first class as

5) Construct
marks obtained by 50 students:

14, 47, 48, 39.

i distribution table in asc
wing observations prepare @ ﬁcqu:ncy :
o) :::3 ;‘huﬁzg:n1 ¥ 110 (exclusive method):

of 20

10-20) for the

ending

Mearures of Central Tendency (Chapter 2)

CHAPTER
2

%
2.1 MEASURES OF CENTRAL TENDENCYZ

fl.l'l- r Meaning and Definition

easure of central tendency is also known as m measure
easure of

Ioam.:p or average of .ﬂrsl order. It is a statistical mm;:m;';ﬂc:&"ﬁ; the locat -

or posilion of central point to explain the central tendency of the whole qu;nm;nfﬁm

According to Simpson and Kafka, “A meas { ion | :
which other figures congregate™. ure of location is a rypical valee zround

Aq.;.:nr!dlng[ to Rbfd.l Ft?her. *The inherent inability of the human mind to zrasp in its
entirely a large y of numerical data, compels us (o sezk ivels ascants that
O describe the data™ pe sezk relatively few constants that
Amrﬂ!ng to Bowley. “Statistical constants enable us *2 comprehend in a single cffort
the significance of the whole™. T
According to M.R. Speigal, “Average is a valuc which is rypical or representative of a
set of data”.

According to Clark and Sekkade, "Average is an atempt to find one single figure ©
describe whole of figure”. _
Importance of Central Tendency

Measures of central teodency or averagess give us
this value represents the entire distnbuuon. In this

2.1.2.
I) To Find Representative Value:
one value for the distribution and
way averages converl a group of figures into one value.
Collected and classified figures arc
Average converts the whole set of figures o just ene

2) To Condense Data: vast. To condense these
figures we use average. figure

and thus helps in condensation.

3) To Make Comparisons: To make comparisons of
distributions, we have to find the representative values ©
representative values are found with the help of measures ©

4) Helpful In Further Statistical Analysis: Many techmiques of statistical analysis like

Measures of Dispersion, Measures of Skewness, Mcasures of Correlation. and Index
Numbers are based on measures of central tendency. That is why; measures of
central tendency are also called as measures of the first order.

2.1.3. Properties of Good Measures of Cent

1) It should be rigidly defined. _
2) Its definition should be in the form of a mathematical formula.
3) i should be casy @ understand and calculate.

4) It should rerain unaffected by the extreme values.

§) It should be capable of f urther algebraic treatment.

wo or more than o
f these distributions. Thess
f the central tendency.

ral Tendency

e WY
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26 Dioviatistics & Research Methodology

6) It should be based on all items in the series.
7) Tt should be capable of being used in further siatistical computation or processing.
8) Tt should possess sampling stability.

2.14. Types of Average

In statistics, there are various types of measures of central tendency. Some of which can
be broadly classified as follows: ‘

1) Mathematical average, and 2) Positional average.

2.1.4.1. Mathematical Average

Mathematical averages are those averages which are calculated by taking into account the

values of all the items in a series. When values of all the items in a series are considered

in the calculation of average then it is called mathematical averages.

1) Mean: Mezn is also known as Arithmetic Mean (AM.). To calculate the mean,
summate all the observations and divide it by the total number of observations. Mean
is denoted by X | '

So X= Sumof all theobservations _ _z_,i
) Numberof observations N

2) Geometric Mean: The geometric mean of *N* numbers is defined as the “N" root of
the product of ‘N' numbers.” If all the values of a series are multiplied and then N*
root of the product is extracted, then the geometric mean is obtained. Symbolically:

GM. = §(X)x (X)x (X;) ... x (X,)

3) Harmonic Mean: The harmonic mean is the reciprocals of averaged numbers. It is
defined as the reciprocal of the arithmetic mean of the reciprocal of the individual
observations. Under certain conditions, harmonic mean is a better measure of central
tendency e.g., computation of average speed, average price, etc.

Mathematically, HM. = ——— "l' 1
—t—t — Fat —
X, X3 X Xn
Where, N = Number of observations; Xn= Value of observation

2.1.4.2. Positional Average
- Positional average is the average which depends on the position of the items, mather than

the values of the items. f

1) Medlan: When N observations are grouped and arranged in the sorting order
(ascending or descending order) according to Lheir values, then the central value of
the observation is known as median. It is denoted by M or Me.

2) Mode: Mode is the value of the variable for which the frequency is maximum and it
is denoted by Z or Mo. .

3) Quartiles: The measure of central tendency which divides a group of data into four
subgroups or parts, then it is called quartile. The three quartiles are denoted as Q,,
Q,. and Q;. . .

4) Declles: If the values of the observation in a data set are nm_mgcd in ascending or
descending order and divided it into ten equal parts by using nine points on the scale
of observations, then it is called decile. . _

5) Percentiles: If the values of the observation in a data sel are urrangt_:d in IaSCEI'IdJ.I}g
or descending order and divided it into hundred equal parts by using ninely nine
points on the scale of observations, then it is called percentile. -

r

Measures of Central Tendency (Chapter 2)
=1 L9
|-
e 1.
2.2.1. Introduction :'B"ﬂ
o

Mean is also known as arithmetic mean (A.M.). To calculate the mean, summate all the .-‘D‘
i

4
observations and divide it by the 1otal number of observations. Mean is denoted by X >}

% - Sumof allobservations 22X
Numberof observatims N [

So.

According to W, L. King, “The arithmetic average may be defined as the sum or :E’j

iw

sggregate of a series of items divided by their number”. *"P
T 0 “ 43
For example, the arithmetic mean of the four numbers 32, 40, 44 and 36 is given by, e
R 2HA0+a436 152 Yy
4 4 N i_.l_'
M Lo

22.2. Advantages of Mean <
1) Simple 10 calculate and understand. P
2) Some value is always determined, i.c., il is never indefinite. —~

¥

3

3) Can be used in other algebraic calculations.
4) N(EI need of sorting or arrangement (ascending or descending order).
5) Itis stable and not affected by the variation of sampling.

=T

223. Disadvantages of Mean
1) Mean is greatly a.ffu.!&l"‘by the extreme values. For example, mean of 3, 7 and 200
155 70. I.ien:. no value is present near this 70; hence this average is of no use.
omehmes mean may provide confusing impressions. For example. i i

3 ; , in a hospital,
per day av.cmge n!.lmbcr of patients admitted is 5.7. Here given infgnmtiun is uﬂcl‘u!
but doesn’t provide the actual item because some values
expressed in fraction or decimal,
3) The tm.-an mnm be predicted by just inspecting the sample item.
4) I asingle value js missing. mean cannot be calculated.
5 In case of open-end classes, mean cannot be calculated.
6) Graphical representation of mean is not possible.

=2

)

 f)

f:

are of no use when

1

[

v =

SIS

2.2.4: .@pplicntion of Arithmetic mean

;l AJ'ET.]'I.m:I.!c mean !s used 1o measure the standard deviation,

3) Al?lhmcuc mean is used in the construction of index numbers.
) Itisalso used in the hypothesis testing,

22.5. Types of Arithmetic Mean

are two types of arithmetic mean:

Types of Arlthmetlc Mean —l
Simpl._-. (or unweighted) -
Arithmetic Mean Weighted Anthmetic hhﬂ:\
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226, Method of Calenlation of Mean
The methab (o paleilating prithemess mege cuy preemiling tn viriome typee of ey

euch pe
19 Onlowlation of Rrithemsic WMege  Iadridus! L

2 Oslevlation of Asithetic WMegs - [hacrsts Gevine (1 lnpemped (RN
T Calcvlation of A rithmety Rlege | petrmienn Lt ﬂq.d e

2261, Cslculstion of Arithmetic Mean - Individual Serfes

The methind: vasd gy m follows

1} Dhireet Medhnd e diwy methed of caloulating aritmetic mean 0 the

indrvidus’ s imenives the [odiowing s
Wﬂrwﬂm*dhm!-ﬂfmﬂﬁwn}c-khh

cane of

denntad by IX
i) Divade fae yom vadee (LX) by e pumber of cheervanioms (N) i e,

L - - . ¥
i,‘;“: X, L,:ﬁ
N N

Fammple 10 The werd’y wage of § workens by as given below:
11%0, je, 1430, 1370 and 1450

Find sltenrts mess

Solpher ( meputation of Arithmetic Mean
T Seral Namber Weekly Wages (in Rupen]
_E - 1Y
S ] 14w
[ |!,_~'I
I 4 | %
— 3 1 1480
T Y 1 ba Rl ]

med mean of the data This sssumed valee bs
x .wu-muudmmi

i) Subtrect pssumed mCE0
i) All the Gevistions e sdded

iv) Aﬂﬂyﬁi“mi
p- é
X=h~ N
w”%‘ " mess ; A = Assumed mesn
= Number of jems

Za-mdﬁr*““"‘"- N

Luw dets — 1 s |
u the fu r‘f:fq_;,‘; (2 | 22 ] Zan 210

weal fiu
wz’c“k“l‘-—“—-r— TR 201] 2
' 20l 2yl iT_,"c[';_. e |18 135 Jes 132 )

Yeurs % Ts 151

Nimpniemy Af  prtenl Vomlimey 1 g !
=

Calsrtlenm: | ot ihe girvrmst magn e § = 0

Foars | Ptesof Mer (X) | f2(X - M)
- B J
| i m L -0
i L } n "
[ " [T r —
{ “ — Lo f
T '
I & l_\ ——— __..n |
! i | " TNl
/ ' — 4
| e ] oY "
f — '
gt . - —
* S S 3 — --‘__ -
! "o | "
p— o ——e - I— > -
| we F 1
—h —— —_—— i
L ' i 7 v
— —d — -
-4 ol =50

- 4 50
".A.L-.‘ﬂ.L—.m.‘,'!‘
N 10 |

1242 Caleulation of Arithmetic VMesn-Diserete Series (Ungrouped Data)

The methods used are as follows
Direct Method: In the discrote senes. he wum of items i determined by multiplying

1
esch value with the reepective froguency. The ralues gof affer multiplication e
totalled up. To find the arithmetic meas, wwtal valse v divided by (he total nember of

items. Following are the steps which ere imwolvesd 0 the calculation of mean:
1)  Multply each ttem by its froguency. denoted by (X

1) Add all the X, denoted by (L),

111) EIX is divided by the total sumber of fems.

- ¥

Where, X & Anthmetic mean;

X = The sum of prochucey;
If = Total sumber of tems.
Example J: Find average wages of 10 workerx:
[Daity Wageta ) 14 8 [0 11 ~1& | Toead |
[NoofWorkern |2 (1 14 (2 1 110 |
Solation:
! Duily Wage ()| No of Warkens ) gy
n I 2 1 —1
| . [ i | [ |
= 1 | 4 [ W |
I 1l i : T2 ]
14 | [ ! 4 !
Tutal I Ifal0 [ X |

Yix s
ic ¥ W = = — =09.00
Arithmetic Mzan (Average Wage) Y 0
3 Shart-Cust Method: For calculsung the anthmetic mean by shert-cut method 0 2

discrete serics the folluwing steps ue ke
i) Aay uhnm;hnmuummumn!mdmmmmv-h;:
dwuuwuunuamsnmnrnbmumggm = Auumed men).
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making the ealculation eacy, the asrumed mean should be close 10 the middle of

the fregrency distadstion
1) Subtract memumed mean from each valoe of the observation (d, = X = A)
t11) FEach value of devasnon o multiplind by its pespective reguency, denated by (1d,)

iv) Fallowang is the formuls whech is used for the calculation of anthmetic mean

—_ ‘-f{f v 12
- - 2= - !
X= A E}-L o A .\_T

Where, i = Anthmene Mean

A = Assomad Mean
¥4, = Tewal of deviations multiplied with the respective
frogquencies
I¥ = Towal of frequencies (W)
Fxample 4: From the following frequency distributions find out the mean weight of
the 100 pemsar
Weaghramig ) = | 65 | &6 |67 | 68 |62 70 ] 71 ] 72 [ 73 |
"Noo Prrsons 115 | 13 185 T20j11]J7 J6 |3 2]

Solotion: Let pesomed mean (A) = 65;
Shart-<ul Method
| W& t= by (X) | Na of Perwons i) | Deviation id )= (X - A) ’ fd, ’
| ol ! 15 | -4 -
! (5] ] 13 | -1 [ -39 ]
| [ | 18 | -2 | -3 |
i 67 ] E] | -1 | -5 |
/ 65 (A . 20 | n | 0 |
[ ] 1] | I | 11 [}
{ 70 / T | 2 | 14|
[ 71 | [ ] 3 / 1|
/ 72 { 3 { 4 | 12 |
| 73 i 2 | 5 | [
i If e 107 | | o, =75 |
Feaells _ g 172 _g5-075=6725Ke.
3 ¢ o
Series

22.63. Calculation of Arithmetic Mean -
(Grouped Data) oo
methods used zre 23 follows: )
;hmummmm,mmMcmmammmum

following steps ere teken: )

i )D Fuﬂ!mid value of each class-interval is determined by adding the If:m'cf and
upper limit of each class and dividing the total by two. For exzmple, in a class
intervel say 0 - 10, the mid valuc is 5.

=16'/2=5} (This is denoted by X).

[oua

2

ji) Multiply these mid values of each class with the respective frequency of each
words X will be multiplied by 1.

class In other
iii) mnp.ﬂmgpvdud:mdomm

Aleaanre? of Ceptral Tendoney (€ hapior )

jw) LI is divided by the sum of the fraquanciss j o If
e mean prefits

P,
zr
AH) AN A0 BT T ]
0 7%, |

v) Apply the formuls: X
Fuample §: From the following find out th
rample 3 T s
| 3 | 26 | n

[Profits per Share () [ 1102001 200 V061 | VA, 46
[Numberof Shares | 12 | 20 | 18 | 30
Solutlan:
Calrulation of Mean
Profity ] Mid-Point " No. of Shares j © J
x) o
[1im-2m | 150 | 12 | n |
20030 | 250 i n [} “wrn |
I‘_w‘mm [ 30 ] [ | 6wn |
[0 =0 | 450 | 39 | EE T
[ S04 | 550 | EF] | 17em |
[ e300 ] A50 | 26 . ||
[ 700500 | 750 | F=] 1 1awm |
{ =160 | IrX = 77600 |

The average profit is T485.

2) Step-Deviation Method: For calculating the arithmetic meaz by stzp-deviation
method in case of grouped series the following steps are taken:
i) Find the mid-point of each group or class, denoted by X.
ii) Any value may be taken as an assumed mean of the data (A = Assumed mean),
iii) Subtract assumed mean from the mid-point of each class, decoted by d, = (X - 4,
iv) Deviations (d,) are divided by their cammon factor (i) and siep deviation ig

determined for each class-interval
d
) ]
Thus, ' =~u
i
v) The step deviation of each class is multiplied by respective

* class to find the rotal value Efd".
vi) Find the total frequency, N =ZIf.

Use the formula:
- AN
X=A+ T xj

Where,
X = Arithmetic mean,
Ir

A = Assumed mean, .
¥ fd’ = Total of product of step-deviations and frequencies;

Total number of frequencics;
i = Common factor in x or in d,
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227, Weighted Arithmetic Mean
I fhr coomoemx mudes, wephtod anthmetic mean plays a very smportant role. [n'h.'
mmmrdmmmm.lmmmpﬂmmﬂm'hm
relatve inporience = O pTRD The relative importance of vanous items in a distnbution

vely more important than othens. For cxample,

mytrﬁ.-.'ism_-mmnthdm
e al:uu:mcﬂpm&mdlfmﬁly.unmhitcum;mpvequﬂu:w‘l:u:ta
differ e of fxmdy expendinure. The family may give dufferent imporuance o the

-mmmmﬂa*;wmmﬂmﬂdyc:mmisMMMim
They fuay give mor meldmmnmqmtadm.
Fence wgnwxuwhmmdm;mm:vnhmt imponance.

Methods of Calculstion of Weighted Arithmetic Mean _
1) Direxd Method: The following steps & tzken in the calculation of weighted
anthemeus eeas by doect method
tduduapdy sure of G vanishle (X)

pruducts
1) Dyvade tire el by sum of the weights
11 Followsny formuls i used for the calou

and their respectve weights and sdd vp the

lstion of weighted arithmetic mean:

Whete, i. = Waghted anthunclc mean
W = Weights,
X = Thc vanable
7, Short-Cut Method: The followiog steps &€ (ehen in the calculstion of weighted

srithaneuc muean by shon<ut method.
1) Apy value may be lmhon &) B RSSUN

Assumed mean )

ed weighted mean of the data (A, =

Afssemvrme of U parey] Tombency (Chapres )
n

) Sobract seenmed mean froom 2ach value of the nbaervation (d, = % - A )
= - -

il Fach valoe of devistinn s mmltip! 1 {
ined then slilad op Z ™y RS T Samptn s

1) Following is the formuls swhich is yesd in the calenlation of weighted srithrmetic

mean
w
f,-A. . .{_'
w
Where,

Xe = Weighted arithmetic mean-
As = Assumed weighted mean
LWd, = Tatal of deviations multipl i
N plied ath the respecti -
IW = Touwl of weights -

Example 7: An examination wa held 1o decide the yward larshrp

. of 3 scho .
weights given to the vanous subjects wers &ifferem Omly three spplicanss 'ort
scholarship obtained over 7% rmarks i =ach subtect The murks were 13 .":I!rrlvr

[ Subject | Weight | Martsof A | Marksof B | Martsof € |
Sanstcs | 4 | a3 | 53 | 4 |
Accountancy | 3| At i AS | 7 ]
Economics | 2] b1 | | 57 | 5; —r
Mercantle Law | 1 | 72 | I

| 72 i i - |

Of the candidates the one the b
o sbouid g6 ie? grmung ghest marks s to be awarded the scimlarsinp,

Solution:

Subject wn._;ati_m.u | Markaof8 | Marmsof C

W IX! wx 1 X, W, X w ]
Statistacs | 4 ns :m‘ 54 Iz m *-:' |
I[_;ccmmh.nn i' ] = 197 s 194 72 :}s |
COROMICY 3 " 118 57 ! 0
[Mercanale Law! 1 72) 7299 l?i: .3: ls.J::iF
[Tow IW=10] IWY, =800 IWX =62  TWY, =45
Weighted Mean of A. X, 2% _si0_ Marks
. E T
o o wX,
Weighted Mean of B, X, =2 2820 _cvpe
. E:“ 10
Weighted Meanof C. X, = X 22 Ak
Ye w10

The Weighted Mean of 'C u the hughest: hence be is entitled for scholarship.

228. Combined Mean/Grouped Mean

I the means of two or more

han two sub-groups or different samples from the same
‘vene along with their numbers are given, then a combined mean calculated
“ith the help of following formula ! ! o m“

Combined Meas (X) _NIXGHNGXG A NX N X
N|+NI1’N1—-.....!‘N.
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M
Ny, Nj Ny are the frequencics of different groups and X, XXy

arithmetic means of these groups.

Example 8: An analysis of the average speed of the

and B, gives the following results:
Transport Company A

593

525 °

buses in two transport companies A

~umber af Buses

Averngr § Km'h

Find the combined average speed.

Solution: Combined Average Speed in the fwo transport companies would be,

-f EN’E +N=‘x_1
12 __J___N, TN,
= the pumber of itc-m.i in the two scries

Where, N and N
y = the mean of the w0 series respectively

X, and X
X,; = the combioed mean of the B0 series.

Given, N, = 595 and N = 645; X,=525md X, =475

Substiruting the values,
(595x52.5)+(645x475) _ S18T3 _ g9

Combined AverageSpeed = 95 2608 1230
2.3.1. Introduction
ged in the sorting order {ascending or

Whea N observations are grouped and amman
descending order) according 10 their values, the
known as median. It is denoted by M or Me.

n the central value of the observation is

So,
™
M:(.N_;'_I-J observation.
median is that value of the variable which

According to Prof. L R Conner, “The
g of all values greater and the

divides the group into fwo equal parts, one part comprisin
other all values less than the median®.

and Cowden, “The median is that val
ms are equal to or less than it

According to Croxton ue which divides a serics 50
that one hall or more of the itc and one half or more of the

ilems are equal Lo or greater than iL.”

2.3.2. Advantages of Median

[) Itisunaffected by the extreme values.

2) In case of individual observation and discrele m.hhmymmmmdcaleulm.

3) It can be used in other algebraic calculations and also useful during calculation of
mean deviation.

pMeasures of Central Tendency (Chapter 2)

4) Afier sonting the values of variable, it can be located by inspection.
5) [iean also be measured by using *graphical representation”.

& Median of open-end classes can be measured.
7) Medianis clearly definite in nature i.e., it is always clearly defined.

2.3.3. Disadvantages of Median

1) Sorting (ascending and descending order) is necessary for the calculation.

2) ltcannot be used to measure the combined mean of two or more groups.

3) When sampling is fluctuated then median also gets fluctuated (affected more than mean)
%) Itis not based on all the data samples. It is a positional average. : '

23.4. Applications of Median

The median can be used (0 understand the fearures of a data set when:
1) Observations are qualitative in nature.

2) [Extreme values are present in the data set.

3) A fast estimate of an average is desired.

2.3.5. Method of Calculation of Median
1) Calculation of Median - Individual Series

2) Calculation of Median — Discrete Series {Ungrouped Data)
3) Calculation of Median — Continuous Series (Grouped Data)

235.1. Calculation of Median - Individual Series

In case of mc‘tiw'du:] series, the following steps are taken for calculating the median:

1) U the given observations are not arranged in ascending or descendin un:lis: f
magnitude then it has to be arranged for calculation. . A

2) _Local: the middle value:
) There will be a single value in the middle which is selected as madian when the

number of ohservation N is odd. Mathematically

th
Median = Value of (N; IJ items

Example 9: Find out the median of the following items:
. X : 10,15.9,25,18

Solution:
Computation of Medlan
§.No. | Sireof Item Ascending Skre of [tem Descending
Order (X) Order (X)
1) 9 .
2) 10 y ﬁ
3) 1§ *—— [Median] ——= |5
4) 18 10
5) 25 9

. ’ N+1)T "
Median = Bl J+1) .
an Sm:ur( 2 J item = Size of [—2—] jtem = 3™ item = 15

In the above example the number of item
Iocitiog the widdla ftem and fix v.ju,:_l s was odd so there was no difTiculry in
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5 P
i) I N is even, there will bhe two middle values, (-—2—-) und(—f-ﬁl] . The

anithmenic mean of these two middle values is taken as median. That is
v N -
tTJ \-ﬂuul-_.-e I] value

Median = =— =

Example 10: Find out the median of the following items:
X : 121892

Solution: Computation of Median
S Na Sire of Item Ascending
Order (X)
n 2
2 12
3 18
1) 25

Herz. N = 4 which is even, 50
A N )® o s \*
(L] valucq-(‘iq-l) value (E) vnluc+(5+l] “l"_'e
2

-

Medizn = > ‘
_Z‘vdue-i-]“’v:lu: 5
- 2
=12+13=3-_0_=IS
2 2
2352, CalcnhﬂonofMedinn—Dlsa'etz Serles (Un.gmuped l‘_)atn)
hmeddmmm:fnuwingmpsmupnfpralzmhMgmcmﬁm;d 2
I)U:htgivenobsmnﬁummnmmgedmm:nmngordmcn g order
i 'lhuwbcm-mgﬂdfuruludlﬁml

total ie., » f=N.
2) Calulate the tota] frequency. ie~ 3 —

3) Qhﬂﬂﬁemuhdnﬁuqmyfmgcnuﬂ.lmlhmtype.

ascending onder). .
4) Locae tl:: medizn by using the following formula:

N+l "
Medizn(M) = (—2-—) valuc,
(Where, N=2 )

th
N+l is selected as
for which the cumulative frequency includes [ = J value, is s¢

[

The value,
Example 11: To find the median of the following distribution:
I 2 3 | 4 5 6
lx ; 12 16 19 20 25

Measures of Central Tendency (Chaprer 2) 1
Salution:

X r Camulative [requency

| L] A

2 12 an

p) 1] 3%

4 &= Median 17 53 «— Cumulativz freruency of median
3 20 75
& 23 100
N =100

: N+1\" «17*
Nuwmodlnn=\falu¢of(—_f-‘) ium:Vuuof{[[ﬂz 1] item or, Value of 50.5°

item. This value lies in cumulative frequency (55) for the value 4. 50, Median = 4.
2.3.53. Calculation of Median — Continuous Series (Grouped Data)

In case of cobtinuous scries, the following steps are taken for calculating the median:
[) If the given series is in inclusive form then it has to be converted in exclusive form.

2) Calculate the total frequency,
]
N= Zf and median number[-;i] value
If the data is arranged in ascending order, thea calculate ‘less than' fype cumulative
frequencies.
Calculste median class with the use ofm=%. The class in which median falls is

J)

4)
called the median class.
5) Median can be calculated with the use of following formula:

Medim:[MJ=L,+l'};cxi or M=L,+El__—cx(L:—Ll)

Where, M = median, m = median number = N/Z,
L, = lower limit of the median class,
L, = upper limit of the median class,
[ =frequency of the median class,
i =Ly-L,=width of the median class (Class size).
¢ = cumulative frequency (less then type) of the class preceding o the

median class,

Example 12: Find the median and median class of the following data:
Class-Interval 15-25 | 25-35 | 3545 | 45-55 | §5-65

Frequency 3 H 18 15 0

65.75
3 |

Solution:
Class Interval Frequency

15-25 5

25-133 10

Cumulative Frequency

5

15 « ‘¢’ cumulative frequency of the
_class preceding the median class

35-45 «— M, Class 1B =1 | M e Cumulative frequency of median class

45 - 55 15 49
5565 0 49

65-75 3 52
N =5l
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. N 51
Median number, m= ?=-5-=26“‘ element, and this value lic in cumulative frequency
(34) and class interval is (35 - 45). So the median class is (35- 45).

Here.m=26,c=15,f=18and L, -L,=10.

26-15
18

m-=cC
x10

x(Ly=L,) =35+

Hence, M=L,+
11 110

=35+—x10= —= =

8 a5+ T 35+6.11=41.11

Required median is41.11 and median class is (35 - 45).

2.4 MODE |

2.4.1. Introduction
Mode is the value of the variable for which the frequency is

by Z or Mo.

According to Zizek,
of items and around which o

maximum and it is denoted

“Mode is the value occurring most frequently in a series (or group)
ther items are distributed most densely”.

“The mode of a distribution is the value at the

According to Croxton and Cowden,
ly concentrated. It may be regarded as

point around which the items tend to be most heavi
the most typical of a series of values”.

Advantages of Mode

d and calculate, }
pection method.
tly occurs in the series.

2.4-2-
1) Easy to understan
2) Can be easily found out by using ins
3) [Iiisan actual value, which most frequen

4) Not affected by extreme values. _
5) Itis simple and accurate and can be measured in

determining the class limits.

an open end class-interval without

Disadvantages of Mode

1) Tuisill defined and in few cases it is not possible to find a definite value.
2) Not a good representative because it is not based on all observations.

3) In further algebraic calculation it is of no use.
4) It may be possible that there is no mode or morc

sample. .
Fluctuation in sampling effects is made to a higher degree than mean or median. .
Before calculating the mode, data sorting (ascending or descending order) is
necessary.

2.4.4. Methods of Calculation of Mode

) Calculation of Mode ~ Individual Series
2) Calculation of Mode — Discrele Series (Ungrouped Data)
- Continuous Series (Grouped Data)

o tastian af Mode =

2.4.3.

than one mode present in the

5)
6)

In case, two or more values consist of the similar maximum f
; : uency, on
which the modal value is and then the mode is said to be uldcﬁ:jd. Su)::h a ;;ﬁniogt.:::

called as bi-modal or multl-modal.

te: ]’ {443 l:lf d!iel‘ﬂ'ﬁ.ﬂiﬂﬂ II'IG!C -n case of indi d al obs
'h'ﬂ e: “IE TOCECSS 1 i iy observati & I
i I ] iy ] ations ¢ss ﬂl.lﬂjly

2.44.2.
In the discrete series the mode is the value which has highest frequency. If two or more

values have the same frequency or distribution of frequency is i

v is irregular, the
be determined by the method of inspection. “ " o et
Emsirlgﬁon. a grouping table and an analysis table is to be prepared ta find out the value

e. First we prepare grouping table and thén an analysis table. The followi

taken for calculating the mode: ¢ e
1) A grouping table is prepared with 6 columns.
2) The size of the item is written in the margin.
3) Frequencies of the respective items are writte
marked.
In column 2, the frequencies are grouped in twos by adding 1" and 2™ 3" and 47,
and 6® and so on and highest total is marked.
In column 3, leaving the first frequency in column land th
grouped in twos by adding 2! and 3%, 4% and 5®, 6™ and 7"
total is marked.

4) g

3) e rest frequencies are
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Example 13: Calculate mode from the following data of income earned by 10 employees: E

Calculation of Mode - Discrete Series (Ungrouped Datn)

T
“m
T
1S

and so on and hughest

b-.

Measures of Central Tendency (Chapter 2) .—-
39 -

b e e e et e o 0

:3:: ;:;:lxrring the mazimum number of times. This vnl,uc'ir:f:l:ﬁcgml:: :‘n:;;cnzg i: :}':;:,

[ S.Ne. | Income(in¥) | 8. No. [ Income(in¥) |
T I T 7 Bz
e W
2‘3 ._ -
[ 4 ] 18 | 3 JJ :: # ::
L3 [ 27 [ 10 | 37| ([ —
Soluation: [ Calc:[d- tion of Mode o
Income (in ¥) Number of Em ees ‘.T-
fl 10 | :E P II LE
15 | 1 AR
[ 18 ! 2 |r 4k
l 20 [ 1 ] +
[ 2 | 1 | 5
% f : ] ¥ S
I 2 [ i .' -
[ Total ] 10 ] y E-

Since the item 27 occurs the maximum number of times, i.e. 3, bence the modal income is 27. [-
| 3

J

=

n in column | and highest frequency is 1 &
- :

b=

Y



Fromeonoe g B Pamsom b Wlastooh bag

Ir enlome 4 ete=ting frwe the fivs Fmprmmc g of poloeme | Pa frmparmeiny s

prourer in treees b pddimg 17 0% pad T 0% € gt Y e‘,,-.u*,a-.fmm

mnd! highes e’ @ macked

71 In eolume S swrting freem e sscond fregeency (leaveng B first frogquescy) of

polnme | fmguences ome promped in Doy by alting 770 17 st €8 40 6% T,

5 0" and 10° and s v and Bipheet Vsl jo el e

B I colume 6 starting Feoe the amcomd Fragoes y (lesvieg e finst teo fragqoescies) of
colome | freguenciss e prosged it Brees by adling 17, 4% and 3% 6%, T and 0
e e wnd haphest veal 0o meaded

0) Aher compisting O proagwng of freguencies Lable, 1 snalysis table o prepared 1o

find pent the femem (proep) whch appean o e hiphest frequency. The came steps are

wpled 1z e cave of comtimvown e

L 3]

Exmmpls 18 Componr the oxde from the following data
S sl ¥ja }Js & |7 0
Proguemes LY 41 10 13 16 | 14

Selation: Dor 1 oopsle dastbwton of frequencies, we use the method of prouping to
Gecade winct onr my b comuadored a3 matimum frequency.

elwlulnln
w[s 178 (4 |1

Grouping Table
Valor of Dw Frequency or Sum of Frequencies
Virew (= i | 3 4 £ 6
. L
1
1 ' | } }Il 2
2 | - .2 3 n
b | 12 =
| t | 18 }” }" 42
| |
7 | 14 3]
¥ | 10 ] }:;
E [ Iall 19
T ¥ J 2
i ) ! }:z }15 30 .
11 |
12 & 10
| s | P
! 13 | 1 J
Anzivss wbie 1 & followy:
Analyels Table
| Colums Ne. | Surr of |ems Contelning Maximum Fr
I 1213 ]a]sel7(elo]o[br]12]1)
1 1
2 111
3 111
& 11111
2 11111
(4 11111
[(Noofltems (O[O 2 /3|8 (31 ]0]0 OO0

Since 6 oocurs meximum number of tmes, heoce the value 6 is the mode

[T o Ar,-m,r r...,[....,‘. T Feartne ]

2442 Calenlation of Mode - Continuons Series (Grouped Da
14 8 contintntrs series. dovmvrsmination of Mt PGS one w0 we ";::"1 ta) L
dscrete wrien Firitly, one has » find the moels! alaey My ;;,...,_, i *‘ = . N
wregulor distridtion” ihe mvefs] clyes 1 determipmmd by prenTen ’ oo o
analyie bles Finally il s odtained hy follorwing friemigl ,_ edan b
Moddaor 7«1, + ‘r_'m o it
Mo -1, -1,
Where,
L; = lower limut of the meetal clans
{. = frequency of the mesdal clasy
f, = frequency of the class preceding the mesfal olass,
[, = frequency of the class mecending the modal class
i®i(ly = L) = Width of meetal Class (class qrm)

Fxample 15: Following i the frency dinmitunen -=l'_v-.1~r_.'-.' =xpenditure of ) fgmles

[ Yearty Expentiture (in o 0| 035 530 [ 043 | 83D B iy
{.\'Il-ltrlﬂlﬂlﬂi | 3 | 818 | 14 n ' 1

Find the modal value

Solution: Here the class-interval (5 - 70) has the maximum f;
7 i freguenc 2
therefore, modal class 1 (65 - 70) WSS B

0 f, -
hq-&tmcmm:ﬂrmdwdumgd‘xfm!.;._ Hndc:.-:.,+_w;’—rl?-q

Here. L =65, (.=20,f,= 14, f,= [6andi=§:

Mode =68 o —20-14 xS s 65+ 2
2x20-14=16 10

Or Modal value = 65 + 1 = 768 thousand

The empinical relation between Mean, Median and Mocde is,

Mode = 3 Median = 2 Mean,

Karl Pearson has exprevsed this relationship as ft:Ik:w!:
Mode = Mean - Y Mean- Median)
Mode = 3 Medlan - 2 Mean

Or, Median = Mode + 23{Mew: - Mode]

E:-nnplc 16: Calculate the Median when Mean and Mode of Disziduton are 336 and
126 respectively -

Solution: Given, Mean = 1% S and Mods = 126,
2 ¢ 2
Median = Mode + [Mean - Mode] =326 + 3 (386 -326] =326 + 2 61=326+4
3

Median = 36 6
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Example 17: For a given st of val
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respectively, €a Jculate the median,

Solution: Mean = 28,16
Mode=24

Madian=Moade + —

ges of a variable, the mean and mode are 28.16 an

d 24

2 Mean - Mode] = 24 +% (28.16-24] =24 + % (4.16]=24+277

Table 2.1: shows the difference between Mean, Median and Mode:
Table 2.1: Difference between Mean, Median and Mode

Mean Median Meode
It is highly affectad by|ltis not affected by extreme values asin| [t is also not affected by
cxtreme values, case of mean. extreme values as in case

of mean.

It is based on all the
chservatons.

It is not based on all observations.

It is also not based on all
observations.

It is not necessary 10
arrange the observations
in ascending or

It is necessary to amange the dala in
ascending or descending  order of

[t is also necessary 10
ammange the dau  in
ascending  or descending
arder of magnitude.

descending order.
It is capable of further|lt is also capable of further algebraic It is not capable of further
algebraic treatments. treatmenL algebraic treatment.

Itis ill defined.

It is rigidly defined and
delermined.

It is also rigidly defined and detcrmined.

It can hardly be located

It can be located by inspection, afier

Tt can also be found out by

inspection. - N

arranging the data in order of mag d

by inspection. -

2.7 PHARMACEUTICAL EXAMPLES |

Example 18: The blood pressure (mmHg) reduction
administration after 4 hours. The stan

illustrated in table 2.2.

in 6 patients arc measured by
dard dose of a novel antihypertensive agent is

Table 2.2: Effect of an Antihypertensive Drug on Blood

Pressure Lowering In Six Patlents

Putlent

Number

Reductlon in Blvod Pressure (mmkHg)

1 20

25

21

M

41

o |un e | ea

37

Delcrmine the mean reduction or drop in blood pressure reduction in the 6 patients.

Measures of Central Tendency (Chapter 2) 13
Solution: Putting the values from table 2.2 into the
grithmetic equation, we obtain:

=

N
2% 20425+21434+41+37) _ 178
N =[ * * ﬁ =—‘-5—=29,67mmH’g

Mean =

Example 19: The effect of a defined dose of a painkiller to suppress pain following a
inful stimulus was calculated in 20 volunteers using a visual analogue scale. The
results are illustrated in table 23.

Table 2.3: Recorded Assessment of Paln by 20 Yolunteers
[ Paln Assessment by Volunteers |

No. of Volunteers i
2 | 3 (Extreme Pain) | :
12 | 2 (Moderate Pain) | ]
6 [ 1 {Slight Pain) | 2

Determine the mean of the pain assessment by the 20 volunteers. ;

Solution: This example defines that the three sub-groups describe different clinical
cffects and arc not equal in magnitude (weighting). The following equation can be used
to calculate the weighted average:

N

2 wiX,
i

N

Frandl SUEF S

J

Mean=

Where, X; =Dw§ fm@j:lloj:N. N = Number of data
w) = Weighting (frequency) of cach group or scries

i
= _{2x3)+(12x2) +(6x1) _ 36 1
N 20 "

Example 20: The adherence of the opportunistic i i
ampi Tene pathogen Candida albicans 1o 10 B |
Epithelial Cells (BEC) in vitro was calculated and is illustrated in table 2.4. e

Table 2.4: Number of Blastospores of Candida Alhlcans
Adherent to a Defined Number of Buec+ Epithelial Cells,
as Examined using an i{n vitro Method
Eplthelial Cell Number Nufnber of Adherent C.

Alblcans

‘Dn‘lﬂ'u;.u"_
— L]
ol alalalalm

10 ' 5

H &
nd out the mean and median values for the adherence profile of this pathogen.
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Solotion: Calculation of the Mean

-

X

= (240e0+624+2449464140)
Means £ o =

10

=952 Blastospores  of C.
albicam rr boccal eputhelial cell.

Calkulstion of Medlum
First we erangr the data in ascending order as follows:
000124660924

Find the meas of values (central value) of position § and 6. The calculated median is(2+
£)72= 3 afherem blastospores of C. albicans per buccal cpithelial cell.

Example 21: Using chromatographic methods, it is determined the concentration of
thezpeunc (mp'ml) agent @ 10 vials of parenteral product.
Table 2.5: Concentration of a Therapeutlc
Agent In 10 Vials of a Prodoct
Vial Number Concentration of
therapeutic agentimg/mL)
200
205
205
201
14949
195
202
205
205
10 207

O |oo|~a|on ] o | frd =

Fird out the mode of the observed concentrations.

mmmymhwmmumwdmucin the above data set; hence
this is the value of mods.

Exzmple 22: Determine the mean weights of the following tablets: 2
348mg, 350mg, 341mg, 356mg, 350mg, 359mg, 344mg, 352meg.

Solution: Calculation of Mean

M 342+350+3-%1+356;350+359+344+35'2=350

Thus, Mean = 350mg.
Example 23: The respiratory rates of 10 infants suspected 1o be suffering from acute

infection are given as {ollows:

53,52, 55,48, 54, 59, 46, 58,49, &)

Calculate the measures of central lendency,
Solution:

b

Mearures of Central Tendeney (Chagrer 2)

o Y
2) Median = { E—;-—l] in arranged weries

i
1) Mean= i :53+sz+55+43+54r059+4a+53+49+w :.5;"_;.,53_4
n

45

Armmanging the data in an order.
46, 4%, 49, 52, 53, 94, 55, 5%, 59,60

]
Median =(|ﬂ;l) value

h
=(H) value =5.5®
2

ie.. Average of 5™ and 6® value:

4
=”*25 =535
1) Mode = Mode dnes not exist

Mode ix the values which is mostly repeated or have the highest freguency. [n this
given problem, there is not repetition of any value, hence o mods exist.

Example 24: The total weight (kg) gain of 1S women at the end of 9* month of
pregnancy are as follows;

06. 08,07, 10, 06,07, 07,08,08, 11, 10, 10, 12, 14, 12

Determine the mean, median and also define the limitations of mean.
Solution:

P
) Mean=x=42t _ 137 9.1133
n 15

2) In l'his_m-ies. the most middle value is
ascending order as follows: '

06,06, 07. 07, 07, 08, 08, 09, 10, 10, 10, 11, 12, 12, 14 \

: n+1 - & &
Mﬂilm=(—] vdue=(15+l) vile=| 18 value = 8% value
2 2 2

the median. First we armange the series in

3) Mode = Most repeated value

The most repeat values are 7(three times) 1O{three G L _
“Bimodel” distribution. Both 7 and 10 are the ol f'( mes). Therefore, this is a ‘.\

I
2.8 EXERCISE! |
zlalll

ok Very Short Answer Type Questions v
t do you mean by measures of central tendency '
2) What is mean? - ' \
3) What is mode? |
4) Write the application of arithmetic mean,

5) Define median with suitable example,
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2.8.2.  Short Answer Type Questions

1Y Write the propertes of poad measures of central teadency

31 Dxplain the vanowm npe of average

T) Write the advantape snd dissdvantapes of mean

4) Fupluir the relanonschip hetween mean, median amd mode with example
) Wrre the sdvantapes and disadvantages for made.

28.3. Long Answer Type Questions
1) Explain the tpes of anthmetic mean wath suitable example
) Compare mean, madian and mode
3) Discuss ahowt the calonlation of mode and also give an example.
2) What 4o you mean by methad of calculation of median™ And write the example.
$) Find the anithmens mean of following senies:
[XTiw ][] ]
Lflsls|sie]3]
[Ans: Mean Salany: 4666.7]

€) Find out the median of the following items:
X @ 121898.25
[Ams: misdian =15]
7) The prizes (1o T) of the shares of a company over last 10 weeks were as follows:
232235229 2322240260 251 243 238 218
Find averape prace of share using:
i) Mem
i) Median
iii) Mode
[Ans: Me=an = 2378, Median = 236.5, Mode = 232]
E) The moathly income of 5 persons is 132, 140, 144, 136 and 148. Find arithmetic mean.

[Ans: Mean = [40]
median and median class of the following data:
¥ Fmij(;z-hnmsl : [ 15-25 [ 2535 | 35-45 |[45.55 } 55-63 : 55;75 I|
18 15 0
[ Frequener s | o
[Ans: Medizn = 41.11]

10) For the following frequency table calculate mean, median and mode:

Weekly |No.of PrrsﬂmJ Weekly [No. of Pu-samJ
Rent  [Paying the Rent] Reat (in ¥) [Paying the Ren
(m ¥)

200200 6 1,200-1.400

LN-50) 9 | 400 -1 6000 10

&0-800 11 1.600 -1,800 3

B 1000 14 1,800-2 000 7

1,000-1 2000 20

[Ars: Mean = Med = 1,100; Mode = 1.109.09]

i and
11) The yearly expenditure of 6 families og vegetables is 14000, 15000, 14200, 13000, 17000

14700. Find prithmetic mean.
[Ans: Mcan = 14650)

Measures of Dispersion (Chapter 1)

CHAPTER
3

3.1 MEASURES OF DISPERSIO

3.L.1.  Meaning and Definition

Distribution cannot be clearly depicted by measuring the averages or central tendency.
Averages provide the observations of only the central pant of the distribution. So, study of
scatteredness of observations is very important and this study is known as measure of
dispersion. The word *Dispersion’ literally means ‘fluctuation’, ‘scatter’, ‘variation®,
‘deviation”, or ‘spread”. So, measure of dispersion shows the variation of an individual jtem
from its average. It is also known as measure of variation as it explains the extent of
scanterness in an observation and it measures the mean deviation about some cenmral valye.

