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UNIT —1
STATISTICS

Introduction

Meaning

« Statistics is generally used to mean quantitative aspects of
data management but as a subject of study it refers to body
of principles and procedures developed for collection,
classification, summarization and meaningful interpretation
and for the use of such data.

*The discipline is useful in converting random data to
understandable information and aids in strategic business

[decision making

Statistics has its origin in Latin word Status, Italian word
Statista and German term Statistik all of which mean
“Political State”. In ancient times the beginning of Statistics
was made to meet the requirements of State primarily and
hence the name.

The term Statistics is generally used in 2 senses-
1.Plural Sense

2. Singular Sense

Definitions: - “The classified facts relating the condition of the people in a state specially those facts
which can be stated in members or in tables of members or in any tabular or classified arrangements.”

-Webster

“Statistics may be regarded as (i) the study of population (ii) The study of variation (iii) The study of

method of reduction of data”

Nature /Features /Characteristics of statistics

-R.A. Fisher

It is an aggregate of facts

It is estimated according to reasonable standard of accuracy

It is numerically expressed

Analysis of multiplicity of causes.

It is collected for pre-determined purpose

It is collected in a systematic manner
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f -Statistical Methods

*By this method we mean methods
specially adapted to the elucidation of
quantitative data affected by a
multiplicity of causes. Few Methods

are:-

¢Collection of Data (2) Classification (3)
Tabulation (4) Presentation (5)
Analysis (6) Interpretation (7)

Forecasting.

__?,..

' Theoretical

o: Mathematical theory which is
the basis of the science of
statistics is called theoretical
statistics.

L ) / Division
!} of |
\ Statistics |

Functions of Statistics:-

e [t presents facts in a definite form.

It simplifies mass of figures

It facilitates comparison

It helps in prediction

It helps in formulating suitable & policies.

Scope of Statistics:-

1. Statistics and state or govt.

2. Statistics and business or management.
e Marketing

Production

Finance

Banking

Control
e Research and Development

3. Statistics and Economics
e Measures National Income
e Money Market analysis
¢ Analysis of competition, monopoly, oligopoly,
e Analysis of Population etc.

4. Statistics and science

5. Statistics and Research

Limitations:-
(i) Itis not deal with items but deals with aggregates.
(ii) Only on expert can use it
(iii) Itis not the only method to analyze the problem.
(iv) It can be misused etc.

J
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" Applied

b

|t deals with the application
of rules and principles
developed for specific
problem in different
disciplines. Eg: - Time series,
Sampling, Statistical Quality
control, design of

|, experiments. y,
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STATISTICAL INVESTIGATION
Meaning: In general it means as a statistical survey.

In brief, it is Scientific and systematic collection of data and their analysis with the help of various
statistical method and their interpretation.

STAGES OF STATISTICAL INVESTIGATION:-

Qnterrelation
\‘/bresemation of Data or

and analysis of REESTp .
. i Data Preparation
\ & kditing of Data

\._/tollection of

Data

\-.A’Ianning
of
Investigati
on

Experiment
or survey
investigation

Original or
repetitive
investigation

General
purpose and
specific
purpose
investigation

Types of
Statistical
Investigation

Official,
semi-official,
Non official
investigation

Confidential
or open
investigation

Complete or
sample
investigation
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PROCESS OF DATA COLLECTION

Data: - A bundle of Information or bunch of information.
Data Collection: Collecting Information for some relevant purpose & placed in relation to each other.

Internal data

(inside the firm)

¢ Financial statements, research
reports, files, customer letters,

Secondary data sales call reports, and customer lists

* Facts and
figures already

recorded prior - External data
to the project (outside the firm)
¢ U.S. Census reports, trade
association studies and magazines,
Data business periodicals, and
* Facts and figures Internet-based reports

pertinent to the = ==

problem Observational data

{(watching people)

* Mechanical and electronic
approaches

¢ Personal approaches

Primary data

¢ Facts and
figures newly
collected
for the project

Questionnaire data

(asking people)

» |dea generation through in-depth
interviews and focus groups

* |[dea evaluation by mail, online,
telephone, and personal surveys

Collection of Data: - It means the methods that are to be employed for obtaining the required
information from the units under investigations.

Methods of Data Collection:- (Primary Data)
- Direct Personal Interviews
- By observation
- By Survey
- By questionnaires

Preparation of Questionnaires:-

This method of data collection is quit popular, particularly in case of big enquires, it is adopted by
individuals, research workers. Private and public organization and even by government also.

A questionnaires consists of number of question printed or type in a definite order on a form or set of
forms. The respondents have to answer the question on their own.

Importance:-
i.  Low costand universal
ii.  Free from biases.
iii. ~ Respondents have adequate time to respond
iv.  Fairly approachable
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Basis of Primary

Difference Data Secondary Data

Secondary data are not original, i.e..,
they are already in existence and
are used by the investigator.

Primary data are original i.e.,

Originality collected first time.

Secondary data are in the from of

Organisation Primary data are like raw material. finished product. They have passed
through statistical methods.

Primary data are according to the Secondary data are collected for
Purpose object of investigation and are used some other purpose and are
without correction. corrected before use.

Secondary data are easily available
from secondary sources (published
or unpublished).

The collection of primary data

Expenditure c B
require large sum, energy and time.

: Precautions are not necessary in the Precautions are necessary in the use
Precautions

use of primary data. of secondary data.

Demerits:-

(i) Low rate of return

(ii) Fill on educated respondents
(iii) Slowest method of Response

Steps in construction of a questionnaire : It is considered as the heart of a survey operation.
Hence it should be very carefully constructed

Personal Technical
Ask Logical : terms and
questions
and not vague

e expressions
left to the P

Emphasize
Prepareitin Prepare on question

a general sequence of formulation
form guestion and
wordings

misleading
guestions. should be

end. avoided.
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Example :

Key points of a good questionnaire
How old are you?

How old are you?

under 18 years 18 - 30 years over 30 years

Don't you agree that watching too much TV is bad for you?

yes .~

Watching too much TV is Bad for you.

strongly disagree disagree agree strongly agree

Classification & Tabulation of Data

After collecting and editing of data an important step towards processing that classification. It is
grouping of related facts into different classes.
Types of classification:-

1.

ii.

iii.

iv.

Geographical:- On the basis of location difference between the various items. E.g. Sugar Cave,
wheat, rice, for various states.
Chronological:- On the basis of time

e.g.-
Year Sales
1997 1,84,408
1998 1,84,400
1999 1,05,000

Qualitative classification: - Data classified on the basis of some attribute or quality such as,
color of hair, literacy, religion etc.

Quantitative Classification: - When data is quantify on some units like height, weight, income,
sales etc.
Tabulation of Data

A table is a systematic arrangement of statistical data in columns and Rows.

Part of Table:-
1. Table number
2. Title of the Table
3. Caption
4. Stub
5. Body of the table
6. Head note
7. Foot Note
Types of Table:-

(i) Simple and Complex Table:-
(a) Simple or one-way table:-
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Age No. of Employees
25 10
30 7
35 12
40 9
45 6

(b) Two way Table

Age Males Females Total
25 25 15 40
30 20 25 45
35 24 20 44
40 18 10 28
45 10 8 18

Total 97 78 175

2) General Purpose and Specific Purpose Table:- General purpose table, also known as the reference
table or repository tables, which provides information for general use or reference.

Special purpose are also known as summary or analytical tables which provides information for one
particular discussion or specific purpose.

METHODS OF SAMPLING
Meaning: - The process of obtaining a sample and its subsequent analysis and interpretation is known
as sampling and the process of obtaining the sample if the first stage of sampling.

’H‘ ’b‘ 'H‘*

ﬁ”opulaf” ion
wtouon
@l

‘qu"‘m‘“"
W, mpling :

b
Y

The various methods of sampling can broadly be divided into:
i. Random sampling method
ii. Non Random sampling method

Random Sampling Method
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I Simple Random Sampling: - In this method each and every item of the population is given an equal
chance of being included in the sample.
(a) Lottery Method  (b) Table of Random Numbers

Population

Merits:

Equal opportunity to each item.
Better way of judgment

Easy analysis and accuracy
Limitations:

Different in investigation
Expensive and time consuming
For filed survey it is not good

II Stratified Sampling:- In this it is important to divided the population into homogeneous group
called strata. Then a sample may be taken from each group by simple random method.

