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From the Director’s Desk

e Directorate of Distanee & Continuing Education, originally established as the University Evening € ‘ollege
way back in 1962 has travelled a long way in the last 52 years. *EDUCATION FOR ALL' is our motto,
Inl..:n::l\ingl}' the Open and Distance Learning instilutions are aspiring lo provide cducation for anyone,
anviinie and anywhere. DDCE, Utkal University has been constant ly striving to rise up to the challenges of
['_l|;|:'|| Distance Learning system. Nearly ninety thousand students have passed through the portals of this
preat temple of learning. We may not have numerous great tales of outstanding academic nchicvements but
we have great tales of suceess in life, of recovering lost opportunities, tremendous satisfaction in life, turning
points in career and those who feel that without us they would not be where they are today. There are also
flashes when our students figure in best ten in their honours subjects. In 2014 we have as many as filteen
students within top ten ol honours merit list of Education, Sanskrit, English and Public Administration, Accounting
and Management Honours. Our students must be free from despair and negative attitude. They must be
enthusiastic. full of energy and confident of their future. To meet the needs of quality enhancement and to
address the quality concerns of our stake holders over the years, we are switching over to self instructional
material printed courseware. Now we have entered into public private partnership to bring out quality SIM
pattern courseware, Leading publishers have come forward to share their expertise with us. A number of
reputed authors have now prepared the course ware. Self Instructional Material in printed book format
continues to be the core learning material for distance learners. We are sure that students would go beyond
the course ware provided by us. We are aware that most of you are working and have also family responsibility.
Please remember that only a busy person has time for everything and a lazy person has none. We are sure
you will be able 1o chalk out a well planned programme to study the courseware, By choosing to pursue a
course in distance mode, you have made a commitment for sell improvement and acquiring higher educational
qualification. You should rise up to your commitment. Every student must go beyond the standard books and
self instructional course material. You should read number of books and use ICT learning resources like the
internet, television and radio programmes cte. As only limited number of classes will be held, a student
should come to the personal contact programme well prepared. The PCP should be used for clarification of
doubt and counseling. This can only happen il you read the course material before PCP. You can always mail

your feedback on the course ware to us. It is very important that you discuss the contents of the course
materials with other fellow learners,

We wish you happy reading. C_@Q@}//
(S.P. Pani)
, DIRECTOR
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UNIT - |
LESSON ~ 1
NATURE OF STATISTICS

|HTRODUCTIDN

In your day-to-day life you must have heard statements like “India’s population is increasing
attherate of 2.2% perannum.” “The profils of A.B.C., Co.Lld. increased from Rs.5 lakhs in 1977
10 Rs.G.Lakhs In 1978", elc. Such stalements are very common in class room lecturers, daily
newspapers, ;peeches or on radio. They contain facts and figures. They are very convenient
forms of communications as well as very clear, precise and meaningful. Analysis of such
statements helps one in arriving at certain conclusions. For example, 146 studenls have passed
5.Com. with 1¥' class Honours from colleges under Utkal University and there is provision for 80
student to be admitted to M.Com class in 1 979. It is evident from the statement that the rest boys

are deprived of higher education.
What is it ? — Nature of Statistics

Facts and figures regarding any phenomenon (having inter connection) whether they relate
to population, preduction, national income, profits, sales efc. are called statistics’. In this respect
the term statistics is synonymous (equal) with facts and figures and is used in plural sense. They
relate to numerical data and take the form or counts and measurements.

All numerical statements do not constitute statistics. Statements may convey numerical
information, but if not connected with each other do not constitute statistics. To constitute statistics
two characteristics must be satisfied : - (1) The number should represent a phenomena rather
than an isolated condition of a subject. A single incident does not make a phenomenon, or a
series of numerical fac.s which have no interconnection cannot be said to make a phenomenon.
(2) Such numbers are capable of analysis regarding causes and effects, behaviour pattern
changes in magnitude, trend of movement etc. Statistics counts of numbers of various kinds, as
males and females, married and unmarried, or postgraduates and undergraduates, They may
also be numbers computed on the basis of these measurements or counts, €.g. the proportior
of female students their average heights or average weight etc: In this sense numerical fact:
should be more correctly called 'data’ rather that *statistics’.

In addition to meaning numerical facts, 'Statistics’ also refers to a subject. Just a:
Mathematics refers to a subject as well as to symbols, formulae and theorems and Accountini
refers to principles and methods as well as to accounts, balance sheets'and income statements
statistics refers to a body of methods of obtaining and analyzing data in order to base decision
on them. It is a branch of scientific method used in dealing with phenomena {like income
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" T!‘la-‘re are many definitions of the term ‘Statistics’. Some authors have defined statistics
: S statistical data' a5 usedin plural sense whereas other as statistical methods’ used in singular
ense. A few wel| recognized definition are analysed below : -

A, As Statistical Data: -

Webster defined statistics as “the classified facts representing the condition of the pecple
in a state — especially those facts which can be stated imnumbers or in tables of numbers orin
any tabular or classified arrangement'. If we analyse this definition, it cannot be regarded as the
One most commonly used bécause it is very narrow. It confines the scope of statistics to only
such facts and figures which relate to the conditions of the people in a state, In fact, statistics at
present relate to all aspects of human activities. This definition does not suit modem conditions.

Value and Kendall defined statistics as, “By Statistics we mean quantitative data affected
to a marked extent by multiplicity of causes”. The definition also is very narow because it does
not include many important features of statistics as used in statistical data.

Harac Secrilsts defined statistics as “By Statistics we mean aggregales of facts effected
to a marked extent by multiplicity of causes, numerically expressed. enumerated or estimated
according to reasonable standards of ‘accuracy, enumerated or estimated according to
reasonable standards of accuracy, collected in a systematic manner. for a pre-determined purpose
and placed in relation to each other”,




This definition clearly points out certain characteristics which numerical data must posses

inorder that they will be called statistics.