Dispersion is based on values from first order (the average or mean). So, it is known as

second order. Deviation is calculated by measuring the difference between mean and
acrual value.

According to A.L. Bowley, "Dispersion is the measure of the variation of the items.”

Acmn_:llng to Relgleman, “Dispersion is the extent to which
of the itzms differ; \hat is the degree of diversity™.

According to Connor,

the magnitudes or qualities

“Dispersion is a measure of the extent to which the individual vary,”
Ar!:ording to Kafka, “The measurement of a scatteredness of the mass of figures in a
serics about an average is ealled measure of dispersion ar measure of variation™.

3.1.2. Methods of Measuring Dispersion
The two types of methods for measuring dispersion are as follows:
) Absolute Measures of Dispersion: The measure of dispersion which is expressed in

terms of the unils of the observations (¢.8.. Rupees, Meter, Years, elc.) is called
absolute measure of dispersion.

i} Range,

i) Quartile deviation,

iii) Mean deviation, and

iv) Standard deviation,
2) Relnl_h-e Measures of Dlspersion: The measure of dispersion which is independent
: bout which the deviations are taken, is known as
relative measure of dispersion or coefficient of dispersion, There is only one relative
Measure corresponding to an absolute measure of dispersion,
i} Coefficient of range,
i) Coefficient of quartile deviation,
jii) Coefficient of mean deviation, and
iv) Coefficicnt of variance,

Fundamentals of ran

hapter ge and standard deviation have been discussed in detail further in the
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3.2 RANGE \ §

3.2.1. Introduction
Range 1s the simplest absolute measure of dispersion which shows the difference between

the highest and the lowest value in a senics.
Mathematically: R=L-§

Whers,
R = Range,
L = Maximum (largest) value,
S = Minimum (smallest) value.

3.2.2. Advantages of Range

1) Itis very easy to calculate and simple to understand.

2) lisrigidly defined. N

3) It provides the limit of data) within which all the data
jlems oCCur.

3.2.3. Disadvantages of Range

1) This method is highly affected by the extreme it
extreme values. . .

2) THis method does not provide any information about the structure of the senes.

3) Iiis affected by the sampling fluctuations. ) )
4) Rangeisnota reliable method to measure the dispersion.

3.2.4. Applications of Range

lications/uses of range arc as follows: ) .
?)ppln Quality Control: Control charts are prepared for checking the qualities of a

In this condition, range plays a very important 'rnlc. In case, range increases
beyond a specific point then lhgc checking of the-production n‘mchme. is ;m:{e:ks
2) In Share Market: Range is useful in the study of variations in s:hare an : m.inilmdm
3) In Weather Forecasting: The difference between the maxun;}n: §nf ot
temperature is generally found by the meterological department. Tlus inlo

useful to the general public.
3.2.5. CoefTicient of Range

measure of variation (coefficient of ran

is defined as:
LargestV

Cocficient of Range (CR)= ToroeqValue +Smallest Value

(which is measured from set

ems as it gives importance (0 the two

ge) is used to compare the series.

Relative

i f e
Coefficient of rang aluc—SmaﬂeSlVa]U3= L-S

L+S

3.2.6. Methods of Calcula!ion of Range
|y Calculation of Range - Individual Senes

2; Calculation of Range - Discrete Series (Ungmﬁcg I?:]ln)
3) Calculation of Range - Grouped Series (Group a

i ange - Individual Series
i e ol of % inglhc individual series, one NEC

To find out the value of range s
Mifference between highest and lowest value of the senes.

ds to calculate the

“standard deviation becomes larger. It is denoted by the small Greek letier @ (Sigma). If

Measures of Disperaion (Chapter 1)

Example I: Caf%late Range and its Ce .
. oefficient i
45,16 15,75, 8 28 o e ollowing dus

Solutlon: Here, Largest value (L) = 25, Smallest value (5) = 15
Range =, -S=85-15=70

. L-5 85-
Coefficient of Range » L2535 _85-15 70 _ 9 0 909

L+5 85+15 10

3.2.6.2. Calculation of Range - Discrete S

_Lal - eries ped Da

In dc:sc of m(:]w:d::al series, it can also be calculated by ukigg:;gr;i;ma oft:i}g}zn
and lowest value. In thi jes i i i

o loutaion n this case frequency of the series is not taken into consideration for

Example 2: Find range and coefficient of range from the following data:
X [5[15725[35]45]55
f 7 [(1a]asl10] 41

Solution: Here, Largest value (L) = 55,-Smallest value (S)=5
Range=L-8=55-5=50

, .. _L-5 55-5¢
Coefficient of Rarige = 115 5538 i;‘s:’—;:ﬂ.ﬂ or 83

3.2.6.3. Caléu]qtiqn of Range -’Grouped Series (Grouped Data) '

In case ofgrc_iuped series it can be calculated by taking the differeace of lower limirof the

Low;skli:lu&:m&ie;fvﬂ and upper limit of the highest class interval. It can also be measured
y g erence of mid value of the low i id v

b, b co lowest class interval and mid value of the

Example 3: Calculate Range and the Coefficient of range from the following data:
{X]10-20[20-30[30-40]40-50]50 -60[60-70]70 - 80]80 - 9090 - 100/
[r] 6 | 4 15 [ 24 10 | 3 [ 10| 16 | 2 |

Solution: Largest value (L) = 100; Smallest value (S) = 10
.~ Range (L-S)=100-10=90

Coefficient of Range = L-S_(100-10) _ 90 _ 7 or 82%

L+S (100+10) 110

3.3 STANDARD DEVIATION(S.D.

33.1. Introduction

SI-'lndan:! deviation is used to measure the spread of items in a set of observation. If all the
observation values are identical or distribution of items of a set is uniform, then deviation
of every value from mean is zero. When elements of the sel are more dispersed, then

X is the mean of X, X, =Xy, then,

0=J[%{x, fr[xfr}]1/zlﬁ—;ﬂ
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Accerding to Yule and Kenndall, “The standard deviation is the square-root of the
arithmetic mean of the square of all the deviations, deviations being measured from the
arithmetic mean of the observation.™ 1

3.3.2. Properties of Standard Deviation

1) Standard deviation is always positive. _

2) Standard deviation will not change if all the variables are summated with the same
number.

3) I researcher multiplies the variable with the same number, then the output received
will be multiplied by the square of that same number.

4) In case of multiple distribution (with same mean and known standard deviation), SD
can be calculated as:

i)  if samples size are same

14,400

N
ii) if samples size are different

al+a
O=

g [k,a? + k; 0} +...+k, 0
k +k ++ky

333. Advantages of Standard Deviation

1) SD.isrigidly defined and considers all the observations for calculation.

2) Itcontains various mathematical properties and is used in algberic calculation,

3) Combined S.D. can be calculated for two or more groups.

4) Compared to other measures of dispersion, standard deviation is less affecied by
sampling fluctuation,

5) Ttis used to calculate coefficient of variation.

3.34. Disadvantages of Standard Deviation

1) More complex to calculate and understand, compared to other measures of
dispersion.

2) Distance from the mean decides the weighlage of the element. If distance (From the

mean) is more, then it is given more weight and if distance is less (from mean), then
that element is given less weight.

1) Calculation of Standard Deviation - Individual Serjes
2) Calculation of Standard Deviation — Discrete series
3) Calculation of Standard Deviation — Continuous Series

3.3.5. Methods of Calculation of Standard Deviation

v

33.5.1. Calculation of Standard Deviation — Individual Sefies
There are two methods of calculating standard deviation in an individual observation or
series: '
1) Deviation Taken from Actual Mean: This method is adopted when the mean is &
whole number. The following are the steps:
i) Find out the actual mean of the series.

ii) Find oul the deviation of each yalue from the mean {d,orx =X - X ).
iii) Square the deviations and take the total of squared deviations T'x*.

Measures of Dispersion {Chapter 3) 51
W) Divide the toul (Ex’) by the number of observations, Th
quotient is standard deviation, Thus apply the following fo

U=F_N‘_: or 1;2&;3):

€ SQuare rool of the
rmula;

This method is
Taking deviations from
. To save time and labour,
m an assumed mean. The

we apply shont ey
following are the steps:

i) Assume any one of the item in the series as an average (A).

ii) Find out the deviations from the assumed i
mean; i.e., (X - A
iii) Find out the total of the deviations; i.c., ¥d,. (X = A) denoted by d,.

iv) Square the deviations; j.e.,

df and add up the squares of dev
V) Then substinyte the values

in the fallowing formula:
U-.I‘-;i‘.l - (Zd- )’

iations, ie., Edf .

N N
Where

d, stands for the deviation from assumed

mean = (X - A),
Example 4: Find 5.p of (1) 8, 10, 15,

24,28,
Solution: Let the assumed mean (A) = |6.
Calculation trom Arithmetic Mean Caleulation from Assumed Mean
ration from A
X[ a=x-a d,
81 ] -3
[
49 10 -& 36
4 15 -1 1
49 24 X
121 B2 T w
h = M L] Zd. = WM
rom Arithmetic Megn .
- X
X= N tEsian
ﬁz 2! (X -X)
- 1
-] N or -——__.__Z N = 5:4304:46_63:7.8
From Assumed Mean

Let A (assumed mean) = | §

o= ’za: __(}_‘,d, " e sy I l60s
N <t _N__] - _3_"[3] =¥61.8-(1)! = o0 g =74
. Nnu:umclma.lmean" i
. 15 in fraction, then it j iati
h aveiding ko ]a:nu'en|tubcl1c.r'.nuk:dcv1mnm from an assumed

335,

Calculation of g .
ﬂ-rﬂgl‘uupei:l Data) fandard Deviation - Discrete Serjes
© &rc three methods for i
1 calculatin standar iati disc i
) ;‘:ﬂml Mean Method: It includes the fun:u;‘;,“?::n in discrete series:
culate the mean of the series. 8 steps:
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Biostatistics & Rescarch Methodology

ii) Find deviations for various items from the mean l.¢., (X~ X)) = ds.
iii) Square the deviations d,” and multiply by the respective frequencies (f). We get

fd,’.
rfd,’

iv) Total the product (Efd,”). Then apply the formula 0= i

Example 5: Calculate standard deviation from the following series:
25 [3s[as[ss[es] °

Age (in years) | 15
No.ofPersons | 7 |25 20 (1611 | 6
Solution Calculation of Standard Deviations
Age (X) | No. of Persons (N n d, = (X-X) fd,’
15 7 105 -2 33188
25 25 625 =12 3600
35 20 700 -2 B0
45 16 720 8 1024
55 11 605 18 3564
65 6 %0 24 4704
Tr=85 TIX = 3145 ¥1d,’ = 16360

1
S 2. S0 Sy ) DL Ay LA PR
X >f 85 2.f 85

1' 2) Assumed Mean Method: We applied short-cut method in individual observation.
Similarly we can apply it in discrete serics also. Hmdcvialiqmmukcn.notﬁomdz

| actual mean, but from an assumed mean. It involves the following steps:
i) Assume any one of the items in the serics as an average and this is called

assumed average and denoted by A.

ii) Find out the deviations from assumed
iii) Multply these dcviatii;:sziay the respective freque
iv uare the deviations (d,"). )
\-r}]| ﬁu.lﬁply the squared deviations (d,’) by the respective frequencics (0 and get £fd,.
vi) Substitute the values in the following formula:

- zrd’_[zrd ]’ Where d; =X - A

e

Example 6; Find the Standard Deviation of the following series:

mean, i.e.. (X - A), and denote it by d,.
- ncies and get the Zfd,.

X J10 Ju1 |12 |13 114 Total
[:D 4 6 122 |14 6 [62 )
Solution: Let the assumed mean (A)=12.
_Calculation of Standard Deviations :
X i d.=(X-A) | d' 1d, fd,
i 10 4 -2 4 -8 16
| 1] 16 -1 1 - 16 Lﬁ
i 12 22 0 0 0 g
13 14 1 1 14
14 6 2 4 12 :.:4
Total | ¥I= 62 Tid, =2 d, =70

Measures of Dispersion (Chapter 3)
53

=J1.13-0001 =1.06

3) SlepDﬂhtlonMdhud'Hmwemlc common
lep : ] factor for all the itzms of ]
this mclhodlhcca]cuiauonbmmcasyzndsimp!c. The formul;for l.’:?s ::E o '
oo |20 (211
S =] xij
Ir If
X-A

Where, d| = i = Common Factor.

4
N
3
v
i

Example 7: Find the Standard Deviation for the following distibution:
[xrufn.s.fzu.l:sufu_sjsu]aﬂ '

Lels 13 77 118 J1s |9 1+ ]

Solution: Let the assumed mean (A)=34.5.

5 - Calculation of Sl.l.nd.l.rd Deviation
L l / = X-4) / d;=(5) / W | ray
[4s | 5 | | -

. -30 - -
[H45] 3 7 -20 | -23 .‘, -:ss .iJ ::j _fi
[as] 771" | 1 [ -7 ] 7 ]
(345] 18 | 0 ] 0 [ o | 0"
(s 14| 10 ] I | 14 ] 14 _;‘I
[S45] 9 | 20 | 2 | T 36 |
[6i5] Irdw ] 30 | 3 [ 12 ] 36 ]
| [T=e] | [ £td,=16  xrd;)'=15]

f(a:): ra:)' ¥
- [ G
=v2.5-0.071x10 = 1.56 x 10 = 15.6

335.3. Calculation of Standard Deviation - Continuous Series

(Grouped Data)
II:]he continuous series the method of calculating standard deviation is almost the same
8 in a discrete frequency distribution. But in a continuous series, mid-values of the class
Intervals are to be found out. The step deviation method is widely used.

Itinvolves the following steps:

1) Find out the mid-value of each group or class.

2)  Assume one of the mid-values s an average and denote it by A.

) Find out deviation of each mid-value from the assumed average A and denote these

p deviations by d,.
) If the class-intervals are equal, then take a common factor. Divide each deviation by

the common factor and denote this column by d,”.
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&) “«.‘_:.1 the devistions and pet d,”.
7 Mal

al u“

the total

£)  Muluply these devianons d,’ by the respective frequencies and get 11d,".

st 'i"'d'd.

| ¥ H
[£14} [:rd; ] .
f -l —)] xi

£)  Schsttuie the values in the following formula to get the standard deviation.

™Y =1 T
Where, d =l‘;A.i=Cmm!ulor
i
Ex=mple 8: Find the S.D. from the [ollowing fgures:
| Height (Tncbes) 4435 | 2648 | 48-50 | 50-52 | 52-34 Total
| NoofChildren [ 5 [ 25 28 2 5 &5

Solution: Lt A (2ssumed mean) =49

Height | Mid-point|No. of Chlldren|d, = X -49]d,’ =72  fd" a,;

(nckes) | 0 0

a5 | 45 5 -4 -2 =10 20
=a | 47 25 —2 -1 —25 25
2550 |49 28 0 ] 0 0
sos2 | Sl 22 2 1 22 2
28t | 53 5 4 2 10 =
Tol | TI=8S T 1d, =—3|L [d," =87

\’{Z;d, ) [%H,i: g_[;_:r 2

_ F395-9),.5 ’7386x2=1_01x2=2.02
W 7225 7225

iy the squarnd deviation (d,”) by the respective frequencies (f). Then obtain

3.4 PHARMACEUTICAL PROBLEMS

Example 9: Calculate Range 2nd its Coefficient from the following data:
54,45,16, 15,75,85,28

Solution: Here, Largest valuc (L) = 85, Smallest value (S) =

Range=L-S=85-15=70

L-=§ 5 85 15 TD

L+S "85+ 85+15 “100

Example 10: Find range and coefficient of range from the following data:

5[ 152535 [45 )55
r |7 ]1ajigfmw]| 4]

tvalue (S)=5

Coefficient of Range = =0.7 or 70%

Solution: Here, Largest value (L) =55, Smalles
Range=L-5=55- 5=50

L-5_55-5_30_0850r83%
[,+S 55+5 60

Coefficient of Range =

laicden il

e

Riostatistics & Research Methodalogy T searuret of Dispervion (Chapter 3)

paample 11: Find the standard deviation of €0, 85, 45, 74, 56. 42, 9% and 76

Solution:

Calculation of Standard Deviation :
[ x |[x-%| x-X* |
| &N | -7 1 49 |
| 85 | 12 | 12 ]
a8 | -22 | 224 |
IET 2| 49 J
| s | -1 _| 121 |
[ a2 | =25 | 625 |
| o8 | 31 | 1 |
[ 75 | 9 | ] |
[1x=5%| | Tx-X) =253 |

— 6
Mean (X) = zx 53 =67

]IZ(X X’ {269" V33675 = 1835

Example 12: Calculate the standard deviation from the following data
Marks in Economics | 10 | 20 [ 30 [ 40 |50 |60 | 70 0] 90
No. of Students |26 ]9 [12(15|% 1|97

|
J

Lol ”m = /375 =19.36

Solution: Calculation of Standard Deviation from Actusl Mean
Marksin | No.of Students [+3 I dy= (X - g,! rd,*
Economics n
[1.9]
10 2 20 |  -35 | 0%
20 6 120 | —3s | 710 |
S0 9 27 | -2 5625
Vi 12 450 | =15 2700
50 15 -~ 4 750 1 -5 375
60 29 1740 | 5 715
70 11 770 15 2375
80 9 720 25 4625
20 7 630 15 E573
Ir=100 IX= Ird,'=
LL700] 37500
i x
Fo 2 _550_
>3
2
Standard Deviation (0) = Efd; .-

A
[

-~

Pl B e A Ny S B I [

el
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Fanmple 13 Semnle of (he weight (k) of B8 medical eadests e gives i table helow:
Toble V1. Bew Dt - Weights (hg) o o Semmpie FETR I E N

:1.--.-\--&. ®a:l "'.t:,u%jn:n]a--.m ot
——— —- — - - — - -
‘:'I.a (VL] “a W "’.(\1 | TR M (1R Al - L RY]
o e ) - - 4 a— p—
LI =3 | =t | ave | baw | mAta LI A on
- - it 4 . —
) | A u] | = g1 N t v [TRA LR L I )
— - “ - - B -
e B N | LR | wa ARt
batai LS KRB IIEL N GRS KIS G.R.5 B lbe by
w1 o | 7T | B12a | avey | BAsT ““-J [ PAl
- el e — —a — - — —— — —
WG nal7mw "“‘1""]“"]““‘ 1 4%

[ S e - e e
& ad -:_:1.;.._-'. | KM AR 1_!_':1; - A4 1a7 4
o — gt | e | ESAY | BAAY | HOSS (OA M 107 82

' - L N & S W

| e et | That | NN | KT | mest | 9748 10913

| —— i

{ LAY Y gt | TR | KLA8 | KT e 1 #9909 | 9746 | Highest \'.hr_]

Determine the ranpr and mEndand deviaton

w—-mwdumawm

VETanor n
(o 38=F230) = L4520 wyle

- b1

are from 423 1o 109 35kg. The

S
e (10933$-8230) _'5"';:’2].”41431&;’

175 437 = 13395k

wll:Ahﬂdmthlnwungukmfwmlhcthlycml

Jabarstone: of prarmaceatal COmPENY Oncnh!'t!umrﬂunhcbalmuhlcuthﬂmu:}
quanifred mqndhtrhcnhueotm‘iof:hcui;inddm;kndin;

- et the tsn of 15 boluscs

dugsototion test Table 1.2 illustrates 3
gzrmpied trom G baich F:ndununmdum:idcmonotmeumc

3 gemdmmgmdm;m“orlbehlu
Tobde 22 THMMIUMMJSII! of

The sizndart Govishaz B C =

wmdmlnﬂ 1€ Bolus Tablets
" Bote Namber Tya ()
— — 03
N 2 21e
T 3 248
— r b
r - g -]
— i 240 Sl
- - 219
2 220
™ [ 2t
= 10 23)
I_ 11 234
o 12 I
13 p3 L S——
r— 14 a0
T b2 R
mwmu—-

mzuw-usoumnbcun«zw ]
(r22.0¢2£. |e293+234+20123 $¢280+239) _ 35;;1 =23.6h

X= 7]

r

Mageieny of [Napmesion (F haptee 1) .
( alenlation of Sample Standard Deviation r
f"_J[r[’f_"_J |
| w 1
"= el s
M- |
i
I . 1 x' |
ni a0 1
1A VAR !
da an |
me 180 ‘
1246 HLE |
U0 740 I
219 4796 ']
20 a0 |
%1 A21.1 l
33 540 1 l
D4 T |
01 @0 |
s 513
240 5760
239 &M A
: IX= SLTh ! AL LA
Thus:
w-{m, ,.,,_,_{M?
o= ul = 1 {-"]h
N-1 14 - !

Thus, the mean and standard devistion of the tuy of the sample removed from 2 batch is
2362230

Example 15: Using an iodometric technique, the concentrations (mg/SmL) of 3 pemicillin |
antibiotic have been examined in five separate bottles of 3 pacdiamc ion. Find the
mean and standard deviation. Also determine the consideration of the contmbution of s
each observaton to the sample vanance. '
Selution: Calculation the Mean i
o (1254124121412 '
) LA "3""’"°’-:o:.sm;rsm1.
Calculation of the Yariance
g I - X (125.0-1018)2+ (1240101 8)* ... +(16.0-101

N-1 4

= 2302 I(mg/5mL)’

Sincemeqummoflh:vuiamchmmhn!lkmdm-mk may be easily
cakoulaied as follows:
0= 2K 7 =43 0mg/SmlL
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Considerstion of Coatribation of Fach Observation to the Sample Varlance
The coomitwooe of each observadbon in overall vanance (five bottles) and also the
standsed drvaaton calculated by vung standerd formula:
o= =X, -X¥r
N-1

For exa=ple. the roorded concentmanon of penicillin i bottle | was 125mg/SmlL. Thus,
we have:

(12%-101 88°

€} = =13MS&mg/ Sy’
The d=z2 ¢ shown in table 13
Table 1.3: Individzal Contributions of Every Vial to the
Tota! Variance
Bore Concentration of | Contribution to the
Nuzmber Penicillin Overall Variance
(=gTml)
1 125 1345
2 124 1232
3 21 922
' 123 1124
5 1% 18204
| ¥ = 23007 (mp/SmLy

Iz this exemple comcentration of penicillin of five bottles is represented by outlier and
2ls0 ;xfcatss 2 problem with either the manufactured batch or the analytical method, As
# is Imown the the distibutions in which the mean is numerically greater than the
mefen pre positively skewed. This data describe such a distribution where Means =
132.2mg/Sml and Median 123mg/Sml.

3.5 EXERCISE

35.1. Very Short Answer Type Questions
1) Wiz the mesming of dGspervion?

2) Dracuss abour the mezsures of dispersion.

3) Define toe t=rm Pange.

&) What is cocfficient of nge?

3.5.2. Short Answer Type Questions

1) Explain e method of calculation of range with example.

2) Wkt is standerd deviation?

3) Wite the adventages pnd disadvaniages of siandard deviaton.

4) Wnete of standard deviation.

5) Esplain the methods of standerd deviation and also give an example.

3.53. Long Answer Type Questions

1) Calculste Pange and jts Cocfficient frum the following data:
46, 18, 16,73, B4, 228

[Ans: Coefficient of range = 0.65]

Measures of Disperiion (Chapter 3) 59

2) Computefor the folloraing dara:
105,29, 19,109, 26, 40, 111, 21, 105, 77, 73, 102, 66, 95, 25
i) Pange
) Coefficient of Pangs

ii) Coefficient of Pange = 0.7]
3) Calculate the standard deviation for the followiny distnbution:

[Ans: i) Range =92

Height (Inches) | No. of Persons | Height ﬂnr.!‘n:-i)| No. of Personn

60 les than 63 4 |kusann] 10

63 lexs than 65 14 | 72 less than 75 | g

64 less than 69 59 | 75 Jess than 72 | 2
[Ans: 0=2.79]

4)  Blood swerum cholesterol Jevels of 10 persons zr= 23 under:
220, 260, 290, 245, 255, 288, 272, 263, 277, 250, Calculste standard deviation with the help of
assumed mean.

[Ans: o =16.43]

5) Calculate standard deviation from the following data: T 2 =
Agcinyears [4-6]6-8[8-10(10—12]12 121416 16— 18] .
No.of students| 30 | 90 [ 120) 150 | E0 & | 20 |

[Ans:@=3)

6) Calculate the standard deviztion for the following distribution:
Class 30-40 | 40-50 | SO-60 | 60-T0 | 70—ED | 8O0 Q0 -0
Frequency k| 7 12 15 | 3 2

[Ans: S.D = 14.18]
7)  Calculate 5.0, from the fallowing:

Marks (below) |20 |20 | 60 | 80 | 10
No.of Students | 8 |20 [ 50 | 70 | 80
[Anstii=22.8] LK E T
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0 Biostaustics & Research Methodology

CHAPTER . |
4 Yorrelatio

_—— - —
4.1.. CORRELATION

4.1.1. Meaning and Definition

Srudy of the lincar relationship between two variables is known as correlation. If there are
rwo variables and changes in the value of one variable will affect the value of the other
varisble then both the variables are comelated. Correlation is a statistical tool used 1o
measure the relationship between two sets of variables and express each in a precise manner.

"

According to Croxton and Cowden, “The appropriate statistical tool for discovering
and measuring the relationship of quantitative nature and expressing it in bricf formula is
kpown as correlation™.

According to A. M. Tuttle, “An analysis of the covariance of two or more variables is
psually called correlaton”™.

4.1.2. Types of Correlation _
Categorisation of correlation is donc on various bases such as on the direction of change
of the variable, constancy of the ratio of change between the variable, etc.

Types of Correlation
[ I
On the basis of On the basis of O the basis af
100 number of vanables ratio of change
direcuon

Posiove  Negalive
Correlation Correlstion Simple Multiple Parial

Correlation Cormelations Correlations
Lincar  Noa-Linear

Comelauon Correlation

4.1.2.1. Positive Correlation and Negative Correlation

Depending on the direction of change of the variables, correlation may be positive ar

pegative.

1) Positive Correlation: Correlation is positive when two variables vary in the same
direction. For example, consider the correlation between sales and expenses of a
firm (table below).

Flrms 1 /2 |3 14 |5 |6
Sales (In ) 50|60 | 70 |80 |90 | 100
Expenses (In ¥) 1115 119123127 131

2) Negative Correlation: Two variables are said to be negatively correlated when both
the variables vary in the opposite direction. When one variable increases then other
varizble decreases and vice versa is also a negative correlation. For example,
consider the correlation between production and price of crop.

[Production (in kg) | 100]200]300]400 [ S0 | 600 | 700 | 800
[Prce(TPerkg) [10 f9 8 [7 (6 |5 |4 |3

Correlation (Chapeer 4) 61

44

1.2.2. Linear Carrelation & Non-Linear (Curvilinear) Correlation

On the basis of constancy of the ratio of change between the vasiable, correlation may be
linear or non-linear,

2)

Linear Correlatlon: In a linear correlation, change in the values of one vanable has
a fixed ratio (o the variation in the values of other vaniable. When these variables are
plotted on a graph, then plotted points would fall on a straight line. For example,
consider the following relationship shown in the table.

Mustard (kg) |10 120 [30 [40 [50 [60 |70 |50 |

[0it (Kg) 36 |9 maishajaifaa]
Non-Linear (Curvilinear) Correlation: In a non-linear correlation, change in values
of one vanable does not have a fixed ratio to the variation in the valuc of other
variable. When these variables are plotted on a graph, then plcnc-c_t points would fall on
a curve, For example, consider the following relationship shown in the table.
['se of Fertilizer (in kg.) 11213]4 5
Production of Rice(inkg.) | 4 |6 19 )17 | 28

4.1.2.3. Simple, Partial and Multiple Correlation
Depending on the number of variables studied, it can be catzgorised into three types:
1) Simple Correlation: When we measure the linear relationship berween two

2)

3)

4.1.3.

variables then this interpretation is known as simple comrelation, e.g., relationship
between sales and expenses, income and consumption ete.

Partlal Correlation: If we have various related variables and try to find out the
relationship between two variables then it is known as partial correlation. For
example, consider the two variables height and weight, which are partially correlated
because of the effect of third variable *age” on height and weight. [n this condition, if
we neglect the effect of age, and study the relatonship between height and weight,
then this correlation is known as partial correlation.

Mu.!Itiplc Correlation: It is defined as the measurement of the' effect of multiple
variables on one variable. For example, if we try out to find the relatonship of rainfall
and temperature on the yield of wheat, then this is known as multiple correlation.

Degree of Correlation

On the basis of coefficient of correlation, the degree of correlation is determined as follows:

1)

2)

3

Perfect Correlation: If two variables change in the same direction and in the same
proportion, the correlation between the two variables is called perfect positive
correlation. According to Karl Pearson the coefficient of correlation in this case is
+1. If two variables change in the opposite direction and in the same proportion, the
correlation between the two variables is called perfect negative correlation. In this
case the coefficien! of correlation is - 1.

Absence of Correlation: If two series of two variables show no relation between
them or change in one variable does not lead 10 a change in the other variable, then it
means that there is no relationship between variables. In this case, the coefficient of
correlation is zero,

Limited Degree of Correlation: If two variables are not perfectly correlated or
there is an absence of perfect correlation, then it is referred as Limited correlation. It
may be positive, negative or zero but lies with the limits £1. High degree, moderate
degree and low degree are the three categories of this kind of correlation. If the value
of coefficient of correlation (represented by 'r') Is lies between 20.75 10 %1, it is
known as High degree of correlation and when the value of r lies between +0.25 to
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1) In figure 4.1 the valie of e ranr rariabley moves in the wame dirsction wed when ¢

= &1 then ity showy perfact positive correlanion amed when r = —1 then v shows
prrfact pegative correlaton
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Exampile: When human take the vanous sabjems then it can be demonsmrated a corrslauon
between tyme 10 508 dissclution of various tablet formulatons of » particular drug and
the fraction of the dose absorded Figure 43 shows that as dissolution moreases (ic., e
tme to B0% dissolution decreases) m vivo absorption increxses. Scafter plots consists of
dza paire, X and Y, both are varable [n this example, dissolution time and fraction

ahsorbed are hoth ke as nndom vanables,
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Figure 4% Scatter Pt Showing e Correlation of Dissoludan
Tios ssnd e wes ASmerpuion of is Tables Formabusen, 1,
Fermulatiun A; o, Formulagea §; , Farmatatiea C; O,
Farualades [F; 8, Fumssios E; «, Farmulataa F.

1221, Advantages of Scatter Diagram

) 1t s a very sumple and non-mathematical technique.

2) I 1s not iniluenced by the size of exmreme items,

1) B 1s the very basic step to find out the relationship between two variables.
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4.2.2.2. Disadvantages of Scatter Diagram
The main dieadvantape of thic tachnigue it Dt #t conmt Bind oot 39 ptact degpree of
crrrelstior hetaren ter vamahlee We car omly vism the vyesal formy of correlation sl
direction (potitive or nepstive) on the chan
Example 1: Drru 8 woans dingram for the following and indioate whether the
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423. Karl Pearson’s CoefTicient of Correlation
Tom&mmdedﬁmmhdomhjpbdwmnunﬁablumm
(biometicias znd stxtistician) gave a quantitative technique. This technique is known as
Pearsonizs Coefficient of Correlation (r) and is extensively used in practice.

Properties of Karl Pearson's CoefTiclent of Correlation

423.L
zndhh&pmdcﬂoftbcuniuofmevuiablcs.

1) ldezl measure of correlation
2) Free from change of origin ead scale.
2) Based oo all chservztions.
2) List between ~| 20d «] znd whea:

i) r=-1.shows 2 perfect negative comrelation between variables.

then there is no correlation between variables.
1ation between variables.

g) =0
i1i) ‘7=, shows 2 perfect positive corre
4232  Advantages of Karl Pearson’s CoefTicient of l?orrchﬂon
The main sdventzge of the Karl Pearson’s coefficient of correlation is Ih:ll it gives the
mhismcuiucmddwmmmmmcdcyuoféommionmd direction.
Pearson’s CoefTiclent of Correlation
onship between verizbles. —

fficient (r) is difficult

affected by the extreme values.

4233, Disadvantages of Karl
1) Every time sssumes only & linear relati
2) Interpretng the velue of correlation coc
3) Significence of Conelauon coefficient (r) is
4) Itis 2 time consuming method.

5) Does not convey the cause and effect relationship.

(mrenlation (T hapter 1)
L3

1114 Calenlation of Karl Pearenn CoefTicient of Correlation
The variom formisitas peed tn calenlats coefTicient of (1) ar=

[ alewtation of Korl Pewren
1 mefTirlont of § arvel gtiomm

When [mviatema ors Toben frrem J
Aritbmetis begn

[ When Step [=vigtione gr= Taken
] bed AT arrmal fatn o3 e (Drrmet
artrof)

Fhen [eriatorrs or= Taken from
A prryemaed ey

r Veriance - Covariance Methe! l

4.235. When Deviations are Taken from Arithmetic Mean

When deviation is taken from arithmetic mem. then r 15 calenlated a5
Ty Zay TX=X)(=Y)

- Ly
" ey e
Where, x = X =X , (deviation from Asithmetic Mean (AM.) of X senies)
y =Y =Y. (deviation from Arithmetic Mean (AM.) of Y series)
g, = Standard Deviation (5.D.) of X series
g,= Standard Deviaton (S.D.) of Y series
And N = Number of observation.

Example 2: Calculate Karl Pearson Coefficient of Correlation.

c.lr:(:(-'il: ElY-?;z

X 3252155160 66 6845|6058 | M|
Yyiunjujlimig|2j2sjw0131 127124118 |
Sﬂﬂrﬂi
X Y 1= (X-X) r |y=(¥-vo| ¥ | - |
42 11 - 14 1% | =12 | J& | 158 |
52 13 -4 s | -0 | 1w -1 0 |
53 18 -1 1 | -5 ] 23 | s |
&0 n 1 15 | -1 A .
[ 26 10 10| E] I—9 3 30|
1] 40 12 T | 17 T
65 31 9 8] | 8 | & | 2 |
60 27 4 16 | 4 T 18 1| 18 |
58 M 2 4 | 1 | 1 | 2 |
H 18 -0 T | -5 t 2> | no |
TN =50 |TY =2V [T = 1058 | v =s7d Toy=64
E:H:E = 56; ?=:—1=£ =23
N 10 N 10
1y - 43

CoefTicient of correlation (r) = - 7
J:x=x}:,= Y1088 x 643

643 643
= =—s=0.779
,,?550:94 824.8
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~o
Example 3: Calculare Karl Pearson coefTicient of correlation from the following data:
[XJas] 2o 2022 )27 |27 |28 [20]29]29
(23 37 2o |28 a8 [ [as |30 [36]3)
Salution: Calculation of CoefMcient of Correlation
X Y k(X=X m(¥Y-Y) R
20 s -7 -8 49 | 61 [ 56|
22 40 =5 6 25 (36 =30
24 Xl -4 -2 16[ 4
25 35 =3 -3 9/919
15 33 2 =3 49|56
26 3 2 0 4(0]0
27 15 3 4 9 16]12
29 36 4 =1 16014
30 27 4 5 1612520
32 25 4 2 16/a]8
Ix = 250/ Iy = 310 0 164|168]73
= X 250 = _IY 310
X=e—=—2=25 and =———=—=31
N 10 N 10
Karl Pu:son. coefficient of correlation
B B_ - B o

= JEx xzyl “Jieaxi6s  J27552 16599
Deviations are Taken from Assumed Mean

423.6. When
When deviations are taken from assumed mean, then the following fomlula is used to
calculate the value of .

NxZd,d, -Zd,.Zd,

T nzal-ayt JNEd,-Ed,)

Whered, =X~-A, and dy:Y-A,
A.:Assumu:lMcan

the coefficient of correlation from the followin daug -
8

Correlatiom (Chapter 4)

NZd
" ez f}

d, 6.1 (Zd )’}
10(-547)~ 5(—72)

= — re—
J10x85-(5)? 210%3710-(-72)?

- ~54704 360 ___ =510 -5110 -5110
JB50-25xJ37100-5184 2257431916 26330700 513134

r=-0.9%
The variable X and Y are perfectly negatively correlated.

4.23.7.. When Step Deviations are Taken
To calculate the r following formula is used when step deviation is taken.
NxZd, d -Zd; Zd

ﬁ«zd"-(xd )’JH Xd z-(2::1,,]’

, d
e
X rr
Example 5: Calculate Coefficient of Correlation between the expenses and saving of any

family.

Whmd;=

0 |5 |25[35]75

Saving (0 70[55[35]/25] 15

Solution: Let the assumed mean for X is 25, Assumed mean for Y is 40.

=(Y[, , d ]
r {_m BTy |y [4]e-2] @F |
| 25 [ 70 | 25 | s | 25 | -25
Ji-ml-z[qjsslmlzl4l-4
5] o ] o [ o [ 3 ]-w] -2 4 1] 0
s 10 | 2 [ a4 [ 25 ] -2 -4 [ 16 | -8
?5]30[6.'36!15:-30]-5135!-36
[N=5] | Xd'=1]3d,"=69] N=5§ [ 4, =5[5d, " =88Fd,'d,' =73
Taa-Z4%
» N
1 # 32
\/Zd.z (Ed)) Jz(d;)z 2L
43_(“?} 58.4
- e

’69-1 s =5V (-5)? ;68 EXJS T 742
5 5

423.8. When Actual Data Is Used (Direct Method)
In case of actual data following formula is used to calculate the coefficient .

NXEXY-IX.IY
JN}:x’-{zx) NIV -(ZY)

Example 4: Find
X 1 2 3 4 5 6 7
Y 62 56 48 41 36 28 21 16 12 | -8
Solution: Let the assumed mean for X is 5, Assumed mean l‘m;‘x'ls40.
X | Y|4 =X -5)]d,=(Y-40) d; d, dd,
1 |62 —4 22 16 484 -8B
2 |56 -3 16 9 256 . —48
3 |48 -2 8 4 [ - 16
4 |4] -1 1 1 | -1
5 |36 0 -4 0 16 0
6 |28 1 - 12 1 144 =12
7 |21 2 -19 4 361 - 38
g8 |16 3 -4 9 576 =72
9 |12 4 -28 16 784 =112
10 | 8 5 -32 25 JIr.‘l24 - 160
Total d,=5 d.=—72_|2d, =85 |24, =3710 £d,d, = =547
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Example 6: Calculate the Karl Pearson coefficient of correlation for the following data:
X[ &7 nntaf9]1s]

Y | 18 | 16 | 17 [ 19 | 19 | 21 |

Solution:
X Y X* Y XY
4 18 16 124 72
7 16 49 256 12
1l 17 121 289 187
14 19 196 361 266
19 19 361 361 161
15 21 225 1 315
=70 | TV =110 IX =968 | Ty = 2032 | FXV = 1313

Coefficient of Correlation, 20110 H
- NZXY'EXEY) 6x1313-70x%

Jﬁthzx)’mlfﬁ ) Jﬁﬁs—{m)‘,’sxzusz-(uu}f

7878 -7700 178 178 18 _ o616
= = = ':-' =L,
J5808-4900412192-12100  V908x+/92 J83536 289

4.2.3.9. Variance - Covariance Mcthod

Following formula is used to calculate the valuc of r when variance and covariance are
given:

Cov.(X.Y)
:F\'ar.(X}J\'ar.{Y)
- TX-XHY-Y)

T I =X Ry -Y)?

Divide Numerator and denominator by N we have,
TX-X)Y-Y)/N TX-XNY-Y)N Cov.(X.Y)

rﬂJEt}{-i)‘I{Y-T]: Jilx_—x']:xznf_vll _JHFM,(X)JVU.{Y}

Where

N N N

Example 7: If covariance between X and Y variables is 12.5 and the variarice of X and Y
are respectively 16.4 and 13.8, find the cocfficient of correlation between them.

Solution: Covariance of XY = 12.5
Variance of X = 16.4; Varianceof Y =13.8
12.5 |

Cov.(X.Y) 125 125 _ 125 _,g3.083

= JVar.(X) JVar.(Y) TI64V138 V22632 1504

4.3.MULTIPLE CORRELATION |

4.3.1. Introduction _
The multiple correlation is a measure of lincar relationship between a dcp:m?em 'm:,]hl:
and 2 number of independent variables. It is represented by R and can have sy v -
between O and 1. For example, if one wanls (0 measure the rclationship bcrumu; s
yield of rice on one hand and the amount of rainfall and temperature taken ::f::ml .
the other hand. In this case, yield of rice is a dependent variable and
temperature are independent variables.

2

Correlation (Chapter 4)
69

Hgnf.‘;l. mul;ipl: correlation belps us to measure the correlation between
variable and a group of independent variables. The multiple correlation betw
dependent variable X, and the group of independent variables, Xiand X, is dm!‘:dn o

Rin. The variable before the dot represents independent variabl i
the dot represent the independent variables. e G Aot e yee(ibles hee

u dependent

4.3.2_. Properties of Multiple Correlation
Following m_lhc properties of multiple correlation:
1) s value lies between 0 and 1 and it never results in a negative figure, Thus, 0K R 1.

2) The position of the subscripts to the right of the dot does not mak i
Thus. Ry = Ry, and Ry yu = Ry 4y = Ryyy, ST S

3 Ir = 0, and m= 0, then RI n= 0 and vice VEFsd.
4) Rin E.flza and ryy; Ry gy 2 13 and ryy,
for testing the consistency of the data.