Sample

Merit:- More representative sample is used.
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Grater accuracy

Geographically Concentrated

Limitations: Utmost care must be exercised due to homogeneous group deviation. In the absence of
skilled supervisor sample selection will be difficult.

III Systematic Sampling:- This method is popularly used in those cases where a complete list of the
population from which sampling is to be drawn is available. The method is to be select k th item from
the list where k refers to the sampling interval.

Population

Sample (every 3)

Merits: - It can be more convenient.
Limitation: - Can be Baised.

IV Multi- Stage Sampling: - This method refers to a sampling procedure which is carried out in several
stages.

Stage 1

Counties Stage 2
Segments

| Stage 3
Households

Stage 4

Individuals

Merit: - It gives flexibility in Sampling
Limitation: - It is difficult and less accurate
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Non Random Sampling Method:-
I. Judgment Sampling: - The choice of sample items depends exclusively on the judgment of the
investigator or the investigator exercises his judgement in the choice of sample items. This is an

simple method of sampling.

-
N A
l“\rn
n .-[H -
@

Q
A
. l‘q—rn—vﬂ Q
P KE L 1 R
rn‘H Researcher

II. Quota Sampling: - Quotas are set up according to given criteria, but, within the quotas the
selection of sample items depends on personal judgment.

” 7\

LRy = Hgt

III. Convenience Sampling: - It is also known as chunk. A chunk is a fraction of one population taken
for investigation because of its convenient availability. That is why a chunk is selected neither by
probability nor by judgment but by convenience.
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select any members of the population
who are conveniently and readlly

convenience

available TT 'I‘;l 'ﬁ‘ TTT r.\

No purple
figures in sample

w Researcher T w

Size of Sample:- It depends upon the following things:-
Cost aspects.

The degree of accuracy desired.

Time, etc.

Normally it is 5% or 10% of the total population.

Limitation of overall sampling Method:-

Some time result may be inaccurate and misleading due to wrong sampling.

Its always needs superiors and experts to analyze the sample.

It may not give information about the overall defects. In production or any study.
It Becomes Biased due to following reason:-

(a) Faulty process of selection

(b) Faulty work during the collection of information

(c) Faulty methods of analysis etc.
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UNIT-II
MEASURES OF CENTRAL TENDENCY

The point around which the observations concentrate in general in the central part of the data is called
central value of the data and the tendency of the observations to concentrate around a central point is
known as Central Tendency.

Objects of Statistical Average:
> To get a single value that describes the characteristics of the entire group
> To facilitate comparison

Functions of Statistical Average:

Gives information about the whole group
Becomes the basis of future planning and actions
Provides a basis for analysis

Traces mathematical relationships

Helps in decision making

YVVYVYY

Requisites of an Ideal Average:

Simple and rigid definition

Easy to understand

Simple and easy to compute

Based on all observations

Least affected by extreme values

Least affected by fluctuations of sampling
Capable of further algebric treatment

YVVVVVYVYY

¢ arithmatic mean
e geometric mean
¢ harmonic mean

j -
i T — )
| _ <&

@

ARITHMETIC MEAN (< )
Arithmetic Mean of a group of observations is the quotient obtained by dividing the sum of all
observations by their number. It is the most commonly used average or measure of the central
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tendency applicable only in case of quantitative data. Arithmetic mean is also simply called “mean”.

Arithmetic mean is denoted by X

Merits DeMerits Uses
elt is rigidly defined. *The arithmetic mean is highly ‘ *When the frequency
eIt is easy to calculate and simple affected by extreme values. distribution is symmetrical.
to follow. |t cannot average the ratios and *When we need a stable average.
elt is based on all the percentages properly. *When other measures such as
observations. |t cannot be computed standard deviation, coefficient
eIt is readily put to algebraic accurately if any item is missing. of correlation are to be
treatment. ‘ *The mean sometimes does not computed later.
olt is least affected by ‘ coincide with any of the
fluctuations of sampling. observed value.
eIt is not necessary to arrange *It cannot be determined by
the data in ascending or inspection.
descending order. ‘ elt cannot be calculated in case
of open ended classes. J
./’ o - /"‘
/'/’-’ — o
- - - \( /r__/" -
MEDIAN (M)

The median is that value of the variable which divides the group into two equal parts, one part
comprising of all values greater and other of all values less than the median. For calculation of median
the data has to be arranged in either ascending or descending order. Median is denoted by M.

Merits DeMerits

Uses
elt is easily understood and easy to calculate. *For calculation, it is *When there are open-
eIt is rigidly defined. necessary to arrange data ended classes provided it
«It can sometimes be located by simple in ascent.iing or ‘ does not fall in those
inspection and can also be computed descending order. classes.
graphically. eSince it is a positional *When exceptionally large
oIt is positional average therefore not affected average, its value is not or small values occur at
at all by extreme observations. ‘ determined by'each and tl-me e:nds.of the frequency
|t is only average to be used while dealing ev.ery obse.rvatlon. tibntlon: .
with qualitative data like intelligence, elt is not swtab'le for *When the observation
honesty etc. further algebric cannot.be measured
o[t is especially useful in case of open end tre.atment. numem_:ally LT
classes since only the position and notthe ./ | °Itis not accurate for large | LG et B —
value of items must be known. " data. " *To determine the typical
elt is not affected by_ex-trefﬁé?glues. *The value of median is R pawiems
e more affected by sampling concerning distribution of
R— fluctuations than the _Wealth etc.
- ~ value of the arithmetic
mean.
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MODE (7)

Mode is the value which occurs the greatest number of times in the data. The word mode has been
derived from the French word ‘La Mode’ which implies fashion. The Mode of a distribution is the value
at the point around which the items tend to be most heavily concentrated. It may be regarded as the

most typical of a series of values. Mode is denoted by Z.

Merits

elt is easy to understand and
simple to calculate.

|t is not affected by extreme
large or small values.

et can be located only by
inspection in ungrouped data and
discrete frequency distribution.

elt can be useful for qualitative
data.

DeMerits

|t is not well defined.

e|t is not based on all the
values.

elt is suitable for large values
and it will not be well defined
if the data consists of small
number of values.

elt is not capable of further
mathematical treatment.

Uses

*When a quick
approximate
measure of
central tendency
is desired.

*When the
measure of
central tendency
should be the

eIt can be computed in open-end eSometimes, the data has one LR L
value.
frequency table. | or more than one modeand
elt can be located graphichy-«"""” sometimes the data ha}s_ no—" - .
= modeatall. -~ o~
= - -
— /

GEOMETRIC MEAN (G.M)
The geometric mean also called geometric average is the nth root of the product of n non-negative
quantities. Geometric Mean is denoted by G.M.

Properties of Geometric Mean:

e The geometric mean is less than arithmetic mean, G.M<A.M

e The product of the items remains unchanged if each item is replaced by the geometric mean.

e The geometric mean of the ratio of corresponding observations in two series is equal to the
ratios their geometric means.
The geometric mean of the products of corresponding items in two series.

Merits of Geometric Mean:
e Itisrigidly defined and its value is a precise figure.
e [tis based on all observations.
It is capable of further algebraic treatment.
It is not much affected by fluctuation of sampling.
It is not affected by extreme values.

Demerits of Geometric Mean:
¢ It cannot be calculated if any of the observation is zero or negative.
e Its calculation is rather difficult.
e [tis not easy to understand.
e It may not coincide with any of the observations.

Uses of Geometric Mean:
e Geometric Mean is appropriate when:
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e Large observations are to be given less weight.
¢ We find the relative changes such as the average rate of population growth, the average
rate of intrest etc.
e  Where some of the observations are too small and/or too large.
e Also used for construction of Index Numbers.

HARMONIC MEAN (H.M)

Harmonic mean is another measure of central tendency. Harmonic mean is also useful for quantitative
data. Harmonic mean is quotient of “number of the given values” and “sum of the reciprocals of the
given values”. It is denoted by H.M.

Merits of Harmonic Mean:

. It is based on all observations.

. It not much affected by the fluctuation of sampling.

o It is capable of algebraic treatment.

o It is an appropriate average for averaging ratios and rates.

o It does not give much weight to the large items and gives greater importance to small items.

Demerits of Harmonic Mean:

. Its calculation is difficult.

. It gives high weight-age to the small items.

. [t cannot be calculated if any one of the items is zero.

. It is usually a value which does not exist in the given data.