These are as follows : -

; statistics are Aggregates of Facts -

Tlis means tl\ﬂ_! slalistics represents a number of facts. Single and isolated figures are
not statistics for the simple reason that such figures are unselected and cannot be compared. If
(he income of an officer is stated as Rs.1,800 per month this does not constitute statistics,
aithough (1S @ numencal stalements of facts. Similarly a single figure relaling to production,
cale, bith & death, employment, purchase, accident ete, cannot be regarded as statistics. But
aggregales of such figures over a period of time or figures relating to some countries over the
same period of time will be called as statistics because they are comparable and some
relationship between them can be found out,

5 Statistics are Affected to a Marked Extent by Multiplicity of Causes —

Usually facts and figures are affected to a considerable extent by a number of forces
operating together. Statistics are aggregates of such facts only which grov aut of a ‘variety of
circumstances' —when their size, shape or form at any particular momc .t is the result of the
action and interaction of number of forces, differing amongst themselves and itis not possible
1o say as to how much of itis due to any one particular cause. For example statistics of production
of rice are affected by the rain fall, quality of soil, seeds and manure, method of cultivation etc. It
is very difficult to study separately the effect of each of these forces on the production of the rice.
The same is true for statistics of prices, imports exports, sales and profits elc.

3. Statistics are Numerically Expressed —

All statistics are numerical statements of facts, i.e. expressed in numbers. Qualitative

statements, like ‘Populauon of India is rapidly increasing or India is a poor country, do not constitute
statistics, Such statement like'. The population of India increased by 25% in 1975 against2.2%

in 1974 is a statistical statement.

4. Statistics are Enumerated or Estimated According to Reasonable Standards of

Accuracy -

This means that if agaregates of numerical facts are to be called statistics they must be
reascnably accurate. This is necessary because statistical data are to serve as basis for statistical
investigations. Facts and figures about any phenomenon can be derived in two ways- by actual
counting and measurement or by estimate. Estimates cannot be as precise and accurate as
actual counts or measurements. Where the scope of statistical enquiry is very wide orwhere the

3
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collect Collecting statistical data in respeclt of any phenomenon, a suitable plan of data

ion i :
mustbe prepared and the work must be carried out in a systematic manner othervise

it would |
€ad to wrong conclusions. Such data will not conform to reasonable standards of
accuracy,

E_ 5 .
Statistics are Collected for a Pre-determined Purpose -

Shnul.::z E‘;Irpﬂﬁe of collecting data must be decided in advance. Moreover, such purpose
R chiaei: I r_iEﬁ”Ed and specific. A general statement of purpose is not enough. For eramplg,

€ objective is to collect data on prices one must have to decide in advance whether they wiil
be wholesale prices or retail prices, how frequently they will be collected and in respect of what

commodities they will he collected,
7. Statistics Should be Placed in Relation to Each Other -

Numerical data are collected mostly for the purpose of comparison. If the collected figures
are not capable of being compared with each other they loose a very large part of their value.
Comparison can be made only if data are homogenous, i.€they rélate to the same phenomenon
or subject and only likes are compared with like. Statistical data are often compared peficd-
wise or region wise. Data of heterogeneous character are not comparable as they cannot be

placed in relation to each other. The per capital income of an Indian may be compared over
different years, or production of wheat of different countries during the same period may be
compared. But it will be meaningless to compare the height of human beings with their incomes.

Some definition of statistics :

As statistical methods or science of statistics many authors have defined statistics in
different ways. A few important definitions are analysed below : o

Seligman defines it as “Statistics is the science which deals with the method of collecting,
classifying, presenting, comprising and jnterpreting numerical data collected to throw some
light on any sphere of enquiry. “Though this definition is very short it is quite simple as well as

comprehensive.
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from the above statemont it is very cloar that facts and figuras aro collactod about any
phenomenon tolating 1o the past and the prasant nnd from thalr analysis some conclusion is
arived in reard 10 its future. Asystomatio comparison Is the main objoct of statistics. To achiave
his, data relating lo past and prasont aro colloclod and prasantad inthe shape of time-sarias
fromwhich valunble conclustons nw drawn. Thoe conclusions are usad for the purpose of for-

casting the future trend of diffarent problems,

It helps In assossing the results of past achiovements of human activitios and it is also
useful for making for-casts nbout ho futire courso of avants,

causo of the Rocont Growth of Statistics ;

The following are two main factors, which are responsible for the dovolopmeoent of statistics
in modern times © -

1. Increasod Demand for Statistics -

In the modern time considerable development has takon place in the field of business and
commerce, governmental activities and sclenco. Statlstics helps in formulating suitable policies,
and as such Its need has been increasingly felt In‘allthese spheres.

The magnitude of business has considerably incroased and business alfairs have become
very much complicated, This has resulted in an increased demand for statistics, the complexity
n business is on account of nUMEroUs government regulations, labour disputes, ever increasing
taxes and technological revelution, which the business world has witnessed in recent years.

Stalistics have to be collected on all these problems,

The activities of the government have also increased In size and complexity. Modern states
are welfare states and there is hardly any sphere in which the government has not entered. With
the enlargement of the functions of government, the demand for statistics has also increased.

gl
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ata hh;j:::e: With the development of statistical theory the cost of collecting and processing
ofthe pﬂpuhf Sown, Forexample, sampling techniques enable us to know |hﬂlﬂhﬂfﬂct£‘.ﬂﬁtlcr,
design of e:: o Slidying only a part of it. Again, since 1935, a branch of statistics known as
Penments has made rapid progress and il is now possible to collect analyses ang

Compil it
Rile statistics More promptly and economically.

- Man? Scholars have contributed to the science of statistics but Sir Ronald Fisher must be
o "&d with atleast half of Ihe essential and important developments in the theory as it stands
V. .