5) Coefficient of a multiple determination is caleulated by the square of the coefficiemt
of a multiple correlation

R Explained variation
Total variation
=CoefMicient of Multiple Determination

and Ry 13 2 ryy and ry,. This property is helpful

Thus,

43.3.  Methods of Calculation

The method for calculating multiple correlation coefficient is based on the number of
mdcrtndc:}l variables. If the number of variables is more than three, then it involves a lot
of calculation and hence may require a computer, If the number of variables is Jess than

three, then the multiple correlation can be calculated i
oo, o ghven o alculated manually, by using appropriate

1) When I.Im‘ Total Number of Independent Variables Is Two:
three multiple correlation coefficients, as:

“ R|:||I ii) Hlll,n-nlj ".i] R]u

These will be calculated with the use of following formulae:

i) Muliiple correlation between dependent variable X
! Xy and the
independent variables X; and X, is calculated as follows: I s

1.
LR Sl FILTEL TR o -2
I-t! or=yhy +ry\l=r,
n

i) Muliple correlation between dependent  wari |
! i ariable X; and the
independent variables X, and X, is calculated as l‘ollows:: o, o

' 1 Fl
0 +0,=20,.1,,.1
Ry = [Pt o s )
' I-r; N

iii) Multiple correlation between dependent  variable X
independent variables X, and X3 is calculated as follows: ’

{: 2

Iy +0y = 21,.1,.1

1) Il it L

Ryp= “‘_————-L-l_r, —or=r) +e5, (1-1)
i

When the Total Number of Inde i
' pendent Variables Is Three:
four multiple correlation cocfficients, as: rees s s, we have

) Rime i) Rau, ili) Ry, and iv) Ry g,

In this case, we have

and the group of
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o Biostatistics & Research Methodology
These can be calculated with the use of following formulae:

D Roa=I-f-g2 =03 Jl-41.)

i) Rjp= h""’;ﬁk‘“'ﬁl.d]{""u"zn]
iii) RJ1.-4'\f'—ﬁ-tﬂxl—rﬁ.)ﬁ—r.ig, ,and

iv) Ryn =‘/l—[l—rﬁ,l,l"'f:;u”“rliuj

4.3.4. Advantages of Multiple Correlation

Following are the advantages of multiple correlation analysis:
1) It provides all the utilities which can be availed from partial correlation analysis.
2) It belps us to know the combined effect of all the independent variables on a
dependent variable, at the same time.,
3) It belps us to test the consistency of the data relating to simple correlation among the

various variables.
4) It provides 2 tool to understand the mavements of a dependent variable occurring due

to indspendent variables.
5) Itis used as a measure of goodness of fit.
6) It serves as a measure of goodness of fit of regression line and its reliability can be

tested at a desired degree of confidence.
7) When studied in conjunction with the partial correlation analysis, it makes a very

useful analysis of the relationship between the different variables.

4.3.5. Disadvantages of Multiple Correlation

Following are the disadvantages of multiple correlation analysis:

1) Multple correlation analysis is based on the assumption that all independent
variables are linearly related with dependent variable. Thus, it measures only linear
relationship between dependent variable and a group of independent variables. But
in practice, most relationships do not follow this assumption; rather they follow
some other pattern. _ )

2) It is also assuméd that the effect of independent variables on the dependent variable
is separate, distinct and additive. When the effects of variables are additive, a given
change in one has the same effcct on the depeadent variable, regardless of the sizes
of the other two independent varisbles. . )

3) There is 2 possibility of misinterpretation of the results in case of misuse of
correlation.
Example 8: The following correlation coefficients are given for a wi-variate data;

2= 0.96, = 0.49 and 3y = 0.46.

Calculate the multiple correlation coefficients treating the first variable as dependent and

the second and third variables as independent.
een X, on the one hand, and X; and X; on the

Solution: R,z = Multiple correlation betw

other is given by equation
- 40 =200 _ (0.96)" +(0.49)° - 2(0.?5)1:0.49) (0.46)
= I-g, 1-(0.46)

0.728932
= =

cowrelation (Chapter 4) 71

Example 2: ; i
[} Giventhatry=062.ry= 0.69 and rp = 0.59 determine R 15
2) MRin= 0 does it follow that Ry = 0.
3) ij|3,=] does it follow that Rz gy = 1.

solution:
o My 00 =20, _ (0.62)" +(0.69)" = 2(0.62)(0.71)(0.59)
P 1-13, 1- (0.59)°

=‘[ﬂ.3844+0.4761— 0.519436 =Jo_umo.s i

0.6519 0.6519
I3 = N3l 0.59—(0.62)x(0.69) =0.286

e " _0.1622
Pa Ju—r,’,m-r,ﬁ) J1-(0.62)*)(1-(0.69)%) 05679

2) IfR;2=0 then 5} + 03— 203036, = 0 e, B3 +15) = 26,00, =0

b | b
+Fyy = 2040557
1 _ Ny tIyn —ohpMlyg
mvaluenfR1|,—-———T——
1-r5
2 a 2 3 1 b}
=T tIn =t =0y _ Th=Ty
E]
I=r,

Putting in above, we get: R}, R
A

So it is not necessary that this value is zero. In fact it will have some positive value,
3) If Rjy=1then 1} 41} -2r,r,0n =1 -1}
or ry+ th=1—13+2r,0,1,
1— 13 + 2050505 — 2650489y
1-13
Hence if Ry 33 = |, then 13y will definitely be 1.

4.4 PHARMACEUTICALS EXAMPLES

Example 10: Calculate Karl-Pearson's coefficient of correlation.

The valuc of Rg.l: =

[x 2022242525262 ] 2930 2]
[ Y [38]a037][3s]33]3a]35]36]27]25]
Solution: Calculation of CoefTiclent of Correlation
[ X | ¥ L=x-X)r=tx-0)[*[7[® |
20 38 -6__| 4 [36 ] 16 [-24]
22 | +0 -4 | 6 |16 |36 ]-24]
[(2a | 37 -2 | 3 Ja [e]-6]
I 2% | 38 | <] | 1 1 [1]-1
I 25 | 33 | -t | =1 Jr Ji]1
[ 26 | 34 | 0 | o o [o]o
27 | 35 | [ 1 Jr J1]a
| 22 | 36 | E] [ 2 |9 J4[ 6]
(30 | 271 ] 4 I =7 16 [49[-28]
[32 1 25 | 6 | -9 (3% [81]-54]
|Ex = 260 Ly = 340 0 { [120]198]-129|

0.9216+0.2401- 0.432768 s
= 0.7884 07884 .
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n Diostatistics & Research Methodology 1

Karl Pearson, coefficient of correlation .
2 Ixy -129 -129 =129
= = = = =
JEx xIy? V23760 154.14

= = -0.836
J120%198

Example 11: Total supply and price per unit of a product are given below. Calculate the
Karl Pearson's correlation coefficient:

Supply (In units) 150 [ 400 [ 700 [ 1100 [ 850 | w00 | 300 |
Price per unit 12 | 23 | 38 63 | 45 | 48 | 18 |

Solution: Let assume mean for X is 800 and for Y is 50.
Calculation of CoelMicient of Correlation

X [Y[d, =(X-Agld, =Y -A) 4, d,] d.d,

150 [12] - 650 -138 422500 1444 'L:'.lm_l
400 (23 - 400 -27 1 60000 729 1om00 |
700 [38] 100 - 12 10000 144 1200 |
1100 (63 300 13 SO000 169 3500

B50 |45 50 -5 2500 25 -250 |
900 |48 100 -2 10000 4 -200 |
300 (18]  —500 -32 250000 1024 16000 |
Total| |Ed, =-1200 [Td, =-103 |Id, = 945000 |14, = 3539|144, = 56150|

Kar] Pearson coefficient of correlations (r)

= NZd.d "E"-E"s

7(36150)-(=-1200x-103)

e -Ce  khTd, e,y ]_ J7%945000- (12007 x7x3539~(~10%'
393050-123600 269450

269450
= = .=0.995
J6615000-1440000<+/24773-10609 /517500014164  27Q725%119

Example 12: A researcher wished to determine ifl a person’s age is related to the pumber

of hours he or she exercises per week. The data obtained from a sample is given. Statz
your opinion based on Karl Pearson's coefficient of correlation for the data.

lAge l16[24]38las]|54] 62
|Hous {11 71 5141211

Solution:
Calculation of Coefficient of Correlation

Age (X7 |Hours (Y) X* Y XY
16 11 256 121 176
24 7 516 49 168
33 5 1344 25 150
46 4 2116 16 184
54 2 2916 4 108
62 1 3344 1 62

IX = 240| TV =30 |TX = 11152[TY" = 216[TXY = B38|

Correlation (Chapter 4) 73
Coefficient of Correlation (r)
_ NeXY —(: XX Y) 62858 - (240)30)
YN (XFYNeY? —(sY)  V6x11152-(240F 6216~ (30
_ 5328 —7200 -1%72 -1R72
J66912-57600% V1296 -900 49312 %4396 19203 0913
So u:re is a negative correlation between age and number of hours he/she exercises per
wWeL

Example 13: Marks obtained by ten students in _— 4
chemistry are shown in table below: rmacology nd Pharmacemical

Pharmacology 18 T3sloef2s 75 [, |92 2| 6271651 39
Pharmacentical Chemistry | 84 | 51 | 91 | 60 | 68 | 62 | 86 61 58 | 35 | 49 |
Determine the rank correlation coefficient.
Solution:
Mean 5 = Ix; _B+36+98+425+75482+492462+65+39 '__582_53_'
n 10 w 7
Mean § = En_i 84+5l+91+60+6‘3:-06?.+36+SE+35+49 ==iu-i=64-‘-l
10 !

Thus, X= 5§.2 is not an integer, we can take assumed mean A = 58

§=64.4is not an integer, we can take assumed mean B=64

X Y IDz=x-AlDy=y-
l =x-58 D:,-ISJ.E ax dft oy _1
] 84 =50 20 2500 4(x) = 1000
36 31 =12 -13 484 169 146
g: 91 40 27 16003 729 1UKD
= f:; -I]: -4 1089 16 112
4 289 16 68
:; 62 24 -2 576 4 —I5
= :: 34 n 1156 484 748
4 -6 16 16 -24
(3:; i.; 7 -29 49 B4l -:.UJ
= -19 ~15 161 15 245
(EX =582|LY =644] Tax=2 Ldy=4 |Tdx’=8120|Tdy? = 2920 Tda-dy = 1324
Correlation Coefficient r

e n-Ldxdy - Edx-Edy 101324-24
2
Vo Eds® - (Zax)? % JnTdy® - (Zdy)? Jmauo -(2)* 102920 -(4)
- 13240-8 _ 13232 13232
= =
VB1200 -4 x 42920016 VBII96x29184  2849491x170.8333
13232

————=
386787845~ 2118
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Example 14: The Apgar score and birth weight (kg) of 10 infants are shown in table
helow, Find the correlation coefficient and int

1,
\My":‘:ls T [T T I T T
[Bith Weight | Yo [ 20 [ v2 ] 3s [ 3o}y |35 3n |30 | v
)

Solution:
x ¥ - *
3 in 9 1;% :o,n. i
2 29 4 8.41 5.8
3 32 ] 1023 9.6
4 is 16 14 44 152
3 39 2 1521 194
2 3 4 9 & 1
3 s 9 12.25 105 |
s 3s 25 14 44 19 |
4 19 16 1521 156\
s 39 25 1521 195
=3 | Ty=255 | Yo'=142 | Tyt I Yooy =1s 1
Correlation Coefficient
. 0y xy-9 X9y

- 10-131.5-36-35.5

0T xl-(Taf xfn- Ty -(Tyf | V10142-08)° *xJ10-122.5-(35 5"
_ 1315-1278 - g . 37 N 0906
J1420-1296 x,/1273.7-1260.23 JN12axJ1345 11.1355x3.6674 408387

Example 15: Statistician of a tobacco company wants to know how heavy smoking is
related to longevity. From the data of a sample of recently deccased smokers, |he number

of cigarettes (estimated on a per day for their last five years) is paired with the number of
years that they lived.

Subject | Cigarettes Years Lived

1 25 63
2 35 68

3 10 72

4 40 62
5 85 65
6 7% 46
9 60 51
[ 45 60
9 ) 55

Determine rank coefficient of correlattion.
Solution: Let us consider two asbitrarily variable x and y. _ o
The outcome of Pearson's value r will be exactly similar no matter which variable is
taken as X OT' Y. . A
Step 1) First, obtain Tx, Ex}(Ex), and (Ty)
Tx=25+35+ IO+40+35+15+60+4$+SP=425
T’ =25 +38 107 4407 + 857 4 757 + 60" + 45 +50°=24525
Iy=63+68+12+62+65+46+5| 4-6!.'3:-5.':-!’;13l
w=53=+6a’+7z‘+62’+6s‘+46’+51 +60’+35 =133,188
(Ex)'=(25+35+ 10 + 40 + BS + 75 + 60 + 45 + 50)
(Ex)? = 425" = 180,625 ;
(Ty)' =(63+68+72462 +65+46+51 +60+55)
(Ty) = 5428 = 293,764

Correlation (Chapier 4)

Step 2) Find the sum (Lay) by multiplying each x score by its paired y score.
Tay = (25 63)+ (35 = 68) 4 (10272} + (40 = 62)+ (A5 = 65) + (79 = 46) «

(60 % 51) + (45 = 60) + (50 = 53)
Txy=1575+ 2380 & ... + 2750
Lxy =24,640

Step 3) First we find the numerator value of formula of r. Herz, N shows the number of
pairs of scores. In this example, tatal of 9 pairs of scores,

NExy - (Ex)( Ly) = (9)24.640) — (425)(S18)= 22,1760 - 230,350 = -8.550

Step4) After calculating the numerator value, we now find the denominator of r
formula. Thus, we have denominator value as follows:

{NZ:' _(Exl’uu):,l_[z,f] = Jloass - @25 [l - saz'

= 1220725 - 180,625 (298.692 - 293.764] = J120.100) (4.928) = 12.087.482

Step 5) Afier dividing the result of numerator from Step 3 by the result of denominator

of Step 4, we get the following:
-R.590
=— = ==-61
14,057,482 Al==6

The Pearson 1 is usually rounded off to two decimal places. Because ¢ = 061 it means that
mu;mumumdmmmmdlmm.mmmw
higher the number of cigareties smoked in the past five years, the lower the number of yean
lived. And if less number of cigareties smoked then the higher the pumber of year lived.

Example 16: Table 4.2 shows the mean caloric consumption per day versus weight
change per month.

Table 4.2: Data of Caloric Consumption verius Weight Change
[ Patient | (X) Mean Caloric Consumption/Day | (Y) Weight Change/Mouth |

1 1,200 0o
1.500 0s
3 1,800 0s
4 2,000 15
-1 2,500 40
6 1,800 10
7 2,500 10
i 2,000 20

Calculate the Karl Pearson's coefficient of correlation.

Solution: Table 4.3: Calculation of Pearson Product-Moement Correlation CoefMicient
Patient X X =% ¥ ¥ liy,-¥) |z, -Xny, -1
I 1200|-19128] -712.5] 00 |1.36] -1.36| (K

2 15001912 5] —4125] 08 (156 -106| 43728
3 18001-19125] -1125] 05 (156 -106| 11925
4 2000|-19125] 875 1S _[1%6] -006| -5 25|
5 2500- 19125 S878| 40 |186] 244} 1433 5|
6 18000 19125| 1125 10 _[156] -056] 610!
1 2500 - 19125 _s818] 30 |156] -144] 1460/
8 2000]-19125] _ #15| 20 156l -044 I

[X =19125] jy=156 | | Tasnas
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T =-X)? 7 -Y 3 ?
51,...(1-. -I.JO& m'“s-ﬁ;s,'m-l]—i-l.l?

in=1) BE-1 (n=01 B=1

S - -

i 777 ¥
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Kas1 Pearson Coefficient of ris 0.94. This illustrates some degree of positive correlation.

Example 17: From the data of dry bark (x,), height (x;) and girth (x,) for 18 cinchona
plants, the following coefficients of correlation were obtained:
M= 07 my= D72andry= 052

Calculate the coefficient of multiple correlation Ry 13
Solution: Coefficient of Multiple correlation can be calculated using the following

formula:
.. fr.’: +1 =2 ghyln _ ][u,muw.m‘-zxn.'mu,uxo.sz - [GT351=408564
BT -4 Y 1-(052)°

This shows that the multiple correlation coefficient is non-ncgative.
Example 18: Determine the multiple comrelation coefficients Ry 2. The simple correlation

coefficients between temperature (X;), yield of com (x2). and rainfall (x,) are given as

follows:
m= 059, ™= 046, andrn= 0.77.

Solation: Multiple correlation cocfficient can be calculated as follows:
[(0.59)% + (0:46)" —2(0.59x0.46x0.77)

T 7 o
rﬁ'! +0y—<hafiafn _

Rin= \ = 1-(0.77)*
_ [03281202116-0418 _ [0.5597-0418 ___Jn_mn 0589
| 0.4071 Y oa40m 0.4071

Example 19: The sample data of fasting blood glucose level and systolic blood pressure
in 10 diabetic patients are shown i table below:

2 1s |6 |7 I8 |9 o

. no of patients 1 12 |3
o 126]132]143[ 145

Fi Blood Glucose Level (mg/dl) |90 92 |98 [112]120]121

Sysiolic Blood Pressure (mmHg) _|136]140]142 130|148]135]150]170] 145|165
Solution:
o ZL‘i !90+92+93+112+520+]21+126+l32+l43+HS =”?g=117_g
Mean x= A 0 g
42 30+148+135+I5{1+I70+145+165 _ 1461
Mezn g:z_n" =”’°"“9*_‘ *1 = - =146

x= IIT,QEsttmlnugtr.weuscuwmﬂlmunA= 118
¥=146.1 is pot an integet. we use assumed mean B = 146.

A
' 33

1
Conrelation (Chapter 4) e kil ‘ E"
diei1-A |dymy-B
| Y | ag=118 | ag-188 ar' I o | drg ‘ | 7
v v - 12 =10 | 774 | 78 | i| }_
n 149 -2 =4 | 676 | 3 | 1% | { ¥
9| 182 -2 —% | i) | 16 | o | '
2 11w -4 - 15 3 | 1% | % | -
120 | 14% 2 1 41 4| & | {
120 | 15 | 3 =T 9| 1211 33 | !
126 | 1350 5 4 A | 15 | 32 | §
132 | 170 14 i 195 | 535 | 134 |
143 | 145 24 -1 625 11 -25 |
145 | 165 7 19 779 | 341 | 313 | -
- = - - - ] =3 | = 5
1179 | 1361 | fds=<1| JTdy=1|idr =3521 | JdAy = 107 | Pasdy =143 | . i
Correlation Co¢fTiclent r: - ! B
n-y didy- ) dx- ) dy :
S 775 175y
n -Zdt"' —(Zd.l)z -Jn-ZdyI -{Zdyj' 1
_ 10-1439-(1-1) _ 14300 = - 14391 -
J10-3523 = (=1)* - /101487 - (1 VIS0 -1-418870-1 435229 -414369
4 4
14391 _ 14391 —06283

T 187.6939.121.9385 22887.1143

Considering appendix for n=1, we calculaiz 0.02 <P< 0.05. So, n=ll hypothesis of oo
correlation is rejected and it is determined that fasting blood glucese and systolic blood
pressure remain correlated.

4.5 xercisEl

4.5.1. Very Short Answer Type Questions

1) What is correlation?

2) What is linear correlation?

3) Define scatter or dot diagram.

4) Write the properties of Karl Pearson's coefficient of correlation.
5) Define the multiple correlation and example.

4.5.2. Short Answer Type Questions

1) Eaplain the various type of correlation.

2) What is degree of correlation and coefficient comrelation?

3) Discuss about scarter or dot diagram with example.

4) Calculate Range and its Coefficient from the following data:

53,46, 18, 16,75, 84, 28
[Ans: CoefTicient of range = 0.65]

5) Write the advantages and disadvantages for multiple comelations.

6) The mean of two samples of size S0 and 100 respectively is 54.1 and 503 and
the standard deviations are 8 and 7. Obtain the standard devistion of the sample of
size 150 obtained by combining the rwo samples.

[Ans: Combined o= 7.5636]

7) The standard deviation of a distribution of 100 values is 2. If the sum of the squares

of the acrual values is £3,600, what is the mean of this distribution?
[Ans: 5.66]
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4.5.3. Long Answer Type Questions

1) Find Karl Pearson's cocfficients of correlation from the following index numbers and
interprel it:

Wages 100 101]103]102[ 10499 (97| 98[96[96

Cost of Living 98 99] 99] 97| 95|02{95] 94|90|9]

[Ans: r = 0.85]

2).Calculate the Karl Pearson's Coefficient of Correlation between age and playing
habits from the data given below, Comment on the value:

Age 20 | 21 | 22 | 23 [ 24 | 25
No. of Students | 500 | 400 | 300 | 240 | 200 | 160
Regular Players | 400 | 300 | 180 [ 96 | 60 | 24

[Ans: r=-0.991]

3) Find Rank correlation coefficient:

Marks in Economics |80 [45 |55 |56 |58 |60 {65 [68 [20 |75 [85

Marks in Mathematics |82 |86 |50 |48 |60 |62 [64 (65 (70 |74 [90
[Ans: R = 0.58]

4) Calculate coefficient of correlation between marks in the subject of maths and
statistics.

Maths Marks 11 40, | 34, | 28, | 30, | 44, | 38 | 31

Statistics Marks | : | 32, ] 39, | 26, | 30, | 38, | 34, | 28

[Ans: r=0.705]

5) In a fancy dress competition, two judges accorded following ranks to the 10
participants:

(=]
oo
£

JudgeX [2 /9|7 (5]13]10
JudgeY |10 8|1 4[6] 9 ]7]2([5[3

Calculate Coefficient of Rank Correlation.
[Ans: R =0.54]

6) Two departmental managers ranked a few trainees according to their perceived
abilitics. The ranks are given as:

Trainees A|[B|C|D|E|[F|G[H| I |K
ManagerA [ 1 [ 9 [6[2|5|8[7|3|10(4
ManagerB [3 (108 [ 1[7[5[6[2]9]4

Calculate an appropriate correlation coefficient to measure consistency in ranking,
[Ans: R = 0.84)

Regression (Chapter 5) 79

CHAPTER = : .
5 uﬁi[i[iﬁm |
5.1 REGRESSION

5.1.1. Meaning and Definition

Regression analysis is a statistical tool used to calculate a continuous dependent variable
from various independent variables and is commonly used for prediction and forscasting.
For example, if agriculturist knows that the yield of rice and rainfall are closely related
then he will want to know the amount of rain required to achieve a certain production. In
this situation, he will use the regression analysis.

I

This technique is used for modelling and analysis of mathematical data using the value of
a dependent variable and one or more independent variahles. Dependent variable, also
known as response variable, is the single variable predicted by the regression model.
Independent variable, also known as predictor variable, is used to predict the values of
dependent variable.

Regression analysis is the process to calculate the unknown value of one variable from
the known values of the other variable.

According to Blair, “Regression is the measure of the average relation.sl"ljp between two
or more variable in terms of the original units of the data.”

According to Taro Yamane, “Onc of the most frequently used techniques in economics
and business research, to find a relation between two or more variables that are related
causally, is regression analysis.”

Regression analysis makes an equation to describe the statistical relationship between
one or more predictor variables and the response variable. It helps to know, how to
determine the nature and strength of a relatonship between independent and
dependent variables.

Regression may be classified as follows:
1) Simple Regression

2) Multiple Regreesion

3) Linear Regreesion

4) Non-linear Regression

5.1.2.  Application of Regression Analysis

Following are the basic uses of regression analysis:

1) Used to know the relationship between different (one or more) variables.

2) Used 1o find out the value of dependent variable from the value of independent
variables,

3) Used to find out the coofficients of correlation (r) and coofficients of determination.

4) In corporate sector it is useful to check the quality,
5) Also very useful to determine the statistical curve (demand, supply, efc.).
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5.1.3. DifTerence between Correlation and Regression Analysis
Table 5.1 shows the difference between Correlation and Regression Analysis:
Table 5.1: Difference between Correlation and Regression Analysis
Basis Correlation ﬁf—ﬂ_ﬂﬂﬂﬂ
Meaning | Study of the linear relationship ) Itis a satistical tool used to calculale a

bem-tcr_l two variables is known as|continuous dependent variable from
correlation. . various independent variables.

Variables | Random variables are used. One vanable is random vanable and
other is fixed variable. It may be

possible that sometime both the
variables are random.

Relationship |1t does not indicate the cause and effect It shows the cause and effect
relationship between variables and |relationship between variables and
gives the degree of relationship. creates a functional relationship.

Uses Used 1o test the relationship beriveen | Used for prediction and forecasung.
two vaniables.

Valoe/ Range It is a relative measure and its
coefficient is lies between =1 to +1. | that the coefficient is greater than |.

Mathematical [Not much valuble for . Further | Widely used for further mathematical
Treatmen! | mathematical treatment. treaument.

Dependency |Dependency of variables on’ cach|Its shows the funcuonal relationship
of Varlables | other is not important. between the two vanables.

It is an absolute value. It is possible

5.1.4. - ‘Regression Lines

The lines of the best fit between two variables and stating the common average relationship
are known as regression lines. There are two regression lines for two variables. When we
take two variables X as dependent variable and Y as independent variable, then the straight
line is called as the regression line of X and Y and vice versa is also truc.

The regression line of Y on X gives the finest possible values of Y for the given values of
X. So this line is the sum of squares of deviations of the ‘calculated values of Y* and

‘observed values of Y is minimum’; i.c.,
LY. - Yo)! = minimum

Where, Y. = Calculated value of Y
Y, = Observed value of Y

Now, for the regression line of X on ¥
T(X, - Xo)* = minimum.

Where, X, = Calculated value of X
X, = Observed value of X

This is why, to understand the concept of regression line, two regression l_:'.nes are
required. If there is only one regression line existing between two variables then it means

r=%x1.

Nowu'lhcva.lucofrisﬂ.lhcnbo!hmc\wimceu!:indcpmdfma.ndh}uuiﬂculmhothcr
at a right angle (i c.. lines will be parallel () to x-axis and y-axis) (figure 8.1).

5.1.5. Regression Equations .
ssion equation is used to show the regression line and there are two regression

Regre: the r
equations because there are fwo regression lines.

Regression (Chapter 5) . 81

So if there are two variables, say X and Y, then the two regression equations are written as:
1) fﬁgnuion Equation of X on Y: The regression equation of ‘X on Y is written as
ollows:
X=a+bY
To calculate the values of a and b, following normal equations are solved
simultaneously:
IX=Na+bIY; IXY=alY+blY’
2) Regression Equation of Y on X: The regression equation of 'Y on X' is written as
follows: .
Y=a+bX
To get the value of a and b, following normal equations are to be solved
simultaneously: -

ZY=Na+bIX: XXY=alX+bEX?
In the normal equation IX, ZXY, IX* and IY’ gives the summations and can be
determined from the observed pairs of values of two variables ‘X and Y'. N is the
number of observed pairs of values.

5.1.6.  Regression Coefficient
If ‘b is the slope of regression line of 'Y on X, then byy is known as coefficient of
regression of 'Y on X',

So, byx = Regression Coefficient of Y on X = r&
Ox

Similarly, for the regression line of ‘X on Y°,

bxy = Regression Coefficient of X on Y = r 2X.
ay

Propertles of Regression Coefficients
I Cocfficient of correlation is calculated by determining the geometric mean of the two
regression coefficients i.c.,

r=t.f byy Xbyy
Where r = Coefficieat of correlation and its value is positive when. both the
regression coefficients are positive. Because r lies between +1 (o -1, so the value of

rrFrL_-ssion coefficient is not more than one.
3) Itis independent from origin but not from scale.

than unity.

4) Both the regression cocfficients have the same sign (i.c., if onc.is positive then the
other is also positive and if one is negative then the other is also negative),

%) The value of coefficient of correlation is less than the mean value of regression
coefficients.

S.L7. ~Determination of Linear Regression Equation
To determine the parameters of a fitted regression equation following methods are used.
| Determination of Ligrar Regression Fquaton |

[ Method of Least Squarca _}__fnr nMDevumT,

taken from Acmal Mean

R:pmququnmthnbnunmum
from the Awsumed Mean
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Curve Fitting by the Method of Least Squares (Fitting the

Lines y = a + bx and x = a + by) )
1) Lﬂr)(-:ld-h“t"b:lhclin:u[xcnY.Tod:mmineﬂw\'lluﬂuflmdb.lhc

2)

following two normal equations are to be solved simultancously:
IX=Na+blY

IXY =aLY +bIY’ .

Example 1: Consider the following data obtain the two regression equations:
X 5 3 10 8 9
Y E 12 6 5 14

So'ution: Calculstion of Regression Equations
X Y x’ ! XY
5 B 25 [T &0
3 12 9 144 36
10 6 100 6 [
8 5 64 P 40
9 14 81 194 126
TN=35 | Ivwds | IX'e279 | IY' =488 | INY =202

Regression equation of Xon ¥: X =a+ bY and the two normal equations are:

IX =Na+bIY
IXY =aLY + bEY’
Substituting the values ;
35= Sa+ 45b (1)

302 = 45a + 465b —1(2)

Multiplying equation (1) by 9: -
315 = 45a + 405b

Subtract equation (2) from (3),
13=-60bor b=-022

Substituting the value of b in equation (n:
35 =52 +45(-0.22)

= 35=5-99

= %53=35+00=449

a=898

Purﬁnsthcvdneohmdhi.ndueqm.ﬁm.
The regression equation of X on Y
X=B898-022Y.
Let Y = a + bX be the line of ¥ on X. Tu_ﬂﬂ.tm'l.incﬂ! values of » and b, ¢
following two normal equations are to be solved simultancously
IY =Na+bIX
EXY = aEX + bEX?

Substituting the values,
45= Sa+ 15b
302 = 352+ 279

gl
v (3}

Regression (Chapeer 5) 0

Multplying equation (1) by 7,
JI5=35a+ 245

Subtracting equation (2) from (3).
13=-Mborb=-038

Substituting the value of b in equation (1),
45=531+35(-0.38)
Sa=45+133=5830ra=1166

Purting the values of a and b in the equation
Regression equation of Y on X:
Y=1166-038X

51.72. Regression Equations when Deviation Taken from Actual Mean
Following formulae are used to find out the deviation of X and Y series when deviation is
uken from the actual mean.

1) Regression Equationof X on ¥

X-i- rg-zu-('f-?)
Oy

e (3)

X =Mean of X Series and Y = Mean of Y Series
,.Z.L = Regression Coefficient of X on Y or bxy
T

b“.MY‘_ﬂ.Zi
YTlr-vy ¥y

O va-w
e AN
Ey’-g:_r

Where, 2 =(X-X);y= (Y-V)
3} Regression Equation of Y on X

= B i
‘J’ﬂY-ra—x'L(x-x}

X =Meanof X Seriet  and Y = Mezan of Y Series

a
r;‘l’.:Th: Regrestion Coefficient of Y on X = byy.
x

b“.M_Zﬂ o L%V -!Ef.;{lz*_}
T g

Where, x=(X=-X):y= (Y-T)

Example 2: Using the following data obtain two regression equations,

X{jvluia (s nlwlolaln
Yinjsjaa|n|solas|nfa|n]m
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i _'\'m T l"mlﬂ}md!m I»'qmikm - N
: i ) A - oY= ¥ ~ E
1 1 i , ' ‘_*—-4 “— — —
*__]'i' | w® l = ) = ___‘.‘.__ -1 _.:_
— S " 3 —dy L T
‘_:l 4 3 ] 0 = | 0 o 0
—_ = ¢ | n 18 141 W
e & i ! ? ] " 7
N 1 X} 2 2 3|
L X | 4] | ~] 1 1 9 -_‘—-c
—< 4 b ] & 1 3% ] 3
21 | Py | 0 -18 0 AN 0
A=t Ve | Txeo Ty=0 Torw128 | Iy =706 |Txy=1$9
- 2 80
\=i=:l and Y -'—51-38
10 10
T €9 E X '
by =i = 80225 by == =120
s‘:' 706 E.‘I 12
equﬂuu(im\" Rqrudoncqultionof‘i'wms
X-X=bgn(Y-T) Y=Y =byy(X-X)
=X -21=02250Y-38) =Y -38=1.242(X-21)
=X =025y -38x0225+21 =Y=1242X-21x1242+38
=X=0225Y-£855+121 = Y =1242X-26.1 +38
=X =1245+0225Y = Y=119+1242X

£1.73. Regression Equations when Deviation Taken from the

Assumed Mean
If we tzke the deviztion from the

10 solve the regression equation.

assumed mean then the following formulae are used

MMﬂhﬂmmvdwdmﬂmhhhfﬂcdmfm

WMJXins:
x-i=rﬁ-(’!—-ﬂ
Oy

hwﬁndmuthcvalucof;
Oy

Iégdy-

Lep»Ley

X by epplying the following formula:

NIdydy-LésLdy

b -]
orf——=
XY oy

2 (uyF
Cy -T

NL -(dy)

mpudonf.qn-ﬁomufYonXis:
Y-?:f%L(x-i)

prgrension (Chaprer 1)
13

| o
pow fimed out the valos of ¢ ;,.l" by applying the follvwing formula
«

Ld,~L4,

TR XX X Z

"y I".d, .
'l}:-‘l’ —r)_'d

o .
L I" ,_I‘zd f
2 M

where, d, =X -A,, d,=Y-A,

Fxample 3: From the following data find the regression equations, and estimate the
likely value of Y when X = 100
X[74 [, |76

B1 [38[76 [ 94 [33 ] 51|

Y | 124 ) 130 L MAT Qa3 i s ) 021 1 I35 | 97 | Y
Solution: Let assume that the mean for X-series is 80 and for ¥-series 15 120
X Y d, =(X - d,=(Y - a4, PRd T
A) Ayl | | & |
74 124 -6 4 | -1 | s | 15
93 131 18 1 159 | 24 |12
76 17 -4 -3 2 | 18 1 9
82 131 2 1 p7] | s | 1
58 9% -2 -24 28 | 433 | 58
76 121 -4 1 -4 | 16 | 1
o4 136 13 16 =4 | 1% |56
88 97 8 -23 -1 A4 | 529
51 85 -29 -135 1015 T =
X= Y 3d,=-23 zd’-—c T = F_d';z ‘:A,‘-
697 | =1038 1787 1981 2854
— 7 -
x~6—3——n44 and Y-%’s_usss
_NYd.d, -3 d, 24y _9x1787—(-23%—42)
bax NYdi (34,7  9x2854- (=)}
. 16083-966 _ IS117 _ . o)
25686-1764 23922
NZﬂ.d, Jd Fd, _9x1787—(-23x(—42) _16083-66 15117 _ ) oo
NY dI-3d,)? 9x1981-(-23)*  17829-519 17300
Rrgnls{oncquaﬁuuolx“? Regression equation of Y on X is:
X-X=bgy (Y=Y Y-Y=by (X-X)

=X - 77.44 = 0.632(Y - 11533) = Y- 115330874 (X-T7.4)

=X -77.44 =0.632Y - 115.33 x 0.632
=X -77.44=0632Y -72.88

> X=0.632Y-7288+77.4

= X =4.56+0.632Y

= Y—11533 =0.874X - 77.44 x 0.874
= Y-11531=0.874X-67.68

= Y =0.874X -67.68 + 11533
=>Y=4765+08T4X

When X = 100, Y = 47.65 + 0.874 x 100 = 47.65 + 87.4 = 135.05
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and 20X -9Y=-107=0
Lcl(]]bctbeequlﬁunoflbcﬁncofreptuiouanm Y and (2

ugeor;cgruﬁunof'fonx.
3 a
From (1), we get X_IY_T = byy =7

From (2), we get Y =~ X==g~

Vr'hichaﬁhaeisdrlincofrtgrusimoonn Y,
Solution: We are given the regression lines as:

.

From equation (2),
3 X+b, Y+, =0

Or b,Y=—a.X-—c,

% ) =i
Or anlx b,:b" b,
From equation (3).

X +bY+e=0 or X=-bY-¢

- -b
or X=Dry-S1 b, = —=

2, 4, a,

Th:m:htioncocfﬁcicntrbetwa:uX:ndY:mnowbcobuiucdhyu:isronnuh:

Example 4: If the two lines of regression are:

g4 Diostatistics & Research Methodolog,

5.1.8. Relationship between Correlation & Regression

CoefTicients
Toe correlation coefficient is the Geometric mean between the regression coefficients,

ie
r“h xh
n L

= rer“xb,, 2 (1)

Let us suppose that the two lines of regression are:
5, X+bY+0,=0
X +bY +c;=0
Let us suppose that equation (2) is the line of regression of ¥ on X and equation (3) is the
line of regressionof X on Y.

e |
cee3)

_bz =I|b!
L b;a,

-a
:l’! Ibﬂ 'b_q. {TIL
by el

r=t |2

r' !‘.‘nuitm {Chapter 5) a7

¢ > 1, our supposition is wrong.
[ Wealways have 0=/ < 1]

s the line of regression of Y on X and (2) is the line of regression of X on Y.

since

Hgnct.(”i
Re-writing (1), we get, 5Y = 4X 430 = Y=%X+6

-
= UyX 5
Re-writing (2), we get, 20X = 9Y + 107
9 107 g T m i 9
9X=-2'3Y+—23—= bn‘ﬁ o T —b“-bnagx—za—[}.:!é

- r=£+/036=20.6
since both the regression coefficients are positive, r must be positive. Hence, we take
rs]}yﬂ!ls

We are given, Ox =3

_t&—a-b i =ix——=4

' . S
we have, byx rd.’t = Oy r 506

Correlation CoefTiclent
The correlation coefficient is the un

r= 1,‘;,‘1.):!:.,-,‘

byy = 0.95; byx = 0.95
Hepcer= 0,95:1.0._95 =0.95

51.9. Standard Error in Regression Analysis

In regression analysis dependent varisbles are calculated by regression equation while
value of independent variable is given. It is almost impossible to calculate 100% accurate
pstimate, To check the accuracy and reliability one calculates the standard error of
estimate. Standard error is calculated to find out that what extent the estimated values are

closer to actual values. .

der-root of the rwo regression coefficients, i.e.,

.Ib'.

and 20X -9Y-107=0,

4X-5Y+430=0
and Y on X7 Find r,, and 0, when 0, =3.

= D)
4X-SY+30=0 Q)

) be the equation of the
30

20, 107 b“_%_ﬂ

205 p ;
r3=br:.bxr-?rxi?=1777s -

There are two standard error of estimate one is for regression of X on Y and second is

regression of Yoo X:
1) Standard Error of Estimate of ¥ on X (S,.): Following formula is used to
calculate the standard error of estimate of Y on X (denoted by Sp).

i} First Formula

- ’z{v-\;)’
th N
Where, Y = actual values;

ii) Second Formula

]m'z-.mr-bm
S" 15 | e et——
N A

Where, a and b are to be obtained from normal equations and a = intercept, b =
slope of line. ;

Y, = estimated values
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iii) Third Formula
5,,=0, Ji-

Where, 0,=SDof Y
r = coefficient of comrelation between X and Y

The ll:_-u\': formula is suitable when U is given the values of ml:.liq.
cocfficient (r) and standard deviations (g, and a,).
2) Standard Error of Estimate of X on Y (S} It is calculate by following formul,

and represented by Sqt
i) First Formula

- ’ztx?qxgl’

Where, X = actual values, X, = estimated values

iiy Second Formula
’:x‘-v:.x-hzx'r

S“=\ ~ ,
Where, a and b are to be obtained from normal equations and a = intercept, b=
slope of line.

iii) Third Formula
5,=0, Jl-r’

Where, g, =SDof ¥
r = coefficient of correlation between Xand Y.

The above formula is suitable when it 15 given the values of comrelation
coefficient (r) and standard deviations (g, and 0,).

Example 5: Find the 'stapdard error of the estimates™
g,=44,0,=22,r=08

Solution: Given, r=08,0, =4.4,0,=22
We can find out the ‘standard errar of estimates’ as follows:

5,,=0, l-r? (1)

2
S,, =9, Ji-r w3

Putting the given values in equation (1) and (2), we gel,

§,,=22 w1-(0.8) =22x,1-064 =22 x+/0.36 =2.2%0.6 =132
5, =44 x,h-[ﬂ,s}’ =44x1-064

=44xJ036 =44x06 =264

nple 6: Given, Ox = 3, Oy =4, 1 = 0.80. Determine the standard error of estimate S,
3nd Sy
solution: Since,

5, = Ox N=rt =3 Jli-080)*| =3 %(036) =1.8

sr_;cﬁh-:' =4x,(h-(0.3ﬂ)“|=4x 0.36) =24

gxample 7: The expent of hospital administration told that number of FTFs (full-time
employecs) of hospital can be determined by calculating the total number of beds in the
pospital, The business researcher of healthcare decided to make a regression model to
calculate the number of FTEs of a hospital by the total pumber of beds. She 1ook the data
of 12 hospitals as shown in table below. Data are obtained in sequence, according o 1otal

aumber of beds.

No.of Beds [23][29]249 |35 |42 |46 |50 51 |64 66 |76 (78 |

FTEs 55195 102 | 118]126] 125|138 | 178156 184]176]225]

Calculate the sum of squares of error and the standard error of the estimate.

suluthn:Lctusﬁ:s‘ldﬂ:mlincd::vﬂmnf&iy.iﬂn:ﬂ&yusinnﬂtIoilouinguh!c:

Hospltal | Number of Beds FTEs X Ty
X y
1 13 &9 529 1587
2 29 95 81 2755
3 29 102 [T 2958
4 35 Tt 1225 2130
5 I 126 1704 a2
6 46 115 2116 ) 5750
7 50 133 25m b |
[] 54 178 216 w12 |
9 [ 156 A(r s |
10 &6 154 1358 12144
11 75 176 5776 13376
12 78 225 [T 175%0
Tz = 591 Ty=1692 | Ir = 3304 ry = 92004

By above values, the bealtheare researcher solved for the sample slope(b) and the sample
y intercepi{a):
" -
55, = Eay— ZXEN _ggng - LI - a566
n

1 2142
SS,. = 2‘1 _Q’L}_ =3}ﬂ44_.[5_?%= IB18.667
- o

55
painy, 8566 ,om
55, 3838.667 ,
k] ¥
a= Ly _pIx =E’:_(m13&=m!33
n n 12 12

A Least square equation of the regres:ion line is as follows:

§=30.888 +2.232x.
Slope is b=2.232, this shows that for a'l unit increase of x(every bed), ¥
is projected to increase by value 2232

{number of FTEs)
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Hoapita Number of FIES Resldunls d
1 Peds '
X ¥ y-$ -9
| ! n 60 -1 . 11477
2 b o8 -0.62 -0.%
3 2 102 638 4070
4 a5 ns 8.99 80.82
s 42 126 © 137 1.88
E 45 125 -8.56 13.27
y 50 138 —4.49 20.16
£ 54 178 26,58 706.50
9 64 156 -17.74 114.71
10 66 184 5.80 31.64
1 76 170 2452 601.23
12 78 225 20.2 400.80
Tx=592 | ZIyw=1692 E(y - §) = =01 I(y - §)' = 244886

Error Sum of Square (SSE) = 2448.86

Standand Error of Estimate, s, = 1‘£ =J it 15.65
n=2 10

The 15.65 FTEs is the estimated standard error. The analysis of the residuals for this
problem tells that eight of 12(67%) are within 15, and 100% are within £25..