Uses of Harmonic Mean:
e Harmonic mean is better in computation of average speed, average price etc. under certain
conditions.
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DISPERSION
The Dispersion (Known as Scatter, spread or variations) measures the extent to which the items vary
from some central value. The measures of dispersion is also called the average of second order (Central
tendency is called average of first order).
The two distributions of statistical data may be symmetrical and have common means, median or
mode, yet they may differ widely in the scatter or their values about the measures of central tendency.

Significance/ objectives of Dispersion-
e Tojudge the reliability of average
e To compare the two an more series
e To facilitate control
e To facilitate the use of other statistical measures.

Properties of good Measure of Dispersion
e Simple to understand

Easy to calculate

Rigidly defined

Based on all items

Sampling stability

Not unduly affected by extreme items.

Good for further algebraic treatment

Range
(coefficient of
Range)

Based on

selected Items ' P
Inter-quartile,

coefficient of
Range (IQR)

Dispersion

Mean Deviation

Based on all

items
Standard
Deviation

1.  Range: - Range (R) is defined as the difference between the value of largest item and value of
smallest item included in the distributions. Only two extreme of values are taken into
considerations. It also does not consider the frequency at all series.

2. Quartile Deviation: - Quartile Deviation is half of the difference between upper quartile (Q3) and
lower quartile (Q1). It is very much affected by sampling distribution.

3. Mean Deviation: - Mean Deviation or Average Deviation (dAlpha) is arithmetic average of
deviation of all the values taken from a statistical average (Mean, Median, and Mode) of the series.
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In taking deviation of values, algebraic sign + and - are also treated as positive deviations. This is
also known as first absolute moment.

4.  Standard Deviation:- The standard deviation is the positive root of the arithmetic mean of the
squared deviation of various values from their arithmetic mean. The S.D. is denoted as ¢ Sigma.

Distinction between mean deviation and standard deviation

Base

Algebric Sign

Use of Measure

Further algebraic Treatment

Simplicity

Based

Variance

Mean

Deviation

Actual +, - Signs are ignored and
all deviation are taken as positive

Mean deviation can be computed
from mean, median, mode

It is not capable of further
algebraic treatment.

M.D is simple to understand and
easy to calculate

It is based on simple average of

sum of absolute deviation

Standard
Deviation

Actual signs +, - are not ignored
whereas they are squared
logically to be ignored.

Standard deviation is computed
through mean only

It is capable of further algebraic
treatment

S.D is somewhat complex than
mean deviation.

It is based on square root of the
average of the squared deviation

The square of the standard deviation is called variance. In other words the arithmetic mean of the
squares of the deviation from arithmetic mean of various values is called variance and is denoted as 2.
Variance is also known as second movement from mean. In other way, the positive root of the variance

is called S.D.

Coefficient of Variations- Tg compare the dispersion between two and more series we define coefficient
of S.D. The expression is I x 100 = known as coefficient of variations.

Interpretation of Coefficient of Variance-

Value of variance

Interpretation

Smaller the value of
o2

Lesser the variability or greater the uniformity/ stable/ homogenous of

population

Larger the value of 62

Greater the variability or lesser the uniformity/ consistency of the population
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RANGE =R
Individual Series Discrete Series Continuous Series
Range = L-S R=L-S R=L-S
Where L=Largest,
S=Smallest Observation
Coefficient of Range L-S L-S
L-S L+S L+S
L+S

QUARTILE DEVIATION - Q.D.

Individual Series Discrete Series Continuous Series
QD.=Q;-Q, QD.=Q,-Q, QD.=Q,-Q
Coefficient of Q.D. = Q%-Q _%-Q _9-Q

Q; +Q, Qs +Q Q;+Q

MEAN DEVIATION - M.D. 5 (“Through actual Mean, Mode, Median)

Individual Series

Discrete Series

Continuous Series

M (Median):Zﬂ

D fdm

> fdm

Coefficient of 6Z E

N|&|Z

N N N
Coefficient of 6 = o S = 9 S = K
M M M
_ dx - —
Mean 6 X = Z Z fdx z fdx
N N N
- Y_0 o 5
Coefficient of X == — =
X X X
dz fdz fdz
(Mode) oZ = Z Z Z
N
o

N||Z

Standard Deviation = & can be calculated through mean only

Individual Series

Discrete Series

Continuous Series

Direct >
(Through actual \/W Z fd Z fd2
mean) N Z f Z .

assumed mean)

Indirect (Through \/Z dx?

N

=
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UNIT-11I

Chance behavior is unpredictable in the short run, but has a regular and
predictable pattern in the long run.

The probability of any outcome of a random phenomenon is the proportion of
times the outcome would occur in a very long series of repetitions.

Sample Space - the set of all possible outcomes of a random phenomenon
Event - any set of outcomes of interest

Pr(A) is the probability of event A

A U B is the event that either A or B or both occur.

A n B is the event that both A and B occur simultaneously.

The complement of A is denoted by A". A'is the event that A does not occur.

Note that Pr(A’) =1 - Pr(A).

Example

Suppose we roll two die and take theirsum S ={2, 3,4, 5, .., 11, 12}

Pr(sum =5)=4/36

Because we get the sum of two die to be 5 if we roll a (1,4),(2,3),(3,2) or (4,1).

Let A and B denote two events.

A and B are mutually exclusive if both cannot occur at the same time.
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A and B are independent events if and only if Pr(A N B) = Pr(A) Pr(B)

Laws of Probability

Multiplication Law: If A1, - - -, Ak are independent events, thenPr(A1NnA2n---nN
AK)=Pr(A1)Pr(A2) - -Pr(Ak).

Addition Law: If A and B are any events, then Pr(A U B)=Pr(A)+Pr(B)-Pr(ANB)
Note: This law can be extended to more than 2 events.

Conditional Probability : The conditional probability of B given A Pr(B|A)=Pr(A N B)
Pr( A) A and B are independent events if and only if Pr( B|A) = Pr( B) =Pr(B|A)

Random Variable: A random variable is a variable whose value is a numerical
outcome of a random phenomenon. It is usually denoted by X, Y or Z.

TYPES OF RANDOM
VARIABLE

Discrete - a random variable that Continuous - a rgndom vgriable
has finite or countable infinite that has an (continuous) interval
possible Values Example: the for Its set Of pOSSIb|e Values

number of days that it rains Example: amount of preparation
yearly time for the SAT

Probability Distributions the probability distribution for a random variable X gives the
possible values for X, and the probabilities associated with each possible value (i.e.,
the likelihood that the values will occur)

Binomial Distribution
e Two possible outcomes: Success (S) and Failure (F).
e Repeat the situation n times (i.e., there are n trials).
e The "probability of success," p, is constant on each trial.
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e The trials are independent

Let X = the number of S’s in n independent trials. ( X has values x=0,1, 2, -+, n) Then X
has a binomial distribution with parameters n and p.
The binomial probability mass function is
Pr(X=x)=nCyp*(1-p)r%x=0,1,2,---,n
Expected Value: u=E ( X) =np
Variance:o2=Var (X)=np(1-p)

The computalion or revision of unknown (old) probabllmes callcd priori probabilities
derived subjectively or objectively) in the light of additional information, which has been
made available by the expernmnt of past records to derive a set of new probabilities known
15 posterior probabilities, is one of the important apphcatlons of the conditional probability.
For example, where an event has occurred by one the various mutually independent
=vents or reasons, the conditional probability shows that it has occurred due to a particular
svent or reason and is called its inverse or posterior probability. These probabilities are computod
> Baye’s Rule named so after the British Mathematician Thomas Bayes who produced itin
763, The revision of old probabilities in the light of additional information received by the
=cperiment of past records is of extreme help to business and management executives inarriving
« valid decision in the face of uncertainties. This theorem is also called Theorem of Inverse

*nbablhty
Theorem : Ifan event B can only occur in conjunction with one of the n mutually exclusive and
exhaustive events A , A, ......A andif B auually happens. Then the probability that it was
sreceded by the particular cventA (i=12..00000 n)is given by:
A\ P(A NB)
.P — _— ' o> 1=
[B] P(B) (where,1=1,2;...n)
md P(B)=PA AnB)+PA, nB)t....oocoiins +P(A, n B).