The thenry of statistics is not complete and final. Many more problems are to be solved by
research Scholars in future so that the theory can be still better used.

Impurtance of Statistics

Statistical methods have become useful tools in the world of affairs. Economy and a high
degree of flexibility are the important qualities of statistical methods that render them especially
usefulto businessmen, economists, scientists, government, research scholars etc.

1. Importancein Economic and Social Studies -

Prof. Alfred Marshalt observed “Statistics are the straw out of which | like every other
economist, have lo make bricks". This proves the significance of statistics in economics. In the
field of economics it is almost impossible to find problem, which does not require an extensive
use of statistical data. Economics is concerned with he production and distribution of wealth as
well as consumption, saving and investment income. Statistical data and statistica! .ethods
are of immense help in proper understanding of the economic problems and in the formulations
of economic problems and in the formulation of economic policies. That to produce, how to
produce and for whom to produce - these are the questions that need a lot of statistical datain
the absence of which it is not possible to arrive at correct conclusion. Statistics of production
help in adjusting the supply to demand. Statistics of consumption enable us to find out the way in
which people of different sections of society spend their iIncome. Such statistics are very helpful

[0




he standard of living and laxable capacity of the people. In reducing disparities in the
mstribuiiﬂn of inl:.‘“"”"'z*‘lﬂr":I WFE‘"h‘s‘a“S“Cﬁ are of immense help. Similarly in solving problems
<ing prices: growing population, unemployment, poverty etc., one has to depend upon
e tics- statistical methods help not only in formulating appropriate economic policies but
5Iall=’;n evaluating their effect. For example in order to check the over-growing population if
o hasis has been placed on the family planning methods, one can ascertain statistically the
E:r::iench’ of such methods in attaining the desired goal.
e

|n recent years economics as which comprised the application in statistical methods to

the thcnmticsﬂ economic methods is widely used in economic research. Statistical methods
of camplingd are useful for collecting the basic data of economic studies. The demand function,
roduction function, cost functions and consumption functions present many difficult problems
in the analysis of which statistical tools are of immense use. Economists now utilize statistical
ding a sound factual foundation for their reasoning specially in the following fields

oknow!

data in buil

@ I Measuring Gross National Product and input-output analysis ;

(i) Utilization of financial statistics in the fields of money and bankir:j, short-term credit

consumer finance and Public finance.

(iii) Instudying facts in the study of competition, oligopoly and monopoly by comparing market
prices, cost and profits of individual firms.

(v) Instudying the theories of prices, pricing policy and price trends and their relationship o
the general problem of inflation,

() Inoperational studies of public utilities which require statistics and legal tools of analysis.
(vi) Inanalyzing popuiation and-economics and economic geography and in many other fields.

Mathematics and its main offspring, statistics and accounting are the powerful in struments whicr
the modern economist has at his disposal and of which business through the development o

research agencies and methods is making constantly great use.

A sociologist may attempt to demonstrate with the help of statistical data the relationshij
between sales of liquor and crime or between suicide and poverty etc.

2. Statistics and the State -

Since times the ruling kings and chiefs have relied much on statistics in framing suitabl
military and fiscal policies. Most of the statistics such as that of crimes, military strength, populatic
taxes etc., which were collected by them were the byproduct of administrative activity. In rece:

5
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unecﬂﬂami; ) nd Prohlems relating to poverty, unemployment, food shaortage, profective tyoy
gncultyral h:‘.ﬂdmgs elc. cannol be fully weighed vathaut statistical data

stat sf:; 21::‘::;2":3}' are not exclusively a by-product of administralive ﬂ:EWH‘f T"T 5":” el
defence i stnes and departments of the governmernit whether they be nance, ransgoe
data fnrt;»-lelr 5"'_5. food, t?ﬂmmeme posl and telegraph or agncullure dﬂp‘.'-l'iﬂ much on factua
of transport efficient functioning. For example, the transport department cannot sofve the pritier,
in Bhubaneswar, Cutiack or Rourkela unless it knows how marry buses are operatiog
alpresent. what is the total requirement in these places and many additional buses are 1o e
Eddx_ad tothe existing ones. Not only during peace times, but during days of war also stalistics
are indispensable It is impossible to fight a war successfully in the absence of factual data

a.-out the strength of the enemy.

Statistics are so significant to the state that the government in most countries is the biggest
Collector and user of statistical data. Such data are of immense help to many institutions who
further process them and arise at useful conclusions, which help in decision-making. Officia!

statistics occupy a very important place in almost all countries.

3. Need in Planning -

Economic activities are more closely directed to the production of such goods and the
prowvision of such services, as the government may decide from time to time to be most urgently
required. Our future is being planned and such planning to be successful must be soundiy based
on the comrect analysis of complex statistical data. Planning cannot be imagined without statistics.
If you study the economic plans implemented in various countries in recent times you will find
that all of them are statistical study of the economic resources of the respective countries, and
they suggest possible ways and means of utilizing these resources in the best possible manner.
\arious plans that have been prepared for the economic development of India have also made
use of the statistical data available about various economic problems. One of the re-sons of
failure of Indian plans is what we have insufficient or incorrect data. National Sample Suws'f
Scheme was primarily started to collect data for the use in planning in India. The success failure
of plans and the progress report bear witness to it. Thus one finds that in the field of economic

planning the sue of statistical data and methods is indispensable.
Statistics Discloses Causal Relationship Between Related Facts—