Example 8: Consider the following data and find out the standard error of the estimate of
XonYand YonX:

X:|1[2]3([4
Y:|6]8|7]|61]8

Solution:
X [aXi| = ¥ [P ¥ | ®
I W y
| -2 4 6 -1 1 2
2 -1 3 8 +1 1 -1
3 0 0 oy 0 0 0
4 1| 1 6 -1 1 1
5 2 4 8 +1 1 2
IX=15 Id=10 | LY=138 Iy=4 | Ixy=2
= 15, ©. 35 ;
=—= .Y:-——:?
X S 3 3
Lt _ 10 . ’E‘_=JE=0394
g, = --N—=J: 1.414 andg, = N 3
r= ny
Nao,o,
< 2_-0316

= Sx1Al4x089% 6321
S =0, I-r =14141-(0316)" =1414x0.949 =1342

1y

1= =
S, =0,Vl-r’ =0.894/1-(0.316) =0.894x0.949=0.848

Pegression (Chapter 5) 91

5.2 BMULTIPLE REGRESSION ;

5.2.1. Introduction _ . .
Three or more variables, such a1 ¥, X3, and X, arc malywd_ in multiple rcpemon
analysis. Here, X, is taken as 3 dependent variable and its relative movement is found
out, according to the movement in bath independent variables X; and X;. Thus, mc‘eﬂm
i dependent variable is studied in the
a analysis'. The procedure for studying multiple regression is ltimilzr
single difference that the independent variable is more
the multiple regression will take the

‘multiple regressio
1o simple regression, but there isa
than one. If there are three variables, X, X, and Xs.
following form:

Xi=an+biy Xa+bnaXs e (D)

In the above equation there are three constraints. The subscript after the dot indicates the

b

I o T

L

variables, which are held constant. Y
If X;and Xyare O then Xy =21 i

For multiple regression models with two independent variables the result is determined )

with the use of three simultancous equations, with three unknown (s, by and b2) values.

Statistical software, such as SPSS, MINTTAB, MS-EXCEL etc., are used in multiple

regression models because this analysis inv alves lengthy calculations.

52.2. Assumptions of Multiple Regression Analysis

Following are the assumptions of multiple regression analysis:

I) The dependent variable should be a random variable whereas the independent
variable need not be random variable,

2) The relationship between various independent variables and dependent variable is
linear, and :

3) The variances of the conditional distributions of the dependent variable and various
combinations of values of the independent variables are all equal. The conditional
distributions for the dependent variable follows the normal probability distribution.

5.2.3. Steps in Multiple Regression

Step 1) State the rescarch hypothesis.

Step2) State the null hypothesis.

Step 3) Collect the data.

Step 4) Calculate each variable separately (calculate measures of central t2ndency and
dispersion, frequency distributions, graphs). Check, whether the variables are .
normally distributed or not. ;

Step 5) Calculate the relationship between the dependent variable and the independent |
variables (find the correlation coefficient, obtain a scatter plot). Check, whether [
the variables are linearly correlated or not. [

Step 6) Calculate the relationship between all the independent variables with each other

: (calculate the correlation coefficient matrix for all the independent variables) U

Step7) Calculate the regression equation from the data.

Step 8) Calculate and examine appropriate measures of association and test of statistical
significance for each coefficient as well as for the equation as a whole. 1

Step 9) Accept or reject the null hypothesis. i

Step 10) Reject or accept the rescarch hypothesis. i

Step 11) Explain the practical implications of the findings. f

-_f""‘
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5.2.4. Difference between Simple and Multiple Regresslons
The difference berween simple and multiple regressions are shown in below table 5.2
Teble £.2: Comparison between Simple and Multiple Regressions
Simple Regressions Mu!’llplr__ﬂrtr_v“l"nl L
An dependent vanahle Y praditsd faom an | An dependent vanable, ¥ predicted from the
independent vanahle, X independent varables set (X, X; X))
Simple Represnon hae only one represwon | For each independent vanmable, there s a
n:r.’ﬁ:irm regressibn coefTicient
r u the poproon of vanaboa in | R* i1 the proporton of vanation in dependent
dependent vanable Y prediciad from X. vanable Y prodicted by the independent

vanables setof X's

5.2.5. Methods of Calculation

1) Mulple Regression Equations: In case of simple regression, there is a
repression line approximating a set of N points (X and Y) in 2 two-dimensional
scatter dizpram. Similarly, in case of multiple regression there exists a least
square regression plane fitting a set of N, points (X, X; and X;) in a three
dimensional scatter dizgram:
i) The regression plane of X; on X; and X, is represented by the equation (1),
X;=2,n+ by Xz + bz X e (1)
The values of by 2nd byys are determined by solving simultaneously the
following three pormal equations:
TX,; =Na; o + bz IXr+ b 2X
TXX: = 8y23 TXa + bizs DX+ baa I ’gl
TX, X, = 22y DXy + bray TX3 X3 + b2 IX'
Oz multplying X; 2nd X; on both sides of equation (1), the last two normal
equations are obtai

fi) The regression equation of X; on X, and X3 would be as follows:
x;:}J+h|JX|+bn'X’ .....{2)
The normal equations for fitting the above equation are:
X, = Naz gy # bay ZXi + by 2K
IX Xz =221y ZX, + bas IX,F 4 by ZX, 35)
TXX; = 8219 LXK +bars IXi Xy + bavy X'y

and X, would be as follows:

iii) The regression equation of X on X, .0

Xy = 2353 4 by 2 Xi + bya X2

The normal equations for fitting the above equation are:

TXy = Naygz + b2 ZXi# baz) IX;

TX, X3 =8y EX1 4 bz IX,7 + by ZXi -’Ez

TX:Xy = 8302 DXz + bya ZX) Xz + by 2X%

Generalisation for more than three variables is as follows:
X, =8 250 # bizse X2 4 by Xo# bye2Xe .
normal ions are determined by multiplying the 2

ﬁf:;s by x..e;:a;f:d X, to find the vfjuu of a; 234, biyza

Devia iati i of the
tions from the Mean: If the devisuons from the respective means
2 vaﬁouso\?:riab!ts are taken into account, then the calculations for solving these

equations can be reduced. Thus, if X; = (X, - X,)

bove equation on
biz and bl‘ﬂ'

Regression (Chaprer §) n

Xy = (Xy - Xy) and Xy = (Xy = ¥,), the multiple regression equation can be

erpressed as follows:
Kimbyyy Xyebyyy Xy

Following two normal equations are required to be solved, for determining the
values of h|31 and b; 5

X X3=bj3y Zx; + by K2 X,y
X, Xy = biay XXy + bz y X3
The values of by; y and by ; can also be determined as follows:

Gin Gy
b2y =35 % : by =hyy x—11%
O3 312

Similar calculations are dooe for the regression equation of X; oe X, and X, and for
regression equation of X, on X, and X;.

3) _Multiple Regression Equation of X, on X; and X,: It can be expressed as follows:

x-X =2 feTlnin o X,y D)t iy _X;)
U: I—-fn: Uj l-rD.

Similarly, the multiple regression equation of X; on X, and X; can be expressed a3

follows:
— a — I = y .
X, - X2=—2 MJA (X, =X>) + | u"n M (x X))
Oy I-m, G I-n
_Lastly, the multiple regression equation of X; oa X, and X, would be expressed as
follows:
p o3 - L ruzru . X1) 45| 1o _r:Jfl: X, - X1
;| l-n, O l-my

In this method, determination of regression equations is simple in comparisca when
the normal equations are required to be solved for determining the regression

equations. Here we only need the following values.
X,_ X,, X,, 0,0:0, and iz My, Io-

Example 9: Find the multiple regression equation of X, on X; and X, from the data
relating to three variables given below:
X, 4 & 1 9 13 15
X, 1s | 2] s 6 4 3
X ] 24 20 14 10 4

Solution: The regression equation of X, on X;and Xyis
Xi=an+bnuXi+bina Xy
The three normal equations to get the values of a; 3, byzy and byyy are
TX, = Naygy+byay TXz + byy2 TXy
IXiXa=an XX +biny X1 4 by DXy
TX,Xy = 0y3 ZX) + b2y ZXoXy + bz b3 ¢
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LAY
i_"-"l NN T M‘aq__. AP TI S 5 PR I AL Solutlon: Caleulation of Regresion Eqnations
| 0 130 150 124 X Y Xy | x! /
o 12 | M [ n ._m_{__:-- _]L_'ﬂ ,] sz 2 | | s ]
[ 7 | 8 | N | fl 14) | It : [ [ n | % | 57 I} 329 |
o & | 1| 126 a4 %] [ B | | 1]
L & J o0 | s2 ] o | e ] s | = f T S I B N N |
I . o | e | "0 |9 1 16 | (2 [ 2 | eu | #r ]
wim SN m SN e 123N Ny w AWTX X w T20TX,X, @ 1,003, T e 494 2X, e 2,188 226 T s | wi |
: N _ [ | n | 9w | #m ]
Substitating the values in the pormal equations: [ 24 | 32 | 764 ]’ 57 /
T [ (n [ 33 T 3 | T T |
483, 5 e &b 4 1034by,=39 2 I I ey - S T
IU:.I::qd IﬂHh,;;#IISEh,;;znﬂ L‘\].r}'! j FTY=2%7 | ITXY = 7951 f B’-ﬁ 7 ;
Ma!:r;f}:a;fll b:rsf;:t mswb & ’ Regression equationof Yon X is: Y=24+bX
o L gy = -
= 1 1 @ To determine the value of 2 and b, the following rwo normal equations are to be solved:
Submacti=g (2) from (4), we get LY =Na+bEX el 1)
110byy+ 208by3=-93 (%) IXY =aEX + bEX ~=(2)
Substituting the values,
Maelzple (1) by 17, we get 237=fo:|+275b ceend3)
102 2;2 + 816byzy + 1734b)y, = 918 - (6) 7951 =275a + 7757b .-._(-.!J'
Ssboacting (3) from (6), we get Multiply 275 in equation (3) and 10 in equation (4),
208 boay + 454b,,; = -198 e (T 78925 = 2750a + 75625b weee(5)
Melsplying (5) by 109, we obtain 79510 =2750a + 77570 _ 5
11990 bysy + 23762 byys = - 10137 . ® Subtract equation (5) from equation (6),
o . 585 =1945b0r,b=03
Matzplying (7) by 55, we get Putting the value of b in equation (3),

llmh.u+2497m:.u--10890 .-....fgl

Scberacting (8) from (9), we get
753
1208y, ;= ~753erb,,, =EO_8.-_-_0_5B

So, regression equation of Y on X s:
Y=2045+03x
¢ When, X =55 = -
Subsituting this value of by s in equation (5), we get 35then, ¥ = 2045 + 03 x 55 = 36.95
110k, + 218 (-0623)=-93; 110b;3y=135.814-93
22814

Example 11: Obtin the lines
comelation coefficient from the following data:

287=10a+275x03 = 287=100+825= [0a=2045= 3=2045

ofm:rmsimxndmﬁ:grrpuxioaoocmdmsﬁnd

95

Bl ]y
ﬂ'?lfﬁln 3

i
153}

F e
e

f

E‘" o
(o 0 et b
T S

o
; -
b

123 = 5 =+03%9
[ Year of Service (in yearn) |s[oftsTi9]2s] 1 3s]
Subsututing the values of byy 5 and by, 3 in equation (1), we get ‘ L\!wmbhmﬂhw; |z | 26 ; 15 !39{,‘3 [ 59 fﬁ_]'
62,3 + 45(0.389) + 102 (<0.623) = 34
br n =54+ 6354618672 =98874 Solution: Calculation of Line of Regression
= 16479 . Year of Service =
hn = ' . "”;n Moathly  r=(X-X) [rqvD] © r ny
Thus the required regression equation is: X, = 16.479 + 0.389 X; - 0.623 X,. mm
[ 5 [ 2 IS | 20 | 25 ]
- " m r m
5.3. PHARMACEUTICAL EXAMPLES O S B B B e e
=5 -7 23 |« | 35 ]
Example 10: Find equation of regressiou line Y on X for the following data: - 2‘: !l‘ :: !I‘ ;l ff —61 ,1' 1 { S | 3 ]
X [ 25 [ 23 [ 2% [ 26 ] 29 | 21 [ 30 | 24 [ 33 [ 36 31 ;59[“,”[;":]’_,1‘;{]-’;_]]
Y2826 28 24 [20(26 0 ]32]36]27 s |6 | 15 ] ;25].;20',]_15’
IX =140 "= =
Also estimate Y, if X = 55. [.’.‘1 N | Lz=o J!:y-o’);:: Il::’:rsss‘&wzmzl '
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gxample 13: Find the mean of X and Y variables and the coefficient of corrclation !

= 140 - P 3 i
Xs= = 20 and Y= -‘% =42 petween them form the following two regression equations: Wl =
2Y - X =50,3Y -2X = 10 i
Xy 1082 x R
by = Z T = o =069; by =Z_3:=@=1‘43 Solution: i
Xy 1568 Zx 34 i) The given equations are: |
2Y-X=50 e (1) I
RtETtﬁiou_eqmﬁon nlE on Y is given Regression equation of Y on X is Ir-2X=10 i (2) b
by X-X=by(Y-Y) given !ﬂ’ _ Since the mean of X and Y lie on the regression line. So, 'f
= X = 20=06%Y -42) Y-Y=by(X-X) 2Y-X=50 e (D) I
=X=069Y - 42 x 0.69 + 20 =Y -42= 1.43(X - 20) V_9% = it
=X =069Y - 2858 + 20 oY= 143X -20x 143 + 42 3Y-2X=10 nief ki
=X =- 898+ 0.69Y =Y =143X-28.6+42 Multiply 2 in equation (1), 1.
=Y=134+143X 4Y -2X =100 - (5) 5; ;
Correlation coefficient (r) = /by Xbyy =+0.69x1.43 = /0.9867 =0.993 Subtract equation (4) from (5). ;
Y=9

Example 12: i ing i i rtisi ditures ; o
ple You arc given the following information about advertising expen Putting the value of ¥ in equation (3),

and the sales: e = =
o e 2%90-X =50 Or 180-X=50Or X =130 g
(¥ in Lac) (X fr Lac) Hence means are, 168
Arithmetic Mean 10 S0 X =130 Y=90. e
Stapdard Deviadon 3 12 i
Thé coetficient af comrelation s 08 ii) Letus assume that the first equation be regression equation of Y on X. ;-
] H

i) Obtzin rwo regression equations. 2Y-X=500rY = %— 25 % b= % [

ii) Find the likely sales when the advertisement bodget is T15 lac. Second equation will be . ol s [;I!

Y . in sales target regression equation of X on Y. &

iii) “’hm;h?’uldbctbcldvcmummlbudgndthecompanymlswlm cs targe 1Y -2X=10. 2X=3Y-10 "y

7120 lac? =2‘{_5 . =2 f

Solution: Given, 2 g P
X = =3, Y =8 =12 and 0.8 L
X 10, o, 3, Y 901 o', 1 : r = . 1 ) Ngw_ r:m: %xl=ﬁ=ﬁ=ﬂ.sﬁﬁ ‘l_ :
by=r2t=08x2 =02 bu=r ot =08x= =32 V272 V4 ;

d, Oy Example 14: Wrilc regression equations of X on Y and of Y on X for the following data: |

; ; ; Y is given X[45[48[s0[ss[65[70]75[72]8O0][BS :

i) R“";"’“ﬁ“‘“;‘:“é;&;“;o_g(‘,_m} Y {25 [30 [35 [ 30 [ 40 [ 50| 45 |53 | 60| 65 |
x: 10 ;g.g'l' —180rX=02Y-18+10 Solution: We prepare the table for working out the values for the regression lines. r |
X=02Y-8 ' X Y U=X_65 | V=Y-45 ] U v uv !

’ o o 45 25 -20 =20 .| 40 400 400 |‘ -

Regression equaton of Y on Xiis given by . 48 30 -17 15 289 238 255 qr

Y- Y =b,(X-X) 50 35 15 -10 255 100 150 || .
Y-90=32(X-10)OrY=32X-32+4900rY =32X+58 = % —= — e o =

ii) Likely sales when the advertiscment budgetis 25 lacie, X =15 g; :g 2 5 0 5 0 | i

= Y=32X+58> Y=32x15+58=>  Y=32x15+58 = = S ; f{iﬂ 105 305 hid

]

. Y=d48+458> Y=106lc 7 55 7 5 o 25 35 "Ll
iii) Value of advertisement budget when company wants 10 attain sales target T120 lac 80 60 15 i 15 225 125 225 il - '.
ie.Y=120 : 85 65 20 20 400 400 400 | -

= X=02Y-8= X=02x120-8 ZX |ZY=435| LU=-5§ LV= Tu' | ZVvi=1m28| TUV '
=645 -15 = 1813 = 1675 ] i
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We have,

x - Y

M s and Ve w2 as
: N 10

N0
NYW-EUEY) aowia1s-(-5r-19 _14150-75 14075
(AMx1813=(=5)° 18130-25 1R10S

Xe=

T

RS ST T}
Regression equation of Y on X is:
Y-Y=b, (X-X) Y-435=0777(X-645) Or Y =0.787X + 7.26

Similarly b, can be calculated as:

. nzME.uhMcMa.un:8:5-?3.?5 _14150-75 _ 14075
T NTVI-EV) (10)x1675 —(-15)*  16750=225 16525

Regression equation of X on Y will be:

X=X= by (Y-Y) OrX-645=085(Y-43.5OrX=085Y + 2665

=0.85

Exzmple 15: The data of ages and blood pressure of 10 women are shown in Lable below:

Age X0 56 42 6 | 47 49 | 42 60 72 63 55

Blood Pressure (Y) 147 | 125 | 118 | 128 | 145 | 1<0 | 155 | 160 | 149 | 150

1) Find the least square regression equation of Y on X.
2) Calculats the blood pressure of 45 years old woman.

1) Lety=a+bxbe straight line equation.

Normal eguations are as follows:

Y y=2m4+b) x: Y xy=ay x+by x*

The following table shows the calculation of values:

x y x x-y
56 147 3136 8232
42 125 1764 5250
35 118 1296 4248
47 128 2209 6016
49 145 2401 7105
42 140 1764 5880
60 155 3600 9300
72 160 5184 11520
63 149 3869 9387
55 150 3025 8250
Jx =522 Ty=1417 Tx' = 28348 Txy = 75188

Putting 21l these values in normal equations:
102 + 522 b= 1417
522z + 2834Eb= 75188

By using elimination method, we can solve both equations,
102 + 522b = 1417, and

522a + 28348b = 75188

Or, 2A261a + 14174b) = 2237594 Or, 261a + 14174b = 37594

Regression (Chapter 3)
Thus, we have two equations: o
10a 4+ 522b = 1417 ."nv

261a + 14174b = 37594
Equation (1) » 261 => 2610a + 136241b = 369837

Equation (2) % 10 => 2610a + 141740b = 375940
Subtracting above equations, we get: .
6103

= = =—=b=111
—5408b = 6103 = 5499b=6103=b 298 =

Substituting b= 1.11 in equation (1), we get:
102 + 522 (1.11) = 1417
= 102 = 1417 = 579.4400
8373591 — a=1837559 . 2a=£837559and b= 1.11
10
So putting the values of a and b in equation y =2 + bx, we have:
y=83.7559 + L.11x
2) Forawomen of 45 years old, the calculated average blood pressure will be as follows:
y=83758+ 11IxOr, y = 83758 + 1.11 (45) Or, y =83.758 + 49.95
Or, y = 133,708

So the blood pressure of 45 years old woman is 134.

Example 16: The Beer's law plot is built by ploting ulmaviolet absorbance vs.
concentration. The result is shown in table belaw:

= 10a=8375591 =a=

Also, substituting values from the table into equatior (3), we have:
27.17=4.17a+ 5.8551b

Concentration (x) | 1’ 2 3 |5 10 B
Absarbance (y) | 0.10 | 0.36 | 057 | 1.09 | 2.05
xy 010 | 072 | 1.71 | 5.14 | 2050 ———
1) Determine the slope and intercept o
2) 1.65 is the absorbance of an unknown. Find the concentration? iﬂn
Solution: Here N =5 mn‘i =
1+ T » [ leoen 7 | .=
1 010 | 0w | v | 32 | -07m ) 00l | -
2 036 | om | 4 | —22 | 0473 | 01296 |
3 057 | w1n |9 | -12 | D268 | 03249 | ﬁn
B 109 [ 5134 | 25 | 08 | 026 | 11881 | ﬂ
10 205 | 20% | wo | S8 | 1216 | s20m5 | -
Yx=21 | Fy=4.17 ] Tay=27.17 [ Fx*=139 | 1 | Ty =58551 | ﬂ'r.:.
1) Let the Regression Line of x on y is as follows: , - _
x=a+by ceeadl) \ q.._.
Then the two normal equations are as follows: = 8
Ix=Na+bLy veeee (2) d
ism_d N= Total number of observations. .-
Similarly, ¥xy = aTy + b¥y? e () A
Substituting these values in equation (2), we have: '_
21=5a+4.17b () _
Where Nis §; ..‘
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Regression (Chapter 5)
Now multiplying equation (4) by 4,17 and equation (5) by 5, we get: .°
+87.57 =+ 20.85a+17.38b ' '

+13585=+20852+29.27b

101 A
5.4 BEXERCISE

veen (6)
-4828 = -11.89b

1
5.4.1. Very Short Answer Type Questions

1) What is regression?

2) What are regression coefficients?
3) Discuss the multiple regressions.

4) What do you mean by simple regression?

-~ 11895 =48280r b=—228 o b =406
.89

Substituting the value of b in in equation (4), we get:
2l =5a+4.17Tx 406

It
5.4.2. Short Answer Type Questions

1) And write the properties of regression coefficients.
2) What do you mean by regression lines and equations?

21 = Sa 4 16.93 Or Sa=21 ~ 1693 Or a=-2L Ora=0814

So. ~ubstituting the values of a and b in equation (1), we get the following equation:
a=a+by

3) Write the difference between the correlation and regression analysis,
4) Wrile the application of regression analysis.
x = 0.814 + 4,06y 5.4.3. Long Answer Type Questions
- 406y=x-0814 M
7) ltis giventhaty =165

1) What do you understand by the term *regression’? With the help of few examples illostrate how
regression analysis helps in business decision making.
Substituting the value of y in equation (7), we get:

2) Two tegression lines are 3X + 2Y - 26 = 0 and 6X + Y - 31 = 0. Find the mean valuc and the
correlation coefficient. If the variance of X is 25 then find SD.of Y.
(4.06)(1.65)=x-08140rx = 6.699 +0814 0rx=7.513
Example 17: To study the relationship between the shell helght x and length y (in mm) in
palelloidapygmaca, an experiment is conducted

[Ans:Meanof X =4, meanof Y=7,r=05,5D.of Y = 15]
3) From the following data calculate: i) Correlation, if) 5.D. of ¥
X =085Y Y=089X and S.D.X=3
[Ans: r=087,5.D.of ¥ =3.06]

a limpet found
attached 10 rocks and shells along sheltered. Obtained information is given below:
Tx = 56.6, Ly = 151.1, Exy = 311.96, £} = 117,68, Ly’ =832.85,n =28

Find the line of regression of y on x.

. In the indo-pacific area,

4) From the following data obtain the two regression lines:
Solution: By using direct me

X161 2 10]4l% :ﬁ"'_.
thod, this question can be solved. Here we ensure the yioluufsisil
following two normal equations of regression of y on X ie.y=a+bx. M [Ans: x + 1.3y =164,y + 065x=119] H
Ty=na+ bix 3 @ $) From the [ollowing data obtain the two regression lines:
Txy =aLx + bIx xT1(sfsl21 (11713}
In above normal equations, substituting the given values, we get: A Iy{e{1lofoltf2f{vfs}
151.1 = 28a + 56.6b '_'.:':.(4} i) Predict'y’ whenx = 10
311.96 = 56.6a + 117.58b — i) Predict'x’ wheny=2.5
Multiplying cquation (3) by 566 nd cquation (4) by 28 and then subracting cGEEEeR i
from equation (3) we have the following: :

{Ans: 03 + y = 2.09, x + 028y = 3.56, (1) 0.10, (ii) 2.86)
6) The following table gives the ages (X) and blood pressure (y) of 10 men:
855226 = 18480+ 33 6T 4213614749142 60(721631 55
g13488 = 158480 & IS0 - Y T14701250118]128(145 (140 155[160[149]150
- 5 = i)  Obtain regressionline Y on'X.
-18262 = 9148 il) Estimate blood pressure of 8 man whose age 13 45 yean. |
. bui—?i:—:"l-w {Ans: Y = 1.11X483.75, 134) I -
" L i fTicients for the following 3
| tion 13? substituting the values of ‘b, we get: D C"“’“‘;" “:“’:“’“:“ :"'“m St
N s1 1 '= 282 + 56.6 x 1.99.Or, 125511 =250 112.634 Tﬁ (\ ‘i‘ 1& 3 ‘\ . (‘ - i\ 2 ‘\ nJl
— 1.634 Orl a= *
Or,28a=151.1-11 {Ans: b, = 0.85,5,,=0.T3)
| _3BAGE 4 .

28
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6.1.1.  Meaning and Definition
Probability is the mode of expression of knowledge or belief whether the event has
occurred or will occur. Thus, in the theory of probability this concept has been given an
exact mathematical significance for being used widely in such areas of smdy as
mathematics, statistics, finance, gambling, science, and philosophy, so that conclusions
can be drawn regarding the probability of potential events and the mechanics of complex
systems being hidden.
According to Levin, “We live in a world in which we are unable to forccast the future
with complete certainty. Our need to cope with uncertainty leads us to the study and use
of probability theory.”
According to American Heritage Dictionary, “Probability is the branch of mathematics
that stdies the likelihood of occurrence of random events in order to predict the behavior
of a defined system.”

General Rule for Probability
The probability of an event (say A) is defined as follows:

If 2n event happens m times and it fails n times, then the probability (p) of event A is
m
defined as: P(A) =
m+n

Number of cases favorable to the occurrence of the event
Total number of mutually exclusive and exhaustive cases

or P(A)=

So the total number of trials favorable to the event (A) divided by the total number of

ways in which the event (A) can happen.
P(A) Number of cases favorable to the occurrence of the event
or =

Total number of mutually exclusive and exhaustive cases

Probability in favor of the occurrence of the event
m  Numberof cases favorable to the occurrence of theevent

- 3 = the number of cases against the occurrence of the event

Probability against the occurrence of the event
n The number of cases agains! the occurrence of the event

= ;n— i The number of cases favorable to the occurrence of the event

6.1.2. Applications of Probability

{ plays a great role in making predictions.
g }I'. {ls uyscd Ex)lvc scientific investigations as well as day-to-day problems.

Frpacs -
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3) [tis very useful when one wants to predict the uncertainties of betting and chances of
success,

4) Itis extensively used in business and economics.

5) [tis the basis of the law of ‘statistical regularity” and "law of inertia of a large number’,

6.1.3. Characteristics of Probability Function P(A)

1) The limit of probability of an event A is between O and |, i.e. 0SP(A)<],

2) When probability of two events A and B which are mutually exclusive, is combined,
the probability is the sum of individual probabilities of A and B, i.e., P (A U B) will
be P(A)+P(B).

3) Two events which are equivalent, are assigned the same probability.

6.1.4. Basic Concepts of Probability

The different basic concepts of probability are as follows:
1) Experiment 2) Sample space 3) Evenu

6.1.4.1. Experiment :

A statistical experiment is an unsystematic or non-deterministic experiment. Following
are the features of an experiment:

1) The experiment can have more than one possible outcome.

2) Each possible outcome can be described in advance.

3) The outcome of the experiment is based on possibility.

Random experiment model (in this model outcome is unpredictable with certainty, before
the running of the experiment.) is the basis of the probability theory. It 2ssumes that the
experiment is repeated infinite number of times under the same conditions. This
assumption is significant because the theory of probability is concerned with the
replication of the experiment and also has long term behaviour. In this model the term
parameter is a non-random quantity which is chosen once and remains constant. There
are on¢ or more parameters in various models of random experiment that are adjusted and
fit into the physical experiment which is being modelled.

Examples:
1) In tossing of a fair coin which is a random experiment, there are two possible
outcomes, either “head up" or “tail up™, but it is not sure which face will tum up.

2) Rolling a fair die, which is a random experiment, having six possible outcomes, i.c.,
appearance of lor 2 or 3or 4 or 5 or 6 on the top face of the die.
3) Random experiment of drawing a card from a well-shuffled pack of 52 playing

cards, In a specific trial there is a chance of drawing any card amounting to 52
possible outcomes.

6.1.4.2. Sample Space

A sample spaceis a collection of all possible outcomes of arandom experiment.
Mathematically, the sample space is denoted by the symbol S.

For example, the sample space of a toss of two coins, each of these has heads (H) or tails
(T). is the set of all possible cutcomes: HH, HT, TH, and TT.

6.1.43. Events

Events are the possible outcomes of a trialfexperiment which are generally denated by
capital letters A, B, C, etc. For example, appearance of the outcomes 1 or 2 or 3 or 4 or 5
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or € are callsd events on the rolling of a fair die. The sample space § (it alwzys occuny)
_I:Idr:'_’.lscﬂt':::r\trou:c:s)istlmmnmlf!nlmdﬁmﬂut\minauiﬂmd}l
&5 2 szbset of N, then the occzrence of M implisy the occurmence of N. For example,
wihie tossing rao coins simaltecosly the possihls outeomes 2r2 [HH, HT, TH. TT).
“Gemmg reo beads™ is the cne possible ovtcome of 2o event from the set of 21l outcomss.
Therefors, HH is 2 simple cvent The event “getting two of the same side, ie, HH=xd TT
T tw0 ouioomes, 1S 3 compound event .

Types of Events

Thers amr vanous kinds of cvents in probability. They zmr defined below:

1) Simple Evests: A siz—ple event is 20 event that consists of 2 singls possible outoome
of &= experime=t or ooe c23 s=y that 2 simple event is the evemt of a single outcome.
The word si=pic s esed to refer to 23 ovent which consists of exactly ooe outeome.
For example, iz the experiment of flipping two coizs 2 the same time the following
evenis 2e simple svents:

A: 2 heads sopezr (HH) B: two tails appears (TT)

2) Compound Events: A cocmpound event is 20 event in which there is more thas one
possibis ocicome. For example, Tessing tree dice is 2 compound event. There are
3) Complementary Events: Complmentiry events are cvents tha! cannot oocur 2t the
s2rme e The coplement of 20 event A s the set of all ootromes in the sample
space ot 2re oot incloded in the ouwomes of eveat A. The event A and iy
co=plement A 2re moonlly exclusive znd exhasstive. The complementzry evem
A 1o 2= event A is that A does not oocur’. It satisfies AUA = 5, where Sis the
sz=ple space, 2ad AN A =6, where § is the empty set.

Tor example, when a & &s Cooem )

1) G:::g'mﬁm‘zﬁ‘aﬁfn'ncnﬂmtﬂﬁmwcth.

o) Gﬂg‘d\iﬂ?.:byi'ndpuﬁng'mdi\iﬂbkhyfmmmﬂm
of the la=er event }

iz) Gezzs 'm&pkdl‘uﬂgﬂng'nmnm!dpknf!'mmmpkurmamd
the laner event

Favourable and Unfavourable Events: [n 2 rzndom experiment the number of

mm‘ﬁnghdzmdipzﬁaﬂrﬂmbmnﬂmhmm

favorable 1o the event Fﬂfmpk.ifcmthrUIIIlil-stxlndticﬁnﬁn

ﬁcaAm:hL‘u:ﬂ‘c’aﬂmm:dmctmmmbcr’.ﬁxmutboﬂhcum..,3md&

ezt A In 2 random experiment, the number of outcomes

1 o{tpuﬁcn!a:nunhwmﬂdutb:muhm;

mmplc.ifuucmusix-maddiu_nddcﬁnnu

neﬂ&sa:bum“m‘mdmmmbu’.m:xhoﬁhcml.imﬁ

gre unfavourzhls o the event A
So.minm'ﬁka'mmbedcﬁndn
Unfavoarzble Evests = Total Possible Events — Favourable Events

nmﬂyﬂ:dnn'nEmu:Tmum:uﬂ:mmnidmbcmﬂyc:dmm
& :lmsﬂkhmmﬁkfaﬂmmmw_n&mnmhw
-mnmmurcmmhmmmmdmumuﬂyncmﬂ
events or dizjoint cvents Hw.mmuymum:mmhmam?:mﬂz
exclmive f nd caly f AN B = ¢ For exzmple, coosider the expenmest

4)

Frobability (Chapees 6)

£)

7

§)

throwing a six-sided dice and A be the i
ot bt - m;mguwnmbanhmﬂbc
A=[L15]axdB=(24,6)

(AnB)=¢

Muu:l::&hmﬂermthmapzﬁaﬂxnau
s_:.tofnqumlluﬂlkdmﬂynhn&wm Fnrmmplc.rtrr::.v-ﬁ::
m-ﬂdaddxz:hcnmkm%mrhmJ:ﬂB:mbamm
Muwﬂmdmmﬂynﬁnﬂwmumdmmhmmm.

Eqn;ﬂyﬂkdy[anowmmcft:am‘ i
mﬂy@ﬂyﬁﬁuf&mmmcbmdhmﬁg. me;:dng
M:tmofwm;:msﬁddn.mmmkm1.13.4,5_6112
wmlthhamcmnfmmmmhmfmmrmm.

Drpmdun[vmﬂ:Twummnidwhdcmuumm

event affects the ocamrence of the other event memﬁe,ﬁrmh';ftyo:
dx:nm_g_:qucm&?mlpxkufﬁmdsi!#ﬂ;t:mdhmpnhachmmc
nohhh@d&am;aqmqﬁubwl.ma:mnf&fmnm
ﬁmt&:uﬂmoﬂh:sc:udﬂmmddxyndtpmi But, if the cards are
plnhthmd:rmba!ﬂiryafdnﬁngaqmmhu2mdhmhﬂepmdmtﬂm

6.1.5. Theorems of Probability
The following are the twnimpuuntmdl:uicmeurmmfmhhim):

1)
2)

Multplication theorem of probability.
Addition theorem of probability, and

;‘_.1.5.[. Multiplication Theorem of Probability
© obeain the probability of combinedsi
theorem of muh?““ﬁ‘;ymﬁlhy e simultineous occurrence of severa! events, the

The

description of this rule for both independent and dependent events is described a3

follows:

]

Multiplication Theorem on Probabilities for Independent Events: If rao events A
mB_quemm&mqummdmu
nmnmmmmdmmwmmmaAnapnA)M)
Multiplication Theorem on Probabilities for Dependent Events: If A and B be
two dependent events, where the occurrence of one event is affected by the
occurrence of the other event, then the probability that both A and B will occur is
P(A A B) = PIA)P(B/A)

mm::nmnmmmwmuuumpmm Ty that
all the three are heads?

Solution: Let, A denots the event that first toss is "2 bead”™, B denots the event that
sccond Loss is "a head™, C denots the event that third toss is =2 head™.
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Now the result of the first toss does i no way infiwenee the result of the second one
and hence A, By € mreal imdependent events, Morrover;

PMAY=P®)=PC)= )

2
P (that all v dEER TN t AN BN C)

= P{A).P(B).P(C) as all events are independente., !

aislyll

' 222 8

MW_MN hit.a target in 4 out of § shots, where as another
person is known to hit in 3'out of 4 shets. Find the probability that the tarpet is hit at
all when they both try. ;

Solution: Let A be T2 2VEd tn at the first ,-lﬁw
a 1 o W.EE. it
o =—and o Pl
P(M 5 P(A®) -
L:tBbcmccvcutthau.nouhcrpﬂmnhiulheurgel_
3 1
s ==and P(B*)=—
P(B) 7 and P(B°) 2

Let X be the event that the target is hit at all when they both try. This will happen
when at least one of them hits the target, G

= X=AuB

Again note that il is easy 1o calculate the probability of the complement of X and
also that A and B are independent events.
o P(X) =P (that the tarpet is not hit at all)

=P(A*A B

=P(A"). P (BY)

[Independent events)
P(X) =P (that the target is hit at all)
1 19

:l—Pm =1—E—E

Exam : Sexually Transmitted Disease _ . -
Assumilfjit there z:: two doctors, A and B whp tests every patient arriving mLo ; _climr:
for syphilis. Suppose events A® = [a positive diagnosis d_onc by doctor ?]n!:.n ; ; i:
positive diagnosis done by doctor B]. Assunfc doctor ;L.dfagnoscs I.DL‘:- ; pz:;;:nnnst
positive, doctor B disgnoses 17% of all patients as positive, and b.o 4 oc1qr:d E-. i
8% of all patients as positive. Determine that whether the events A", B” are indepe

or not?

Solution: Given that: !

A*)=0.1, P(B*)=0.17, P (A" B*)=0.08
IP)EA‘))( P(B*)=0.1(0.17) = 0.017

Thus, P (A*n B*) =0.08 > 0.017

hould be a similarity among
i both events are dependent. Because there s
hT:: ;I:lo;’or;ma;itg'nose patients for syphilis. hence this result would be expected.

Probabiliry (Chapter 6) 107

6.1.5.2.  Addition Theorem of Probabllity

Addition um'm. states that one can perform the addition operation between (wo events
which occurs during an experiment and it shows the probability of cocurrence of at least
one of the several events. The conditions on which this addition rule is based are as follows:

L Addition Theorem ]

Mutually Exclusi ;
L ¥ Ehchisive Bvents "_L[ Not-Mutally Exclusive E\::m—l

1) Mutnly Extinsive Events: If there is no sample point commeon to both the events
then they are kmown as mutually exclusive events. Let us consider that A and B are
two mutually exclusive events thea (A A B) = 8. It means the intersection of two
mutually exclusive events is a null set and here P(A A B)=0.
<+ In case of mutually exclusive events,

P(AUB)=P(A)+ P(B)

If A, B, C are three mutually exclusive events then,
AAUBUC)=P(A)+ P(B) + P(C)

In case of finite number say n of mutually exclusive events
PAJUA UALUA ) =P(A)+P(A,)+...+ KA,)

2) Not-Mutually Exclusive Events: If two events A and B are not mutually
events then the probability of occurrence of at least one of them is d
P(AUB) and is given by,

P(AUB)=P(A)+P(B)-P(ANB)

exclusive
enoted by

Where,

P (A) = Probability of the occurrence of event A.

P (B) = Probability of the occurrence of event B.

P(A N B) = Probability of combined occurrence of events Aand B.

Let, there are three events A, B and C. The probability of the occurrence of atleast
one of them is given by,

P(AUBUC)=P(A)+ P(B)+ P(C)-P(Af‘\B)—P(BﬁCl-P(Af‘\CHPI.AnBr"\C)

The important points to be considered are:

i) If a number of events A,, A1l A, are mutually exclusive and exhaustive then
the sum of the individual probabilities of their happenings is equal 1o 1, i.e.
P(A)+P(A)+..+ PA,)=1

ii) 1If the events are finite and mutually exclusive then the probability of the occurrence
of atleast one of them is equal to te sum of their individual probabilities,

iii) The event A and iu._cumpliment A are murually exclusive and exhaustive.
P(A)+P(A)=1= P(A) =1 - P(A)

7 =

A 3] A B

7=

Mutually Exelustvely Events Events ure Not Mutually Exclusive
Figure 6.1: Two Events Assoclated with the Additlon Theorem
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mPIH:Fmduuchmengﬂﬁn;lmmofsurmui.n;!epoinmfﬂnwwith
o dice.

Sﬂuﬂou: The sample space consisting of 36 clements.

Now let A denote the event of throwing a sum 8 in a single throw with two dice. Therefore, A
consists of five elements points: (2, 6), (3, 5), (4, 4), (5, 3), (6. 2). and hence P(A) = % .

Let B denote the event of throwing 9 in a single throw of two dice. Therefore, B consisy
of 4 sample points:

(3,60, (4,5). (5.4, (6.3), and hence P(B) = =

Let C denote the event of throwing 10in a single throw of two dice. Thercfore, C consists
of 3 sample points: (4, 6), (5, 5), (6, 4), and hence P{(C) = -;5 .

Let D denote the event of throwing 11 in single throw of two dice. Therefore, C consists
of sample points: (5, 6), (6, 5), and hence D)= %

Let E denote the event of throwing 12 in a single throw of two dice. Therefore, I consists
ol only one sample points: (6, 6), and hence PE) = % .

Now events A, B, C, D, E are mutually exclusive and hence, we pet Pthrowing 8 or more
in n single throw with rwo dice),

= (A)+ P(B) + MC) + AD) + ME)

5 4 3 . 2 . 1 15 5

me— o — b — —=— =

36 36 36 36 36 36 12

[ Addition rule for disjoint event)

Example 5: A cand is drawn from a well-shufMled pack of playing cards. What is the
probability that it is either a spade or a king?

Solution: The equi-probable sample space of the experiment of drawing a card from a

well shuffed pack of playing cards consists of 32 sample points.

Let A be the event that the card drawn s a spade. Then A conslsts of 13 sample pointy
|

then, Hﬁ’ - 35 .

Let B be the event that the card drawn is a king. Then B consists of 4 kings

4
"""’““}'3—-.*

Now (A m B) consists of only one sample point the Ling of spades
wnﬁhhﬂlﬂé.

Hence, P (the cand drawn is cither a spads or & king)
= A UB) = NA)+ AB) -FAANB)

- —

52 52 2 2 13

[By sddinon nule)

Probability (Chapter 6) ™

Example 6: Sexually Transmitted Disease: Let us consider the data given in example
6. Assume that patients are advised for the more lab tests if the doctor A or B makes &
positive diagnasis. Find out the probability that patient will be referred for more lab tests?

Solution: The result that either doctor makes a positve diagnosis can be shown by (A* U
B"). It is given that:
AT =01 MBY =017, MA*~ B =008

Hence, by the additional law of probability, we have:
AA ' UB ) =MAT ) + B -MA*AB)=0.1+017-008 =0.19

This shows that 19% of all patients will be referred for more lab tests,

6.1.6. Conditional Probability

Generally, conditional probability analysis involves estimating the probability of

occurrence of a particular event (A) as conditional upon the coctirrence of a particular event

(B). This probability is usually written as FYA/B) and Is read “the probability of A given B”
Or .

For wo events A and B, then the conditional probability of A (given B) Is that the

probability of eccurring A (given that B has occurred) (s given by:

PAID) = “‘"’:m Provided F(B) > 0

Similarly, the conditional probability of B, given A, denoted by I(B) is defined by:

PBjA) = “‘L,{:!“—! Provided FYA) > 0.

For example, consider the experiment of throwing an eight sided dice. There can be
eight possible outcomet in this experiment. These eight posaible outcomes will form a
umple space. So, the sample space will be,

$5=01,2,0,4,5,6,7,8)

Let A be the event of getting an odd number, B is the event getting af least 7,
Then. A= (1,3.5.7).0=(7,8) amnd AnBe=|7)

I‘U\}-% -l mpal.l

I
3 33 o FAAD) -,

MANB) 18 1 2 1
MBlA) e~ a e mxial.
34* HA) /2 81 4
F‘(AﬁH)_lf!