The Formula for bayes is:
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P( A,) _P4nB) P(4,)P(B/ 4,) _
B P(B) P(A4, N B)+P(4, " B)+...P(4, N B)

Random Variable
A random variable is simply a variable. as in calculus, whose values are determined

oy the outcomes of a random experiment i..e, to each outcome of the experiment E, (sample
~oint) of sample space S, there corresponds a unique real number X known as the value of

“he random variable.
Suppose that a coin is tossed twice . then sample space (s)= {TT, HT, TH, HH}
vhere T and H denote tail and head.

Let us define the random variable x as the ‘number of heads’

TT contains no head therfore the value of x=0

TH, HT have one head therefore the value of x=1

HH has two head therefore the value of x=2

Thus the value of the random variablexare 0. 1, 2.

Thus, we can define random variable as a real valued function whose domain is the
sample space associated with a random experiment and range is the real line.
Discrete and Continuous Random Variable
1) Discrete Random Variable : A random variable is said to be discrete if it takes only a
‘inite numbers of values. In other words if the random variable takes on the integer values
suchas(,1.2.3:4 ..oy then it is called a discrete random variable.

For example : no. of print mistakes in a page. no. of accidents in a city. no. of Heads
in tossing two or more coins etc.
b) Continuous Random Variable : A random variable is said to be continuous if it assumes
andy possible value between certain limits. In such a case it takes any value in an interval.

For example : Age, Height, Weight etc. '
Probability Distribution of a Random Variable

[farandom variable X assume valuex, x,, ......... x_ with respective probabilities p .
T IR p, suchthat(a) 0< p, <1 fori=12........ n. (b)) p+p,+...+p, =l
then the random variable X possesses the following probability distribution.
X x; X X, X
P(X) P, P, P; D,

Thus probability distribution of a random variable is a listing of the variables value of
random variable with their corresponding probabilities.

Expectation : E(x) =Y, p;x;

Variance : var(x) = E(x2) - (E(x))?
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Concept of Probability Distribution

In the population, the values of the random variable may be distributed according to
some definite probability law which can be expressed mathematically on the basis of theoreti-
cal considerations and the corresponding probability distribution is known as Theoretical
Probability Distribution. For these distributions, a random experiment is theoretically assumed
to serve as model and the probability are given by a function of the random variable called
"Probability Function’. Only three distributions which are most popular and widely used, are
discussed :

i) Binomial Distribution (Discrete Distribution);

i) Poisson Distribution (Discrete Distribution);

iii) Normal Distribution (Continuous Distribution).
Binomial Distribution

Binomial distribution is associated with the name of James Bernoulli (1654-1703)
but it was published in 1713, eight years after his death. It is also known as Bernoulli Distri-
bution to honour its author. Binomial means two names hence the frequency distribution falls
into two categories a dichotomous process. A binomial dostribution is a probability distribu-
tion expressing the probability of one set of dichotomous a alternatives for example success
or failure.

Concept of Binomial Distribution

- Letus suppose that a trial is repeated n times (for example tossing a coin n times). We
call the occurrence of an event a success and its non-occurrence a failure. Let p be the
probability of a success and g be the probability of a failure in a single trial, so that p + ¢ = /
we shall assume that the trials are independent and p and g are same in every trial. By the
theorem of Compound probability, the probability that the first r trials are successes and the
remaining n-r trials are failures

DXl xXp qxXdiinn xq roon=r
= =p'q

T L] N
I times (1= ) tines

Butrsuccesses in n trials can occur in "C, mutually exclusive ways and the probabil-
ity of each such way is p'q""" so by addition theorem of probability. The probability of »

successes inn trials in any order is given by "C, p"g"" i.e.

PO Cp'
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Poisson Distribution
Concept of Poisson Distribution

Poisson distribution can be viewed as a limiting form of Binomial distribution when n

:pproaches infinity (n — =) and p approaches zero (p — 0) in such a way that their product
s some fixed number (m), i.¢., it remains constant. In other words, Poisson distribution is appli-
:able when there are a number of random situations where the probability of a successina
single trial is small and the number of trials is large.

The Poisson distribution fits a very good model for use for determining probabilities asso-
siated with random variables where p is very small and n is very large, such as the number of calls
-oming into a telephone switch-board, the number of defects in a manufactured part, number of
«cidents, number of customers arriving at a service facility, number of radioactive particles decay-
72 ina given interval of time, number of typographical errors per page in a typed material or the
~umber of printing mistakes per page in a book, dimensional errors in engineering drawings, hos-
~ital emergencies, a defect along a long tape. number of defective rivets in an aeroplane wing, etc.

Poisson Distribution is a discrete probability distribution defined for all positive integers

= which the probability of exactly r occurrences is given by :

- r

¢ m

plr)= J(forr=0,1,2,...... )

r

45, Anurag Nagar, Behind Press Complex, Indore (M.P.) Ph.: 4262100, www.rccmindore.com

25



Fenaissanc@

college of commerce & management

B.B.A. 3rd Sem. Subject- Business Statistics

Normal Distribution
Concept of Normal Distribution
Normal or Guassian distribution is the most important continuous probability distri-
bution in Statistics and is defined by the probability density function (or simply density func-
tion) :

p(,\' )= ;e”( v-p) f207

ov2n :

The normal distribution is the most versutile of all Theoretical distributions. Itis found to
be useful in statistical inferences, in characterising uncertainties in many real life processes, and in
approximating other probability distributions. Quite often we face the problem of making infer-
ences about processes based on limited data. Limited data is basically a sample from the full
body of data is distributed, it has been found that the Normal Distribution can be used to
characterise the sampling distribution. This helps considerably in Statistical Inferences. Het ghts,
weight and dimensions of a product are some of the continuous random variables which are
found to the normally distributed. This Knowledge helps us in calculating the probabilities of
different events in varied situations, which in turn is useful for decision, making.

The normal distribution was discovered first by De Moivre in 1733. Laplace also
Lnew about it almost at the same time, It is also associated with the name of Gauss and is
known as Gaussian Distribution .

The graphical shape of normal distribution called the normal curve, is the bell shaped
smooth symmetrical curve as shown in T curve is asymptotic in both directions to the x-axis
and depends on the two parameters mean and standard deviation of the normal curve distri-
bution.

The equation of a normal curve is of exponential type. [f X is a normal random
variable with mean p and standard deviation o, then the equation of the normal curve is
given by

1 a=pnY
§ oiE0
p(.\') = BN T
ov2n
Where x can take any value in the range ( —o0 , +w0) and 7 and e are two mathemati-

27

cal constants having approximate values, % and 2.718 respectively.

1 and & , the mean and standard deviation are known as parametér. The normal distribu-
tion withamean p and variance o ? may be denoted by the symbol N(kt, o?).

p(x) is called the probability density function or simply density function.
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Standard Normal Distribution or Z-Distribution

A random variable z which has a normal distribution with p =0 and ¢ =1 issaidto
save a standard normal distribution.

Its probability density function is given by :

: O 7 X—H
f(-l')=-JT—n-<? ", where :=TL .

P(a< z < b) = area under the standard normal curve between z = a and z = b.
Standard normal variate, denoted by N(0, 1), is written as S.N. V.
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Unit IV

STANDARD ERROR
The standard deviation of the sampling distribution is known as standard error. The
word ‘error’ is used in place of *deviation’ to emphasize that variation among sample mean is
due to sampling errors standard error is affecting by
i) The sample size i) The form of the sampling distribution
iii) The nature of the statistic.
List of Important Standard Error

Statistic Standard Error

sw @ &
1. Sample mean () SE=qf—=—=
n n

2. Sample standard deviation (s)

3. Difference of two independent

sample means (,.-¥,)

4. Difference of two independent

sample means (s,,~s, )

5. Sample proportion (p) SE.= [—
n

| .~ [PO PO,
6. Difference of two independent sample S.E.= ,lTl " ,,Q 3
| 2

proportion (p, - p, ) -

45, Anurag Nagar, Behind Press Complex, Indore (M.P.) Ph.: 4262100, www.rccmindore.com
28



Fenaissanc@

college of commerce & management

B.B.A. 3rd Sem. Subject- Business Statistics

STATISTICALINFERENCE

Statistical Inference refers to the process of selecting and using a sample statistic to
draw conclusion about the parameter of a population from which the sample is drawn statistical
Inference broadly classified into following two heads.

1) Theory of Estimation
) Testing of Hypothesis
i) Theory of Estimation : It is used when no information is available about the parameters of
the population from which the sample is drawn. Sample statistics (i.e. sample mean. variance
eic.) are used to estimate the unknown population parameter (i.e. population mean. variance
¢tc.) from which the sample drawn. It is divided into two groups.