4.
Food prices are low when new harvest arrives in the market and they rise in the off-season.

A-clever buyer buys his annual requirements atthe harvest time. Such causal studies are atthe
8




pottom ©f all sound human endeavour. Stalistics is the light bearer that enlightens the way 1o
fe’s adventure

usefulness in Business and Commerce -

\With the growing size and ever increasing competition, the problems of business enterprises
are b;_.cmning complex and they are using more and more statislics in decision-making. Many
business problems are now solved, through stalistical data and method used in interpretation,
An ownef of a small firm, in the pasl, acled as the storekeeper, manager, accountant, salesman,

grchaser elc. It was possible for him to make personal contacts with the customers and know
exactly what they wanled. With the growth in size, business problems have become very complex,
and iL1S impossible for the owners to have personal contacts with thousands of customers,
Mﬂnagemenl has become a specialized job and a manager has to plan, organize, supervise
and control the operations of the business house. Most of the production these days is in
anticipation of demand and therefore unless a very careful study of the markel product and
consumer is made the firm may not be able to make profits. Trial and error method of taking a
decision no more holds good. To-day the businessman succeeds or fails accordingly as his
forecasts prove to be accurate or wrong. Business now runs on estimates and probabilities. If
the estimates or forecasting of the business man is correct, there will be high: - degree of accuracy
and itwill result in profits to the business, otherwise there may be a loss, In recent years statistics

and statistical methods have provided the businessman with one of his most valuable tools for
decision-making.

Business activities can broadly be grouped under the following 1- Production, 2- Sale, 3-
Purchase, 4-Finance 5-Personnel, 6-Accounting 7-Market and Product Research and 8-Quality
Control. For better or worse the modern business executive is largely dependent on Statistical
data and method of analysis for essential information. Statistical information is needed from the
time the business is lsunched till the time it comes to an end. At the time of floatation of the
concern, facts are required for the purposes of drawing up the financial plan of the proposed
unit, With the help of statistical methods in respect of any of the above categories, much
quantitative information can be obtained which can be of immense use in formulating suitable
policies. For example, a manufacturer must know in advance how much is to be produced, how
many workers and how many raw material will be needed to be produce that estimated quantity,
and what quantity type, size, colour or grade of the product is to be manufactured. He must,

therefore, have a sound production plan which cannot be prepared without Statistical analysis of
the past and present data. ' |

Statistical methods of analysis are helpful in the marketing function of an enterprise through
its help in market research, advertisement campaigns in comparing the sales performances.
Statistics also directs attention towards the effective use of advertising funds. Similarly, in sefting

9
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facts Jr::dei: iemih.c Management movement in India has emphasized the needl for collectip,

the main D"el‘pll‘ellng them carefully so that it brings benefits to m?:mn':ler_ﬂe, Gpﬂratu:]na res.eamhi

helptulin sf_’”“ﬂ of scientific management, has been statistical m.lls. approac .ﬂﬂd IS ve

Successf ¢ filed of business and commerce. Thus you see that statistics are the life-blogq of
ulcommerce.

&Jbs“':'l.:uugh statistical methods are extremely useful in mkinF decisions they are not Peﬁaq

€ for common sense. A practitioner of business statistics must, therefore, combine the
® ?'C‘W'EUQE of he business environment in which he operates and its technological characteristics
With a heavy dose of commonsense and ability to interpret statistical methods to non-statisticiang

6. Utiity to Bankers, brokers, Insurance Companies, Underwriters, Investors i
Insecurities, Railways etc. —

Bankers, brokers of stock exchanges, investors in insurance companies or corporations
and public utility concerns make extensive use of statistical data. Abanker has to make a stafistica|
study of business cycles to forecast a probably boom or a depression and has to study in detail
the seasonal variations in the demand for call rhcnen_.r form its depositors. On the basis of such

demand, bankers usually keep a reserve, ¥

Stock-exchange brokers, speculators and investors use statistical data in for-casting the
demand for shares, stocks etc. They collect information about interest rates fluctuation of
investment market to have a definite idea about the situation to gain maximum profit. They also
collectinformation about money rates at different center and study their future trends.

Insurance corporations and companies have to depend upon mortality tables, vita ;tatistics
and they have to collect facts lie and incidents, which had taken place in the past. Thénry of
probability works out fully in the field of insurance. Premium rates in life insurance have to be
fixed on the basis of mortality rates in differentage groups. Sickness or unemployment insurance

also depends on statistical data.

Public utility concerns like railways, electric supply companies, water supply companies,
gas supply companies etc. also make extensive use of statistics. A railway operating overa

10




wide area has many sources of possible wasteful expenditure, Statistical data and methods
hetp th° raitways and other public utility coneermn to avoid wastages of all kind and work efficiently
and ccﬂl‘IDI‘l‘li{:i.‘l.Ilyh

nusirability in Resoarch -

gatistics is indispensable in any research work. Most of the advancement in knowledge
has taken P'“’-‘F because of experiments conducted with the help of statistical methods. For
example E?;PE”“‘“'I'“E about crop yields and different types of fertilizers and soils or the gromth
of animals under different diets and environments are mostly designed and analysed with the
help slatistical methods. Statistical methods also affect research in medicine and public health.
In market research, quantily control ete, statistical data are not useful but necessary. In fact,
ihere is hardly any research work to-day where research worker does not make extensive use of
ctatistical data. Itis also impossible to understand the meaning and implications of most of the

findings of research in different fields without statistical facts and methods.