‘B)= —
HAB) nB) 1/4

1 4 1
L £ -
g8 1 2
Example 7: Cancer
Assume that among 100,000 women with negative mammaogram there are 20 women
will be diagnosed with breast cancer within 2 years, or P (Bl A) = 200107 = 0 0002, while

toe woman in 10 with positive mammograms will be diagnose with breast cancer within
z)t&l‘l. of P(BIA) = 0.1. The two events A and B would be highly dependent, s RR =

PEAYVIEBIA) = 0 10,0002 = $00
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This showt that wamen with poasitive mammaogram are SO0 time more probable to have
breast tancer over the upeoming 2 years than women with negative mammograms. This
1 the basi for using the mammaogram as & screening test for breast cancer, If events A
and B were independent. then the RR would be 1, in other wonls, women with positive o

pepative mammaprams would be agqually probable 1o survive with breast cancer. In this
Cuse. mammaogram would not be useful au e soreening teet for breast cancer,

Example 8: A paiir of dice b rolled 1 the sum of & has hppeared,
one of the dice showsy 3

find the probability thay
Solution: The equi-proahable sample space consisting of 36 sample points, The event A =
The sum of the scores i § has five sample points (2, 6), (3, 5). (4. 4), (5. 3), (6, 2) and it

has reduced sample space, MA) = MA) = i

nS 3

Undez the assumption that A has happened, the event B = one of the dice shows 3 has
only two sample points, that is (A A B) = [(3, §), (5, 3)).

ParBpBACN . 3 3,
nis) % 18
Also using the formula, we pet t\‘a!m.m _L'IS A E,E

MA) 536 18 5 s

Example 9 An box contains 3 white and 5 red balls. Two draws of one ball each are
mades withowt replasement What is the probability that one is red and the other white?
Satution: Pm‘.aahﬂnyofhnin;amdbaﬂinthcﬁmdnw.pm}.%.

Probability of drawing a white ball in the second draw given that the first draw has given
.m:mnmp“"] 3 (since only 7 balls are left in the bag and three white balls are

(a)°7
stll there).
Probability of the combined event
§1 15
= = .|r E ol e Eo—
PiAB) =P(A mB)=P(A) x P(B/A) 8*? v

But 1t could also happen that in the first draw a white ball was drawn then, Probability of
3
drzwing a white ball in the first mw.P[A]"a.lﬂﬂ

Probability of drawing 2 red ball in the second draw given that the first draw gave a white

ball or P(BJ-—
\a) 7"
The combined probability of the two events is.
3 5 15

ite ball
ituau when we draw a red ball first or we draw n white
s ?:csﬂs?yw ut: mxso(f the problem. These two events are mutually Fxclusivt-
Sﬁ;nl.l}';c“:ruobabiﬁty that any one of the two happens is the sum of the two probabilities i.e.,

Required pmb;bﬂiry e ey

Frobability (Chapesr 6)

6.1.7.  Baye's Theorem

There are varlous names assigned 1o this probability, Like, poaterior probability, revised
probability, of inverse probability. This was introduced by Thomas Baye (an English
mathematician) in his lameanus werk on Hayesian Decition Theory. This theory states abeay
the finding of the probability of an event by eonsidering the rvailakle umple information.

(1]}

According to Raye’s Thearem uncentainty can be measured. On the hasis of probability
theory, this theorem eatahlishes a rule for refining a hypothesis by allotting additional
evidence and circumstantial - ion which results in a number, representing the
degree of probability that bypicthesis is true. For example, for an event A 3 chosen
sample of 3 defective items out of 100 can be used tn estimate

Ay (L‘ Ay

the probability for an event B that a machine is not working
probability, where A, and A; are the events that are mutually b <4

properly. The Bayesian probability is based on the conditional

|8
exclusive and exhaustive. Whereas B is a simple event which Ngare 63: Rayestan
intersects with each of the A events as displayed in the Venn Probahility

diagrams as shown in figure 6.2.

This is known as posterior probability as it is caleulated after the information is recorded.
Itis the revised probability as it is derived by the revision of the prior probabilities under
the accumulated additional information. Further, it is also known as inverse probabiliry,
i.e., determining the probability of a probability. However, the Bayesian, ot the Posterior
probabilities are always conditional probabilities which are calculated for eveTy events as
fallows:

1) Mutually Exclusive Events: If there exists the occurrence of an event E in

combination with one of the mutually exelusive events E,, E;..E, then

P(E, .y PEMEVE,)
in‘e.u{%}

2) Mutually Exclusive and Exhaustive Events: There are two mutually exclusive and
exhaustive events A, and A; and the occurrence of the event B is in combination with
A and A, then for event A the conditional probability, given the event B is as under,

P(A,/B)= A PB/A) ;
HAI]“BIAJ"'P{A:)F(BI)‘:}
P(A,/B)= P(A,)P(B/A,)

P(A)P(B/A,) + P(A,)P(B/A,)

Example 10: Hypertension: By an automated blood-pressure machine, assume 84% of
hypertensives and 23% of normotensives are categorised as hypertensive. What is the
PV and PV of the machine, assuming 20% of the adult population is hypertensive?

Solution: Sensitivity=0.84 and Specificity = 1-0.23=0.77. Therefore, from the Bayes' rule:
PV'*—-P(BIA)-—- P(AIB)xP(BL _
P(AIB)xP(B)+ P(AI B)yxP(B)

In other words, this can also be written as:
pV* Sensitivityx x
Sensitivity X x + (1-Specificity) x (1 - x)
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i1z Diostatistics & Research Methodology

r' Where x =P{B) = Prevalence of discase in reference population.
| PV™ = Specificity x(1-x)
Specificity + (1—x)x (1 - Sensitvity)x x

Predictive value Positive (PV™) = (.84) (0.2)1(0.84) (0.2) + (0.23)0.8)] =0.168/0.352 = 0.48

Also, Predictive value Positive PV™ = (0.7700.8M(0.77 X0.8)+(0.16X0.2))
=0.616/0.648 = 0.95

Example 11: A bag A contains 3 while and 4 black balls and a bag B contins 5 white
and 3 black balls. One ball is drawn at random from one of the bags and it is found to be
black. Find the probability that it was drawn from the bag B.

Solution: Let, X, = The event of ball being drawn from bag A,
X: = The event of ball being drawn from bag
B and
X = The event of ball being black.

Since both the bag erc equally Likely to be selected, therefon:
1
P(X,)=P(X,)= 2
and P(XU/X,) = 477 and POUX;) = 378
o Required Probabili

ry
PIX, 1X)= P(X,).P(X/X;)

P(X,) P(X/X,)+P(X;) P(X/X;)

1.3 3 3
_2%g  __ 16 ___16 3,12 25396
=7 4 1.3 2 3 [31-!-21) 16 53 53
—Xmt =X Tt |
277 278 716 112

Exam recruitmen ither guesses or copies or knows the answer
el2:Ina t test, a student e r i
toa mf::tip]: choice question with four choices. The probability that he makes a gue

1 o . -,
i is = lity that his answer is
%md the probability that he copies the answer is 3 The probability

icd itis 1ity that he knew the answer (o the
correct, given that he copied itis 7 Find the probability

question, given thathe comrectly answered iL

Sal Let X i X, be the event thal the answer
tion: be the event that the answer 15 guessed, [

is c':pié:'.. X,‘bc ;hc event.that the examinee knows the answer and X be the event that the
i e e

examinee answers correctly.

1 1
Given, P(X|J=I-P(x2}_g'

Assume that events Xy, X; and X, are exhaustive.

PX)) + P(Xp) + P(Xy) = 1
Y p(x,l} =‘1 - P(X)) - P(X2)
1 1 20-5-4_11

— B — I —

P = =1=7757 20 2

Probability (Chapter 6) "

Now POX/X () &agbability of getting corroct answer by guessing = -} (Since 4 altematives)

P(X/X1) = Probability of answering correctly by copying = ::-
And P(X/X;) = Pmbability of answering correctly by knowing = 1

Clearly, (Xv/X) is the event that he knew the answer to the question given thal he
correctly answered it.
o P(Xy1X) P{X,).P(X7X,)

P(X,) P(X/X,)+P(X,) P(X/X,)

+P(X,) P(X/X,)
o ) N ) I )

Ll LI I (1, 1 11) (35+164308) " (353
44357 20 16 35 20 560 560

Il 560

11x28 308
=——=0.857
20-"359 359 359 5

Example 13: A company produces plastic bottles and it is found that in production
process 20% .items arce defective. Each item is inspected before being supplied
customers bul, the:inspector incormrectly classifies an item 20% of the time. Only items

classified as good arc supplicd. 816 items in all are supplied, how many of them ‘are
expected o be defective.

Solution: There are two cases:

1} The item is good and the inspector also declares it good for which the Probability
B 8 &

——X—mm— 1
10 10 100 h

1) The item is defective and the inspector declares it good for which the Probability
' verrd2)
The number of defective items supplied in 2 lot of 816 items

1 1 |
[ﬁ] [E] [E} [1 15] i
= = = = — Y .
Slﬁx[ﬁ+L] alﬂx(E+L) BIGx[u) BlGx 25::” =
100 25 25 25 25

6.1.8. Problems

Example 14::One coupon is drawn at random from a bag cunuining_ 26 coupons
numbered 1 to 26. Represent the sample space and the event of drawing a coupon
containing number which is a prime. Also find the number of elements in them.

Solution: Let S be the sample space and E be the event of occurrence a prime number.
Then S$=(1,2,3.4,5,...26)

and E=(2,3571113 17,19, 23)
dso n(S)=26andn(E)=9
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14
Example 15: Fand the prohability that a card selected at random from a deck is an ace or
2 queen.
cnd E;.

Sotution: The appearze of an ac
u:rmtammrsg\m:nﬁmb:mﬂ)muhhm
PEwE)=RE+E)+ ME:)

4 4 8 2

and 2 queen cand, Ex, represents mutially
: memﬁmordmgly.

Example 16: A hag contains § red, 10 blue and 12 black balls. If one ball is drawn al

rendam find the probabiliny that it is black.

Solution: Number of Red Balls = §
Number of Bloe Balls = 10
Numbe of Black Balls = 12
Toea! Nemberof Balls =8 + 10+ 12=30

00
Tlrmh:rdd:n‘inglhﬂlswtﬂfm'”cﬁm'

~ n(S)=30
The pumber of ways of dawing | black balls out of 12

xLC|=]3

o(E) _ 12
- - o= = —=04
= The Reguired Probability 2(5) 30

Example 17: In 2n exzmination hall there are 20 boys and 10 girls. Three students are
selected gt 2 random. What is the probability that 1 boy and 2 girls are selected?
Solution: No. of ways to select 1 bay from 20 boys = *C,

No. of ways Lo select 2 girls from 10 girls = 'C,

No. of ways to select 3 students from 30 students = »g, *

Probability of selecting I boy and 2 girls
20 10
JTCx"C _ 19 82 20x45 _ 45
*C, 30 5x29x28 203
27Ix ¥

Example 18: Two cards are drawn from a standard pack of cards at random. What is the

probabiliry that it will be:
i) A Dizmond and a2 Hean, ii) iA King and a Queen, iii) Two Kings

Solution: From a pack of 52 cards, tw;a cards can be drawn in ”C; ways, i.e., the
exhaustive number of cases = ”C, = 5;:51 =1326.
i) Favourable number of cascs for drawing a diamond and 1 heant = ’C, x '’C, = 169
Required Probability
_ Favourable No. of Cases -
Exhaustive No. of Cases e,

I)CI xlj C. _ ]69
1326

s

Probability (Chapter 6)
ji) The favourable number of cases for drawing a Heg and & queen

='c,x'C, =16

e Probtity - -GG 16 _ B
Required Probability = ", 1326~ 663

jii) 2 kings can be drawn out of 4 kings in ‘C; ways, i.e., the favourable number of cases

6 1

fore, Required bility =
Therefore, Required Probability TR TT

PROBABILITY DISTRIBUTION

6.2.

6.2.1. Introduction
A probability distribution is a statistical model that shows the possible outcomes of a

particular event or course of action as well as the statistical likelihood of each event.
A probability distribution for a particular random variable is a function or table of
valoes _I}Iut links each outcome in the sample space of a statistical experiment with its
pmblbllil‘)' of occurrence. A theoretical probability distribution is a theoretical mode] of
the relative frequencies of events in a population. Suppose an unbiased coin is flipped
twice. This simplest statistical experiment can have four distinct outcomes, namely HH,
mﬂ;rn':rh'li::;rsr]lr}émpm uscnt.s the number of heads that result from the experiment,
o fhe table 6.1 sufficiently represents the probability distribution, i

vanable and waking values 0, | and 2. i ¥ % D3 ¥ Faecicon

Table 6.1: Probabllity Distribution of the Random Variable (X)

Nomber of Heads (X) Probabilk
f 025
0
L 2 ms,_g

The range of feasible values that a random variable can ammain and the probability that the

e iable is within any (measurable) subset f i i

- om vari of that range is explained b
probability distribution, When the Va]m:s- are taken by the random \':riahlc. F\:'\-'hjr:!':. :u'i

1 e o, APPlications of Probability Distribution
Wi {; ab_ulllt)' d:stx_-nhunnn is to calculate confidence intervals f,
e r:r culate cntical regions for “test of hypothesis" Or parameters
1 ] .
3 St.a:j::; ;;Ii::c L:-::LT: fmm?b[c distributional level/model for univaniate data
. ts of hypothesis™ are oft ; )

. assumpti . X often based o e,
“Sumgﬁ::s}cﬂziﬁ o omm?f,uung m interval or test based. Eﬁ"&ﬁi‘ﬁfﬁ t:ar;
Here, the di;uihudon d venly that the assumption is justified for the given daun
a sufficient mode] 0¢s not need to be the best-fitting distribution for the o

9 Simulation snudi lo _chld valid conclusions for the statistical technj uT Sitn, but
¢s with random numbers generated from rsing a ,;c;r',c probability

distribution are often useful,
Scanned with CamScanner
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6.2.3.  Tvpes of Probability Distribution

The varionn ..,.. of Teriadeliny [hetedetions wre it thons i figure below

1] Thsesvte Probahility Distribetion: la 0 probabuley dembution of 8 random
varadle X i whick X cne oy ke the vatoes of diecrete intepers, then it I8 called
dicerte  prodmisliny datdwtew A prodabdity  dinbution 0 callad diecrete
el desiemior whes i radom variabe o 8 direte varable  The
foliowing exampies (Dostomte discrrte r""'ll“'h') diven hutioms

& oo cor heve omdy 01, 2 3 or d flat tyres

i) A heaokadep bas oy €, 1, 2 ), 4 or 3 copees of a particular title in stock
) The nember of pmplovees abaent 0o 8 piven day is 0, 1, 2, ), etc

The Pigure 6.0 thorws the example of ening
Takle: Probabilities of (etting 9, 1 a7 1 Heady
. Numberof Hesds [ Probapiity |
021 /
05 ]
025 J
Definltion: [f the pnmmry_nf # successful trial is p and that of failure in any trial s q
(= 1 = p). then the probability of having 1 suecesstul outcomes in a1 experiment

of o independent trials is as follows: f(x)= 'C' P 'q -t

1_1::': probability distribution is called the binomial probability distribution. The
hmrf;i distnibution iy a discrete distbution with purameters s and p If p .mdq w‘e
equal it is symmetnical, otherwise it is nonsymmetrical

/
—_— /-
I

Typen of Dimerete Probebility Distribotion
i/  Bmomal Dasibation, and
' Poswe Dis=hwymnon

Comtinpoes Probability Distribution: The probability distnbution of a random
vamabie 1 called Continuous Probability Distribution if the given random variable
1 comtmooes Comtmuous variables contain very large number of outcomes (which

&7 1 1 gmcoestable) but discrete variables contain finite number of outcome
valum Ir commmuous random variables, the probability of a single outcome will be | J)  p: The probability of success of an individual tial. |

rk-ct:zx.—umt.‘cmxlpvhbihry'I'isdmdcdm‘lvcry!’nqcnumb.uof 1) q:mpubabillvoffdfma!mmwmﬂ?muqmjml-P; i
cummomes For comtinuous random varisbles, calculation of probability for a single | 5) .“‘”‘P“WM-&MMW;,; “
valur may mox be npmificant mﬂxﬂy:mw@&mo"nﬂ“mmnﬁ ; ,mi ;’;ili-‘ﬂmiu

) 6) 'C;ﬂenumbcrofmbimﬁomofamnukmraum
5 crampics thet will clanfy the difference between discrete and continuous

vanahics Y ) ) '
n Sa;qmcxmmm!mnu:hequahﬁaﬁourhulﬂpsloummrwﬂgh

Notation for Binomial
1) r: The number of successes that result from the binomial experiment
2) a:mnumbwormmdrwam

L)

bewre= $Skg nd 65kg The weight of 3 pilot would be 2a example of a 3 — y
comtmunas vansble, since a pilot’s weight could take on any value between L [*Cr'q / o1 /*C..p™s ]
<Sug e &5kg . [_ 2 ]-Qp:qra / =2 ’ Cpmg j I

7) Suppose ome fups 2 coin and counts the numbaor tails. The number of tails L J I'C,p’q" ’ -3 I- o
cowiid be any imteger value berween 0 and plus infinity. One could nol, c.g., g¢t L] / :
2 € sails Theeefore, the pumber of tails must be a discrete variable. 6.24.1.  Assumptions of Binomial Distribation g i

I} The number of observations is fired. =5t 1
2) Each trial has two mutually exclusive possible cutcomes, i.c.. success ey
3) Exchuialis independent of other wials, s o flur. :
4) Each tria] has the constant probability of success (s3y p) or failure (= 1 - p).

Tvyudcml’mhﬁﬁl‘_ymﬂﬂﬂ

The foliowing comtisuous probability distributions are illustrated:
2) Exponential Distribution

1) Unifor= Distribution o,
3 N Disaribut 4) Student’s t Distribution
€) Chi-Square Diswribustios 6) F Disribudon T eeproperties of Binomial Distribution
1) Ammmmqmmwmammsmmmwmbm

, Binomial Distribution. .
) Total number of trials ‘n* and probability of success in cach wial p*
) mal

; parameters of the distribution. P e

) The mean and variance of a binomial distribution are ‘op” * respectt

" ‘op’ and vely.

i) Mmuupwyr_ greater than its vanance for Mﬂdﬁnﬁhﬁo:w !
5 mmwmmbudmummommwmwa

6) The binomial distribution is callad pegatively skewed distribution if pI12 & if

p<in, _l.hcn it is a positively skewed dismbution.

1) Binomial Distribution tends to Poisson Dismribution if *n’ is very large and ‘p’ is very [

6.2.4. Binomial Distribution
A binomisl distribution whes plsce when
G are only “Two” mutsally exclusive
possivle oucomes. For exsmple, (e
flipping of 2 coin msy only result in either
& bead or 3 il If we refer 1o onc oulcome

*success’ theo we have 10 tenm the oter
= “failure’, This  binomisl

oulcome &
distribution is elso ula-r_uﬂ ; as Bﬂmuﬂ.l 0 S :n' e = |

yuon eficr the Swiss _‘Mﬁlﬂfuﬂ Figurs 6.3; Probabdiitics of 0, | and 2 Hesds | §)  Binomial Distribution 1ends R . j
Jacob Bernoulll who denved it Py tiog to Normal Distnbution if *n' is very large; p and q are /
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62.44. Fitting a Binomial
TWhes 2 himormza] &smitoton =)

inspechon

Brostahistncs

Applications of Binomial Dlstrlbuliolixn _
f‘f-:;t:‘m\!“sg I‘:ﬂd probability of geming x* scessin 'n m:'q-cndmll Bemou h ma:;l
. N . son plane, geoetic experiments, for finding con
geasistical quality coatrol.

& Research Methodalofy

mb:ﬁnadmmobmrdd;m.foﬂmm;uﬁt

n D::_::r:::dmcgi\mmﬂmdmmmmdd!nﬂuﬂofp@q. lfr.:::luf
n mnhshmt:tﬁ:mbcfmﬂﬂmb:ﬂbcmrpkrchitonﬂ!:lde(-q:”.
by Ex,ﬂtrﬁ::n’:ﬂ;q*pnmmiudmmﬂrnm&dmnﬂnn k:
2 ety each trm of the cxpunded binomial by N (toul frequency). 10 get
h gt;u-_':-d ——— frogoency in each cxzegory.
245, Problems o ) .
| fz:mphn-. Fot 2 bipogsia cisbion o the following disuibution of 156 samples:
Tne of Defective Fie=ss | 7 6 |5 4 |3 |2 1
"N of Samples it 6 | 32 351451:1_!7121
Solotion normial di i lues of o, N.pand q.
jon: &cb:x:m!dmmmdrd;u_wmdd:u o
TIx nTuﬁ:r i [ * Heeo=T,N=136
o | r 1 [4] 5 _ “_54—6_35
I 11 7 ! 7 Memm=pp= X= - -H_&_
F 2 i d ] | L8 2
[ 31 48 | 1+ - Txp=35
’ I -] | 1= 1
A 12 I 150 = p=s
I & | ] I 36 2z
| 7 | 1 ] 7 | i =1,,._l_=l
] | Ir=1% | =58 ] - q 372
Eknpcmﬁomdfmumdu .
! Na. of defective ! fin="Cpg g Iﬁpdodfmvﬂ?r!-.\!nl'l
| e (VY L -
) r 4 ’m' C'{?Mz] = Lz
e[1)[A) -
T A
' Y. 2 X
i : ‘Hm C'&)[’:‘J iz a3
l eI 5 ad
i ’ r=cf3) (3] * 265
l=T . I L] l ]-lj_ ‘165
(R OO
! VAR EL
/ ="C{>]|3] =1 256
_?_| r : i C'[z](z) 124
' L] (]
' a1 L
[ Pi&)= C,(;] [2] IZH s_s] -
o)) . L
7 iy c'ﬁ][?) 12 12

—_—

|

Probability (Chapter 6) 119

Example 20: Infectious Disease: The most common and routine lsboratory tests done on

medical exzmination is blood count. There are two main features of blood count are as

given below:

1) Calculating the number of white blood cells (“white count™) and

2) Differentiating whit= blood cells which do exist into 5 clatses — neutrophils,
lymphocytes, monocytes, eosinophils, and basophils. It is known as “differential™.

White count and differential are used together widely in clinical diagnoses. We penerally

focus on the differential, i e, the distribution of the number of neutrophils k out of 100

white blood cells.

i) What is the probability that 2™ and §* cells taken will be neutrophils and the remaining
e=lls ils? It is given a probability of 0.6 for any one cell is a neutrophil.

ii) Find out the probabiliry that any two cells out of five will be neutrophils.

Solution:

i) Suppose 'x” is the potation of peutrophil and ‘o’ is the notation of non-peutrophil
Since probabilities of success and failure are given by 0.6 and 0.4 respectively, and
different cells are supposed o be independent. Hence, the probability is:

9P @ gx p=p'q’ = (0.6)(0.4)"

ii) There is only one ‘oxcor’ out of the 10 possibl ' in tw
) possible orderings that results in two
neutrophils. Ten possible orderings are given in table 6.2.

Table £23: Probable Orderings for 2 Neutrophlls of § Cells

X¥ioa oxroo ocoton
Xoxoo oxo10 ooy
100%0 -
To00T oaxxo

The pumber of ordering= The number .
cells=Ca= (SxaV(xIpot0, of ways 10 select 2 cells ta be neutrophils out of §

that i, "g)g(fg:;n;_ H:m‘ m:'-mg’b:ﬁ T':_-"'F ‘-1 is same as that for the ordering ‘ovoox’,
=t?l(.:{‘!::.'i‘i’f"‘l-l'{Za:nm:m (.60 8 8 ™o neutrophilsin S cells s as follows:

Soilllklﬂ: Given m the __ .
probabili .
Assume that P(S) is the notatiog Df?l,olit'n?ng the target is 0 4.

PS)=04=2
5

Thcpmbabi]iryufnathiuingllmlug:tis P'(F]:E
5

We have, n = 6, suppose
hit the target.

h N .
P(Xaz)‘—' I -I'-P(K:nj‘m:l]?mum?cn“:
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Faample 22: 17 there 1 one vessel 00 A0 avenge in every tm.i' wrecked, determine the
probebiliny Bt out of five vessel likely to reach, minimum 4 will armve safely,

. A
Solution: Grven that the probabelity of wrecking a vessel is o

. Pw= i_: -—Q.—‘nos
10 10
Or memsmun & amive safely this means | is wrecked or fwo wrecked or three wrecked.
- Reguired prodadaliy = P(0) + A1) + P2) « P3)
='C’ » Ta'p « 'Cp + 'O’

(&) o2 (&) g[i]’[i]’.&i [i]'[.'_)’
(19, *7ie) (1) 2wl L) " 21 Lio) Lo

e 3 (729+205490410) = &l‘;}‘lzo.mu

6.2.5. Poisson Distribution '
Poisson distribunon was developed by the French mathematician Simeon Denis Poisson
in 1E37 (178]1-1820) Poisson distribution arises when you count 2 m_unbcr of events
s—s Gme of over an area  Poisson distribution is @ discrete random
vemshls distibution that expresses probability of the given number uf events in a fixed
imenva! of tme, if these events occur with a known average rle and independent of the
time since the last event. Poisson distribudon can also be used for the number ql’cvum in
other specified intervals such as distance, area of volume. Poisson distribution can be
nwdnmdmut:waimmiddbm&minth:azofmhmmqpl_ﬁ.ln
binomiz! diswibution the valee of n is finite, But there are f‘ew. pmblfm: when il is nol
possible 1o esumate “s'. In this case binomial distribution is m'.appha_blc_bncau‘n one
cannot expand (p + g)f, if 1 is not known. In such cases Poisson distribution is applicable.

Exzmples of Poisson Distribution )
1) The number of telephone calls received
during 2 certain hour of the day.

2) mnmbcrolxcidenupefywin!dilqizlofM!!wnhn
3) The number of trucks passing a cerlain point per minute.
ntnumbcrorpanmba-nda!mddumhp::ycumlciry.
%) The pumber of typing efors per page. -

6) Th:nmbcrofpﬁnﬂngmmpqmeln;bmh

7) The number of defective blades in a pack of 1000.

6.2.5.1. Definition and Probability Function
=m__1

. e'm
I is defined by the probability ﬁ;ncuon:f(n}:T
for % (no, of suceesses) =0, 1,2, 3, .......where m is a fixed positive number.
¢ =2.TI82E (app.)

at a particular switch board per minute

Profesbiliny (Chapter £) 121

Ths!urfrllnr tarma of the distribustion for differsnt values of £ ar= a3 follerwy:
[ o J 7 T3 15 7] Total

—l]

Notation for Poisson Probability
The lollowing notation is helpful, when we talk sbout the Poisson dismibution.

| e™ [ e®em " rm’ —_—_._HI.NWlJ ] I
k] ¥ (s the tomal probability must be onry) |

1) e A constant equal to approximarely 271323, (Actually, e i the base of the parsr)

loganthm system.)

2) m: The mean number of succestes that occur in a specified region.

3) x: The actual number of successes that ocour in a specified region

4) Pix; m): The Poimson probability that exactly 1 succeises occur 1n 3 Pomson
experiment, when the mean number of succerses is i

6.25.2. Assumptions of Polsson Distribution

1) The number of events is discrete in 2 given interval. wy [0, 1]

2) The probability is approximately proportional to the length of the interval for 23
event which may occur in a short interval [t 1 + A1]

3) The occurrences of events ars independent in non-overlapping int=rvals.

4) The probability of two events is pegligible in a short interval [L 1+ )

6.2.53. Properties of Poisson Distribution
1) The outcomes that occur in the result of i !
s of the cxperiment can be classified 2s suecesses
2) The average number of successes (1) which occur in a specified region i
e 1 region is known.
3) ntprobab}l{tydmasumwinmudj:wﬂy related to the size of the regicn
;; ;n-.c probability that a success will occur in an extremmely small rezioa is almost z2em0
tis a discrele probability distribution where the i ’
infinite set of values 0,1, 2.... TR e

6) i) Meaa (m) = parameter of the i) Variance (%) = o
distnbution,

ili) Standerd Deviabom
- (0)=Jm
iv) Skewness = -‘-,:- ¥) Kurtosis ('Pn.h-bm]--:l.;
7) The mode of Poisson distribution is that value of i i
0 x which }
_pmh;b.tllty. It may have either one or two modes, If ‘m i.sna:Fm wwﬁ!h:gmm
in the integral value bcrwwn (m = 1) and (m). If, however, *m" is an 'u:;:ger then
. lhma.n:mnmode;wh:chm{m—l]md(m), ‘
) U:mdymtwnindepmdmtl’uimmimwi parame
; : th ters m; and
. I'upecuw:ly.meulbq:lum(;+y)isa[ma?bimnvw:ewi1hpanmcwm;+m?:
) m&umni,mddmdmmmmspaﬁwly[m).{m’+m1.(|n'+3m’+m}.

?;'.2?.4. Applications of Polsson Distribution
o count the number of defects of an item vsed i i isti
;;o To count the number of germs in a substance Nl
To count the number of particles di : radioactive substance i
b particles discharged from a Ve § in a
;] To count the number of casualties with the customer of an insurance company.
) In queuing problems 1o count the number of arrivals of customers at a billing counter.

6) Number of traffic arrivals such as actopl i i harbours
anes at airports,
the gates, elc. . ek s
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1 122 Diostatistics & Research Methodology
| 2) 1In determining the total number of deaths carried by a specific disase (and not
epdemic), in a particular locality or a particular (specified) period of time.

§€) The number of typing ermon per page in a fypad material,
@) In problems dealing with the inspection of manufactured products with the
probahility that any one piece is defective is very small and the lots are very large.
10) 1o made! the disribution of the number of peryons joining a qucuc to receive &

service or purchase of 8 prodoct.

6255 Fitting a Poisson Distribution

The process of fitting a Poisson distribeJon is very simple. First one has to find the value
of m. ic.. the average oocurTende, and calculate the frequency of 0 successes. The other
fraquencies can be calculated as follows:

--miull

e™"m"
)= —— and T Iy ———
fix - (x+ TSI

fa+n_m"" x!  m

= —— =
f(x) (x+1)! m" (x+1) .
’ m
=
= f(x+D {Hnﬁxl .
Sl
When, x = 2

) 2
When x=0=f()=mxf0); When, x= I=:>f(2)=1:-ftl):

=’
9{03-—3—!{2); gnd so on.

This recurring relation provides 2 very convenient method for fitting the Poisson
giseribution. The only probability we need to know isf(0) =e ™, where m is the only
parameter of the Poisson distribution. By multiplying N (the total fl'cqru'cnch each
probebility of the Poisson distribution, we get the expected frequencies for respective

probabilines.

6.2.5.6. Problems T

Example 23: If 4% of the electric geysers manufactured by a company are defective, use
le of 100 geysers when:

Poiuandismbuﬁanmfmd:hcpmbabiﬁryinlmp y
i) None is defective ii) S geysers are defective
(Given: ¢~ = 0.018)

4 .
Solution: Letp= probability of a defective geyser = 4% =E =004
100, p = 0.04; . Mean (m) = np =100 x 0.04 =4

We are given n =

The Poisson distribution is given as:
. c--_ ]

P(X=x)= oy

" 1) None are defective
e4xd® o

P(X=0)= =~ =00I18
P(0)=0.018

Protability (Chaptes 6) 123

2) S pgeysers are defective
g tea’ 00IRx 1024  1RA32

- E——-..——-—"n.—-—-——-’o.lg
P SwdwiInd 120

5
P(s)=0.154
Fxample 24: m«:ﬁm Disense: Understand through the example of typhoid-f.evﬂ
Assume that the over ane year period, the number of é=aths from typhoid fever is Poisson

jt = 4.6, Find the probability distribution of the number of

distributed with the parameter
deaths over a 6-month period and » 3-month period?

Solution:

1) Suppose X is the number of death due to typhoid fever in six months. Since p=46.1
= | year, it follows that A = 4.6 death/year. For a six month period we have L =46

deaths per year, 1 = 0.5 year. Therefore, g = A =2.3. S0,

'y
v

%

=5

23 .
P(X=0)=¢' =100 P(X=1)= —l,—=“=.23I

23 4y 2y Ly, e

Poa= ZleP =265 PGeY= SreT=a0 Ri=%
" L]

P(X=4) = %e'“am P(X=8)= S—e ' =054 :‘E%

L
o

P(X26) = 1-(.100 + .231 + 265 +.203 + 117 + .054) = 030

2) Assumcmn"{i!rhcnumbcfnfdeamslnmmmFarnp:ﬁodafmm:mmm.
X = 4.6 deaths/ year, t = .25 year, p =t = 1.15. 5o,

P(Y=0)=¢"" =317 P(Y=1)= % = 36s

! )
P(Y=2)= —“1? et =209 P(Y=3)= -—”; =080

P(Y24) = 1 (317+.364+.209+.080) = 030

In figure 6.4, distributions are plotted.

ot

04
o3l |
0z
= 02 ~g
¥ = ‘
: - 3 3
01p= ol T
iy 'L!
0.0 l 1 00 \ ‘ \ . ‘1
01 2 3 4 5 6 ot 2 3 4 s 6 ¢
(86 Month (b) 3 Months

Figure 6.4: Distribation of the Number of Deaths due
to Typhold Fever over rarious Time Intervals

Example 25: Bacteriology supposing A = 100 cm? and A =.02 colonieslem’, find the |
probability distribution of the number of bacterial colonies. .

——— R
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Salution: Given jt = AA = 100 02} = 2.
Assume X is the pamber of colonics, then:
PX=D) =~ = 0135

AX=D=e 2! =20" =027

PX=) =e” 22 m 2 = 0271

PX=li=e= 231 ;r't =0 180

-

PX=t)=c~ 2=

2ot =00
3

P25 =1-(0 135+0.271+0.271+0 180+0.90) =0053

Obviously. the larper A is, the more b ~terial colonies we would probable to catch.

6.2.6. Normal Distribution
A family of continoous probabiliry distributions descri

bed by the normal equation is

Normal Equation
The normal distibugion is defined by the following equation:

The valus of the random variable y is:
—ertrsd

1
y=f(x)=—=—¢
U\iZR

Whers, 7 = Norma! rendom varizble, g = Mean, a = Standard deviation, & = 3.14159, and

e=27I1828

The random varisble x in the pormal equanon is called the normal random variable. The
probability density function for the normal distribution is called the normal equation. The
graph of normal equation is called the normal curve which is a bell-shaped curve thal
extends indefinitely in both directions. coming closer and claser to the horizontal axis
without even touching it. )

62.6.1. Definition and Probability Function

A continuous random variable x is said 1o have 2

pormal distribution with parameters jt (mean) and e
(variance), if it has the probability density function

represented by the equation:

i >
ycf(:)ra—JE_;e —m K<t T >
Where, » )
y = The height of the curve at a distance x from mean; it indicates the probability density

of that particular value of the variable x,
o= Standard deviation of the given normal distribution,
p = Mean of the random variable x,
x = The constant = 3.1416; +/2x =2.5066, and
¢ = The constant = 2.1783 (base of natural logarithm).

Protability (Chapees &) 125

can be converted into frequency density by multplying the
N (i, the total number of items in the distnbution) The
normal distribution in the figure 6.5 is knoan as normal

curve. The probability that x lies between the ordinates 1 = &, % = b, (b > a), ie,
probability {a < & < b) is represented by the area under the curve between 8 and b, The

jotal area covered by the x-axis and the curve is one.

The diagram of f(x) is a famous *bell shaped' curve. The top of the curve is at the top af
the point where the mean lies. The two 1ails of the curve on the right and left of the mean

(p) extend to infinity which means that they do not intersects x-axis. The curve tends (o
flatten out in the condition when the value of standard deviation is large. On the other

hand. it has a sharp peak when the value of standard deviation is small.

6.2.6.2. Properties of Standard Normal Distribution

1) Itisacontinuous probability distribution baving parameters pand @ .

2) Thcn{:ﬂm]wweispu‘fwﬂysymmehimlboullh:ma:m(mmdisbcumpad.
The two tails of the curve on either side of mean extend to infinity.

3) Mean = Median = Mode, Skewness =0.

4) It has only one mode.

%) Q and Q, are equidistant from median (or mean)

Q,;m—ﬂ.ﬁ?xa.Q,-m+0.67xu{|pp.) :
Quartile Deviation = 0.67 x 0, mean deviation (about mean) =4/5x g.

Probability  density
probability density equation by
curve which is representing the

6) Thé maximum ordinate is at x = m, and its value 'ujl;-. Thus, probability is
avx

inversely proportional to Standard Deviation.
7) The area under the curve means the area lying between the curve and the horizontal
axis and is equal to the number of frequencics. The s.d. (o) distnbutes this area as

follows:
i) 68.27% of the area lies betwren X = =0 10 X = +0 , 34.134% area will Lic on

cither side of the mean,

ii) 95.45% of the area Lics between x = —20 1o x = +20 i.e. 47.725% area will lie
on either side of the mean.

iii) 99.73% of the erea lics between x = =310 x = +30. 49.865% area will Lie on

cither side of the mean.
) xcan lie anywhere between: —es <X < 4 o=,

6.2.6.3. Standard Normal Distribution
A ra.n!:iom variable that has a normal distribution with & mean of 0 and a standard
deviation 01:'1_1 is said o have a standard pormal distribution. Wg use the :ﬂsu:r zto
represent  this particular normal random  variable. Normal distributi
transformed to standard normal distributions by the formula: disibutions. can be
_E-m

g

z

Where, :
x = Value from the original normal distribution,
distribution, and

o = Standard deviation of original normal distribution.

The standard normal distribution is sometimes called the z-distribution.

B = Mean of the original normal
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62164 Narmal Conve

The nomal detetaon praph i based on teo facton pamely, the memn and wandand
deastion The mean of the dietrbution finds e preitsm of the centre of the curve, and

e wrande=? Anvatrom findy the BN e

=it of e cove When the valor of
Figure 6.6

standard devasthm i baph then the Airve
will e shart in hesphe and wide in wichh
UWhes the valor of standand deviation |
small thes the curve will be tall in height
and mavow n el All  pormal
disitetoms look Blr @ symemetnic, bell-
hamed cunve. as showm i figure 66

The comve on the beft is shorter and wider than the curve on the right, because the curve
o e left han 2 begper standerd deviation,

6265, Probability and the Normal Curve
The normal dmtribunon 2 continuous probability distribution. These implications are as
fallosx

1) The iotal &ea under the curve is 1. -

| mm‘ﬂn&xlmmﬂmdmvﬁlbhxmlmypuﬁm&uh:hh.

3) The probabuliry that X is preater than a equals the
£=2 ender the pormal curve bounded by "a’ (refer
the figure shove) and “infinity plus’ (as indicated
by the noo-shaded 2rea in the figure 6.7).

2) mmmxnmmu‘mm
2m=s p=der the pormal curve bounded by "2’ and
rmnms infinity (refer o the shaded area in the s
figare 6.7). Flgure £.7: Normal Curve

Additionally, every pormal curve (regardless ufiummmumdmm;mrm

15 the following “rule™ e
1 Abau!ﬁ!%ufdaemundenbtcuncfﬂuwiminIumda:ddﬂunmofﬂtnm.

2) Abowm95% of the area ander the curve falls within 2 standard deviations of the mean.
3 About 99.7% of the area under the curve falls within 3 standard deviations of the

meen.

6.2.6.6. Fitting a Normal Curve ,
For the fitting of & pormal distribution (o the given data, one has to !‘ust"nflc:ﬂm the

mmean i and standard deviation © from the given data. X

mﬂdznormﬂmﬁnedwﬂtgivcnd;uh;iunby:

'H-ul'
y= e—i’;} ——g XL 4o
ovlr

We first find the standard normal variates corresponding to the lower units of each class- *

i caleu pected normal frequency. From the normal tables the areas
ity bt aqst.l.ud:l.rn:! normal variate. The areas for the

under the normal curve are calculated for each st
successive class intervals are obtained by sublracting the success

normal frequencies by multiplying these areas with N.

ive areas and we gel the

Probabiliey (€ hapear &) i
6.26.7, Problems

Frample 24, Tnfmiﬂwmnun&rmhnjnmlmmmm;._‘”; ad

2
0137

S-l:t;hn:lhqnindm-[mbﬂm:--ﬂ.ﬁwz-mo{mbdumrzﬁmg
= )

=(arcabetween z=0and 2 = 0.75) + (23 berween 2= 0 and £ = 2.04)

=02734+ 04793 =0.7527

NowP(-0.75<2<204) =0.7527

Empkﬂ:!@twlimmtmhmismh.mmbuﬁmo{mﬂshm
:nbcl?mmal“:tﬂ'l.mnfmnlﬂndctﬁls.Huvmyﬂﬁmﬂﬂa;tc&dbgﬂ
i) Between 20 end 40,

i) Less than 35, and

i) Above 507

Solution: Given, p =30, g = 6.25
X—p
a
i) Expectation of marks between 20 and 40,
Value of z when x = 20
20-!-30-_16
6.25 i

Since z=

Value of z when x = 40
=40—30=l 6
6.25 )
Arcabetween z = 0 and 2 = -1.6 is 0.4452
Areabetweenz=0and z = 1.6 is 0.4452
». Area between z=~-1.6 and z = 1.6 is 0.4452+ 0.4452= 0.8904
Required probability = 0.7108
Number of applicants with an expectation of marks between 20 and 40 =
2000 x 0.7108 = 1421.6 = 1422 .
i) Expectation of marks less than 35.
35-30
z= =08
6.25
P(z<0.8)=05-0.2881=02119
Number of applicants with an expectation of marks less than 35 = 2000 x
0.2119=423.8> 424
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iii) Eapectation of marks above 50.
(=
7= - 30_3‘2
6.25

Pz >3.2)=05-0.4993 = 0.0007
Number of applicants with an expectation of marks above 50 = 2000 x 0.0007= 1.4 =

28: The daily income of 2,000 employees is normally distributed around a

Example
Estimate the number of employces

mean of T80 and with a standard deviation of T5.
whose daily income will be:

i) Between? B0 and 182,

ii) More than T85,

iii) Less than I73,
Solution:
i) ‘When X =80,Z,=(80-80)/5=0
WhenX =82, z,-n;w=o.4 03413
Area berween Z =0 and Z= 04
is 0.1554
Therefore  the  number of

employees  with daily income
between T 80 and T 82 = 2000 »
0.1554 =311 '

85-80 I
ii) WhenX =85, Z,=-—-S‘—-=
Ambem-e:nZ:DaudZ:lis

0.3413
Arca greater than 185 = 0.5 -

03413=0.1587

Therefore,  the nflmbtf

employees \_vill'l‘da-iljf tpcome
73-80__T__;4

——— -

i) WhenX =13, Zy=—2— ="

f
m?:lmmm 85 klﬂnxo,lSBT:SlT

Arca betweenZ =0 and Z = 1.4 =04192

Area Jess than ¥ 73=0.5 —0.4192=0.0808

i x
number of employecs with daily income more than T 73 is 2,000

Therefore, the

0.0808 = 162

produabality (Chapier fi
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6.3.1. Very Short Answer Type Questions
1) Define probubility.

21 What is sample space?

1) Define mndom vanahle.