1) Point Estimation

11) Interval Estimation

In Point Estimation. a sample statistic is used to provide an estimate of the population
parameter whereas in Interval Estimation. probable range is specified within which the true
value of the parameter might be expected to lie.
ii) Testing of Hypothesis : It is used when some information is available about the population
parameters from which the sample is drawn and it is required to test how for this information
zbout the population parameters is tenable in the light of the information provided by the
sample. The theory of testing hypothesis was given by J.Nayman and E.S. Pearson.
Meaning of Hypothesis : A hypothesis is an assumption about a population parameter to
o< tested. Assumptions or guesses are made about the population which may or may not be
irue, such Assumptions is known as hypothesis.

There are two types of hypothesis - Simple and Composite
1) Simple Hypothesis : A statistical hypothesis which specifies the population completely (i.e.
e form of probability distribution and all parameters are known) is called a Simple Hypothesis.
i) Composite Hypothesis : A statistical hypothesis which does not specify the population
completely (i.e. either the form of probability distribution or some parameters remain unknown)
s called a Composite Hypothesis.
Test of Hypothesis : The test of hypothesis discloses the fact whether the difference between
Se computed statistic and the hypothetical parameter is significant or otherwise. Hence the
i=st of hypothesis is also known as the test of significance. _
Null Hypeothesis : A statistical hypothesis which is stated for the purpose of possible
scceptance is known as null hypothesis. According to Prof. R.A. Fisher “Null hypothesis is
S¢ hypothesis which is tested for possible rejection under the assumption that is true.”
Syuibol : Itis denoted by H
Setting up Null Hypothesis : The following steps must be taken into consideration while
setiing up a null hypothesis.
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i) In order to test the significance of the difference between a sample statistic and the population
parameter or between the two differnt sample statistics. we set up the null hypothesis H_ that
the difference is not significant. There may be some difference but that is solely due to sampling
fluctuations.

i) To test any statement about the population, we hypothesis that itis true. for example : [f we
want to find the population mean has a specified value u_, then the null hypothesis H_is set as

follows: H, 1=,

Acceptance : The acceptance of null hypothesis Implies that there is no significant difference
between assumed and actual value of the parameter and that the difference occure is accidental
arising out of fluctuations of sampling.

Rejection : [timplies that there is significant difference between assumed and actual value of
the parameter

Alternative Hypothesis : A hypothesis which is complementary to the null Hypothesis is
called alternative hypothesis.

Symbol : Itis denoted by H,

Acceptance : Its acceptance depends on the rejection of the null hypothesis.

Rejection : Its rejection depends on the acceptance of the null hypothesis.

For Example : If null hypothesis that the population mean is 162 i.e., H, is = 162
an alternative alternative hypothesis may be any one of the following three :

i) H :nu=162
i) H, :u>162
i) H, : 1 <162

Remark : H, and H, are mutually exclusive statements in the sense that both cannot hol
good simultancously. Rejection of one implies the acceptance of the other.

Level of Significance : Level of significance is the maximum probability of rejecting the nut
hypothesis when it is true or we can say that it is the maximum probability of making a typel
error and it is denoted by ¢ (alpha). It is usually expressed as % . Desired level of significance
is always Fixed in advance before applying the test. Generally 5% or 1% level of significance
is taken. Unless otherwise stated in the question, the students are advised to consider 5%
level of significance.

For Example : 5% level of significance implies that there are about 5 chances in 100 of
rejecting the H, when it is true or in other words, we are about 95% confident that we wit
make a correct decision.,

Test Statistic : The next step is to compute suitable test statistic which is based on a=
appropriate probability distribution. It is used to test whether the null hypothesis set-up shou!s
se accepted or rejected.
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Test - Stafistic
1) Z-test For test of Hypothesis involving large sample i.e.> 30

i) t-test For test of Hypothesis involving small samplei.e. <30

iii) y*-test | Fortesting the significant difference between observed frequencies
and expected frequencies.

} iv) F-test For testing the sample variances.

The region of the standard normal curve corresponding to a pre-determined level of
significance that is fixed for knowing the probability of making the type [ error or rejecting the
hypothesis which is true, is known as the “rejection region™ or “critical region™. The region of
standard normal curve that is not covered by the rejection region, is called “accepted region™.
When the test statistic computed to test the hypothesis falls in the acceptance region, it is
reasonable to accept the hypothesis as it is believed to be probably true.

Two tailed test and one tailed test : The critical region may be shown by a portion of the
area under the normal curve in two ways.

i) Two Tails

ii) One Tail (right tail or left tail)

i) Two Tailed Test : When the test of hypothesis is made on the basis of rejection region
-epresented by both sides of the standard normal curve, it is called a two tailed test or two
sides test for example :

Null Hypothesis (H,, ): 2 =90

(Level of Significance = «)

Acceptance

Region Rejection Region (a/2)

(1-a)

n

Rejection Region (a)2)

Lower Critical Value T T Upper Critical Value

Alternative Hypothesis (H, ): 1 # 90 (i.e.either u > 90 or u < 90)

/ One Tailed Test : The one tail test is used in cases where it is considered that the population
—ean is at least as large as some specified value of mean or at least as small as some specified
+2lue of mean. There are two types of one tailed tests
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i) Right Tailed Test : In the right tailed test the rejection region or critical region lies entirel;
on the right tail of the normal curve.

Acceptance — .
P Rejection Region

{

T(A‘ritical Value

Region (1-a)

Lt

i) Left Tailed Test : In the left tailed test the critical region or rejection region lies entirely or
the left tail of the normal curve.

o , Acceptance
Rejection Region
Region (1- )

I
Critical Val ueT
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Actual Decision
AcceptH, RejectH,
H, is True Correct Decision Wrong
(No Error) (Typel Error)
Probability =1-o Probability = o
H, is False Wrong Correct Decision
(Type Il Error) (No Error)
Probability = 3 Probability = 1-3

Relation Between Type I and Type Il Error

' The probability of making one type of error can be reduced only by allowing an increase in
¢ probability of other type of error. The trade-ofl between these types of errors is made by
ssigning appropriate significance level after examining the costs or penalties attached to both
ape of errors.

1 An increase in the sample size n will reduce the probability of committing both the types of
zrrors simultaneously.
211 The probability of committing a type I error. can always be reduce by adjusting the values
+ 1 [fthe null hypothesis is false. [3 isa maximum when the true value of a parameter is close
w the hypothesised value, The greater the distance between the true value and the hypothesised
vzlue. the smaller the 3 will be.

Procedure for testing of Hypothesis :

Step 1: Set up the null hypothesis.

step 2 : Set up the alternative hypothesis.

Step 3 : Identify the sample statistic to be used and its sampling distribution. -

Step 4 : Test statistic : Define and compute the test statistic under H .

Seep 5: Specify the Level of significance such as 5% or 1% . If the level of significance is not
secified in the question, generally 5% level is used.

Step 6 : Compute the value of test-statistic (e.g. Z. t. f, ¥° ) used in testing.

Seep 7 : Find the Critical Value of the Test Statistic used at the selected level of significance
~om the table of respective statistic distribution.

Seep 8 : Specify the decision as follows :

1) Acceptance : Since the computed value is less than the critical value, we accept the null
wpothesis (H,) and conclude that difference is not significant and it could have arisen due to
“uctuations of random sampling. or

5) Rejection : Since the computed value is greater than the critical value, we reject the null
wpothesis (H,) and conclude that the difference is significant and it could not have arisen due
« fluctuations of random sampling.
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UNIT-V

CORRELATION
Introduction
Correlation is a statistical tool & it enables us to measure and analyse the degree or extent to which two
or more variable fluctuate/vary/change w.e.t. to each other.

For example - Demand is affected by price and price in turn is also affected by demand. Therefore we
can say that demand and price are affected by each other & hence are correlated. the other example of
correlated variable are -

While studying correlation between 2 variables use should make clear that there must be cause and
effect relationship between these variables. for e.g. - when price of a certain commodity is changed (T
or 1) its demand also changed (T or 1) so there is case & effect relationship between demand and price
thus correlation exists between them. Take another eg. where height of students; as well as height of
tree increases, then one cannot call it a case of correlation because neither height of students is affected
by height of three nor height of tree is affected by height of students, so there is no cause & effect
relationship between these 2 so no correlation exists between these 2 variables.