Limitations of the Science of Statistics -

From the discussions on imporiance and indispensability of statistics you might by thinking
<talistics are like magical devices, which always provide the correct solution to problems. But
actually itis not so. Unless the data are properly collected and critically interpreted there is every
likelihood of drawing wrong conclusions, Statistical techniques cannot be made lo answer all
ourqueries. Therefore, Itis necessary to know the limitations and the science of statistics : -

1. Does not Study Qualitative Phenomena -

Statistics can be applied only to hose phenomena and he problems, which are capable of
quantitative expressions. Such characteristics, which cannot be expressed in figures have very
litlle use of statistical methods. In a study of honesty, statistical method cannot be of much help.
Health. culture, charact :r, friendship skill, poverty, cruelty, pessimism etc. cannot be quantitatively
expressed. In studying any such phenomenon the statistical aspect is assumed to be subsidiary
to other considerations. These subjective concepts can be related in an indirect fashion to
numerical data. For example, we may study the intelligence o f students on the basis of the
makes obtained by them in an examination. Honesty itself may not be capable of quantitative
analysis but many factors, which are related to this phenomenon, are capable of being expressed
in figures and as such can throw some fight on the study of the problem. Astudy of the number of
thefts or cases of cheating or swindling can indirectly tell us something of the problem under
study, Similarly, health of the people is judged by a study of its death rate, longevity of life and the
prevalence of any disease. Again, the crime in different countries can be measured indirectly in
terms of men and women who go to prison and if the number of such persons is decreasing, we
can say that there is a better enforcement of the law and crime in the country. All these figures
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Statistica Laws are Trye only on Average or in the Longrun ~

Statistics ag a science is not as accurate as many other sciences are and s‘ta eten) Tadieds
are not vVery Precise ang Correct, They are not like the exa ct laws of physical EC!EHC,ES_' Which are
said to ho|q true in every individual case that is subject to them. Laws of statistics are g
Universally trye like the laws of Physics or astronomy. Statistics deals with such Phenomen;,
which are affected by a mMultiplicity of causes and itis not possible to study lhe.effec:ts c_'f E:,mh of
these factors S€parately as is done under experimental methods. Due to this limitation in the
slatistica| methods the conclusions arrived at are not perfectly accurate but they show SPproximale
tendencies. Hence the same conclusions cannot be arrived at under similar conditions at |
times,

4. Does not Study Individuals —

Into an average for Purpose of comparison (this
will made clear to you in another lesson) though an individual item of the series has no specific
recognition. If only 100 persons die of starvation in India and if the percenta ge of these d eaﬁths to
the total population of the country is ngglig ible, statistically we will be justified in ignoring it. Bfll

something very important and material but in statistical analysis such a problem does not occupy
any significant place. This type of apathy to individual items ofaseriesis g serious limitation o

defect in many investigations.
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you can understand this aspect still better with the following example. If the per capita
ome (onan average) has been rising for the last twenty years, it will be presumed that income
oplo has isan. It may so happen that, only rich persons have become richer, and very poor
n:,[::nnﬁ. (he lower middle class people, these individuals in no way have more incomes. In fact,

Vo capita income will not reveal the extent of their miseries
{hit

gatistics is Liable to be Misused and Abused -

The greatest limitation of statistics is that only one who has an expert knowledge of statistical

methods ¢an sclentifically handle statistical data. Statistics, like medicines in the hands of quad_r:s,
i capable of being easily misused by the in experts. One might interpret statistics according
(o S convenience and make the worse appear to be the beller case. Many people, lherelur.e.
ok at statistics with an eye of suspicion. Stalistics is a delicate tool and should be used with
caution Misuses are as common as valid uses of statistical uses of statistics. The misuse of
slatistics may al ise due to several reasons. For example, if statistical conclusions are based on
pcomplete information, one may arrive at fallacious conclusions. The statement that the incidents
ol death among sick persons is higher in hospitals than at home due to lack of proper treatment
and care. But this conclusion turns out to be completely erroneous if it si borne in mind thatin
india only seriously ailing persons are hospitalized. Similarly, due to change ir sefinition, inaccurate
measurement and classification, inappropriate comparison, defective method in selecting cases
otc. statistical conclusions are likely to be misused and abused. Statistics are like clay and they
can be moulded in any manner so as to establish right or wrong conclusions. In this context,
W 1. King pointed out “One of the shortcoming of statistics is that they do not bear on their face
the label of their quality”. It requires experience and skill to draw sensible conclusions from the
data: otherwise, there is every likelihood of wrong interpretations. The very fact that statistics
may lead to wrong conclusions in the hands on in experts and inexperienced people limits the
possibility of mass popularity of such a useful science. Statistics also cannot be used to full
advanlage in the abse nce of proper understanding of the subject to which it is applied.

COLELCTION OF DATA

The collection of data begins only after proper planning of the statistical enquiry as discussed
above. The collection of data refers to a purpose of gathering of information relevant to the
subject matter of enquiry. The method of collection of data depends mainly upon the nature,
object and the scope of enquiry on one hand and the availability of resources and the time on the

other. Statistical data may be classified in to primary and secondary depending upon the nature
of data and mode of collection. |

Primary and Secondary Data :

The data, which are collected by an investigator or agency for the first time and are thus

13
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as follows -

Methods
tion of primary data are

The methods
Direct personal investigation.

()
(i) Indirect oral interviews.
(iiiy Information torm local sources and correspondlants

(iv) Mailed questionnaire method.

(v) Schedules sent through enumerators
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original in characler, are termed as primary d

ala. On the other hand, secondary data are tho
which have already been collected and prog o ey

@ssed by some agency or person.

The distinction between primary and secondary data is a matter of degree or relativity

only. I general, the data are primary to the source who collects and processes them for the first
jme and are secondary for all other sources who later use such data Primary data are in the

shape of oW malerials to which statistical methods are applied for the purpose of analysis and
inlemretatlﬂn. Secondary dala are usually In the shana of finishoed products since they have

peen lleatEfi ﬁlﬂliﬁﬂﬂaﬂ}{ In some form or the other, After statistical treatment the primary data
lose their original shape and become secondary data.

choice Between Primary and Secondary Data :

Atthe outset, an investigator has to decide whether he will use primary data or secondary

data. The following factors must be taken into consideration for making the choice between the
wwo methods of collection of data :

(i Nature, objectand scope of enquiry.
(i) Availability of finance.

(iii) Availability of time.

(iv) Degree of accuracy desirec!.

Now-a-days, in a large number of statistical enquiries, secondary data re generally used because
reliable published data on a large number of diverse fields are now available in the publications
of the govermment, private organizations, research inctitutions, international agencies, periodicals
and magazines etc, Primary data re generally collected only if their do not exist any secondary
data suited to the investigation under study. In some of the investigations, both primary and
secondary data may be used.