4) State the Baye's theorem.

5)  Bring out the properties of probahility,

6.3.2. Short Answer Type Questions

1} Definc probahility and bring out the importance of probabiliry.
7) Define mutually exclusive evenls.

1) What is marginal probability?

4) Define conditional probability.

§) State the Bayes™ theorem.

63.3. Long Answer Type Questions

11 Ina bolt factory machines A. B and C manufacture respectively 25%, 35% and 40%. Of
the otal of their vutput 5, 4 and 2 per'cent are defective bofis” A bolf is drawif a1 random
from the product and is found 1o bé iéfective. What are the probabilities th3t It was
munufaciured by machines A, B and C?
[Ans: A =037:B=040.C=0.13]

N Let A, B and C be three mutually and cshaustive events. Find P(B), if

i i
EP(C}=EPIAJ=P(BJ'

]

~1|id

[Ans: F(B) =

3 1f P(A) = 0.50. P(B) = 0.40 and P(A U B) = 070, find PIA/B) and P(RAUB). State

whether A and B ore independent.

[Ams: v = %.i'rﬁu =07, indepandent]

4§ Given IhA) = %.PIA-"BM-:- and PIH/A) = é_l'uhlll

it A and B ure mutually exclusive.
i) A and'Bare independent.
[Ans: (i) Not mutually exclusive, (i) Independent]

5 Qur of the numbers | to 100, one is selected at random What is the probability that it is
divisible by 7 or 87
l
[Ans: = |
4

A committee of 4 people is to be appointed from 3 offices of the production department,
4 officers of the purchase dcpmmérr[- two officen of the sales depaniment and one

chartered accountant.
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sampling and Jypothesis Testing (Chapl

CHAPTE?]
7

7.1.1. Introduction ‘
Sampling is a process in which the fixed numbers of observations are taken randomly

Biostatistics & Research Methodology
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Find the probability of formiag the committee in the following manner:
i1 There must he one from each catepory. "
The committee should have atleast one from the purchase depaniment.

i)
i) The chartenad accountant must be in the commiltee.

L

. 13 .. 2
A ) —, (1) —, (i) =
[Ams: (i % ({11 s (i 3 1

7)  The adds that person A speaks the truth are 3 : 2 and the odds thar person B speaks the
truth are § © 3. In what percentage of cases are they likely to contradict each other in

stating the same fact?

[Ans: 47.5% of cases]
51 In an examination. 30% of the students have failed in Engincenng Mechanivs, 20% of e
studeres have failed in Mathematics and 105 have failed in both the subjects. A student

it tejectad 2t andom.

i) What is the probability that the student has failed in Engineering Mechanics il iy
known that be has failed in Mathematics?

i) What is the probability that the student has failed either in Enginecring Mechanics or
n Mathematics? ’

from a larger population.
fundsmental for behavioural rescarch is known as sampling and
It is impracticable and impassible fo stud)

of cost. time and other [actors that are

ole population. For the sole reason of
of sampling has been

A technigue which is
without using it, research work is not ;vossjblg.
the whole population due fo practical limitations
indispensable and operative in studying the wh
making the research findings economical and accurate, the concept
introduced. For example, for taking decision about to purchase or not 1o purchase the
fruits, a fruit merchant inspects randomly only a few of them rather than examining each

and every fruit.

The important objective of sampling is to obtain maximum information of the population
under study using minimum of maney, labour and fime. A definite plan to obuin 2
sample from the sampling frame is sample deslgn. The method or technique which is
adopted by the researcher in selecting the units of sampling from the population is called

[Ans: ﬁ]:' . (i) 0.40]
9) Villages A. B, C and D are connected by overhead telephone lines joining AB, AC, BC,
BD and CD. As = result of severe gales, there is a probability p (the same for each link)
that any particular link is broken. Find the probability of making a telephone call from A

sampling design.
According to Cocharn, “In every branch of science we lack the resources, to study more

than a fragment of the phenomena that might advance our knowledge”. In this definition
a “fragment’ is the sample and ‘phenomena’ is the *population’.

According to Davis S. Fox “in the social science, it is not possible 10 collect data from
every respondent relevant to our study but only from some fractional pant is called

to B.

[Ans: 1 -2p7+pY]
10) An unbiased coin is tossed four times in succession and 3 man scors 2 or | according to
the coin as shows head or tail in each throw. E,, E; are the following evenis: E; = total
score is even, E. — total score is divisible by 3. Determine whether E, and E: are

independent or nol.
[Ans: Not independent]

' sampling™.

The basis for selecting a sample survey is the framework or roadmap which is called

sample design and it affects other important aspects of the survey. For obtaining some
type of relevant information using survey, researchers execute it for some population. or

univcrs::. The_sampﬁng frame must be defined in such a way that it represents the
population of interest out of which a sample is 1o be drawn at random. This sampling

frame should be either identical to the population or may be a part of it.

The sampling frame can be indirectly related to the population subject o some under
coverage (e.g., the population is preschool children and the frame is a listing of
preschools). The design of the sample may be simple or complex which provides the

fundamental plan and methodology for the selection of the sample.

7.1.2. Characteristics of a Good Sample Design

The various characteristics of a good sample design are as follows:
) True Representative: The true representative of the population and matching its

properties is termed as good sample where aggregate of certain properties is the
population and sample is the sub-total of the universe,
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2} Free from Bias: A pood tample does not allows prejudices, pre.conceptions, and
imaginations which afTects its choice and it iv unbiaswed. .

3)  Accurate: A sample is called poosd when it yields accurate estimates or statistics and
free from ermors

4) Comprehensive: A sample that is true representative of the population is also
comprehensive in nature which is controlled by definite purpose of investigation. A
cample’s characterivie may be comprehensive but it may not be a good
representative of the population

S) Approachable: The subjects of good sample are easily accessible where the tools of

research are eauly conducted and casy collection of data is possible.

&) Good Size: The size of good sample is such that it yields an accurate result and the
error due to probability can be estimated.

7) Feasible: A gond sample creates the rescarch work more feasible.

£) Goal Orientation: Any sample which is selecied by the researcher should be able to
satisfy the ohjectives of the research. The sample should be taken in proper number.
It should be customized to fit the environment under which the research is going to
be conducted If the sample is changed as per the requirement of the survey design
then it can come out with befter results and outcomes.

9) Practical: It means that the concepts of sample selection should be applied properly
while conducting the research. The researcher should be well experienced and well
instructad. The instructions which are passed to observer should be clear, complete
and correct in 21l terms so as 1o avoid errors and biasness on their part. The sample
should be selectad on basis of the sample design. The sampling units should be
representative. The sample design should be practical and feasible in nature.

10) Economical: It refers that the research should not incur huge costs, time or efforts.
One of the objectives of any rescarch is to complele the research with minimum
effort, time, money and resources. The rescarcher calculates per unit cost for each
respondent. The researcher should choose that sampling design which gives
minimum per respondent cost and maximum accuracy. The funding agency is highly
concemad with per unit cost and the corresponding accuracy.

7.13. Population

Population or universe is the sum total of the objects under study, bath animated and in

animated. Thes, numerical details of the collection of the individuals or of their qualities, or

of results of the operations are known as vniverse, Univene can be clussilied as fullows:

1) Finite Universe: A ‘Tinite universe’ comprises of [inite number ol entities or
members. For example, the universe of the heights of students in i particular ciass
or the universe of smokers in the Lucknow districl.

2) Infinite Universe: If the infinite numbers of members are included in a universe
then it is called “infinite universe”. For example, the universe of pressures al various

points in the atmosphere.

7.1.3.1. Target Population

The entire group of units, being the focus of study, is represented by the population or
universe consisting of all the persons in the country, in a particular geographical location,
or a special domeslic or economic group based on the purpose and ccope of study. Non-
human entities like farms, houses or business establishments also comprise population.

For example. if 2 study is to be conducted on the marks obtained by the students of
Statistics then the ‘universe' will be all the students of that subject in that class, If the
class is consisting of 50 students then the 50 students is the ‘universe’,
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7.1.3.2. Statistical Population

To draw out statistical inferences from the set of entities of statistical population i1 based
on random sampling of the population. For example, to derive generalisations about the
crows, 1o only the set of crows should be the interest of study. However, if one chooses 3
population such as “all crows’, then the limitations will be in observing crows both the
existing as well as existing in the future. There will be additional Limitations of
geography where the resources are limited for studying crows.

The total of guantities that are measurable or set of numbers is “statistical population”,
Thus, when only a single character symbaolised every element of such a tet then it is
defined as 'single population’, e.g., income of individuals. Depending on the finite and
infinite number of elements, statistical population can be infinitz asv well as finits. A
random set may not be a statistical population. For example. a set of crows at a point of

time will not represent a statistical population.

7.1.4. Sample
A pan of the population which is examined to estimatc the charactenistics of the

population is called a sample.

For example,

1) A pordon of rice is examined to assess the gquality of rice in the bag whers the
portion of rice examined is the sample and the bag of rice is the population.

2) From a large consignment, proportion of defective anticles is estimated only from a
portion of the consignment. The selected portion is called sample.

7.14.1. Sample Frame

The actual set of units and a list conlaining every member of the population from which a
sample is drawn at random is called sample frame. For example, if one wants to know
the factors that are responsible for the patients being admitted in the hospital after an
acute attack of asthma in a specified area, then it becomes necessary 1o know the names
of all those people of that particular area being admitted into the hospital for that reason.

A good sampling frame should be:
[} Relevant: Research topic must be directly linked with relesant thines,

2) Complete: Coverage of all relevant items.
3) Precise: It should exclude all the irrelevant items.

4) }ij-lo-Date: Incorporating recent changes and additions. and deleting redundant
items.

7.1.4.2. Sample Unit

Every sample is made up of scveral members or components. These members or
components are called sampling units. A sampling unit may or may not be a sampling
:Icmcpl. chem]ly .sa..rnpl'lng unit is referred as sampling element But in case of
sampling units consisting of several population units, each sampling unit is called a
cluster of units. The individual population units which come under the cluster of units,
are called sampling elements. Therefore in this case a sampling element is an individual
object on which the research is done, and it is a component of sampling unit.

For em.mple. in case of inspecting the quality of oranges, only few oranges are sclected
lo examine and each selected orange is a sampling unit. But in case of finding the literacy
level of a particular colony, several houses are selected in that colony for research. These
houses are sampling units. However the individual members of each house are
approached for examining the literacy level, thus these individual members of several

hrsirne ame commalie . .8
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1.5 Essence of Sampling
A% rosence of armynlimg 1 ihe oen of
(rarsalation) for maling the inference abvw
e p 111‘0 Lt

selection of & pan (rample ) from the whole
M e whole The pusence of wmpling means
iy iy e (utatintical popealatson) miay, in defimite limits of watiscal
RO can preassind By 2 wmaller proup of items (a sample) chosen from the

larpes owp (0 pasee rrelaton) When a limited selection of itema s made from a bupe
r‘“lh:."-' hen i known s sample A limited sample is vsually sufficient to make a
rW_‘—.-u-..w- of whale popolstion In pumerous cases, a numbers of pertons in
pormalation. Por example, an sverape yvield of entire plots of an agriculrural region o

pehibies o= 3 sea-deach are w0 Pumerous that measuring everything of them would ke not
romiNle pracncaly

I ‘rrm—rhwdlfrvrr‘t. &0 sppropriate sampling is extremely pecessary as it saves time
EAC Gt wedl aa provides reliable result. This outcome can be used for the purpose of
Froeralizanon and forecasting

'l-tmf_hd:rdnmﬂ:_ﬂtmm:iy it provide better picture of the parent
popalation” n the umplest rule It can be said that “the size of sample must be minimum
% 1 13% of te wal for aatisfactory results. Conclusions on defining parent population
and sslemng the top sampling tachnique, though. depend to a big extent on common sense.

7.1.6. Sampling Process

& bcl desempoon of which measurements will be taken at what times, on which

mmtemial i what mamner, and by whom, is termed as *sampling plan”. The designing of

e sxmnlng plass should incorparate that data to be evaluated which is a representative

smmpis of the parameten of intzrest and be answerable to all the questions as stated in the

poch. Followssg are the steps involved in developing a sampling plan:

1) Define the Universe: The universe can be restricted 10 some geographical limits, a
peuculsr type of prodoct or some other consmaints. Defining the universe is the
inmzl problem in procedures of sampling. The collection of elements or objects
possesung information desired by the researcher regarding what inferences are to be
made s termed 21 the target population or the universe. Precise definition of the
tarpet population is must as ambiguous definition will result in ineffective research
end deceptive in meaning. Proper defining of the target population requires
tanslenng the problem definition precisely as what should and should not be
included in the sample.

2) Sample Frame: The frame is enlisted by some population that already exists or it is
constructed for some study to be conducted by the researcher. Afier the specification
of the population to be studied, the frame of the population is developed. Sampling
frame consists of 21l the sampling units of the population which is built by the
researcher for the subject of his study or it consists of already existing list of the

populzuon. _

3) Specifying the Sampling Units: A sampling unit is decided on the basis of the
sampling frame which is the primary unit containing ﬂrc‘urnp!mg elements pr the
population like, city blocks, households, & busincss organisation, elc. The design of
the project is the paruial basis of the selection of the sampling unit. The unlr:s lhfu are
served as initisl sampling are called as primary sampling units. The objective of
the inguiry is the basis of the composition of one or more units of the population.

4) Selection of Semple Design: The procedure of selecting units in the sample involves

two primary methods of sampling namely, probabllity and non-probability
methods that can be further sub-divided info specific methods of sele tion The
probability sample being one and the procedure involved in selecting the unils has

Sampling sndd Hyperhetis Towving (Chapeer T) s

wme ipecific chance of ite inclution in the ample. An artntrary methed 5 adopted
in selecting the pnits which is pot depending upon the chance for the non-probability
tample The purpose of mauiry and the sttitude or convenience of the investigatory 1y
the B of thiy methes]

5} Determination of Sample Slze: The desired degree of accuracy in mvestigation 15
directly proportional to the size of the sample which also depends opon (he narurs of
the population and the method of selection. The ideal sample uize in marketing
research investigations depends upon the rype of series and the population size,
There will be more degree of heterogeneity and larger units will be drywn in the
sample due to larger size of the population. Hence the size of the ample should be
larger for being fully representative.

6) Select the Sample: Execution of the sctual sampling process is called a5 selecrion of
the sample and the real selection of the elements of ample requiring considerbie
amount of office and ficld work especially when the peronal mterviews are
involved. Detailed specification of the sampling design is the reguirement for the
execution of the sampling process with respect to the implementation of te size of
population, sampling frame, sampling unit. sampling techaigue, and sampie size

7.1.7.  Advantages of Sampling

Following are the advantages of sampling:

1) Saves Time, Money and Effort: The subjects involved in sampling are emal] in
number which gives him less time to calculme, tabulatz, present mnalyze, and
interpret and hence the researcher saves time, money and effors. '

2) More Effective: Due to the size of the sample being small than t=at of the
population, the tiredness is reduced in collecting the informarion and investizator
works more effectively. )

3 chralnd Cheaper: Due 10 small sample size the data collection. tabulation.
presentation. analysis, and interpretation takes less time and it involves pominal
expenses.

4) More Accurate: Small errors are in sampling because small dats 2= involved in
cullection, tabulation, presentation, analysis and interpretation.

5) Gives More Comprehensive Information: Thorough investigation of the smudy is
the result of small sample which provides more complets information as all the
nrmbcnchhcp:pqﬂ;ﬁanhnecqualchmwbeimhxhdmlbcmlc.

7.1.8.  Disadvantages of Sampling

Following are the disadvantages of sampling:

1) Blased Selection: Biased selection of the respondents may be included in sampling
by the research worker.

2) Difficulty in Selection: It is very difficult to select a truly representative sample
because a large number of factors obstructing the method of selecting good samples.

3) Speclalised Knowledge Needed: Specialised knowledgs is réquired in the sampling
method where the investigator may commit seriows mistakes due Lo its absence.

4) Problem of Cooperation: Due to scattered sample the subjects are uncooperative
with the researcher. .

5)  Less Accurncy: When the higher standard of accuracy is expected then the sampling
is not suitable,

6) Limited Nature: Due to small or dissimilar universe it is impossible to derive a
representative sample where census study is the best possible substitute.
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1% Diostatistics & Research Methodology
7.2 TYPES OF SAMPLING i
7.2.1. Introduction

The plan. method. or technigue through which o rescarcher identifics and selects the
potentizl sampling units from the sampling frame or the target population. 1o form a
relevant sample for the study is termed us “sample deslgn™. Sample designing is the
working principle of any rescarch process. Without proper designing of sample il is not
possible fo stant a sunvey, as it is the base which provides the responses of relevan
members of the population. The designing of sample may be simple or complex
depending on the method used for it

The two factors namely, the element selection technique and the representation basis are
respansible for different types of sample technique. The sumple, based on representation,
may be either probability sampling (andom sampling) or non-probability sampling (non-
random sampling). On the basis of element selection the sample can be restrictive «r
unrestrictive sampling. When each sample element is selected individually Irom the large
populaton then it is termed as “unrestrictive sample” and all the other types of sampling
are termed as “restrictive sampling”.

Thus, sample designs are basically of two types, viz., probability sampling and non.
probability sampling.

| Types of Sampling Design |

I Probahiluy Sampling Non-Probahiliry Sampling

7.2.2. Probability Sampling . '
The method in which all units of the universe is given equal chance of being selected in
the sample, is known as Probability Sumpling. There is an assurance of the resulls in
terms of probability that are ohtained through probability or random sampling. The
significance of the reanlis lics in measuring the ermors of estimation uhll:lim:d from a
pandom <ampls vinc 't s sveseminanee ol e radom simphing desigas over the
intentional sample dosien

Following arv t + rrobe peobububiny samplhing techingues;

|- Types o Itrubahility Sampling l

, Simple Rk 3 Aunplidg Sustematic Samopling I

Cluster Sampling

Arca Sampling

I Stratificd Ratdom Sampling

[ Mulu-Stage Sampling

7.2.2.1. Simple Random Sampling _

This is the most famous and simple method of samplin

population is equally probable of gcltling iacl'

size of the Ecpululiun is *N' from which n uni

such that

sampling says that.

I) There is an equal chance
sample and the choices ure independent to each other. ;

2) Each possible sumple cumbination has an equal chance of beiny chusen.

g where each unit of the
uded in the sample. Lel us consider that the
ts are 10 be selected at random for a sample
C, sample has the probability of being sclected equally, Simple random

for cach element of the population to be included in the
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The possibilnf.of bias or personal prejudices in the wlection of the units is climinated by
the method of dimple random sampling.

Methods of Simple Random Sampling
Some of the common methods of drawing simple randam samples are:
1) Lottery Method: This method includes the following steps. Let N be the size of
population and a sample of size n is 1o be drawn:
i) The units of the population are numbered from 1 1o N.
i1l N identical pieces of papers, cards, capsules or balls are taken and are pumbersd
from 1o N,
i) These ure mived carcfully in a bag, bowl or some other container and n items are
selected either by replacement or without replacement in one stroke
i¥) The number of unils in the population bearing the numbers on the itzms drawn
in step (iii) constitutes the desired random sample.

The application of this method is simple and eaty but as the size of the population
increases to infinily this method is unfeasible.

2) By Using Random Numbers: The random number table that helps in selecting a
sumple hus been constructed by some experts. The most popular of all the existing
hles, Tippett's Tables is very popular and in use. Out of the given population,
random sclection of the samples is done through these numbers. This tible ranges
from 1) 10 9 having an equal chance of appearing in any position of the table. The
actual utilisation of the random numbers is for larze population where the random
number table consist of several columns and rows out of which one is select=d at
random and then the samples are continuously selected in sequence for the desired
size of the samples. Without any bias it provides a s=t of random numbers.

7.2.2.2. Systematic Sampling

After the selection af one unit at random from the universe the other units are selected
sysematically at a specified interval of time.

This methind is upplicable when the size of the population is finite and vn the hasts of any
ssstem e s ol the uniserse are arranged such ay alphabetic armangensent. numerical
Attt e sonphical armangemients,

7.2.2.%  Stratificd Random Sampling

In the Sisubied Kandom Sampling, the sample is selected Trom dillerent homogensius

Mratd or patts of i oniverse instead of helerogeneous univense s 1 whole, The summary

of this sumpling procedure is ax follows:

) The sampled universe is divided (or simtified) into groups that are mutually
exclusive and include all items in the universe.

2) A simple random sample is then chosen independently from each group of stratum.

There ix a difference in Lhe process of stratified random sampling from that of simple
random sumpling. In simple random sampling the sample items are chosen at random
from the whole universe whereas in stratified sampling the design of the sample is the
selection of the separate random sample from cach stratum. The distribution of the
sample amony strata is based on chance in simple random sampling

Formally, divide the population inte non-overlapping groups (i.c., stratu)
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Then mndomly choosing a sample of  =n/N in each stratum. where '8! [he sampling .
fraction. For example, suppose that the retail sale of a product such as sugar in o
universe of 1,10,000 grocery stores is to be studied by the researcher. He will first sub- .
divide this universe into three strata, based on store size, as stated below:

Table: 7.1
Store Size Stratum_| Number of Stores | Percentage of Stores
| Larpe stores 22,000 20
Medium slores 33,000 30
Small stores 55,000 50
Total 1,410,000 100

Then, by independent random sampling within each of the three sirata, the researcher
guarantees for the desired sample allocation of stores within each size group, rather
leaving their representation to chance. For example, according to the stratification
scheme it was required to have 1otal samples of 120 stores, the researcher applies, simple
random sampling from each strata, that is expecied 1o yield about 24 large stores (20% of
120): about 36 medium slores (30% of 120); and about 60 small stores (50% of 120).
Thus all the strata would get representation in the strata. In case of simple random
sampling, the equal chances of occurrences are given to all sample points, it may possible
that one of the characteristic of small strata may not at all get any r2presenation.

7.22.4. Cluster Sampling

According 1o this method there is funther noticeable sub-division of the universe into
clusters. Simple random sampling is performed and clusters are drawn accordingly
constituting a sample of all the units belonging to the selected clusters. For example, if
we have lo conduct a survey in the city of Mumbai, then the city may be divided into,
say, 40 blocks and out of these 40 blocks. 5 blocks can be picked up by random sampling
and the people in these five blocks are interviewed 1o give their opinion on a particular
issue. The clusters chosen should be small in size, i.c., more or less the same number of
sample units should be there in each cluster.

This method is used in the collection of data about some common traits of the population.
Comparing it with mndom sampling cluster, sampling is certainly less precise and there is

no doubt about it in the reduction of the cost by intensifying surveys in selected clusters.

Comparatively, within a cluster there is not much information in 'n’ observations Lhat
appears 1o be in *n’ randomly drawn observations. Due to its economic advantages cluster
sampling is used. Cluster sample estimates are most reliable and effective per unit cost.

Difference between Stratified and Cluster Sampling
Table 7.2 shows the difference between stratified and cluster sampling:
Table 7.2: Difference between Stratllled and Cluster Sampling
Stratified Sampling Cluster Sampling

Oue divide the population into a few sub-[One divide the population inlo many sub-

groups: Eroups: _

i) Therc arc many clements in each sub-|i) There arc few clements in each sub-
group group.

ii) Selection of the sub-groups depending|ii) According to some crilerion nf_eafe‘Sul_r-
upon the criterion related 1o the variables groups are selected or by availability in
under study, data collection.

Homogeneity is secured within sub-groups. | Helerogeneity is secured within sub-groups

Securing heterogencity between sub-groups. | Securing homogeneity between sub-groups.

Randomly choosing the elements within each|Randomly choosing the several sub-groups for
sub-group. in-depth typical study.
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7.22.5. Multi-Stage Sampling

Modlﬁc_almn ull' cluster sampling is multi-stage sampling where in cluster sampling, a
s.unpl_c is constituted by nll rhc units selected in a cluster but in multi-stage sampling m:
selection of the sa.mp[c units is in two, three, four stages. Firstly, the universe is divided into
first-stage sample units and then further sub-divided into second stage units out of which

anm}ﬁ:;mple is selected and similarly third and fourth stage sampling is performed in the

For example, in an urban survey first stage sampling wi i

g will be of szlection of towns and th
for cth :':c_lec‘lnd towns households will be taken as sub-sample and depending upon t;:
need, individuals will be selected as samples of third-stage sampling. )

7.2.2.6. Area Sampling .
'l'hc area ‘sarnpljng i‘s a fmim of multi-stage sampling in which maps instead of lists or
registers is used as sampling frame’. It is commonly used in those countries which do
ElOl have proper lﬁmp[mg frame like a population list. For geographic sub-divisions
clusters sampling is the other name of ‘area sampling’. '
The cluster of units based on geographical area is the
*¢luster designs’ which are famous as area sampling.
of cluster sampling are also applicable to arca sampl
sub-divided into several smaller areas within which a

primary sampling units known as

The positive and negative features
ing. The total area for sampling is
random sample is selected.

For example, consider a city map,
blocks which are known as 'frame*
number for its identification,

\;vhin:h is used for arca sampling. City map has various
in case of area sampling and each frame has a unique

:’!uzrlrosaerzplsing (which is bn'fcd on the geographical considerations) black stratification
ployed. Sample of dwellings is taken by identifying the blocks. Al the end, each

block is subdivided into se ments ¥
miy be selocted I the “m'ie‘ (more or less equal size) and these ‘segment samples’

7.23. Non-Probability Sampling
Nnn-probabtli!y sampling is that type of sam
gmur!d for estimaling the probability that whe
been included in the sample.

pling procedure which does not have any
ther or not each item in the population has

ol non-probability sampling such ax deliberat [
' t ¢ ) e sampling,
purposive sampling and judgememt sampling. In this type of sampling, the rc-ae:rrchsr

deliberately sclects items for the sample and the choice of researcher regarding the item is

In other words, under non-probability sampling the organiser of the inquiry purposively

g:i};s :cplc;:ii;]: :nit;_of the un;vcr;c 1o constitute a sample on the basis that the small
v Y him, out of a huge one is typical or representative of
_ a th
universe. The various non- probability sampling designs are; = e

| Types of Non-Probabllity Sampling —l

l Convenience Sampling

Purpo.ive Sampling |
L Panel Sampling

Snowball Sampling l

Scanned with CamScanner

¥

Lt

7| ¥



140 Blostatiatics & Research Methodology

721 Convenience Sampling -

On the bdasis of convenience and appeoachability, the choice of the sampling units by the

researcher, 1s bnown as ‘cony enience sampling’. Samples that are selected accrdentally

e callad “acondental samples”. Because of the selection procedure {units are selected

from their actual place) it is called a4 ‘sample of the man in the sireer” Due 1o thew

seeessibility, samples units are selected. For example, by adding the new prowduct in the
pearty suitable shops, the potential of the product is tested This is accomplished by
obmering the purchasing and selling repont of the product,

7232, Purposive Sampling

A rom-probabiliny sample which follows certain norms is called purposive sampling,

Parposive sampling is basically of rwp types:

1) Judgement Sampling: The study which is based on the Pparametens of population,
where the units are sclected by a researcher or some other cxpert on his fher
mdgement, is called Jetgement ampling’. This ‘lechnique of sampling iy
IPPropriaie in the sitation where the study of the population is difficult 1o locale or

because there is no unbizsed way of evaluating the precision of sample results, In
spite of these limitations, when the size of the sample is extremely small this method
is useful

consumer surveys arc demographic, €.F-. age. gender, income and so on. Compound
strarification is generally used, €., gender-wise age groups.

For each stratum sample sizes are fived. Rezarding amatified ravt o« -t ra ihe
sampling within strsta may be cither proportional o dipropertiane. s acas are
conducted with the designated quotas by the feld workers. with th - 0bunision of

tncdividual respondents being lefi 10 the ficld-worlers,

7.233. Panel Sampling _
In panel sampling a group of participants arc selected initially by rendom -.;mplm;
method and the same group is asked for the s2me information repeated number of limes
during that period of time.

This sample is semi-permanent where members are included repeztedly for n.m.u\re
studies. In this sampling. there is a facility of selecting and contacting samples that fir in
Eetting high response rate, even by mail,

7.23.4. Snowball Sampling _ N
When the characteristic of the desired sample is limited then the special n0n=pmblhln_)'
method is applicable. In this method, it is difficult 1o locate the respondents because it
will be very costly. Depending on the referrals of the initial subjects snow ball sampling
generates additional subjects.

Though this technique is biased and unable (o represent a good cross-section from the
population but dramatically it reduces the search cost.

‘r‘
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7.3.1.  Meaning of Sampling Distribution
For 4 given s, the fepeated sampling of (he populstion i 2 wmpling drunbution

which is the probability distribution in satistics. (The caleulaticn of the numerical
quantity from the dats valyes in 2 sample. )

Considenng the watistic and the ysed uample size, the formula of (he wmpling
distnbution iy hased on the distribution of the populaticn. Hence., for 2l Poutible wmpley
of given wize not only “under fepeated wmpling trials™ there wifl be 2 more accurate
formula of the distnbution of the staristic. For example, let w5 consider 5 very Large
narmal populanon having bell-shaped curve and calculures the ample mean (X ) cnder
the assumption that the each sample that has been taken from he repeated wamples of the
Bven sute, from the population.

means iy ur"mplmgmmbuﬁmufm:ﬂm;kmm'.hmmpuhnmnmm&
distnbution wiil be normal. The central [t theorem staees L*;uhfm:pmmdmh
"sufliciently well behaved™ but not noml, then the sampling distribuzion of the @arols
mean will he ‘Pproumately normal if and only if the size of the sarple i3 sufficientty large.

Hence, if the ample mean is selectad 25 sutistic then the mean of the sampling
distnibution will be equal to the expected vilue of the statistic
Bi=p

The suandard error of a sample bd:ﬁmdumcsmdad&wmm of the sampling
distnbution of the statistic, Whml.hcmnisulmadnma;ﬂxn stardard error i
(]

Or =

TV

“Mummauvwmmorhmmmmmummqmm
ndcmmlhcsrm(numbwnfﬂ:m}inmcmlz.

To find half measurement error one has © expand the sampls siza (foer timet) and it is
the most imporant mplication of this formula.

To umberainr ! = < benelit tade—fTs this factor has s imphication in the devizning of the
slalisi, . voahens ast s a factor,

When s s the *mple median from the same populution then the pattern of
sampts efeien wiil be dilferem and usually it will ’e rot pormal, bot under centain

conditnas ™ approtimately nermal.

7.3.2.  Sumpling Distribution of Mean (X)

Sampling Sistnhution of X iy the probability distribution of all the possible values of the

sample mean. On the basis of a Parucular sample size, sampling distribution of the mean

holds more importance, Following are the stzps involved in the construction of the

sampling divtritution of the mean:

1) Possible samples of size n are drawn from a finite population of size N.

2) Means are caleulated for each sample of equal size. )

3) List the means of all possible samples in one column and list the corresponding
frequency of happening of each distinet means in the second colemn
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The properties of Sampling Distridetion of the Mean with replacement are a4 follows! The sample prpportion P it the best statistic to be utilisedd for the statistical inferences a iﬁ!
1) Expected Value of N: I the mean is selected s statistic then the value of mean about the population parameter p, provided that a random sample of size n is chosen from "] !
will be aqual 1o the expovtad valoe of any statistie the binomial population in which v of these has specified characteristics. The sample @ <430
— ' proportion can be defined as Yo
) = Flements of sample having characteristic (t) - -'l‘.‘.w
) Standard Devistion of Nt The standand ermor of a sample is definad as the standard 4 Samplesize(n) - -
devaation of the sampling distnbution of the statistic. When the mean is selected as - B
saazienic then standand efror is: Churacteristics of Sample Proportion gy
a 1) p (ie. the population proportion) is the expected value or mean of the ampling ‘
Oy == distribution. Thus, E( ) =p C»
AN ey
\\km, o i the standand deviavon of |he population distribution of that quantity and 31 The standanl deviationof pora, = pll=p) ) - '\:.'L:
© is the size of the sample (number of items). 'Y n N
3) We can replace this (G, ) with z Hence under the assumption that we have 3 normal 2
73.3. Sampling Distribution of the Diff betw ' o
7.3.3. ampling Distribution ol the i erence een distribution with an excessively large sample size. then our Z becomes: P
Two Independent Sample Means F-p a | ;-:)'
When all possible simple random samples of size n, are drawn from one population and z= % N h‘:
size p samples drawn from a second population, whose parameters are jy, Oy, P2 and o, ? 2]
then it is described 25 tth;:mPlins fdiwibmio{t of ﬂ\:oud]:;iff;cmpn? bcf;tun ;\-: So if we were given that p = 0.60 and n = 36 and wanted 1o know the P (p <0.353). - Sy
independent sample means. units of two populations s independent whic We can calcul = -0 - o
reans that there should pot be any correlation between the samples. e ;’;‘;“’0’6) (0.53-0,60)/0.0816 =~ 0.86 -
Characteristics of the Difference between Two Independent Sample Means where g, = 1!—-—-’ 3 — =0.0816. br’
1) The mean of the difference between sample means X, - X, is C_’-d
Bg,-5, =H —H; 7.3.5. Sampling Distribution of the Difference between e
'] El
2) The standard deviation of the difference between sample means X, =X, is Two Independent Sample Proportion C?’
. When all possible simple mndom samples of sizz n; are being drawn from eoe population ;=%

and samples of size n, are drawn from second population then the sampling dismbution of
the difference between two independent sample proportions Pi = P2 is described where the

N /

o} 63
L1,

Osz-5, =
: n, 0 ;
probabilities of a single success in each populati 'r.-_
The value of O _z, with single samples assumes sampling with replacement. When the independert and there ot beno ml’lzl;“ u:nt:nn::np:: ::f fi;ulhtu:. the .u.;ngla must be b -"
’ o atons. 23
samples are chosen from the population without replacement then the formula for e ) . . po':v ons. ‘ d
O; _;, is logically accurate in the following conditions: ¢ differential value in sample proportions (p; = p) is p; =P, =.I.;.!.-;H,L_ =
=5 5 . : : -
1) Sample sizes are not more than 10% of the size of the population. Caraesericionad b-l n
- . the letcly randomised experiment. eristics of the Dilference between Two Independent Sample Proportions ~
: 2) Available data is sclected from the completely ' Characteristics of the d;ﬂmm between two Independent sample proportions are as follows: 'J :
'; The central limit theorem is the basis of the shape of the sampling distribution of the difference 1) The racan of the difference between sample proportions P, —P; is By ;. =Py = P2
| 1 in sample means (%, -x; ). The shape of e s-amplin_g fili‘mbuhm of %)%, S IV lowut 2) The stundard deviation of the difference between sample ions:
. ] . . . - )
bei srmally distributed in the siruation when the sizes of the two u'ukp:lliﬂl. t simpl o — - — proport !I-]
; random mrq:\lis are increased. There are Jess chances of skewness of abnormality in the Pi—pais oy = !F‘.(l P|)+‘P:(1 P,) .
! population distributions because of having two independent samples n.nld the distribution of ; : n, n, ‘_ =i
Ty =55 e K - . 100. ) I :
I X,—X,can be designed strongly by the normal distribution for small samples !’cr a proportion of a siugle sample it is being assumed that the probabilities of a success ] "'?T-I\-
’ . fS ] P ortion (_) in each population will remain constant during the sampling process for the value of py.
e 7.3.4. Sampling Distribution of Sampie rop P ) O -p.-The formula is rationally accurate when the sampling is done without ﬂ
3 The classification of each element of the population is p-t?ssiblc under “"“'i“'f‘s "::32: replacement from a population and both the samples are not more than 10% of their b
il into two: munally exslusive catepories Iy, sopcess or (allures, el oF TS K, | Fapecive populilin dtze. I she conditions oypy 10, #) (1~ pil @ 10, 5aps 2 10 amt o5
: tail of a coin, 2nd 0 on. When the sa:mplmg ?Mﬂ’m h:?s | = coln of binomial 1 - P:!}'E' 10 are satisfied then the sampling distribution of the difference in sample
' appropriate. manner then the similar situations provide the practica examples ¢ proportions ‘can be designed with a normal distribution. || {
L B,

experiments. . l?
: — D

Scanned with CamScanner



- ——

142 Piostatistics & Rescarch Methododogy

7.4 PHARMACEUTICAL NUMERICALS .

Frxample 1: Determine the mean and standard error of the sampling distribution of mean

of 3 random ample of size 25 with replacement from a population of 95 with a mean of

& and standard deviabon of &

Solution: By properties 1 and 2 of the sampling distribution of mean, we obtain:

]_[i =p=06b
8 8
Oy E——u=—=15
P Jds s

Properies of the sampling distnibution of the mean without replacement can be
summariced ac follows:
1) The sampling distribution of mean is the same us the population mean, i.c.. Hg =L
3) The standard emor of the sampling distribution of mean is equal 1o the standand
deviztion of the population divided by the square of the sample size multiplied by the
square root of the finite population correction factor.
_ 0 |N=n
VN o
3) The sampling distributioh’ of mean is appfonimately normally distributed il the
population is large.

: high school of 2,500 stwdents, the mean number of cars owned by
mﬂ' !z;.n:ﬁi:slﬁ_'lsgwim a standard deviation of 1.06. A second large _high u;'hxfol
has 2,350 students. The mean number of cars owned by students” families is 201 with
standard deviation of 1.19.

- ) . &r
1= random samples of 36 students are taken from each school, and the mean numbx
:;’mapn per family is calculated for each. What is the likelihood that the survey will

indicate that the average number of cars owned by families in the second school is grealer

than the first?

Solution: Since both samples arc no more than 10% nf the population, the I"urn.1ula for
the standand deviation of ;=% will work, Unle « either or both of the populations are
extremely skewed. the sample sizes of 36 are sufficiently large 1o allow the noanal
distribution 10 model the samipling distrihution of X -X;.

The mcan of the difference in sample means X —X,is
P, -5, =M~y =235-201=203¢ o and the hrandard deviation is

O; ;.= i——”x’- +—“9. =0.266cars
Ty 36 36
The question asks the probability that X, <X;or ¥, ~%;< 0. The value of X, =X, =0 has

0-0.34
az-scorc of 2= Y

i

=—|.28.

ili - i 3. Thus. the chance that the
The probability of a z-score being 1.28 or less is D{I@B‘ !
survey would show a greater average numbsr of cars per family in the second school than

the first is about 10%.

T'
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Example 3: A tossed fack lands “point up™ with probability 0.46. If the tack it tossed 60
gimes. what are the mean and standard deviation of p. the proportion of times the tack
Jands “point up™?

Solution: The probability of landing “point up™ is 0.46; this is considered the population
proportion p = 0.46. The number of tosses is the sample size n = 60. The mean of the
sample proportion P is )z =p=0.46 and the standard deviation is

o = prl-p}___ Jo.mn,mg Gi0de
n 60

The distribution of sample proportions is closely related to the binomial distribution. [a
fact, the mean and standard deviation of the sample proportion P are simply the mean
and standard deviation of the binomial randam vasiable X when divided by the sample
size 0. Because of this, the sampling distribution of sample proportions can be modelled
with a normal distribution like the binomial distribution if pp 2 10 and n(1 - p) 2 10.

7.5 MHYPOTHESIS ' 1.

75.1. Introduction

It is derived from a Greek word “hypotithenai™ which means “to put under” or “10
suppose”. Hypothesis is the process of taking and using a sample statistics to make an
inference for a population parameter.

According to Prof. Morris Hamburg, “A hypothesis in statistics is simply 2
quantilative Statement about a population™,

According to Palmer O Johnson, “A hypothesis is islands in the uncharted seas of
thought 1o be used as bases for consolidation and recuperation as we advance into the
unknown"™.

Hypothesis generally occurs when we perform inductive reasoning. In inductive
reasoning, researcher takes a series of observations to perform a theory. So hypothesis is
the first step of any research process. It is very important for any research and formulatad
in various ways. [ts basic function is the prediction of the final result of the investigation.

75.2.  Qualities of a Good Hypothesis

I) Clear and Precise: Hypothesis should be clear and precise. If the hypothesis is not
clear and precisc, the inferences drawn on its basis cannol be Laken as reliable.

2) Ability to Test: Hypothesis should be capable of being tested.

3) Su_lt Rel_ll}nmhip between VariableS: -Hypothesis state rlationship between
variables, if it happens to be a relational hypothesis. '

4) Limited in Scope: Hypothesis should be limited in scope and must be specific. A
rescarcher must remember that narrower hypotheses are generglly more testable and
rescarcher should develop such hypotheses.

5) Simple: Hypothesis should be stated as far as possible in most simple terms so that
the same is easily understand.ble by all concerned. But one must remember that
simplicity of hypolhesis has nothing to do with its significance.

8) Consistent: Hypothesis should be consistent with most known facts i.c., it must be
consistent with a substantial body of established facts. In other words, it should be
one which judges accept as being the most likely.
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7) Logcal: If there is two or more hypothesis derived from the same basic theory they
should not contradict each other.

§) Amenable: Hypothesis should be amenable to testing within a reasonable time. One
should not \use even an excellent hypothesis, if the same cannot be tested in
reasonable time for one cannot spend a life-time collecting data to test it.

9) Sublectivity: Researchers subjectivity or his biased judgment should be eliminateg

from the hypothesis.
7.6.MHYPOTHESIS TESTING ]
7.6.1. Introduction

Hypothesis testing plays an imponant role in the application of statistics to real-life
problems. Hypothesis testing helps the researchers to make the decisions by using
sampled d: ta of unknown distribution of a population and its parameters.

For example, consider a manufacturing company which makes the geyser and the
average life of the geyser is 1000 hour when manufactured through old process and the
average life is 1500 hours when.the peyser is manufactured by the pew process. So in this
case we can make three hypothesis: |
1) New process is better than old process.

2) Old process is better than new process.

3) There is no difference between both the processes.

7.6.2. Purpose of Hypothesis Testing
1) Determine the focus & direction for a research effort.
2) Development of a hypothesis forces the researcher to clearly state the purpose of the
" research activity.
3) Determine what variables will not be considered in a study, as well as those that will
be considered.

7.6.3. Types of Hypothesis

Below are some of the important types of hypothesis .

1) Research Hypothesis: It is directional hypotheses which specify the projected
direction of the result. Using earlier research or theory the direction is implied.
It is a stalement which generated by the researchers when they make a guess on the
result of an experiment or research. When one needs to test that a data support the
research hypathesis then he/she requires to transform the data into staistical
hypothesis.

2) Statistical Hypothesis: It is a hypothesis that can be verified statistically. It is not
necessary that the statement is logical it may be illogical (if statistic verifies it) then
this is statistical hypothesis.

It is a statistical hypothesis that shows statement with one or more parameters (like
mean, percentage, etc.) which are population measure under study.

3) Substantive Hypothesis: This hypothesis objective i to providing the answer to th¢
raised questions and answer of the felt problem of a resgdrch study in a significant
way.