In correlation both the variables may be mutually influencing each other so neither can be designated
as cause and the other effect for e.g. -
Price T— Demand V
Demand y— Price T
So, both price & demand are affected by each other therefore use cannot tell in real sense which
one is cause and which one is cause and which one is effect.

DEFINITIONS OF CORRELATION
“If 2 or more quantities vary is sympathy, so that movements is one tend to be accompanied by
corresponding movements in the other(s), then they are said to be correlated”. Connor.
“Correlation means that between 2 series or groups of data there exists some casual correction”.
WI King

“Analysis of Correlation between 2 or more variables is usually called correlation.” A.M. Turtle
“Correlation analysis attempts to determine the degree of relationship between variables.

Ya Lun chou
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TYPES OF
CORRELATION

Positive
Negative
Correlation

Simple &
Multiple
Correlation

Liner & Non
Linear
Correlation

Partial & Total
Correlation

POSITIVE CORRELATION

NEGATIVE CORRELATION

Value of 2 variables move in the same direction
i.e. when increase/decrease in value of one
variable will cause increase or decrease in value
of other variable.

Value of 2 variables move in opposite direction
i.e. when one variable increased, other variable
decreases when one variable is decreased,
other variable increase.

E.g. Supply & Price

So, supply and price are ....... correlated
P = Price/Unit
Q = quantity Supplied

E.g. Demand & Price

So, Demand & Price vely correlated
P = Price/Unit
Q = quantity Supplied

SIMPLE CORRELATION

MULTIPLE CORRELATION

In simple correlation, the relationship is
confined to 2 variables only, i.e. the effect of
only one variable is studied

The relationship between more than 2
variables is studied.

E.g. Demand & Price
Demand depends on — Price

This is case of simple correlation because
relationship is confined to only one factor (that
affects demand) i.e. price so we have to find
correlation between demand & price.

If, demand =Y

If, demand - X

E.g. Demand & Price

Demand depends on — Price

Demand on — income

This is case of multiple correlations because 2
factors (Price & Income) that affects demand
are taken. We have to find correlation between
demand & price.

Demand & Price

If, demand =Y
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Then, Correlation between Y & X Price = X1
Price =X;
Then

Correlation between Y & X;
Correlation between Y & X;

SIMPLE CORRELATION MULTIPLE CORRELATION

In partial correlation though more than 2 factors
are involved but correlation is studies only
between to be constant.

E.g.

In total correlation relationship between all
the variables is studied i.e., none of item is
assumed to be constant

E.g.

1 Y = Demand 1 Y = Demand
Y- X1 = Price ¥ X1 = Price
2 X2 = Income 2 X2 = Income

If we assume that income is not constant i.e.
we study the effect of both price & income on
demand, it is a case of total correlation.

In other words, cataris paribus assumption is
relaxed in this case.

If we study correlation between Y & X1 & assume
X2 to be constant it is a case of partial
correlation. this is what we do in law of demand -
assume factors other than price as constant
(Ceteris paribus - Keeping other things constant)

LINEAR CORRELATION

NON-LINEAR CORRELATION

In linear correlation, due to unit, change value of
one variable there is constant change in the
value of other variable. The graph for such a
relationship is straight line. E.G. - If in a factory
no of workers are doubled, the production
output is also doubled, and correlation would be
linear.

In non linear or curvilinear correlation, due to
unit, change value of one variable, the change in
the value of other variable is not constant. the
graph for such a relationship is a curve. E.G. -
The amount spent on advertisement will not
bring the change in the amount of sales in the
same ratio, it means the variation.

If the changed in 2 variables are in the same
direction and in the constant ratio, it is linear
ositive correlation

If the change in 2 variables is in the same
direction but not in constant ratio, the
correlation is non linear positive.

X Y Y
2 3
4 6
6 9
8 12

» X

X Y y

50 |10

55 |12

60 |15

90 |30

100 | 45 > X

If changes in 2 variables are in the opposite
direction but in constant ratio, the correlation is
linear negative. For eg. every 5% T is price of a
good is associated with 10% decrease in
demand the correlation between price and
demand would be linear negative.

If changes in 2 variables are in opposite
direction and not in constant ratio, the
correlation is non linear negative. For eg: -
every 5% Tin price of good is associated with
20% to 10%-in demand, the correlation
between price & demand would be non linear

X

Y

21

18

15

12

=00 (N

9

Y

negative. y
X Y
80 |50
55 |60
50 |75
90 | 130 > X
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TYPE - 1 [BASED ON KARL PEARSON’S COFFICIENT OF CORRELATION]
Before use move to numerical, use understand the basic notions & concepts -

dx = Deviations of xi value from mean = (x; - X )
X = Mean of x value [Average of X values] = =
n = No. of observations

dy = Deviation of y value from mean = (y - y )

_ Yyi

y = Mean of y values = —

dz = Square of deviation of x values = (x; - X )2
dz, = Square of deviation of x values = (yi - y )2
d«dy = Product of deviations = (xi- X ) (yi- ¥ )

Covariance (xy) = Ii—H)i-y)

n
: I(xi — % )2
Ox = Variance of x; values = %
P52
. =z
Oy = Variance of y; values = %
rorryy = coefficient of correlation between x 7 y variables.

Direct Method for Karl Pearson’s Coefficient of correlation

Deviation from actual mean method

Deviation from actual mean method
['}#n"‘(l"} ] l E-d", ¢ 24“:5 ‘

Deviation from assumed mean method (Short Cut Method)
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Method Ior Ban Pearson’s Costhioients af correiatio @b

This method is used in the situation where mean of any series (x or y) is not in whole number, i.e. in
decimal value. in this case it is advisable to take deviation from assumed mean rather than actual mean
and then use the above formula.

In the above short cut method

Let, A = Assumed mean of X series

B = Assumed mean of y series

then Zdx=2(xi- A) & Zdy =2(yi-B) &

Ydy 2= 2(x - A)? & Xdy?= X(y; - B)?

Ydxdy=Z(xi — A)(xi - B)

REGRESSION ANALYSIS

The dictionary meaning of regression is “Stepping Back”. The term was first used by a British
Biometrician” Sir Francis Galton 1822 - 1911) is 1877. He found in his study the relationship between
the heights of father & sons. In this study he described “That son deviated less on the average from the
mean height of the race than their fathers, whether the father’s were above or below the average, son
tended to go back or regress between two or more variables in terms of the original unit of the data.

Meaning

Regression Analysis is a statistical tool to study the nature extent of functional relationship between
two or more variable and to estimate the unknown values of dependent variable from the known
values of independent variable.

Dependent Variables - The variable which is predicted on the basis of another variable is called
dependent or explained variable (usually devoted as y)

Independent variable - The variable which is used to predict another variable called independent
variable (denoted usually as X)

Definition

Statistical techniques which attempts to establish the nature of the relationship between variable and

thereby provide a mechanism for prediction and forecasting is known as regression Analysis.
-Ya-lun-Chon”

Importance/uses of Regression Analysis

Forecasting

Utility in Economic and business area

Indispensible for goods planning

Useful for statistical estimates.

Study between more than two variable possible

Determination of the rate of change in variable

Measurement of degree and direction of correlation

Applicable in the problems having cause and effect relationship
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e Regression Analysis is to estimate errors
o Regression Coefficient (by & byx) facilitates to calculate of determination ® & coefficient or
correlation (r)

Regression Lines
The lines of best fit expressing mutual average relationship between two variables are known as
regression lines - there are two lines of regression

Why are two Regression lines -
1. While constructing the lines of regression of x on y is treated as independent variables where
as ‘X’ is treated as treated as dependent variable. This gives most probable values of X’ for gives
values of y. the same will be there for y on x.

RELATIONSHIP BETWEEN CORRELATION & REGRESSION
1. When there is perfect correlation between two series (r = + 1) the regression with coincide
and there will be only one regression line.
2. When there is no correction (r = 0)> Both the lines will cut each other at point.
3. Where there is more degree of correction, say (r = + 70 or more the two regression line with
be next to each other whereas when less degree of correction. Say (r=4 10 on less) the two
regression line will be a parted from each other.

REGRESSION LINES AND DEGREE OF CORRELATION
Regression lines and Degree of Correlat;

7

z !

| Tk N

Ve N
O —n— o o l_,_____L.<1: L R e = v‘vli_/,_-%‘, e

DIFFERENCE BETWEEN CORRELATION AND REGRESSION ANALYSIS

The correlation and regression analysis, both, help us in studying the relationship between two
variables yet they differ in their approach and objectives. The choice between the two depends on the
purpose of analysis.