Methods of Collecting Primary Data :
The methods commonly used ferthe collection of Primary data 2re as follows :
() Direct personal investigation.
(i) Indirect oralinterviews.
(i)  Information form local sources and correspondzants.
(iv) Mailed questionnaire method.
(v) Schedules sentthrough enumerators.

15
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I 1 Ml Investigation :
* ation personally from the SOurcg,

information’s and condye
ply the infmmah

Eunterned } ® Investigator has 1o collect the inform ith the

ONthe g en '€ INvestigator establishes personal contact ¥t osition to sup
u : isinap

he "CQuireg iy He 'Nterviews personally everyone who'

. inauiry i )
s This Method g Suitable when the field of inquiry is limited of naturerafmql.nr:is:nr;ﬁdental
WhEn 'ﬂaxinH"n dngﬂE ﬂf ".Ec_uracy |5 dﬂﬁlfﬂd " iS Elﬂtﬂbiﬂ fﬂ[ Iﬁtﬂl"lﬁw nves Igahnn

MDTES '
kill ang tactis requireg for collection data by this method.

Merits -

Th : : :
€ adva Nlages of director personal interviews are .
(@ ion i
) Information is more reliable and accurate.
()  Responge is more encouraging as the investigator approaches persanally.

€ The investigator can extract proper information from the responder.ts by 1a_| king to themyy
their educational level and if need be, ask them questions in their language ¢
CoOmmunication.

(d)  Theinvesti gator can handle delicate subjects effectively by his skill, intelligence and insight
to collect Proper information.

Demerits :

The following are the limitations of this method.
(a) Thistype of investigation i';v. not suitable for extensive enquiries. |
(b) Itmay be very costly if the respondents are spread over a wide area.
(c) More time is required for collecting information.
(d) The chances of personal prejudice and bias are greater under this method.

Eh success of this method largely depends upon the intelligence, skill, tact, insight and

(e)
diplomacy of the investigator.

Indirect Oral Interview :

(il

When the direct personalinvestigation is not practicable either because of the unwillingness

16
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The data collected by this may not be reliable because it is subjected 1o the biasness of
{he local agents.

This method can be applied if high degree of accuracy is not desired.

Mailed Questionnaire Method :

Inthis method, a questionnaire is prepared, which contains a list of questions relating to
e field of enquiry and providing space for the answers to be filled by the respondent. This
at ,estonnaire s mailed to the respondents with a request for quick response, which the specified
pme. Avery polite covering note is altached to the questionnaire within contains the aims and
objectives of collecting the information and also the definitions of various terms and concepts
gsed inthe questionnaire. An assurance is usually given to the respondents that the answers
qiven by them will be kept strictly confidential.

The success of this method depends upon the skill with the questionnaire is drafted and
e degree of response from the informants. This methods is usually followed hv private individuals
researches and some times the Government also.

Merits
@) Under this method, itis possible to cover vast areas where informants are spread over.

) This methods is by far the most economical method in terms of money, time and manpower
provided the respondent supply the information in time.

i) Under this method, original data are collected, which is free from the biasness of the
investigator.

Demerits :

») This method cannot be used amongst illiterate population.

() Theinformants may not retumn the questionnaire at all or may not return in time, and even if

they return, some retums may be improperly and inaccurately filled.

(¢) The method is not flexible. In case of any inadequate orincomplete answers itis difficult to
obtain supplementary or correcting information. Itis also difficult to verify the accuracy of

the answers given.

iv achieve fairly good result from this method, the following points should be taken into
consideration.

17
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() The Ny
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repaj -
( Pald postage stamps for the return post should be affixed.
) Thi
02;-5 mFthnds should be preferred in enquiries where the respondents are ypgy,
'ation 1o fill in the questionnaire and return the same to the inuesligaling aullk_;p i
(v) k.

Scheduyles Sent Through Enumerators :

%esl:znthi% Method the enumerators go to the informants along with the Schedyjg, |
s t:'b.ﬁn:;urea End-l"l-Elp them in recording their answers. The cnumelrmurs Cxplain g e
uﬁ"efufnf Cls of the Investigation to the informants and.anu emphasizes the ”E'ﬂﬁzw,, a-’
2 ©Ss of correct answers. In this method, the selection of enumerators is 5 Very imge. "
task E'I"Id should be carefully done. They must have clear idea about the purpose ang Sub :Tr
€nquiry. Specific training and instructions are given to the enumerators so that they car E‘ of
Persons of different nature and can extract correct information from them, -

This method is the most common method being employed by all research Organizaty,
Information received under this method is highly reliable. *

Merits :
(@)  This method can be adopted in those cases where informants are illiterate.

(b)  The data collected by this method is more accurate and reliable. Accuracy of the ansyer
can be checked by supplementary questions wherever necessary,

() The problem of non-response on the part of the informants in minimized.
Demerits :
(@) This method is very costly as enumerators are generally paid persons.

(b) The success of this method depends upon the personal qualities, unbiaseu attitudz
courtesy, and tact of the enumerators.

(c) The quality of data collected depends to a great extent on the efficiency and wisdom wil
which the schedule is prepared or drafted,

COLLECTION OF SECONDARY DATA

We know that secondary data are those which have already breed collected and analyss
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caine petson or agency. S0 the problems associated with the original collection of data do

1y
pot AHeE hite,

[ he main SOUIGaes of secondary data may be broadly classified into the following two
1~;1I£"',Jl“mg
p“hhshmi sources, and

() U”puhll-slmdEuumna.

publlsllml Sourcoes

aovernmental and non-governmental organizations publish stalistics on different subjects.
gquch data are vety useful and reliable for research purposes. The chief sources of published
(™

slatislics are '

(a) Governmental Publications

Varlous ministries and departments of the Union and the State Governmentis publish
alalistics on a variely of subjects like population, national income, agriculture, import and export,
irade and Industries, ele. Some of the main publications are : Statistical Abstr:.ct of India (annual),
Monthly Abstract of Statistics, agricultural Statistics of India, Annual survey of Industries, Indian
Trade Journal, Labour Gazelle elc. Besides these, the reports of many special enquiry
commitlees set up by government are also published.