According to the Best and Kalm, “js a formal affirmative statement prediction #
single research outcome, a tentative explanation of the relationship between two of
more variables™,

According fo the Stangor, “a substantive or research hypothesis can be defined as
s specific and falsifiable prediction regarding the relationship between or among
rwo or more variables, the research hypothesis states the existence of a relationship
between the variables of the interest and the specific direction of that relationship .

7.64. Hypothesis Decision Table

These tables are the combination of rows and columns and every row corresponds (o a
sngle rule. Columns in the table explain the action and condition for the rules. When
gvery condition is valid then the action of a given rule is performed. Table 73 shows a
pypothesis decision table. .

Table 7.3: Hypothesis Decision Table
Decision Null Hypothesis
Accept Hy | Correct Decision | Type [l Emor
| Reject Hy | Type | Error Corrzct Decision

1.6.5. Element of Hypothesis Testing

Following are the two basic elements of hypothesis testing.

1) Test Statistic: It is determined from the sample. To fest the statistic researchers
assume that the hypothesis of population parameter is truc and then compare the
actual value with the hypothetical value of the parameter. If the difference is small,
then the hypothesis is accepted, else rejected.

A mr.i.n.fc on which the decision can be based, whether (o accepl or reject a
hﬁ&_tuﬂs. is called Test Statistic (T.S.). Following arc the examples of test
statistic:

TS. 22 Kz X4) _ (for Zetest, for two Samples)

In case of one sample, test statistic (T.S.) is given as below:

T.S. z=ﬂ where, —=
a

Jn

Y Rejec.ﬂnn Rngnn: Th:_: r_ejtctian region is a subset of the sample space and is
associated with the statislics test. If the observed sample falls only within this set,
then the researcher can reject the null hypothesis and choose its alternative.

f(x)
A

2.5% rejection
region

* Figure 7.1: Rejection Reglons for a Two-Sided §%  *
Hypothesls Test
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fix)

95% non-

rejection region
— i -

Flgure 7.3; Rejection Reglon for s

/

Figure 7.2: Rejection Regloa for a
One-Sided Hypothesis Test of the One-Sided E%ﬂﬂ:&nﬂ
Form-He:p=p’  Hup<f Form-Hu: p=f H:p>p

4: 50 smokers were questioned 2bout the number of hours they slezp cach

Example

day. Onec wants to lest the hypothesis that the smokers need less sleep than the
general public which needs an average of 7.7 hours of sleep. The steps below are
followed:

on for a significance level of 0.05.

i) Compute a rejection regi
and the population standard deviation is 0.5, what can

ii) 1If the sample mean is 7.5
be concluded?

Solution: The null and altzrative hypotheses arc as follows:
Hyp=77.H:p<?7 )

This is a left-tailed test. The z-score that

corresponds to 0.05 is —1.645. The critical

H%c:::ﬁ-..nn&-.:ﬂﬁ&n_n?o_.l
1.645. If the z-value is less than —1.645 there

onc will reject the null hypothesis and accepl
the aliernative hypothesis. If it is greater than
~1.645, then one will fail to reject the null
hypothesis and say that the test was not
statistically significant.

73-7.1 =-2.83

Z=
0.5/4/50
{o the left of —1.645, it is in the critical region. Hence the null

hypothesis is accepted. Qne can conclude

-1.645 0

Since —2.83 are ]
hypothesis is rejected and the aliemauve
that smokers need less sleep.

7.6.6. Steps/Procedure of Hypothesis Testing. .
esis: To setup the hypothesis, furst set the null hypothesis

Step 1) Set up 8 Hypoth first .
4 esis is tested for the possible rejecton under the assumpuion

(denoted by Ho). Null hypoth :
that it is true. It is expressed in the form of equation.

Null hypothesis is given as follows: Hg: 4 =Hao

Where, pi = Population Mcans and .
po = Hypothesized Value of the Population Mean.

For example, to test whether a population mean is equal to 140, the null hypothesis cad
be set as “population mean is equal o 140", Hop = 140

Now set the alternative hypothesis which is rationally opposite to the null hypothesis and

. B 4

" e
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Allemative hypothesis is given as: Hy: p 2y
Therefore, Hyip <po
Hg: p > g
For the above example, the alternative hypothesis can be set as ~population mean is not

equal to 1407,
So, Hy:p = 140

This gives the two other altemative hypotheses:

H: p < 140, Indicates i.c., the population mean is less than 140 and

Hy: p > 140; Indicates i.c., the population mean is greater than 140,

Step 2) Set up a Suitable Significance Level: Significance level is related 1o the null

hypothesis and denoted by e The size of the rejection or critical region is also known 23

the level of significance.

Ensure that the obtained result is free from decision-maker's biasness of choice. For this,

the significance level must always be determined before we draw samples.

0.01, 0.05, and 0.10 are the most commonly used levels of significance by researchers.

Step 3) Test Statistic: In this step onc can select the suitable staustical test for the

analysis. On the basis of the type, number and level of data, statistical test is decided. To

select the statistical test, stalistics (mean, proportion, €1c.,) used in the study is also

considered to get the good resull.

Step 4) Doing Computations: After

performance of different calculations

also computes the standard error.

Step 5) Making Decision: In this step, researcher takes the decision that the null

hypothesis is to be rejected or accepted. Following conditions are checked to accept and

reject a null hypothesis:

iy When the calculated value is less than the critical value then test statistics falls in the
acceptance region and null hypothesis is accepted.

ii) When the calculated value is greater than the critical value then test statistics falls in
the rejection region and null hypothesis is rejected.

Generally, in the testing of hypothesis 5% level of significance (

pa—

the decision. -

7.67. Advantages of the Tests of Hypothesis
1) Itis suitable for establishing the focus and direction in a research effort.
2) It helps the researcher in the development of a hypothesis force which shapes the

purpose of the research movement.
S__nnsndw:nuiznscﬂmua_nu will not be measured in a study and which will be

measured. -

7.6.8. Disadvantages of the Tests of Hypothesis

1) The tests should not be used in a mechanical fashion. They should keep in mind that
testing is not decision-making itself. The tests are only useful aids for decision-
making. Hence “proper interpretation of statistical evidence is imponant far

intelligent decisions.”

2) Tests do not explain the reasons
means of the two samples. They
fluctuations of sampling or because ©

selecting the statistical test, the researcher Lests the
from a random sample of size n. Here rescarcher

a = 0.05) is used (o take

nces exist, say berween the
e difference is due to
not tell us as 1o

as to why the differe
simply indicate whether th
f other reasons but the lests do
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1) Results of significant tests are based on probabilities and cannot be expressed with
full certainty. When a test shows that a difference is statistically significant, then it
simply suggests that the difference is probably not by chance,

4) Statistical inferences based on the significant tests cannot be said to be entirely
correct evidences concerning the truth of the hypothesis. This is especially in case of
small samples where the probability of drawing erring inferences happens to be
generally high. For greater reliability, the size of samples is sufficiently enlarged.

7.7. IMPORTANT TERMS

7.7.1.  Null Hypothesis _

A sutistical hypothesis which is stated for the purpose of possible scceptance is called

null hypothesis. It is usually denoted by the symbol Ho. For example, the null hypothesis

may be expressed symbolically as:

Hy:p =162 cms.

According to Prof R.A. Fisher, "Null hypothesis is the hypothesis-which is tested for

possible rejection under the assumption that it is rue.”

The following may be bome in mind in setting the null hypothesis: oo

1) If we want to test the significance of the difference between a statstic _a.nd di.-.
parameter or between two sample statistics then we set up a null hypothesis that's
difference is not significant. This means that the difference is just due to fluctuations
of sampling:
Ho:ip=X i the null hypothesis

2) If we want to lest any statement about the pcpn.!lauon we set up ypoth
that it is true. For example, it we wan! to find it the population mecan has specified
value Jio. then we setup the null hypothesis Ho:p=Ho

7.7.2.  Alternative Hypothesis

Any hypothesis which is complementary to the null hypothésis is called an alternative
hypothesis and is usually denoted by H, or H,. For example, if we want 1o test the null
hypothesis that the average height of the soldiers is 162 cms., i.¢..

H, - p = 162 cms. = po (say)

Then the altenative hypothesis could be:
1) Hy:p#polie, k> HoOr K <Ho)
2) Hi:p>Ho

Hi:H<io

7.7.3.  Errors in Hypothesis Testing
Two types of errors occur in hypothesis testing:
1) TypelEmor
2) Type Il Emor
i ibilities occur during the hypothesis testing.
f;"?l‘:;ﬁe;’::st? ::I:jcction while hygpomesis is true. (Type | Error)
2) Test leads to acceptance while hypothesis is false. (Type IT Error)
3) Test lcads to acceptance and hypothesis is also true. (No Error)

4) Test leads to rejection and hypothesis is false. (No Error)

‘ -,

N ?
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The first two possibilities lead to errors. If we reject a hypothesis when it should be B oios Yol
accepted (possibility 1), then the error is known as type [ error. Q_‘I' ==

And if we accept a hypothesis when it should be rejected (possibility 2), then the emor is :
known as type Il error.

Consider the following table which provide the basic idea of Type I and Type IT error.
Accept Hy Reject H,y

H, s true No Error Type | Error
H, Is false | Type Il Error No Error ]

7.7.3.1. TypelError
If we reject correct hypothesis then it comes under Type I error and denoted by o

So, a = Probability of Type | Error = Probability of rejecting Hy when H, is true.

When the difference of the two means is zero and test indicates the rejection of the null
hypothesis, then it is known as Type [ Ermror.

7.7.3.2. Typell Error :
If we accept the wrong hypothesis then it comes under the Type I error and denoted by P.

So, B = Probability of Type I Error = Probability of accepting Hy when H, is not true
(false). When -the difference of the two means is not zero and the test indicates the
acceptance of the null hypothesis then it is known as Type IT Error.

7.7.4. Level of Significance

We check the validity of the null hypothesis (Hy) against the alternative hypothesis (H,)
at a certain level of significance to setup the hypothesis. Researchers generally use the
5% and 1% level of significance in the research.

Factors Affecting the Level of Significance

1) Size of the difference between sample means.

2) Total size of the samples. ki

3) Variability of measurements within the samples and

4) Direction (either directional or non-directional) of the hypothesis,

Note: A directional hypothesis predicts the direction of the difference between means and -
difference between proportions etc,

1.7.5. Degree of Freedom

In statistics, the number of elements in the calculation which are able to vary is known as
degree of freedom. Tes

For example, consider that if the mean of the data is 30 and that the values are 20, 15.
‘_5. and one value is unknown. To find the mean of a list of data, add all the data and
divide it by the total number of values.

Now, if the unknown value is x then using the mean formula:
20415445+ x
=—4— =30

SD. y =4dn

B e ——————— e P g S e T g
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Now take the situation where two values are missing and are denoted by x and y. So

using the mean formula we find that,

20+I54d5-u4y_m ENex+y
5 5

It shows that, when we select a value for x, then the value for y is determined. This shows

that here the degree of freedom is one. For n samples the degree of freedom will be (n - 1),

For example, for the sample size of 15, the degree of freedom will be 14, For the s > 1
size contingency table, the degree of freedom will be (s = 1) (1 - 1)).

=310, x+y=T0x=(10-y)

Where s = Number of columns and
t = Number of rows

Now, if the contingency table is of 2x2, then the degree of freedom is (2 - 1) (2= =l

7.7.6. One Tailed and Two Tailed Tests
When the population parameter is known in a hypothesis test and it falls to the right or
the left of the centre of the sampling distribution, then it is known as one tailed test.

This test is used to check the increase and decrease in the parameter. 5n, it is used fo test
the null hypathesis.

For example, junior class students will not scare significantly greater than higher class
students in an I0) test; women are not significantly stronger than men. In every case, the
null hypothesis predicts the direction of the expected difference. When hypothesis
predicts that one value is dissimilar from another value and docs pot predict which i
higher, then such hypothesis is known as two-Lailed (non-directional).

7.17. Power of Statistical Test/Measuring the Power of
Hypothesis Test

The pawer of a lest denotes the capability of the test 1o make a right decivion, ie,
reject the null hypothesiy in case it is false. The power of a test can alwo he descnbed as
the probability of not making a type 2 error. Mathematically it can be expressed a3

follows:

Power= | —p (Type llerron =1~
n have is 1, the minimum is 0. ldzally we wanl 2 tesl o
power curve is the result of plotting 1-P for each possible
Absolute care should be taken not to reject the null

The maximum power 3 lgy €2
have high power, close o 1. A
value of the population parameter.
hypothesis (o) when it is correct.

7.8, BTYPES OF HYPOTHESIS TESTING '.

On the Basis of Size of Sample, Hypothesis testing can be categorised as follows:
r'rn--”hpnhlh Toting ]

—
rirr.llliuﬂplr l'nl_] Large Sample Teu

1+ Test

i Tem

FTew

Sampling and Hypothesis Testing (Chagrer 7)

7.8.1. Small Sample Test
When the sample size (n) is lews than 30 (n<30) thea it is knosn o emal) sample

According to rule, theory and methods of small samples are approprise 1 lugs samples
but for small tamples, the theory and method of large wamples 2= not applicable In inlx.-;
a given hypothesia, the small samples are used. It determines the crpenential values, which
could have nsen through sampling vanations from certan valuss given in advarce

132

For example, in case, a sample of 12 gives a correlation coefficient of 0.5, one can find ot
whether the value is significant of correlation in the peremt population. The Investigaor’s
estimation will vary usually from sample to sample tn a srmall sample. A result comes from a
small tample is generally bess precise than the result drywn from a large wmple result,

Types of Small Sample Test
[n case of small sample following tests are used:
Iy t-Teut 2) ztemt J) F-Teu

7.8.2. Large Sample Test
When the sample size (n) i3 greater than 30 (n > 30), then it 15 known as largs sample.
Generally large sample is concerned with the vanables such as height, weight, etc.

Assumptions for Large Sample Tests

An assumption which are made for a large samples are as given below:

1) In statistics, the random sampling is approzimately rormal

2) The values of sampling are sufficiently closer (o the value of population and for the
calculation of standard error of estimate, it can be used.

Types of Large Sample Test
Following are the most prominent large sample test
1) ztest 25 1 Test

Difference between Large and Small Sample Tests
Table 74 shorws the difference between large and wmall sample tests:
Table 7.4: Difference between Large and Small Sample Tests

D.“'",E{ Lifference I Large Sample Small Semple

[Sample Sire [leis greates than W0 e _n> %01 ltisiens Yo ie ne Vi |

Awsumption fnr Test of | The random sampling dutnbutn | Aviemgtion of maTaliy 1

Significance of 3 watistic r spprotimately muade valevi uthers ive ttated
nesmal

Comparisan [rom |Lnlterent wvalues of samples s Sample values and puomlation

Papulation |=.'3_* 10 population value raluey dilfer vignificantly

This comceps is used while wating ':.P'!'-ﬂ""f. this comcepd s Pk
fea vigmaficance e .
Trats of Hp pethrnla 2-ten chi wpaared or 1_' Leal [-test p-dewl F -

Standard Error

On the Basis of Parameter Used, the hypothetis testing can be divided into following teo
categones:

l Types of Hypothess Teating I

] )
r Parnssrtric Testa l | S P arumertre Tests 1
+-Tan Sign Teu
+Tom Wikonon Sigued Raxk Test
F-Ten Pa st o Rasabcarasss

Mans @y L Ted
Frabal Wela Tew

Scanned with CamScanner

L0 Y




_

RY]

7 81 P Blostatisiles & Research M
0.3, nra ethamlology

Parumetric tests mn::"e:il‘.‘ Tests Sampling and Hypothesls Testing (Chapter T)

well, these tests may Uﬂ,"""" models with some assumptions, If And 196 s th

vertain assumptions abou a more powerful tool for anal 8. If the assumptions hold ’ ¢ 0.973 quantile of normal distribution .

(e t the population from which th nalysis, Parametric 1ests mak I : J
nerally, non-parametri ch the samples are taken € n specific, standard error of i f

testin ¢ tests make * the proces a sample statistic is projecte ) ]

E different types of data. H far lesser assumptions and process by which it was generated projected standard deviation of !
parametric tests are more - However, parametric testy and can be utilised for sample statistic is the standard deviati . This means that the sampling disirit tror in -
Identifying variations | susceptible to errors on ltl:ﬂuﬂ:r ';ur'-'rred maove because non- iation of it roa of
may have on a d n samples or in ascertaining th of not being less sensitive in The simple measures "

ependent variable g the affect that an inde, errory res of uncerainty in a value "
, . dependent variable DI and are often used as: are generally provided by the standard
B.4. n case, standard error of se teq ] I
e ﬂ“?“i'l‘;l’arﬂmclric Tests of some function of the quanritl::: Lﬁﬁ.ﬁr'x' muﬂvﬂl then the stasdard error :
prac may be abnormal aled easily in several cases;
parameter(s) of the data n f“d"ﬂ‘f it may not be i . 2) Where the probability distributi ' :
peramerric texts, i Thc tests which are used in such possi le 10 estimate the calculate probability Elnlnhurlon of values is glven and
tests are call As the data is free from being classified i situations are called non- a good approximation to an exact confidence i it e e e Lyl o
u.'l.! are ¢ ed non-parametric tests, The level of 4 n; ied into different parameters, these Example 5: e leterees
is quite less as the computati calculation required in non- : . 5: The sample of 900
putation of the parameters i ' parametric cms. Find members has a mean val |
1 r1 is not required. the 95% confidence limi value 34 cms and 5.0 !
hese tests can be applied on a ve 1 idence limits of population mean value 3.61
stidy. As the interval data is wﬁ;,:"' I sample size especially while conducting a pilot
make any assumption about the p:m-.{ convleﬂed into ordinal data, there is no need to Solutlon: S.E of mean = —- = 261 _ 0 0a7
parametric tests is that they can handle n‘:d';"ll"::':t B&hlgsm advantage of using non- Joon 30 .
ta. . :
For 95% confid imi
) kTANDA ence limits, the value of Z is 1.96
. RD ERR . o
OR OF MEAN‘SEM) ! . 95% confidence limits of mean are 347t 1.96 0087
7.9.1. Introduction ' = The limits are 3.4 - i ' ‘0
The standard error of the mean is denoted b A4~ 1.96 <0087 and 34 + 1.96 30087 |.2., 3.1 10 1,57
! . ' : s o337,
the sampling distribution of the mean. y symbol ow. It is the sandard deviation of Example 6: The aircraft manufactu
. 0.0% Inche . re wants to purchase alumini ,
Muth nches. Thick minium she
athematically. it can be represented as: An sircrafi mmu!::;]:::::’::uld be too heavy and thinner sheets wnuldt:nl;{cl?::ill;r:r“
Oy = o to 0.048 and Standard d”i“jn;'"“-b"' sample of 100 sheets with average widih eq. EJ
TN . : purchase the aluminium sheets fmen:l:;: :.: nﬁl inches. Would the alrcraft manul’leilrl:r i
Where, :i’J i: ,'em of significance pplicr If she needs to make the decivion at
o = Standard deviation of original distribution vl Spsifcanant '
N .
= Sample sizc Solution: Suppose Hy s the null hypothesis that he would purchase ‘
This formula docs not consider a normal distribution. Thi indi . i ne :
o the size of sample, the jon. This formula indicdies that the H, is altemnative hypothesis that would n |
-Iﬂ1: e I irnp . the smaller the standard error of the mean. The standard eror of purchase. i
«l7e of the mean s inversel rtional to square root of + ;
y propo squ of size of the sample. Si_l::; the manufacturcr does not want more deviation on cither sl t
7.9.2. Assumptionsand U - I
.9.2. sage Bt
Let us assume that the data is normally distnibuted Then for calculating the approximate Z= K-k _0M8-005 0.002%10 ’ © ‘ ‘
confidence intervals for the mean, quartiles of the normal distribution and the sample SEof man  aldn 00 =l ]
mean and standard error can be used. To determine the upper and lower 95% confidence ' ' I )
limits, the following expression can be used: A tabulated value 5
: {1Z ; .
. = for two Lailed test ;J 1 9:; 1% level of significance is 2.58 and at 3% level of significance ! :
Upper 95% Limit = X+(Sg1.96) # 2 i
Lower 93% Limit = X—(Sg 1.96) Therefore, the manufactu ' | 83
E 1% leve] of significance. rer can reject at 3% level of significance and accept the sheets at !
r- rd
{) #

Where. X = Sample mean

§y= Standard ermor for the sample mean
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7.10.1.  Very Short Answer Type Questions
1) What 1s sampling?

2)  Define the sample with example.

3) What is prodability sampling?

<)  List the disadvantages of non-probability sampling.
5) Write the short potes panel sampling.

6) Define the spowhall sampling.

7) What 15 sampling distribution?

§) Wha is bypothesis?

9) Give the purpose of hypothesis testing.

10) St== and define standard error of mean.

7.10.2. Short Answer Type Questions

1) What == populabon, tarpet and statistical population?

2) W= the sample frame 2nd sample unit with example.

3) Give the comparison berween the cluster, multi-stage, area sampling.
2) Differsntatz between the probability and pon- probability sampling.
5) Discuss the gualities of 2 good hypothesis.

6) Give 2 defintion of null hypothesis and altemative hypothesis.

7.10.3. Long Answer Type Questions
1) Discuss the cheracteristics of sample and sampling process. Also stale the

advantages of sampling. _
Explain the simple random and systematic, stratified random sampling.

1 -
;; Whar is noo-probability sampling? And explain the convenience and purposive
: IIﬂs‘ - - -

4) What is szmpling distribution? Explain its properties and mun ) .
5) What do you mecan by hypothesis testing? And explain the various type ©
6) ;ive a bnd cxplain errors in hypothesis testing and level of significance.
7) Ezxplain the following terms: i

i) Degree of Freedom )

ii) One Tziled 2od Two Tailed Tests

iii) Power of Statistical Test

Paramerric nmm:;-m L]

CHAPTER|| [ T_ i &
8 ‘ rdirametric Jests

8.1 FPARAMETRIC TESTSIENE =

8.1.1.  Introduction

There are some models with assumptions on which parametsic tests arr ba

can be more sophisticated methods for the analysis if the mmpubc;m;u;ﬁ
appropriately. It has some assumptions which are closely related =ith the traits of e
parent pppu?:glinn from which the samples are drawn. Although, thers is leszer pumber of
assumptions in case of non-parametric tests and these can be employed effectively over
w:dg range of data, yet they are not preferrsd over parametric t=5ts 23 they have lesser
sensiuvity in identifying the differences among various samples or the effect ez
dependent variable by the independent variable.

Figure below show Important Parametric Tests
| Important Parametric Tests |

. === — t-test ]

| F-test ]

8.1.2. Assumptions about Parametric Test

The various assumptions which are associated with the parametric t=st 2r= a3 follows:

1) Observations are taken from general population,

2) The size of the sample is large and

3) Population parameters are in good condition.

8.1.3. t-Test (Student’s ‘t’ Distribution)

A particular frequency distribution is obtained when a very large number of small
samples are taken from a population and the mean of these samples is used to plot e
frequency distnbution. [t is called Student's t-distribution.

Sir William Gossett and R.A. Fisher are considered to be the great conmbutors towands the
theory of small samples. Under the name ‘students’, Gossen published his findings in the year
1905 and thus this theory is commonly known as *students” disribution”, ‘t-test” or “students’
t-distribution’. The t-distribution can be implemnent=d in sinutions when the sample size is 30
or less and no information is available with respect to the population standand deviaton.

The formulais. 1t =) ;“)JH

e TiX-X)
Where, Sample Standarad Deviaion(s) = T

If sample S. D. is given without using n-1 as denominator then
_(X-w

I_s}rin—l
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8.1.3.1.  TPropertics of t - Distribution

1) Similar to normal distribution, a bell sha i
mila : : df th
t-distribution which is symmetrical i D o L ey

in natwre. De is the onl
parasmcter which dainttines the g gree of freedom is the y

; pe of the . hanges
with the change in degree of freedon, curve, The shape of the curve change

2) Similar to normal curve, the mean of t-distribution is zero.

The value of variance of t-distribution is usually greater than 1 and as the sample size

irfcr:.uc!:. ir: shifts towards unity. Therefore, t-distribution becomes normal
distribution in case of sample size being very large.

4) Itcan alsa be used for large samples.
3)  The value of t-distribution ranges from -1 1o +1.

8.13.2. Assumptions for Student’s t-Test
1) The parent population from which the sample is drawn is normal.

2) The sample observations are random, i.e., the given sample is drawn by random
sampling method.

3) .The population standard deviation @ is not known.

8.1.3.3. Applications of T-Distribution

In statistics, t-distribution has n lot of applications, some of them arc as follows: .

1) For testing, in case, the sample means (%) differs significantly from the hypothetical
value () of the population mean.

2) For testing the significance of difference between two samples means.

3) For testing the significance of a sample regression co-efficient and observed sample
correlation co-efficient.

4) For testing the significance of multiple correlation coclficients and the observed
partial correlation co-efficient,

8.1.3.4. Graph of ‘t’ Distribution _

The figure 5.6 shows the shape of t-distribution and a normal distribution, It is clear that when

the degree of freedom changes then the shape of the t-distribution also changes! The above

diagram represents two important characleristics of t-distribution which are as qum: !

1) A t-distribution is lower at the mean and higher at the tail than a r_mrnul distribution.

2) The t-distribution has proportionately grealer area in ils tail than the normal
distribution. Interval widths from t-distributions are therefore, wider than those based
on the normal distribution.

= g

Normal di
1-distribution for 3
degrees of [reedom

t-distribution for 12
degrees of freedom i

Figurs &1

8.1.4. Types of T-Test
There are two types of T-tests:

1) Sample 1-Test

2) Pooled T-Testunpaired t-Test
3) Paired t-Test

parametric Tests (Chapter ) i ‘Iﬁ
8 1 4.1. Samp‘: I'Ttﬁ'l - . . . ‘ |'

L 4 { a normal population is unknown and one wants 1o determ; j A
If the va-n::;ﬁ_': is drawn from the population, and it deviates sigﬂiﬁtmﬂﬁ'::nﬁhanm " -

sample A - p ; Il
2 fed (the hypothetical value of the population mean), then the following vativic iq pyercd ? L
X -p)y/n il

L Emw e .

s
X =the mean of the sample,
= the actual o hypothctical mean of the population

= ample size.
:= :tl:: :mi.m deviation of the sample.

where,

1 —_ B

= = I L n(d) 1 Tar »
'?_tX-X]z N "f.d n 5 gt A

s= __—————'ﬂ_-I ors n-1 Yn-1 = -I]
—

Where, d = deviation from the assumed mean. b ‘
-

Fiducial Limits for § ) I
g:rn:i‘i::c:cgccs of freedom v and for a given level of confidence q 1he fiduciy .o &
A 1.

for 1 arc given by E
2 s \
X£t,(v) x 7: ' .

Thus 95, percent confidence limits (or 5 percent level of significance or for , _ o
confidence limits of p are

X £ 1, X 75:- and !
99 pereent confidence limits {or @ = .01) for p are .‘,
% Us: :
Procedure | R

Step 1: Set up the null hypothesis. ‘
Step 2: Then we find standard deviation from the following formula:
1) When deviation is taken from actual mean

~ ’th—im’
-|l-s = T
n-1

ii) When deviation is taken from assumed mean §

SBJZd‘—n(d}’ =‘J 1 [Ed,_(idl‘] ,
(n=1) (n=1) n

Step 3: Degree of freedom=v=n- |
Step 4: Then put this value of standard deviation and find the value of 1
Step 5: If ., < 1able value at the significance level then null hypothesit is sccepted

I 1., > table value at the significance level, then null hypothesis b rejecied od
one accepls alternative hypothesis.

- a4 r

Example 1: The mean weekly sale of soap bars in departmental stores was 1443 ban
store. After an advertising campaign the mean weekly sales in 22 stores for a fypeal vt
increased 10 153.7 and showed a standard deviation of 172 Was the adversising compes

; Successful? (Given tabulated value of t for 21 d.f. at $% level of significance = 1 70)
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Solntion: Given,n=22, N\ =1537, s=172

Noll Hypothesic
Ho = = 1283 bary, e, the difference betwoen N and i is not significant. In other

words, the advertising campaign is not successful.

Alternative Hypothesis

Hio> 186.3 hars (rpght-tailad)
Test Statistics
_ o X-p
Under the oull bypothesis. the test statistic is: | =
s!Jn =1

. 1537-1463 7.421
Now 1= = =1.9716
172/V21 172

Tahalaad valoe of t for 21 degree of freedom at 5% level of significance level for single-
tailed t=xt 15 1.72. Since the calculated value is greater than the tabulated value, it is significant
and we repect the pull hypothesis. Hence the advertising campaign was successful

Example 2: The random sample of 10 boys had the following 1.Q."s:

70, 120. 110, 101. 88, 83, 95, 98, 107, and J00. Can these data support, the assumption
of 2 populztion mean LQ. of 100? Find out, a reasonable range in which most of the mean
1.Q. values of samples of 10 boys exist. '

Solution: Let us consider that the null hypothesis Hy shows that the data are consistent
with the assumption of a mean 1.Q. of 100 in the population, that is p = 100

And H, is the altemative hypothesis, p # 100

Under Ho, the test statistic is: = ﬁ;:" -

Where X 20d S 2re 10 be estimated from the sample value of L.Q.'s.
Table 8.1: Calculation for Sample Mean and S.D.

X xX=5 (X-%
70 -27.2 739.84
120 228 51984 .
110 12.8 163.584
101 3.8 s
83 —142 201.64
95 =22 M
o8 0.8 0.64
100 2.8 7.84
[ Towl 972 | 1860
972 _ 975 and §° =&393£=203.73

Therefore,n= 10, X =.}0—=

L goler2-ioon 28 28 44
"t 20373 /2037 4514
1n

Parametric Teats (¢ haprer 1)
161

Tabulated vatue befor (10 1), ie,9 degree of freedem (4.0} for rwo-tailed tegr ;
Concluston: Becmrie caleul > tailed test is 2 267

L : a!edldhqupd.r.'m”,b’
;:‘gr;ﬁcanwf Il?'d) ve may determine that the data are tur’::!n;r ‘:ff'lp' l;i f o ot of
values "3". " les o population. The 95% of confidence limits in which ;;Umpum of
$amples of 10 boys will exist ars given by following formuta: mean [.Q,

- S
it fonsy: =97.2£2262x 45142972+ 102) = 10741 and 399

Therefore, 95% of confidence interval is [36.99. 107.4])

3.1.4.2_ Pooled t-Test/Unpaired t-test
By using a technique known as Pooled t-Test, we will comparz the means
fndcpcndcnr samples. The unpaired t-test is statistical technique that :sm}:a:u :::;b: r:: '?
mdepcndazr or unrelated groups to find whether thers is 2 significant variance hmsae;
the two. It is also known a5 Independent t-test. [f the P¥0 mcependent samples of size n
) p—_ ndb 1
md:;ii:m means Xu.ndX:mds!md.trd’g;hﬁmS; and S, drz given and one wants
test the hypothesis that the samples come ‘mcsmna-:;ﬂ*m_r_m""f-'
_Ibc test, we calculate the statistic as follows: iakie
i) The:_e:st statistics which is followed in this case is
(= X, -X: x [t
S n +m,
Where, X =mean of the first samplé'; X: =meanof the secord sample
ny, 0z = number of observation¥4n the first and second sample;
S = combined standard deviation.
ii) The value of S is calculated by the following formula:
se Jr(x, - X1+ 5X, - Xo)F
o, +n, -1

mycviaﬁonsshouldbeuteuhomﬂsmdmuwm the acnea] means are in
ﬁicﬂun.lnmchamlbccombincdsmduddﬂmis&uimdbyzpplﬁnglﬁe

following formula:
S=JZIX.—A,F+EIX,—A;F-n, (X-A) -n, (X:-A,)°

n +n,-2
Ay = Assumed mean of the first sample, A; = Assumed mean of the second sumple
X1 = Actual mean of the first sample . X1 = Actual mean of the second sample |
|

The degrees of freedom = (n, + ny - 2) 15
it) When the number of observations and the standard deviation of the two samples are ’
given then the pooled estimate of standand deviation can be obtained as follows: (g

sz\/(n, -1)S +(n, -1)S: '

=7
I1|+I'I: -

iv) If the caléulated value of t is greater than the tabulated value at any specified
significance level (5% or 1%), the differcnce between the sa.mFIc means is said to be 4k :
significant at specified level of significance otherwise the data is said to be consistent f["’ :E -

with the hypothesis.
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Hypotheses of an Unpalred t-Test
1) Hs (Null Hypothesis): “There is no significant difference between the means of 2

groups.
2) H, (Alternative Hypothesis): “There is a significant difference between 2

population means, and this difference is unlikely to be caused by sampling error.”

Assumptions for Testing the Difference of Means'

1) The universe from which the samples are drawn are normally distributed.

2) The two samples are randum samples and have been drawn independently.

3) The variances of the two populations are equal. It follows that the standard
deviations of the two universe or 0, and O, are also equal.

4) Population variances are not known.

Procedure for Testing the Difference of Means
Step 1: Set up the null hypothesis.

Step 2: Then we find standard deviation from the following- formula:
i)  When deviation is taken from actual mean
S= IEtx, - Xi)}+ T(X 1 -Xa)?
n,+n,—1
ii} 'When devialion is taken from assumed mean
oo [EX = AP + EX;-A) -0, (X —AY -0, (Ka= A’
K n,+n,-2

ili) When standard deviation of two samples is given
= J(n1 ~1)S?+ (n,=1)S}

n+n,—2

Step 3: Degree of freedom =ny +1ny — 2
Step 4: Then put this value of standard deviation and find the value of .
Step 5: If Ly < table value of significance level, then null hypothesis 1s pccepled. _
If t > table value of significance level, then null hypothesis is rejected and alemative
hypothesis is accepted.
ing hours for female and male students
le 3: Suppose that we compared TV watching _
oEf?:Tzll:ge nmiJ Iw-:‘:.:u'u'urat discard the hypothesis that they had the same popu]nu?n_mcans.
A sample size for males was only about 1/2 than females, but the standard q.cwauon was
larger for males. Following summary is piven below:

Size | Mean Standard Variance’
Sample i
[ Male n,_ 59| 237 1.87 ;;g
Female n, L6 1.95 1.51 :

i is gi led standard error is 0.281, 1.49 i
i n means is given as 0,42 hours, the unpoo -
;::l:{:“ﬁ-;aii l:md 0.14 isf*:sulting p-value. Examine the data and apply Pooled-Test.
Solutlon: Here are the computations for the pooled t-test: _

s =lst+(0, =83 5 g s, = V2.69 =1.64
a,+n,; -2 ‘

5'=
1 7 | 1 ‘
_ ’s S5 ’L 1 164 )—+——=0262
Pooled s.c. X, =%, = ;ﬁ’f;“;"r i 59 116

Farametric Tests (Chapter 8) 163
Samplestatistic = Nullvalue 0,42
= =

Pooledstandard error = 0.262

1.60

Degree of Freedom(d.f) =59 + 116 -2 = 173; pvalue = 0.1]

While the p-value for pooled test still would not lead to rejection of null hypothesis, it is
remarkably smaller than the p-value of 0.14 for unpooled test.

Example 4: In 2 mutation breeding experiment, gamma-irradiation effect was evaluated
on 200 seed wcsg_ht In grams per plant of a mungbean variety in M; generation, The
expenimenter oblained the following results. Analyse the data using the t-test and give
your inference as regards the cffect of gamma-irradiation.

200-Seed Weight (Grams) per Plant

Control |29 132 135[34[3.1 (4038304140

Treated 1 29 |28 (3035|137 (33 30 (312928

Su!lullot_n: Null Hypothesis: Ho: There is no significant difference between the mean 10
seed weight per plant in the control and treatment.

200-Seed Weight (Grams)

Conirnl Treated _1
= 7 . G x|
29 8.41 29 R 4]
32 10.24 2% 784
35 1215 30 9
34 11.56 15 12.25
1.1 9.61 17 1169
40 16 33 10 89
LR 14.44 1.0 9
3.0 9 3.1 961
4.1 1681 29 841
4.0 16 28 784
35 12432 31 96.94
T, A s %, I 3.,
n, 10 n, 10

ZI: 1 1
Ix! —‘T"-=1z4.32—%sul =124.32-122.5=1.82
1 3

1 1 ",
Ex:—[—}:-‘EJJ—"=9_6.94—91-’(]’—=96,94~,-95:1=0_.34
2

Degrees of freedom, d.f. = (ny + ny— 2) = (10 + 10-2)=18

Pooled va.ria.ncc,sf = ———l -82:80.34 =--—2'66 =0.147
Pooled standard deviation.s , = Js3 =v0.147 =0.38
X, =X S5-3.)
= I_Il 1|1 - ] l| - = =ﬁ=%=1.35
| e 0.33J-+— 03gft OB 0
n, n, 10 10 5

Conclusion: Calculated 1t value = 2.35

A~y NN

—
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Tabulatad t vatue = 210 (p = 0.01)

df =18
The calculatad *t* valve for the difference of the two sample means is greater than the
tabulatad " valoe a1 § % level of probability with 18 d.f. The difference between the two
sample means it significant. The null hypothesis stating that the two sample means are
not different is repected at p < 0.05. Therefore, gamma-irradiation has a very si gnificant
effect on 200 sead weight.

8.1.43. Paired t-test
The pairad t-test is 3 statistical test that compares the means and standard deviation of 2

related groups to find whether there is 3 significant differcnce between them. It is also
known s dependent or correlated t-test. The significant difference happens when the
difference between two groups are unlikely to be due to sampling error. A group can be
related 1o similar group of persons or the same items.
than unpaired t-tests as using the similar participants of
itemn eliminates variation among the samples that could be caused by anything other. To
study unrﬁ'emofsom:acﬁonorpmcus.miu:slhuwbc used. For example, when 3
stimulus is given fo some patients and their blood pressure afier and before giving the
enmulus is tested, and then with help of paired test it is analysed whether the stimulus is
effecsive or not Also, the sales of some depanmental stores are recorded for definite
period after and before some sales advertising procedure and then it is analysed whether
the sales advertising procedure is cffective in increasing the sales. In similar manner, the
performance of 2 batch of students is recorded before and after training and it is checked
if waining is effective or noL.
Assume that Xy, Xz, ... ke dEDOLES the sales of a product in 0 departmental stores for a
specific period before sales advertising and Yi, Y1, «-con ¥a the cormresponding sales of the
- same tal swores for the same period length afier applying cerain sales
adverising procedure. Then (X1, Y2 (X2, ¥2)u svems (Ran y,) are scts of sales data before and
zfter the sales advertising in the n departmental stores.

to test the significance of the difference between the

Apm-:dt-{:slmmbenrr

We zpply paired t-test sales x and y.
Suppose d, =x-Yiory,~Xi= 1,2, .o B

The differences are X, = ¥i 07 ¥i = x; so Id, is positive. In case, Ed, is negative we take

positive valus of d, i.e., il

Ofien the use of dependent of paired samples will cnable us to perform a more

precise analysis, because they-will allow us to control the extraneous factors. The t-
defined by the following formula:

test based on paired observations is

=-d—:EX\YrI'TOfl=£—l"_
[ S

Where, d = Mean of the difference,
$ = Standard deviation of the differences
The value of S is calculated as follows:

rd-d? , [Zd- n(d)’
n—] l]"].

hou!dbcm{cdm:ilisbucdann-ldcgrcco!’frwdom.

§=
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Procedure
Siep It Set up the null hypothesis.

Slep 2: Then we find the value of standard deviation from the formula:

s %]
S= Lid=d)
n=1

Step 3: Degree of freedom =0 = | obtained the table value 31 the level of significance.
Step 4: Putting this value of standard deviation, find the valuz of L

Step 5: If Ly < table value at the level of significance, then null hyprthets 13 accepred.

If Ly > table value at the level of significance, then null hypothesis i rcjn_-c'.'sd and
alternative hypothesis is accepred.

E = mean of difference

Hypotheses of an Paired t-Test
1) H, (Null Hypothesis): “There is no signi

ypothesis): “Thers is 2 significant difference berween 2
be camied by sampling ev=.”

ficant difference betaeen the means of 2

groups.
2) Hy (Alternative H
population means, and this difference is unlikely to

Assumptions of a Paired t-Test

1) The dependent variable is distributed normally

7) The observations arc sampled independznt

1) The dependent variable is measured on an incremental level ks tics.
4) Independent variables must consist of rwo matched pziri.

Example 5: An Aquarius health club has ba:upromotingzdzmmdingpromm[or
i i lhuaft:tlmnh:beﬂm;cp:ﬁc&pm;hm}db:
L do ar the

beginning. Does the club’s claim is right on the random sample of t=m

participants given below? Take the 0.025 level of significance.
Participant | 1 | 2 |3 s 1 slel71819110]
Before I ETEEE A A n|ns|
After eI EIEIEIES
Solution: Hy(Null Hypothesis): p —¥1 = 8
H,(Altemative Hmhﬁh):p;—pgbiﬁhedjﬂmcbmtm B)
Table 82:a = 25% Level of Significasce .
Participant | Before | ARer | Difference =d | Differencer = (47 |
1 /| 45 -7 49
2 11 24 +13 169
3 M 41 -7 49
4 25 k1) «14 196
5 17 30 <13 145
6 38 e +h
7 12 0 +18
8 n 39 +12
9 b p 40 8
10 29 11 +12
[ Toul | 110 |
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One tailad test is used here, as the clubs needs to prove that the increase s more than R,
An appropriate tvalue al 2.8 per cent significance level with @ ([ is the t-value for two
(ailed test w003 significance fevel with 0 1. and s equal to 2.262.

The upper limit= § ¢ 2 262(122) = 10.76
As the mean difference 11 lies outside the acceplance region, hence, pull hypothesis Hais
rejocted. This result supports the club's claim.

Example 6: A random sample of 8 companies was taken from companies having at least
15 per cent dividends. Then it has to lest whether the statement of dividends has any

effect on the market price of a share of A company. A data of share prices of 8 companies

are as follows:
T 1 2] 3 415|617 L‘
68

“Market Price 10 Days before Dividends | 70 | 63 12 [ s8 |25 [ 1a7 | 95
were Declared

Market  Price 10 Duys afer the | 80 | 85 | 110 61| 32| 159 100 | 70
Declaration of Dividends 1
1) Can we predict that the increase in average market price after declaration of

dividends is significant at 5% level of significance? Consider that population is

pormal distributed.
2y List the all possible inadequate in the methodology accepted |

above statement (1).

Solution: This questions is based on palred t-test: "
1) 1L The increase in market price after declaration of dividends is not significant.
H,: The increase in market price after declaration of dividends is significant.

indicate the market price ‘before’ and ‘after’ declaration

o test the validity of the

Let us suppose that X and Y
of dividends then

Hy: py = M2

[, py is the a;-mge market price before and nflcr the declarntion of the, dividend]

Hi=pi>H:

That is,

Hot py - p2=0 "
Hl: P>

Assume d = Y = X, where

70| 80 10 100
6s | 85| 20| 400
12| 1o
sg | 64| 6] 36
3 nf 11 ¥
147 | 150 | 12| 144

os | 100| S| 23
e8| 701 2 4
60 | 762

purametric Tests (Chapter i)

_dinda-t 78emsdT 15875 44

Jota' —zay  Jrers2 (800 50

=318 (with 7 degree of freedom).

for 7 degree of

FaBurss i
P

The experiential t value ist = 3 1';4':

The value 1.895 is the ahnlated value of t at 5% Jevel of significance
freedom.
Tabulated value of 1 (1.895) < calculated t value (3.18)

Thus, we discard Ho.
Hence, after declaration of dividends, (here is significant increase in prices.