S.NO | BASE CORRELATION REGRESSION

1 MEANING Correlation means relationship between | Regression means step ping back
two or more variables in which | or returning to the average value,
movement in one have corresponding | i.e., it express average
movements in other relationship between two or more

variables.

2 RELATIONSHIP | Correlation need not imply cause and | Regression analysis clearly
effect relationship between the variables | indicates the cause and effect
under study relationship. the  variable(s)

constituting causes(s) is taken as
independent variables(s) and the
variable constituting the variable
consenting the effect is taken as
dependent variable.

3 OBJECT Correlation is meant for co-variation of | Regression tells use about the
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the two variables. the degree of their co- | relative movement in the variable.
variation is also reflected in correlation. | We can predict the value of one
but correlation does not study the | variable by taking into account
nature of relationship. the value of the other variable.

4 NATURE There may be nonsense correlation of | There is nothing like nonsense
the variable has no practical relevance regression.

5 MEASURE Correlation coefficient is a relative | The regression coefficient is
measure of the linear relationship | absolute measure representing
between X and Y. It is a pure number | the change in the value of
lying between 1 and +1 variable. We can obtain the value

of the dependent variable.

6 APPLICATION | Correlation analysis has limited | Regression analysis studies linear
application as it is confined only to the | as well as non linear relationship
study of linear relationship between the | between variables and therefore,
variables. has much wider application.

Why least square is the Best?
When data are plotted on the diagram there is no limit to the number of straight lines that could be
drawn on any scatter diagram. Obviously many lines would not fit the data and disregarded. If all the
points on the diagram fall on a line, that line certainly would the best fitting line but such a situation is
rare and ideal. Since points are usually scatters, we need a criterion by which the best fitting line can be

determined.

Methods of Drawing Regression Lines -

1. Free curve -

2. Regression equation x ony,

3. Regression equation y on x

X=a+by......
Y=a+bx
Where

‘a’ is that point where regression lines touches y axis (the value of dependent variable value
when value or independent variable is zero)
‘b’ is the slop of the said line (The amount of change in the value of the dependent variable per

unit change)

Change in independent variable)
A and b constants can be calculated through -
Y (x =a + by) (by multiplying )

¥x=Na+bXy

(1)

X (y = a + bx) (by multiplying ¥x)

¥xy = Xxa + bZx?

(2)

KINSDS OF REGRESSION ANALYSIS
1. Linear and Non- Linear Regression
2. Simple and Multiple Regression

FUNCTIONS OF REGRESSION LINES -
1. To make the best estimate -
2. To indicate the nature and extent of correlation

REGRESSION EQUATIONS -
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The regression equation’s express the regression lines, as there are two regression lines there are two
regression equations -
Explanation is given in formulae -

REGRESSION LINES
1. Regression equation of xony
X-X=by(y-y)
Where by, = regression coefficient of X on Y
2. Regression equation of y on x
Y-Y=by(x-Xx) where by, = regression coefficient of Y on X

REGRESSION COEFFICIENT - There are two regression coefficient like regression equation, they are
(bxy and byy)
Properties of regression coefficients -
e Same sign - Both coefficient have the same either positive on negative
e Both cannot by greater than one - If one Regression is greater than “One” or unity. Other must
be less than one.
Independent of origin - Regression coefficient are independent of origin but not of scale.
AM.> r’ - mean of regression coefficient is greater than r’
Ris G.M. - Correlation coefficient is geometric mean between the regression coefficient
R, byyand by, — They all have same sign

REGRESSION ANALYSIS

ion is DUSE wo cquations —
Regression is P ised on two cquations

XDy

Fguations ‘ :
|
A T W R | A TSRS, LS TS = i s e G e

After elaborating ‘ ( =) m{ =5 i ‘ ) 1

: X—=Xl=r—\y—y Y=y )= - =X

them 5V ] / -

A TR | )

Coefficient ol by =g % Opx = p—

lg’w___’,ssstqq | (e} | 0%
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F'a Bindout \ dxa . 0 2 )
| AN ‘ ] ,’1.‘.‘1 = e SR 23 ~
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| through assumed ; > dxdyxn= ) 1= X 3_1 dy
, ; R = T by = == — &=
| mean St AN (3] : (3 )
Lnd - e -d LY
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1= bxyx byx
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Unit VI

TIME SERIES

“A Time Series” is a series of statistical data recorded in accordance with their time of occurrence. Here
it is noted that it is a set of observation taken at specified times usually (but not always) at equal
intervals. Thus a set of data depending on the time (which may be year, quarter, month, day etc.) is
called a “Time Series”.

Today the use of time series analysis is not merely confined to economists and businessmen, but it
extensively used by scientists, sociologist, biologists, geologists, research workers etc.

Some example of time series are

i) The population of a country in different years.

(ii) The annual production of coal in India over the last ten years.

(iii)  Deposits received by bank in a year.

(iv) The daily closing price of a share in the Bombay Stock Exchange.
(v) The monthly sales of departmental store for the last six months.
(vi)  Hourly temperature recorded by the store for the last six months.

According to Patterson “A time series consists of statistical data which are collected. Recorded or
observed over successive increments.

Utility or importance of Time Series
The very important use of time series analysis is its use in forecasting future information and behavior.

(i) It enables us to predict or forecast the behavior of the phenomenon in future, which is very
essential for business planning. On the basis of past information, the trend can be estimated and
projections can also be made for the uncertain future. It assists in reducing, the risk and
uncertainties of business and industry.

(i) It helps in the evaluation of current achievement by review and evaluation of progress made
through a plan can be done on the basis of time series.
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(iii) It helps in the analysis of past behavior of the phenomenon under consideration. What changes
had taken place in the past, what factor were responsible for these changes, under that conditions
these changes took place, etc. are certain issues which could be studied and analyzed by time
series.

(iv) It helps in making comparative studies in the values of different phenomenon at different times
or place. It provides a scientific basis for making comparison by studying and isolating the effects
of various components of a time series.

(v) The segregation and study of the various components of time series is of paramount importance
to a businessman in the planning of future operations and the formulation of executive and policy
decisions.

(vi) On the basis of the past performance of the various sectors of economy, we can determine future
requirements and a suitable policy can be formulated to get desired and predetermined
objectives.

Causes of variation in time series
If the values of a phenomenon are observed at different periods of time, the values so obtained will
show appreciable variations.
The following factors are generally affecting any time series are :
)] Changing of tastes, habits and fashions of the people.
(ii) Changing of customs, conventions of the people.
(iii)  Rituals and festivals.
(iv) Political movements, government policies.
(v) War, Famines, Drought, Flood, Earthquakes and Epidemic etc.
(vi)  Unusual weather or seasons.

Components of Time Series
A time series may be defined as a collection of readings belonging to different time periods of some
economic variable or composite of variable.
Eg. The retail price of a particular commodity are influenced by a number of factors namely the crop
yield which further depends on weather conditions, irrigation facilities, fertilizers used, transportation
facilities, consumer demand etc.

The various forces affecting the values of a phenomenon in a time series may be broadly classified into
the following four categories, commonly known as the components of a time series.

Secular Trend (i.e. long-term smooth, regular movement)

Seasonal Variation (periodic movement, the period being not greater than one year)

Cyclical Variation (periodic movement with period greater than one year)

Irregular or Random Variation.
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Components
of Time
Series
Long-Term Short-Term
| I
| | | |
Secular Trend . Cyclical Seasonal Irregular or
(T) Variations (C) Variation (S) l Random ()

1. Secular Trend: - It is the matter of common sense that there might be violent variations in a time
series during a short span of time, however in a long run, it has a tendency either to rise or fall. This
tendency or trend of variation may be either upward or down set on over a long time period. This is
known as ‘Secular trend’ or ‘Simple trend. It is but natural that population growth, Technological
progress medical facilities production, prices etc. are not judge over a day, month or year they shores.
The movement are upward, downward or constant over a fairly long period.

Broadly the trends are divided under two heads:

1. Linear Trends: - If we plot the values of time series on graph it shows the straight line i.e.
growth rate is constant. Although in practice linear trend is commonly used but it is rearely found in
economics and business data.

2. Non-Linear Trends: In business or economics generally growth is slow in the begging and
them it is rapid for some time period after which it becomes stable for some time period and finally
retards gradually. It is not linear it forms a curve known as non linear trends.