(b) Publications and Reports of Trade Associations, Chambers of Commerce and
Financial Institutions :

Various commercial and trade associations like Sugar Mills Association, Indian Cotton
Mills Federation, Bombay Mill Owners Association, Jute Mills Association, sugar Mills Association
and Federation of Indian Chambhers of Commerce etc., publish statistics regarding trade and
commerce. Stock exchanges, trade unions, banks and other financial institutions also collect

and publish statistics regularly.

() Journal and Newspapers :

Statistics of number of imporiant current socio-economic problems can be obtained from
newspapers and periodicals. Newspapers like 'Economic Times', ‘Business Standard’ and
Financial Express' and many periodicals like ‘Commerce’, ‘Capital', ‘Eastern Economist’,
‘Journal of Industry and Trade' elc give considerable amount of statistics in their issues.

(d) Research Work Done by Scholars in the Universities and Institutions :

Individual research scholars the different departiments in the various universities of India
and various research organizations and institutes like Indian Statistical Institute, Calcutta and
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Delhi, Indian Council of Agricultural Research. Nevi Deini N C E. " :iwinejh" Moty ,
Ol Applied Ecanomic Rasearch, NMDmhmmpuurgntrteflndlﬂgsf their resey,. o i,
8 I the form of research papers, monographs of journals. These are a cong, iy
secondary data on the subjects concerned g
(¢)  Publications of International Bodies :

ational Organisations such,asUNO ), .

istical information on a vaniety ofimpon,,., . Ik,

- 'r‘ff,,

Official publications of various Infern
Bank, 1L O, WH Oetc provide valuable st
and current topics

Unpublished Sources :
o varied and such statistics may be foung y, e
Rt S

s, chambers of commerce, labour bureg,, ,,. .
f\' -.

departments and offices ofthe g,
.--J“E‘

The sources of unpublished data ar
and rescarch workers, trade association
records maintained by private firms and by various

are also the sources of secondary data.

/.dvantages of Secondary Data :

(a) Itis much cheaper to use Secondary Data.
(b) The time required for collection of secondary data is much less as compared i ;o

data.

(c) Insome subjects, the collectio
agency. For example, census data cannot
can only be obtained from Gove rmment publications.

o
-

n of primary dala is not possible on the partofapery....
be collected by an individual or organizzer

Limitations of Secondary Data :
(a) [Itisdifficultiofind outsuitable and adequate secondary data for the purpose of invesic=e

(b) The other problem is finding secondary data, which are sufficiently accurale and iz

After the collection of data from primary or secondary source, the nextstepinasiz=sc
enquiry is to edit the data, i.e. to scrutinize the data. The main purpose of editing is 12 ==

possible errors and irregularities. Editing requires great care and attention.
Editing Pl:fmary Data :
While editing primary data, the following points should be given due attention.

(i) The editor should see thateach questionnaire and schedule is complete in allrespct!
some questions have not been answered and those questions are of vital impﬂfwﬂ”

informants may be contacted again to get information.
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The Editor should verify that the answers to questions are not contradictory in nature. This

(i) s called ediling the data for consistency,

The editor should see that the information provided by the informant is correct in all respect.

J
(i This is one of the most difficult tasks of editor.

The editor should check thal the information supplied by the various people is homogenours

() .
and uniform

gditing and Scrutiny of Secondary Data :

secondary data must be used with caution, as it is very difficult to verify such data and to
edit them 10 find outinconsisiencies, errors and omissions. Secondary data should be scrutinize
(o verify its suitability, accuracy and adequacy. Hence before using such data, the investigator
<hould consider the following aspect.

(a) The Reliability of Data :

1o establish the reliability of secondary data, we should satisfy ourselves about :
(i) The methods used for the collecting organization.
(i) The reliability of source of information, and
(i) The methods used for the collection and analysis of the data.
It should be verified that the data relates to normal period free from abnormal happenings

and the collecting agency was unbiased. If the data were collected on the basis to sample, it
should be ascertained that the sample was representative and the sampling procedure was

unbiased.
(b) The Suitability of Data :

Before using secundary data, the investigator must satisfy himself that the data available
are suitable for the purpose of investigation. The suitability of data can be judged by comparing
the objectives, nature and scope of the present enquiry with the original investigation. For example,
if the purpose of the present enquiry is to study the trend ir wholesale prices, and data provide
only retail prices, such data will be unsuitable.

(c) Adequacy of Data :

Adequacy of data is to be judged in the light of the geographical area covered by the original
enquiry and the expected coverage of the present enquiry. If the original data refer to an area,
wihich is wider or narrower than the area of the present enquiry, the should not be used.
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(i)

(i)
(iii)
(iv)
(v)
(vi)

5
What do istical enquiry ? Explain (he process of planning o
You mean by a Statis .
enquiry,

| atfactors are taken
Distinguish between primary and secondary data. “:‘"'”;ma ; keninto oSy,
for making the choice between primary and secondary

_ _ in the collection of prim
Discuss briefly the various methods that are used i PriMary dat, Pey,
out their merits and demerits.

Ve,

Discuss the ‘Questionnaire’ methad of collection of primary data.

What are the main sources for collection of secondary data ? Explain the advantag,, "
disadvantages of secondary data.

Wnatis editing o data ? What factors are given due attention by the audior g,
primary and secondary data?

Write short notes on :

Statistical Unit.

Primary Data.

Secondary Data.

Mailed Questionnaire Method.

Published sources of Secondary Data.