2) Inadequacies are as follows:

i) These have 100 small Sample size.

i1) The circumstances prevailing on these dates may be different as the dividends
may be declared on different dates.

iiiy Although conclusion is that dividends affect market price positively but there is
not certain that the dividend is the only cause behind increase.

iv) A group of companies that have declared 15% or more dividends are considering
only. All the companies which do nat follow this group arc excluded from the
study. Their prices might have increment during the same penod.

Example 7: A similar test was given to 12 participants to verify that whether 2 course in
quantitative analysis improved performance. Their scores both beforz and after the course

are shown in table below:

Cangiaate 11 | 2. L3 121516 71 8]9l
Belore a0 |61 |s2]32]|se]70]41 {7 72|53 |72
Alter s3] 38|69 | 571269 3|87 | ™ {60 | 78

Suppose these twelve candidates as a sample from a population and test at 5% lavel of
significance in case the course was useful in terms of presentation on the test

Solutlon: We apply here the paired t-test.

Cnndidate Cop gy bk 18
Score before the Course [aa{a0 |6 {52132
Score after the Course | 53 | 38 | 69 | 57 | 46
P’mmmm folal s | Si
d TBL | & |64 125]96

This is the problem of one tailed test at 3% significance and 11d 1, Laes = 1.796
1) Null Hypothesis: There is no improvement due to course.
2) Alternate Hypothesls: Course has better performance.

Id =60
Eﬂ__?-'u-n«rfnl-l—5+]¢1+6+‘.‘.+1+6_50.5
N 12 -{—
‘.‘.d*=Bl+4+64+25+196+15+9+49+36¢4+49+36=5‘TB
S dindaal _ sxiaxdil 199

Jozat @ J12x578-(60)* Y3336

199

=—— =13445

§7.758

-rhﬂ_-l"

A

LY

W

LI
' e A ra- mt KDY S

el _—L"L-J:.';":'f.::‘

——T T

Scanned with CamScanner



168 Diostatistics & Research Methodology

As the calculated value of t (3.445) > uble value (1,796),

Hence Null hypothesis is
rejected, i.e., the course has better performance.

Example 8: Before given a drug, the Systolic blood pressures of six hypertensive patients
wete 183, 179, 165, 190, 175 and 180mm of Hg. After given a particular drug for one
week, the blood pressurcs were recorded as 187, 175, 150, 180, 180 and 170mm of Hg
respectively. Determine could such differences arise due to chance?

Solution:
Null Hypothesis: Hy: py = poor D =0
Alternative Hypothesis: Hppy =y,

Calculation for D and estimated variance arc shown in table below:
Patients |B.P. before Drug (X,)[B.P. after Drug (X,)| Difference D D’
= m: = Kﬂ
1 183 187 -4 16
2 179 175 4 16
3 165 150 15 225
4 190 180 10 . 100
5 175 180 -5 \' 25
6 180 170 10 100
ID=30 | ID*=482
Mean DithrcnccB:EE =§E=5
n 6
H
X 30y? :
Estimated variance,s? = L ID'- b - 482~(—-
n= n 6-1 6
=1l482-30 =l[4sz—|5c-] '
5 6] s
. s?=1%332=664 or s=J66.4=8.15
_ D 5
Standard Emror of D=—==35_333. (oD _ o, =15

Yo 245 SEof D

As the calculated value of Jt] = 1.5 <lypes = 4.03 (ic., table value of 1 and 1% of sigmficance

difference with 5 d.£.) Thus, the null hypothesis is accepted and we cnn!:ludc that there is no
significance difference between the averages of before and afler observations,

Example 9: In order to specify the result of s'p.tciﬁc oral contraceptive on wrigh; gain, 9
healthy females were weighed before to the start of its use and again after ending of 3
months period.

Subject No. | Initial Weight (kg) | Weight after 3 Months (kg)
1 480 492
2 56.4 512
; 52.0 360
4 60.0 580
s 4.0 360
6 560 572
7 48.0 472
8 360 564
9 520 518

Parametric Tests (Chapter f)

169

Test and provide sufficient evidence thay females experience B3N in weight afier 3

months of the oral contraceptive yse?
Solution:

Su‘!;im Lnitia] Weighi (kg) | Weight after 3 Moaths (kg) | Difference D D’ "T
1 480 492 =12 14
2 56.0 5712 08 T .
3 520 560 A0 16 (1)
4 0.0 580 10 4
5 540 56.0 =20 i
6 560 572 =12 131
7 480 472 08 0 fud
B 56.0 56.4 04 016
9 520 528 03 0 64
Total - - M=-7% o= 8.9
. = XD =76
Me:ind.lffcr:nch=—E= 9 =-0.84
n

1
Estimated Variance,s’=—'_|yp? (2] [__1 L
n-1 Vo 9-1 9

=%[zs.9a-a.4z] =%x22.5-|=: $=2820r ' =y/2 82 =1 .68

Null hypothesis, Hy: There is no we
Alternate Hypothesls, M;: There
use. i.e., jy # y (Two Tailed test).

ight gain after 3 months i e., TRETH
is weight gain after 3 months of the oral contraceptive

Standard Error of difference, S.E. (D)=
;l‘l
— 168 168
4 SEDelf 108 .

N

Test statistic, 1= D 0.84

SEof(D) 08¢ " '="13

Since calculated value [1] =
hypothesis is accepted, i,
contraceptive use.

1.5 < table valye of Loty = 3.3, This implies that the null
c., there is no weight guin after 3 months of the oral

8.2.1.

Introduction
The Analysis of Variance
ANOVA, developed by
investigate the underly
independent variables,

is similar to the regression analysis, It is abbreviated as
RA. Fisher. ANOVA is widely used by the researchers 1o
ing relationship between a dependent varisble and vanous

Itis widely used in the areas of husiness, industries, economics, pychology, socinlogy,
biology etc. The researchers

prefer the ANOVA when there are multiple cases of sample
Itis a statistical 100l which is used 1o analyse the variations among the data and calculate
the inequality among the population means,
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AMONg the varings
: by
Ples in two

.hi x

Wway ANODVA.

Characteristics or‘AN
ANOVA rescarch tool is he OVA

Ipful in the study of i :
2) One of ihe piy impurta.nl Y of analysis of Vanance,

3) ANOVA s used in the examination of the various ¢
4) ANOVA results are free f;

characieristics of AN

inta chance variance and cause variance,

Omparative experiments.

T0m any type of constant bias ang scaling errors.
5) Itdescribes the true and ¢

6) It examines the variance

8.2-3.
Analysis of variance is do
given below:;

1) Normally distributed universe
2) Samples are selected randoml

3)
4)

5)

. 8.24.

1)

2)

3)

4)

omplete characteristics o
of more than two groups

Assumptions of ANOVA

f given populations.
of samples,

used to take the sample for the study,

each other. ‘ )
It is assumed that there is no significant difference amongsl the variances of the
different universes from which the samples have been drawn.

Starts with the null hypothesis i.e., V,= V, = V=,

Vy (Whete, V), V4 V, .V
are variance)

i i i i estimated by
L 15 assumed that the critical values of llhe‘ variance ratio, {FJ as estima :
ISn::decar for different degrees of freedom at different level of significance, viz.: 5%.

or 1%, etc., hold good in testing the significance of the calculated values of F that
represents the variance ratio of the samples,

ications of ANOVA ;

i mAEcllﬂI;a lf:c ANOVA an organic scientist or resea.r';he_r can elabomt:
wl:ih!hcrediffcfem varieties of fertilizers, seeds or _snﬂs differs significantly or not.
"Il:his helps the researchers to draft the policy nccordmgl: 10 lh:u gut.::z_:?:; i

ienti i ted to study
i earchers or scientists are interes _ 3
2 ?:ir::eic:i!ff?rim age groups of the human beings, then ANOVA is “r?h u::zual“
i e
medi agement of an organisation may examine l.h‘le‘r Rerfuarmar:c;; ADeescs
L s king on different population. Using ANOVA, manag ) S e
mmasc{siwoah:fhcr the performance or the efficiency of the sales manag
to a decision
SES“iﬁC“‘""j’: r:m:.ANOVA can help the rescarcher to study whether the purchase
i i 00 . - i
erdome group of people differs significantly or not.
in

ll[mhmlin & Reseyey, Mc!lmnhl?

Eroups of gam,
researchey helps them 1o diwdcp:;:

OVA js that it splits the variance

ne on the basis of some assumptions. These assumptions are

¥ and they are also homogeneous and independent of

Paramesy,, Tesy (Chapapy 3,

825 Basj i :

e uikein gas&_c Principle of ANOvVA

s o lflfi‘::nclpl: of the ANOVA i 1y COmpare (he Cifferes,

) ! f. Wdying Tt of e aratons \11-"::.“.1 s
Vanationy whj;_ﬂ't Van2tion pregen, between $amples of d; 1»-:& oty i

Besnid b Occurm ;M}d»_-r piven Population E2tenlly “F'“r ;::1-.:1; :ul;:

Fesear, - o the rando: flzer i ) .
gl . O e gln&epmlwnlntr.I

differs wip, Mean of |4y pop.m.:;:::" the population, he vilie of )y il

(1 fandom value,

2 varance [ty Asumed by the
ables which €an’t ke comtrolled but rest
1 of

ﬁ:}y l:onlrol}able. So, researchar 354y mes that absenca of vagious factony '-x::;rblcs ?

ults regarding the factor(s) 1o pe sturfjed. TR
While estima
oty lng the ANOVA e reseurcher needs the extimarey the wo Population
1) Based o within Sample Variance and
2) Between the Sample Variance,
The value of

the above two estimatss of the Population are com 1
F-test is calculated as follows: PP Wik the o The
Estimation of the Population variance
F= bu:dm the 1amples variance
Estimation of the Population varance baseg
0 within samplcs Yariance
The aboye calculated val

1 ue of the F-test is then compared
given degree of freedom.

deg If the calculated value of the ahov
o F-Limit, then there exists 4 significant change between 1

82.6. ANOVA Techniques
Following are the two ANOVA techniques:

1) Variance which oceurs due 10 onc variable, and
2) Variance which occurs due to two variables.

with the limit of the Ftest for a
€ €quation 11 more than or equal
he sample means.

The above stated techniques of the variances are discussed
1) Variance which occurs due to One V

variance that occurs in a variable is becay
that there is only one independent varia
independent variable on the other depend

n detail which is as follows:
ariable: In this case the change or the

se of only a single variable, Or we can sy
ble and we try 1o study the impact of tha
ent variable.

For example, if the researcher wants 1o stud . :
one amongst types of seed or fentilizer or soil) on the other variable {i.c., amount of
harvest of a crop), then this is known as one-way ANOVA or vanance d_u: 1o the one
variable. Here type of soil, fertilizer and seeds are three independent vanables,

y the impact of one varizshle (e.g., any

In this case the researcher will study the impact of one independent variable (from

seed, fenilizer or soil) on the dependent variable (harvesting of crop). This type of
relationship can be given as:
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ANOVA also checks the level of homogeneity among the vanous groups ol'_ul:mplzs
from different populations. The use of ANOVA by researcher helps them to divide the
total variation of the various samples in two groups.

1) The first variation is that which occurs due 10 chance and

2) The second variation is that which occurs due Lo any specific cause

ANOVA helps the researcher, to split the variance for investigative purpose. With the use
of ANOVA the researchers can examine ‘n' number of factors influencing meld:pendrnl
variables_ In simpler wards, Analysis of Variance (ANOVA) isa statistical technique which
is used for exploring the variation of a dependent variable with respect 10 independent
variables. In the ANOVA technique when single factor is taken and rescarcher analyses the
difference amongst its various categories which have numerous pm_m'ble values, then this
ANOVA technique is known as one-way ANOVA. When analysis is done on two factors
a1 the same time, then this ANOVA is known as two-way ANOVA.

8.2.2. Characteristics of ANOVA

1) ANOVA research tool is helpful in the study of analysis of varance. )

2) One of the most important characteristics of ANOVA is that it splits the variance
. into chanece variance and cause variance. ) ]

3) ANOVA, is used in the examination of the various comparative clxpenmcmz..

4) ANOVA results are free from any type of constant blli.’- and scahn_g crTors.

§) i describes the true and complete characteristics of given popalations,

6) It examines the variance of more than two groups of samples.

8.2.3. Assumptions of ANOVA _ ‘
Analysis of variance is done on the basis of some assumptions. These assumplions are
given below:

1) Normally distributed universe used 1o take the sample for the study.

3) Samples are selected randomly and they are alsa homogeneous and independent of

each other. . ) )
3) It is assumed that there is no significant difference amongst the vanances of the

different universes from which Lhe samples have been drawn. )
4) Starts with the null hypothesis ie., Vi= Vy= Vy= .0V, (where, Vi, Vi V) LV
variance o
%) :Eis nssﬂm;d that the critical values of the varjance ratio, ‘ﬁ-'}‘ as esum:‘lt:d by
Snedecar for different degrees of freedom at different level of significance, viz.; 5%,
or 1%, etc., hold good in testing the significance of the calculated values of F that
represents the variance ratio of the samples. -

8.2.4. Applications of ANOVA

1) With the help of the ANOVA an organic scientist or researcher can elaborate
whether different varicties of fentilizers, seeds or soils differs significantly or not.
This helps the researchers to draft the policy accordingly to the outcomes.

2) If the medical researchers or scientists are interested to study the impact of the
medicine on different age groups of the human beings, then ANOVA is very useful.

3) The top management of an organisation may examine the performance of their sales
managers working on different population. Using ANOVA, management can come
10 a decision whether the performance or the efficiency of the sales managers differs
significantly or nol.

4) The sutistical ool ANOVA can help the researcher to study whether the purchase
intentions of group of people differs significantly or not. ‘

Parametric Tesia (Chapter )

8.2.5. Basic Principle of ANOVA
The underlying principle af the ANOVA i3 to compare the differences in the different
means of population, by studying amount of the vanations within the samples, with
respect 1o amount of the variation present between samples of the population. In case of
the variations which occur inside given population, generally it is presumed by the
rescarcher that this is because of the random effect in the population. In simpler words,
because of the random effect within the population, the value of Xij (2 random value)
dilfers with mean of that population.

It has been observed that there exist some influences on the (Xij). which cannot be
explainablé. On the other hand. the differences which occur between different
populations are due 1o some “specific factor’. This is the reason why the researchers
assume using the ANOVA technique; the samples have been selected from the normal
population. Also each population has same degree of the vanance. It is assumed by the
researcher that there are few variables which can't be controlled but rest of vanables are
casily controllable. So, researcher assumes that absence of vanious factors may effects the
results regarding the factor{s) to be sturhied.

While estimating the ANOVA, the researcher needs the estimates the two population
variance:

1) Based on within Sample Vanance and
2) Between the Sample Variance.

The value of the above two estimates of the population are compared with the F-test. The
F-lest is calculated as ollows:
Estimationof the papulation vanance
based on the samples vanance
Esumanon of the population vanance based
on within samples variance

F=

The above calculated value of the F-test is then compared with the limit of the F-test for a
given degm of frmclnm: If the calculated value of the above equation is more than or equal
to F-Limit, then there exists a significant change between the sample means,

8.2.6. ANOVA Techniques
Following are the two ANOVA techniques:

1} Variance which oceurs due 10 one vanable, and
2} Variance which occurs due o 1wo vanables.

The above stated techniques of the varian ! i il which i
: t ces are discussed - :
1 v II:|IH¢I which occurs due to One Variable: it coe o o
vanance that eccurs in a
that there is only one in

independent variable on the other dependent variable.

For example, if the rescarcher wants 1o stud
one amongst types of seed or fertilizer
harvest of a crop), then this is known as one

variable. Here type of soil, ferilizer and seeds are three independent variables

In this case the researcher will

: : study the impact of one independent variable (f
seed, fertilizer or 50il) on the dependent variable (hmuungp;! crll:p::'?;ii ‘;ﬁrj':l:;'

relationship can be given as:
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A (1o dependent B (dependent
variable) variahle)
1 14
12 16
b 1
16 % 10
14 13
2} Variance which occurs due ta Two Varlables: In this case, the rescarcher wants o
study the impact of multiple independent variables on a single dependent vanable.
Here, the impact of the changes or the variation in two or more independent variables
is studied in different condition and also the values comresponding dependent variable
is also observed. For example, if a rescarcher wants lo study the tmpact of two
independent variables. say season and effort of the salesman, on the fotal s;J'e of
cocresponding salesman, This type of situation is best example of the variation u:.- u:
the impact of two variables. The above example can be best described with the help o
below stated formal.
Samples of Sales In '000 €
Salesmen
Seasons FloQ - ~—H—]—s—-— Total
Summer | 29 | 2% | 26 |25 | 108
Monsoon | 34 |33 [ M [ 19 ] 120
Winler 25 |2 |27 | 28 108
Towal |88 | 69 |87 [72 | 336 |
On the basis of the above classification there are Iwo AHDVA-IKM:‘SSA,
1}  Analysis of the variance for onc way :lm::ﬁcll.!un (One way AN i
2) Analysis of the variance for two way classification (Two way AN )
Bty e Wﬂ}' AN i alysis of variance of a continuous
mmc:unncptufmcnncwayANDVA.mcrcua_.nan ¥ 1 ey
le classification variable (Independent Variahle), One-way

dependent variable with a sing
analysis of variance (
is classification only

an

Process [or Calculation
1) Calculate the means o

2)

k)

ality of the population means when there

VA) always lests equ A
Sy 3 lations we check whether there exists

by one variable. After calcu
y difference within the factor or noL.

of One Way ANOVA
f all sample individually, that find:

il.i:.il...._“,X|

Here, k= Samples Observation
Calculate the mean of the !:m]:ll::
et E: +'f: i, Pe——
= No.ofl Samples (k)
Then calculate the d:wi:l.ion.of
means’. Then each deviation is squarce
in corresponding sample. Each item is
called as Sum of Squares (55).

sam ? b le
! le means’ from the *means of the samp
dfmdmﬂm:!ﬁpliadhymcmﬂnumbcmnhcl:mq&
mcnaddndupmdu:nuwtwnbmmdu

558 =55 between :
-] _ my? R
-n‘[i.—xJ +n,[x, ~J(J +_....+n.(x.-x]
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4) Then we need to divide the ‘output is cbaaired from third step by ‘degrees of the

L]

6

=

T

§)

The
Jusi

{Tim'. Then, we get the mean square berween wamples (M5 It i caloulsted as
IO
MSE = M5 between = A

fk-1)
Here the MSB is the mean square between the samples, & (k-1) denotes of
freedom (d f) e
The researcher cets the value of the deviations for all of the sampls t=ms from their
means. Then calculate the square of all the deviations and sum it up. The value 50
obtained after addition, is called as sum of the squares of the variance within
sample, abbreviated as (SS within). [t can be wrifien as:

SsW=SSwithin=3 (X, ~X%f + T6, -X:f +.....e Tl -X.f

Then divide the “ourput of fifth step” by "degree of the freedom” within the samples,
in order to get the ‘mean square” also abbreviated 33 MS (mean squars or the mez2n

square within sample). It is written as:

MSW = MS within = s
n—-k)

Where,

{n - k) = represents degrees of freedom within samples,

n = total number of ilzms in all the samples, ie.n; + n:+ ...+ n,

k = number of samples. :

To cross check, the researcher can calculate the sum of the squares of the deviation
for the total vanance by adding up the squares of all the deviations. This can be done
when the deviations of the each item from cach individual sample is dztermined
using ‘mean of sample means'. This is represented as:

-
55T =55 for total variance =E{x, -x) ;
j=123...

This value of SST is equal to the total of the results of the step three and five. In each
case the #grte of the freedom is calculated by subtracting | from the total number
of items in cach sample i.c. (n-1). The degree of the freedom in the case of within
:md_ between the samples should add to degree of the freedom for the completz
variance, this can be represented as:  (n=1)=(k-[) + (n- k)

This fact describes the additive propeny of the ANOVA

Finally, the F-ratio can be representzd as:
MSB '
MEW

i=123.. :

F-ratio =

reseascher uses this ratio to know if the differences among vanous samples mean is
because of the sampling fluctuation or it has some significance and cannot be

lgnorcd..Thc ;:scu:h:fs c_onsult the able and put the F value for given 'degrees of the
freedom’ at different significance levels, If the calculated value of F is less than table
Valie of F, then the differences are insignificant and can be considered that it is cccurming
Just by chance and the researcher accepts the Null Hypothesis. If the calculated value of F
¥ more than or equal o the table value of F then the results are sigmificant and the
Tsearcher accenic the shammarn bomesi . ¢ 0e 0 o
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1= Posrameries A Boosymch Llaah,totogy
Fasmple 10 Foer machines A R C and I e jrnndd 1 provhoce m eertain Ll of crenon
fabocy Samples of size € with pach writ AN sguner smsoren pre selected Trwn the
owrtrets of the rmcbhimes w random end ihe morter of Myw

vim el 109 s metrss
B orvimieg] wmatd phe fellrmang reentt

ENERES I
SN ENNEERT
N ERNRED
[1a |
| Is | @ 1 9 _;'1
Do wow tumk that therr o 3 wpmficant &fforence m the performmance of the four machines?

Salution. Let o take the mull bypoghesis thar the machines do net differ significantly in
periamanr e B po e pimpymp,

X, X} Xz X, X, X, X, X,
11 121 | T il I 1Al 16 1%
9 | L1 | 9 | LA 11 [Bd] 0 AN)
| L 1o i 10 | L 1k 14 p 539
1" T R R | 18 [ T 21 Eee)

| IX, b Pl --‘-\l- J nll- X, = E—-‘ll' Xy= ml’

| w8 LT | 2 244 0 470 g0 1624

TeIX «EX: IX,« DX = 50+ 28 + 50+ 80 = 208

T (208)° 4457
R ek 16

2704

)
SST = IX° « IX: « EX,% + X/ —1;—‘=5541-246# 670 + 1626 — 2704 = 3196 -

IT =457

sepEXF CEx,F EXF EXF T
" B. o, B, N

H % s : 'wli

== f-‘-i !5fi T4 =2703 _ 635 4+ 196 + 625 + 1600 -2704 = 342
z

SSW=SST-SSB=492-342=150
[ ANOVA Table
Souree of Yaraton | Sum of Squares | Degrees of Freedom | Mean Square
. M| 3 14
T3 5] F BE
r_l’utl! ! 492 | 15

114

E?_: =-3=9 ’2

The 1sble value for F; 1z, 2 1% level of significance 15 393 Thc calculated value of F 18
greater than (he teble velue Hence, we teject the null h:,;ﬂhn;m and conclude that there
is & significant difference in the performance of the four machines

i ken from the four
: won test was performed of & number of patients tal :
bmpmhmpkrin{d:ﬂ;ﬁ mezsure the significance of possible difference in .pc'ffomumc of
an aesibiotic 2fter it administration to TB patients, The data are given in table below.
Give 2a enalysis of venance of data.

Parvmpesic Topy (T hapiey ¥,

T et e ol
— S L C L ]
ST, St F] L 1 1 13 !
] T L 11 1 ?
1 2 L 18 1 12 |
i 1 I8 L A | L) i
1] | 1 ] ® ] 15 J

Salutinn: Nofl Hypathests, Hy: There s no significant difference n

the gverags =ff=cts
of antbinties on TH patients

Alternate Hypothesis, H,: Thers is significant difference in e average effects of

mtibiotics on TH patients :

X + ® | 'F S T
1 | 12 1 ] | 13
LY SO A T s e
| O T o
i | 14 | 4 | 15 ! —
U 1 [ | 1 | 15 |

T =45 | T;=50 | T,=60 | Ty=45 | -

WTM!:GPT|"T:‘T]‘Y.!‘Sb’ﬂt&']owa:ﬂ

s
Correction factor (C.E )= O o (220}

= 2220

Total addition of squares (TSS) = ILy,-CF.
=87+ (10F + (1200 & (167 « (ISP -CF

n:..m ﬁ

-,
=64+IDO+1-1-1.«._.__q-mAm_u:nn:a?a_:amnzsa .
Sum of squares among the samples (SST) e
_eT! (457 (50)' (#0y (gS)°
=2 -cra O 00V (60V (657 -2420=2470- 2420 = 50 o
=5 5 5 5 5 " -
Sum of squares within the samples (Error) -
SSE=TSS-SST =253 -5p =208 il
The ANOVA table is shown below: ::—
—— Table: ANOVA Table ;
ource 4L Sum of Mean Sumof | Varance Rato | e
Variation Squarey ‘ Squares l F \ -
Between ampley 1-1=1 0 . b 187
| S | met :s\ v
Within samples W-1=18 208 ‘:05 I = =
\ —=130 ]
16
[ Tom W-1=19 l s 1

Table value of Fyo for (3, 16) de of freed :
Y gree om (df 2, 2
value of F < tabulated value of B aunt (df) is 329 Hence the caleulated

ypothesis is accepted at 5% level of significan
Thus, the average effect of antibiod ; i ' -
' otcs on TB 2 i iy
bl Patients in various hospitals of the city is

8.28. Two Way ANOVA

Iht two way Am‘)li! “[\'ll"imce (J\NOV : A ;
A) technique i ;
When data is eategorised in 1o two £ cehimque 1s widely used by the researcher
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The two Way ANOVA can be better explained by the following examples:

1) A business Mmanager may be interested in analysing the sales data of their sales
m:ln:_gcr on the basis of the efforts done by them of the area in which they are
working.

2)  An agricultural rescarcher or scientist may analyse the rice yield on the basis of the
1ype of sced or fertilizer which is used by the farmers.

3 Ina manufacturing unit, the project manager may analyse the output of a machine on
the basis of the expenience of the worker and the quality of the raw material.

In all the cases the researcher takes the observation at regular interval and makes a note
of it. Sometimes, the researcher needs 10 take some repeated values also.

The ANOVA technique is little different in case of repeated measurements where we

also compute the interaction variatioa. Two types of ANOVA techniques are;

1) ANOVA Technique In the Context of Two way Design when Kepeated Values
are not there: In the case when repeated values are misting, researcher cannot
compute sum of the squares directly within the sample. So, the residual o the erme
variation is calculated by subtracting the sum of variance between varieties of a
treatment and variance between varicties of other treatment from the total sum of

squares for total vanance.

Steps

1) !;]11:' fesearcher needs 1o use a coding device, 1o make the work mpler

i) After this, researcher has 1o take totafl of all the Individal values (or the coded
values) of the entire sample, and name it as T,

Hi) Then apply correction factor stated below

1
Conection factor » (E)-
oded valors) Laken
Iv) Calculate the square value of all the items (or square of the ¢ .
individually and then sum it vp. Then suberact the correction factor from the
summation to get the square of deviations for e total varasce o
il
Sum of squares of Deviations for total vanasce or loal §§ -Z,’(. e

V) Afer the above step, cakulate the tota! of all the different (tﬂu!r.ut‘l&'-ti"l.f::
calculate the square of sum of every columa Then divide the aguars value
cach column by the comesponding pumber of items (s that columa aad sgan get
the sum of that particular columa Now, wsbtract the above caloulated cmm;:
factor from this total So the cutpat received b the m;t::“-pm
teviation for (he vanance betwren the folumas (85 h-n-: cole N

- the total row then fimti ou
In this step, the rescarcher calculates x
" ':.]uu: of l:um of every row”. This squared wum is then divaded by the ru: :r
v o
of items of that speafic row 10 odeus the wm of :L:mwr:m“ .
comrection (actor is subtractad from the caloulated sum -
‘ of the square of the devation for vanasce between e columm |
sum ¢ &
between columas)’ .
) Here by subtracang the sem of $* and 6* e from 4* sep maearcher can cak
- [N ﬁwﬁnmdhhmu&tﬁmamﬁur.m}.c
‘?M“-tﬁmmhoiﬁmn“u S5 for resideal

or errer variance

Parametne Teqyy (Chapier 5,

Degrees of freedom (d£) can be worked out as under
41 for Total Variance = ¢, r - 1)
d.f. for Vagiance between Columns = (c-1)
df for Variance between Rowy = (r-1)
df. for Residya) Variance =le=l)(r-1)
Where, ¢ = Number of Columns
o = Number of Row
VINANOVA table can set up ;‘RUM
Analysls of Vartance Table for Two Way ANOVA

Degrees of Mean Sq;;f:—-

) the Valuei My
Freedom
1)

F-Ratlo Valye

. e —
MSlcohmag
Msk

;\'_flllmiumml

fe=1)

Between the
LT
tratment
Rristaa) oo
emor

S8 Dicolumng )

hl.\!l.‘llmu
r=1j YT

]
LI LI
Moo MSR
Total 85 . (5§
between the columns
.+ S5 bxtwgen the

rowy)

S5k

=1

€ = Number of the Columng
fre Hh‘mttr nfl.hg R(m.

i:}is'il fesidual) = Towl 5§ - (55 between 1he columns + 8§ berween
‘IT?: :\:: r::; m..,.' u; {nn hed by the Mean Sejuare Revidua) (MSE) or pesiduat Vartance
d R e Vunatons that we between i column and the maw cakulmion
A Tikith e i (e sampling always cause (he Meun Swjuape readiil The pwe F i

T thun viwnpered with the relater 1uble values. for 4 Viven degree of the freeds N :
WPl wpmifleance level If e caleulared v ale fog the Fevation is grester than oo = ::.I:
e bl value, 1 tht ¢ e, iiffsrence of colimn Meas s treated sigmificans In mc!umr
"y the Forano telster] (o he Yanatwmetetween the finas cap be cak ulared

ANOYVA T«Imkpu In the Cantext of Two Wy Design when Repeated Valaey
are there: The rescarcher gews the separaie value of (he individual smallest change o
Varaton, in the cawe of the twor Way ANOVA when there e e r.~|,¢.u.:ai r;?l:rn

Ehr degree of freedom nd sum of the Mjuwres are calculated for he vansnce wittun
the sample wame a1 in cage of une way ANOVA The total sum of the wpare (59

which we between ghe columns and the rows, can be calculated as .mI.-.l abcive

Later. the researcher livcts ot the “left aver sums of the ware’ and alus he "o

over degree of freedom’ which s known as 1he INEr & i v artatic s
‘Wuton B the value of (he relaticoship present between ug Lrtetem
lassificationa) Afrey all the calculayons have been dime, ANV A table can e v
“p for chacrving varicus infarmma-

tbtees s taom
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Miovtatisticn & p &
Bl 1§ . - Fatarth Methodology Parametric Tear (Chapter ) !
: ment :
;:1mh-r of davy each patient takes 1o m\:: ;‘;" A cemain disease and observe (he = 25416 i
Necuss the difference between e results are piven in below tahle det zﬁn](nmu};l,n;q“‘.n,m,g],15,_4‘””9“““
i D) The doctors, and $254364 164254 49 - 40,94 = 509 — 4096 = 457 04 .
' <) The treatment, Ve (25-1)=24
' Use @ = 008 The above information is presented in the following table: i
B Doct. . Source of Varfatio ANOVA Table
- Treatments Between calun l'l Sum of Squates | 4. | Mean Square | F-Ratig !
. EERE Y aE b el 10164 | Int es
| 1 Wl 3wl S =470%
i 3 n S22 3 Between rows (Doctors) 2584 4 645 | g5 {
% : 12120 16 [ 19 EXT Tt
i s 5 :: :; 17 | 20 ¥::1ual 156 | 16 215 | ¢
! % == 15| 22 ' 44704 | 24 i
' Solution: We subtract | :
e m the given va-Jrue.s and work out with the new values of x,, ':';‘t .lr!:;r v:ilju of F for 4 and 16 degrees of freedom at 5% level of significance is 3 01
| reatments e value of F is preater than the calculated value f; doctors. Hence Boa
\ "' 1 15 2 3 4 | 5| Total 2 :_j"‘l‘mtﬂ'ﬁ'nm doctors. - ; ther= is net any
! = -1 8 |3 10 able value of F is less than the calculated value f doctors is hi
&Y _E, _:, 019 |2]6[ 13 significant difference berween treatments, N R
| = - -3 3 1] 4 1
3 4 =1 1=212 [2[5] o Example 13: There are four di ;
3 5 Slol o7l 37" certain disease, nmmmour diffesent deugy which have been developed for the cure of a
= §3 arc experimented on patients of thres diffzrent hospitals. Th
t Total [-28 (6 |28 (8 |27| 3 numbers of cases of fro G sy oy
4 Adi % OF recovery from the disease per 100 people are given in table below
L ; T (32)° alyse the variance and interpret results, '
Correction Factor = —=-"——=40.96 (Where number of observations or N is 25) :
N 25 o . Drugs :
. .. A B c D
! Sum of Squares between Columns (Treatments) H, 2] 20 2 T
; This will be obtained by squaring the treatments totals, dividing each total by the number H - 20 bT; 0 >
k. of observations included in it. adding these figures and then subtracting the correction H, 13 18 3l | 3
K factor from them. Thus, sum of squares between salesmen is: ) Solution: N
\ ' _ 287 6 @8R @ D' T ' Hhon: NullHypothesis: Hy: There i no resull o the drugs i the cure of iscase of asients, ‘
il e 5 s 5 N Alternate Hypothesis: H: There is a result on the drugs | g
'fgiﬁ =125 +7.2 + 156.8 + 12.8 + 145.8 — 40.96 = 406.64 patients. = g3 in the cure of disease of
l ; Degrees of Freedom (v) = (5-1)=4 ; Hospital A B : C 5 Total
0= ; H, L) 20
i Sum of Squares between Rows (Doctors) H 17 85
4 This wil?qbc obtained by dividing the squares of the doctors totals by |he number of H, 20 25 30 9 =5 -
i observations that make-up cach total, adding all such figures and subtracting these from X = . L 82 13 '
L | the correction factor. Thus, sum of squares between doctors is: ' L L 8 8s ) 24 ¢
& J 007 a3 0 O B T _eeg 4096=2584 Grand total (G) = 244
; | 5 5 5 5 5 N Correction factor ( = G_i—(zu": 239536
Degrees of Freedom (v) = (5- 1) =4 ol B 1 n =St
& Sum of Squares T Total sum of = 1 L0 z
H %!:lwiljtlmbe o!?lnincd by adding the squares of all the ﬂl;_s:rvahon_ss.m the table and m of squares (TSS) EE:;D CF.=(24Y + (20 + ...+ (13}’ -CF.
g | B O o o e e et O (3 s (20} + O+ ]+ Bl
i = (=5)+(4)y + ol =i e S g 2,0+ (54 (6) + (4) 4 :
B (9)F #(5) + (20 + @+ @+ @F+ Y+ + 0+ ) Sum of squares due to rows (SSR) = '[Bi)"*——-(u), +___{-}5): -CF
b B
. (5): 4'(1)1- IN_ = 1806.25 + 1764 + 1406.25 - 4961.38 = 4976.50 - 4961.33 = 15.17

B ————— N —— P
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1D Formrersta s A Broea b Vet dogy

PR EA R % ) R 1 LA B LT L
Sum of sguares doe 10 columns (SS0O) = - ~ - = - - - S -CI

=108V« 1321 ¢ 240K 10« S07 - 404) A1) = S27] 2N - 4961 1) = M)

Sum of squarm due to erroe (SSE) = TRS = 85K - S8C
. SOR6T- 1817~ W) e SOE6T=378.17 = 1308

Teble: Anatvsis of Varlance Table (ANOVA)

] Soaroe of dar semof | Mean Sum of Squares | Variance Ratlo
| % wrmistion | Squarms (88) (MSS) L
2 7 754

|l-¢'!'—ffr.h\u.r~r.-|.‘u 1-1=2 1317 ”'".15‘ Fysi=——x =0M
{ {row) ' 2 2.‘."0

Rrrwees &ugh d-|=3 o0 0 120 1:'.“.-_—""'3 =5
i (eolgrmm) 2228

Emx (A-1)14=1) 1333 ””'-213

l - =
| Texal i 12=-1=11 s04.67

1) Tsbulated Valoes: At 5% level of significance, Fp ¢, = 5.14 and Fo e = 4.76. ;
2} F for between Drugs: The calculated value of F > l.lb-.lm:d value of F, thus, nu
B hypothesis 13 repected. This chows that the drugs have significant m;f "
3) fﬂln-h:hum!luqinb:Th:uhllmdvdu:o{_Fcuhﬂ:m:!n‘lue F. hence

T gl bypothess is sccepeed hndﬂmd&ﬂzhuspvdshawmnpuﬁumnm

method 1s I RA. Fisher mﬁdatdud:nwdutnppmachmf
ki il i I?ths test for mn;l;ginl all possible pairs of treatment means is
- putcomes in mare significant differences Ihar;
mmummelevd.mwnmlvnﬁﬂﬁou:nq:cpndum::';
et ﬂm‘:’m one proceeds only if the F test in the ANOGE is significant,
1 -fzis In ) L '
x‘:l::mmct is used as the variance estimale in the t-lest me

coords archers i i ding and
mparing the vanous means for casy hol

* o lmma sty .cc:ss'ml? the ou:'ict results, LSD is considered as the best

s i u‘f‘h i :lmol-{szn as P Least Significant Difference, because the

process. This 18

ts is significant.
ing the lest unless the F-cal for treatmen
Fisher doct not recommend using

ich i differences between

test which is used 0 cOmMPare N
fltuuﬁww.mcvmmdmnun.nm1
Ho: i, =g, against Hi: ¥ 4y B )
rj.l.,iurnildumuunnf ¢

Py hether ji -
R lﬂhl:::d:m\ﬂ_ wccs wcr:t equal. The lesl-statistic B
By

two means is called as original T-
k:

ncmjnzmm.
one used 10 lest whether |y # H2
represented 28°

% -7,

Forvmeirie Testa (F hapner #;

The Mean Squared Firresr (MSE) in ghven by
MST = bl

. where S5F = (p,«1) Q,’-I‘n,—l; q.ln sipy =1) n'

MSE 1 8 vali] “proled wariance™ estimator. ander the mamtsined ssoumetion that ol
varances are (he tame

Under null hypothesis Ha the spprotimate distribution of ¢ 15 3 Sradent-t with a-k
degrees of [reedom
Hence, we should discard H, in favour of H, in case
[}
ll[)l

alla-n

Therefore, the least significant difference (LSD) can be defined as:

LSD=1,,,, HSE{L¢-|—]
n 0,

Now we conclude that j4, = |1, in case:
[X.-X/|>1sD

Example 14: The Investment behaviour between different age proupn u gives bSelow
Consider that we peed (o investigate whether-the mean properton of fmancal assets that
is invested in the stock market differs ATOSS 3T FOUP. We conmider thic following:

1) Young (less than 35) . 3 i

2) Early middle ape (35 1o 49) B i >

3) Late middle age (50 10 65)

4) Senior (older than 65)

These are the four different “reatments™,

For i= 1,234, let g, = Mean proportion of invested ia stock markst for indfividuals = the
i* age categories.

Following are total six pairs for the pairwise companisons:
) pand
2) pyand py
3) piand
4) piand py
5) prand
B) pyandp,

Here we consider 5% significance level.
For each pair, the LSD critical values are illustrated in table below-

. 3 Re YT

Palr LSD Critical Vatue | X=X fwiﬁ:‘::!:-tf
iy and p, 58 81 i Yes
| pand 62 6.1 | Yo |
Wy and g 7.1 14 | Yes
wpand 56 13 i e
g and py 6.3 0.6 | No
womnad u. a0 e :
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8.4. EXERCISEI! i

&l.l.

T LR

£22 Short Answer Type Questions

[ TR R

SA... Long Answer Type Questions

)

(T

&)

\ | \
g MIE — s — =l .. u‘.:_._,|u.lu,"'u_._.
- ‘ e - \ . i \ R a}

Very Short Answer Type Questions
-3 -3 - - =4 - -

G 3 £5re hemwes: Ermmpoen pEEmeT v B 25
Lestermoltax

oy ¢ v poced 1"

T S S of ANDVAL

Gove == cpirmse of ANTVA

T S e o 2 -
=% & 17 _ &

o = ANTN A fpmsivee of varmmesTY A weTe S zssmegrns of ANNOVA
Do o oms wep ANV E ol e wr ANV AL

o e e mewr Sy e spneser £5evener G 50 wme?

oo

Tominm £ L TEDT (muder ©F fovEntinn) =4 poe = gpinzin. prk of ¢ oriton

Sammie «f e me of dere b il v et for gt of e e Silowsg G2
= zznet

Trel
3. =3

Tamyie Samres
Tamoie Wemme

-
= T4nn | X.= NoA e
-

Sammie T8 3 = 35 e

:z‘-.':.’ﬁ::'mztzmmt.’mnvmﬁnrrf/.!zm'ﬂbrrﬁtmﬁnq
gk of 35”

TAae Fmestens = Tl e 112;=256 )
Teswrm b ud2 e et wmnrding o Sme (3 wmands) Yo rin 4 jaranlas T Wik
Sp fuinmeng mies

BrealZAim|IB 122315} £ |
Pz  HINITI B IT|D
.-;rwzhzvnsuwmn'u‘rm d

-

Aoy e '--,p-l

(Lo = wpns x el ¥ 5%
T ﬂzﬁ'm'mgxﬁ-llzl T gz eyt fe Dilening vilnes of 2

rarie wegal 0 NNCER

Sempled |9 11 (13 1115
Samgle Z | 351211

3 L
wiile i1

G
*

.

htﬂ{ﬁ'm'av:mmmd{wmw;ﬁcﬂ‘

A e (13 w L I

Liaw Nof

Ferem=ric Teats (Chacrer 7

5

€)

%3

10 prryems were agmrseted 1n ae elerdeal grastion 10 3a oificn. Trest perlormancs was eoted
by pring 1 et e means reoneded o2 of Y. They were prves b mentia wnsang it agpen
Ciry were poven s Wof ard marts weore teeseded vz A Y

Emglenyees ppuissons s 1o

\Betrre Trasmey 22 t;:i‘.f-‘;l‘?‘!“ i Ay

pErr Trameng 2007 A 1282 &’:(:h YA

By mrpiyieg vies can ¢ b wrdiled fat S exghoprs bave terfont by vameg Ve () =
1267)

[Ans: N

Trese aze Goor masn brande of 3 crmiis yrviex b
19 be st ey o ey (AL B, C U e brada (1. T, ame2 111 32 s blcrw.

-

Basde |A[B2|C|D|

1 EEEE

n [s]2]13] |

m |32 |19 10 |13 |
Is e 2oy vigmificens ifleveccr tn brands prelozescs) fomuer 3 § goe crmt bovsd
g ore wry ANOVA
[Ama: Mo tignificens &lorrecs i besmda)
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