Seasonal Variation: As we read season the first things comes in our mind is spring, summer, autumn
and winter. Generally seasonal variations occur due to changes in weather condition, customer,
tradition fashion etc.

Seasonal variations represent a periodic movement where the period is not longer than one year. The
factors, which mainly cause this type of variation in time series, are the climatic changes of the different
seasons. For example

1) Sale of woolens go up in winter.

(ii) Sale of raincoat and umbrella go up in rainy season.

(iii)  Prices of food grains decrease with the arrival of new crop.

(iv) Sale of cooler, refrigerator etc. rise during the summer season.

Another variation occurs due to man-made convention and customs, which people follow at different
times like Durga Pooja, Dashehra, Deepawali, Ide. X-Max etc. The seasonal variations may take place per
day per week or per month. For example:

(i) Sale of departmental stores go up in festivals.
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(i) Sale of cloths and Jewelry pick up in marriages.
(iii)  Sale of Paint, furniture and electronics goes up during festivals like, Deepawali, Ide, X-max etc.
(iv) Sale of vehicles increase considerably during Durga Pooja and Dasherhra.

Cyclical Variations: Most of the business activities are often characterized by recurrence of periods of
prosperity and slump constituting a business cycle. Cyclical variations are another type of periodic
movement, with a period more than one year. Such movements are fairly regular and oscillatory in
nature. One complete period is called a ‘cycle’ cyclical variations are not as regular as seasonal
variation, but the sequence of changes, marked by prosperity, decline, depression and recovery,
remains more of less regular.

A Recovery Prosperity
¥ L] .
Peak
>
£l
o
c
(o)
o
(N}
Trough
| L ]
Contraction Expansion
Time

PHASES OF A BUSINESS CYCLE

Irregular or Random Variation: Irregular or random variation are such variation which are
completely unpredictable in character. These are caused by factors which are either wholly
unaccountable or caused by such unforeseen events like Earthquakes, flood, drought famines, epidemic
etc, and some man-made situations like strikes lock-outs wart etc.

Mathematical Models for Analysis of Time Series
Though there are many models by which a time series can be analyzed, two models commonly used for
decomposition of a time series into various components are
1. Additive Model: - According to the additive model, the decomposition of time series is done on

the assumption that the effect of various components are additives in nature, ie. U = T+S+C+R
Where, U, is the time series value and T, S, C, and R stand for trend seasonal, cyclical and random
variation.

In this model ‘S, C and R are absolute quantities and can have positive or negative values. The model
assumes that the four components of the time series are independent of each other and non-has any
affect whatsoever on the remaining three components.

2. Multiplication Model: According to the multiplication model, the decomposition of a time
series on the assumption that the effects of the four components of a time series (T, S, C and R) are not
necessarily independent of each other. In fact, the model presumes that their effects are interdependent

U=TxSxCxR
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Measurement of Trend or Secular Trend
The different methods of determining the trend component of a time series are:

Measurement of Trend or Secular Trend

. Freehand .
Semi-average Method or Moving Average Least Square

Method Graphic Method Method method

Straight Line
Trend Equation

Quadratic Trend
Equation

Exponential
Trend Equation

1. Moving Average Method: Moving average method is very commonly used for the isolation of
trend and in smoothing out fluctuations in time series. In this method, a series of arithmetic means of
successive observation, known as moving averages, as calculated from the given data, and these moving
average are used as trend values. Yearly moving average is given by :

a+b+c b+c+d c+d+e d+e+f
3 3 3 3
Illustration1 Calculate 3 yearly moving averages:
Years : 1979 1980 1981 1982 1983 1984 1985 1986
Earning(Lakhs) ] 80 90 70 60 110 50 40 30
Working Rule

)] Add the values of the first3 years (namely 1979, 1981 i.e., 80+90+70=240) and place the total
against the middle year1980.

(ii) Leave the first year’s value and add up the values of the next 3 years (i.e., 1980, 1981, 1982, viz.,
90+70+70+60 = 220) and place the total against the middle year i.e., year 1981.

Illustration2 Calculate 5 yearly moving averages and seven year moving average for the following
data:

Year 111981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990
Sales (‘O00Rs.) | : | 123 | 140 |110 |98 104 | 133 |95 105 | 150 | 135

Calculation of Moving Averages when the Period is Even:
If the period of the moving average is even, centre point of the group will lie between two years. It is,

therefore, necessary to adjust or shift (technically known as centre) these average so that they coincide
with the years. For example
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4-yearly moving average is calculated as:

Step 1 : Add the values of first four year, and place the total between the 2nd and 3rd year.

Step 2 : Leave the first year value and then add the for values of the next four years and place the total
in between the 3rd and 4th year Continue this process until the last year is taken into account.

Step 3 : Divide 4 yearly moving totals 4. It will give 4 yearly moving average.

Step 4 : Add first two moving averages and divide it by 2 to get the moving average centered. Place it
against 3rd year. Leave the first moving average and then add next two moving average and divide by 2
to get the next moving average centered. Place it against the 4th Year. Continue this process till the last
moving average is included.

Alternative Procedure: In this procedure step 1 and 2 are same as above.

Step 3: Add first two 4 yearly moving total place it against 3rd year. Leave the first moving total and
then add next two moving total to get the next moving total centred. Place it against the 4t year.
Continue this process till the last moving total is included.

Step 4 : Diving these centered moving totals by 8. It will give 8 yearly moving average. This procedure
will more clear by following illustration.

Illustration Construction a four-yearly centered moving average from the following data :

Year : (1970 | 1975 | 1980 | 1985 | 1990 | 1995 | 2000

Imported Cotton (in ‘000) | : | 129 | 131 | 106 |91 95 84 93

Method of Least Squares
It is an appropriate mathematical technique to determined an equation which best fits on a given
observation relating to two variables. In this procedure for fitting a live to a set of observation the sum
of the squared deviations between the calculated and observed values in minimised. Therefore the
technique is named as “Least-Squares method.” And the line so obtained is known as ‘Best fit line”.
We know that sum of the deviations from the arithmetic mean is zero. Therefore the sum of the
deviations from the line of the best fit is zero.
i) Y.(y —¢) = 0, i.e., the sum of the deviations of the actual values of y and computed values of y is
Zero.
(ii) Y.(y —y)2 =is least, i.e., the sum of the squares of deviations from the actual and the computed
value of y is least.
That is why it is called the method of least squares and the line obtained by this method is called the
‘line of best fit’
This method may be used either to fit a straight line trend or parabolic trend straight line trend is
represented by the equation y= a + bx where y represents the estimated values of the trend x
represents the deviations in the time period. A and b are constants.
a’ represents intercept of the line of the y no is and ‘b’ represent the slope of the line i.e. it gives the
changes in the value of y for per unit change in the value of x if b>0 it show and growth rate and if b<0 it
shows decline rate.

Y-axis

_‘& } Intercept

Merits:
1. This is the only method of measuring trend which provides the future values authentically very
convincing and reliable.
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2. This method is used for forecasting the series for example.

3. If other factors are not so effective no share market, this method can provide very reliable
information about the movement of the share of a company.

4. This method has no scope for personal bias of the Investigator.

5. Itis only method which gives the rate of growth per annum.

Demerits:-
1. The method required mathematical ability. Some items it involves tedious and complicated
calculations.

2. The method has no flexibility i.e. if even a single term is added to series it makes necessary to do
all the calculations again.

3. Estimations and predictions by this method are based only on long term variations and the
impact of cyclical, seasonal and irregular variations are completely ignored.

Computation of Trend Values by the Least Squares Method
We know straight lines trend is given by y= a+bx in order to determine the values of the constants and
b the following two normal equations are to be solved.

>Y=na+b}X

TXY = ayX+by X2

Where n represents number of years (months or any other period) for which data are given:
Y' vy sum of actual values of y variable.

Y. y represents sum of deviations from the origin.

Y. ¥ x2 represents sum of deviations from the origin.

Y. xy represents sum of the deviations from the origin and actual values.

Remarks :- The variable x can be measured from any point of time as origin. But if middle time period
is taken as origin and deviations are taken from the middle time period it provides ). x = 0 the above
normal equation would be reduced to the

Y

Y.y =na+ Y x>) y=na+0=na > Thusa ="—

n

Yxy=aYx+bYx?+0+Y bx?’=Yxy=bY =x*Thusb =

xxy
Y=x?
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