Scrutiny of Secondary Data.

CENSUS AND SAMPLE INVESTIGATION

Objectives of the Lesson :

When you complete this lesson you will be able to know the following.

Meaning of Universe or Population.

Merits and Demerits of Census Investigation.
Details of Sample Investigation,

Various Random Sampling Methods,
Different non-random Sa mpling Methods.

Errors in Sampling.




NTRODUCTION

collection of statistical data is required for the purpose of analysis and interpretation.
There are two ways in which the required information may be collected

4 Complete enumeration or census method in which every item of the population is studied,
{
and

iy partial enumeralion or sample method in which a part of the universe is studied
(n]

.Theuniverse or population consists of the total collection of items and olomants that fall within
e scope of a statisticalinvestigation”™ Itis the collectivity or totality of objects under consideration.
A population containing a finite number of objects or items is known as finite population €.,
ctudents of Correspondence Courses of Utkal Universily, population of state, production of a

actory during a day etc. On the other hand a population having an infinite number of abjects is
iermed as an infinite population.

census Investigation

In census investigation, information is collected from every unit of the universe relating to
the problem under investigation. Population census, which is carried on on¢ 2 in every ten years,

is an example of census study. Money, material, lime, personnel and effort required for carrying
out a complete enumeration are bound to be very large.

Merits
The following are the merits of ‘Census Investigation',

() The results are more accurate and reliable since the information is collected from each
item of the population. '

(i) Inacensusinve:ligation intensive information is obtained from each and every item, thus
many facts relating to the problem are brought to light. For example, population census

gathers information not only about the magnitude of population; it also collects information -
on various other points, such as, age, marital status, education etc.

(i) Itis an appropriate method, where units of diverse characteristics constitute the universe.

Demerits

(i) Census method of investigation is a costly affair. More labour and time is also required in
this method.

() Itis not possible to undertake census enquiry where the universe is infinite or complex. Itis
difficult to contact every item of the universe. This method of enquiry can not be adopted.
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information from the sample and making an inference
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rEDfESEm Mple. Unge sample investigation inform M s

O
Aty erse. Inour day 1. -
Also Usg y - units (Sample), which are selected from the univ Wlo-day g,

e sample of "
and f[}nn - 5“n1pl|ng 1DEhanllE "Equﬂn:w In the rl"lﬂl'kﬂl- Wi axamina a plen W‘thl fr rr*
Nideg aboyt the Qualtty of the total lot and then decide whether the quality i ar"?ﬂ'fath

Many Insmnms‘ sampling, which is the process of learning about the POpUlaton

A samp|g drawn from it, constitute the only possible and practicable methqe 1,
Matio

i T

qh'ﬂ:r‘:
N-1the universe is infinite o very large then only a sample Study is possiy,

In samp)a Survey, the cost involved is much loss as compared o census enquiry

Sample enumeratj

On requires much less time because the colume of data Collecteq 5, ”
Processes s les

S. Ifthe results of the survey are urgently required, this meth

od i My

apPpropriate.

Gil)  With smay data, itis possible to have a detailed enquiry.

V) Sample surveyis the only appropriate method in many circumstances. If the univers, ,
infinite or tool

arge over a large geographical area, itis difficult to collect information frp

€ach unit. This method is most suitable in opinion surveys, quality control, etc.

Demerits
tive of the universe, the ;esurts will not be accurate, Ifthe sz
may tail to indicate the true characteristics of he poputation
(i)  Ifthe items of the sample are n
the study may not be correct.

()  Ifthe Sample is not representa
ofthe sample is inadequate it

ot selected without any bias, the conclusions derived from

(i) Sample investigationis a special tec

hnigue and requires specialized knowledge and skil
Ifthe investigator does not possess

that he may draw wro ng conclusions.
Methods of Sampling

e selection of the sample, collecting th2
about he population,

There are various methods of sampling that May be used singly or along with others. The
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woice of the mothods willbe determined by the purpose for which sampling is sought and the
. oof the population. Some of the imporant mothods thit are popularly used in praclico are
W

gven bolow -
| yncfom Samphng Methods

r :nwﬁlm‘.lvd Random Sampling
Restricted Random Sampling
_L:-,':'-tf!nmlu: Sampling.

srratified Sampling

Multi-stage Sampling

Non-Random Sampling Mathods
Judgment Sampling.

Convenignce Sampling.

Quota Sampling.

random Sampling Methods

(2) Unrestricted or Simple Random Sampling :

Arandom sample is a sample selected in such a way that every item in the population has
anequal chance of being included in the sample. The selection of the item is free from personal
pias of the investigator. Simple random sampling refers the sampling technique in which each
and every item of the populalion has an equal chance of being included in the sample. This
random selection process is not unsystematic or haphazard p}ocess.

In practice it not @asy to ensure true randomness in the selection fo items of a sample.
However, lo ensure randomness, the statisticians make use of certain methods like lottery method
or consult table of random numbers.

Lottery Method :

This is the simplest and the most popular method of obtaining a random sample. In this
method, all tems of the universe are numbered on small and identical slops of paper, which are
folded and mixed together in a container or drum. A blindfold selection in the made of the number
of slips required to constitute the desired size of sample.

For example, if we want to select 20 candidates out of 200, randomly we assign the numbers
110200, one number to each candidate, write these numbers on separate slips of paper, fold
inese ships, mix them thoroughly and then make a blindfold selection of 20 slips.
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standard tables of random numbers are available, like Tippel Fe  Tabie, fry

'tk table of random number. ¢«
and Yates table of random numbers, Kendall and (3 Smith ::;[l;;.; numbprhmn:ti:l Far,
Corporation table of random numbers, etc. Any page fothe ra ekl

ted y

- i« nicked up atrandom Fe .
fandom and the numbers in any row, column of diagonal is picked Up T examg,
if we have 1o select 20 items out of 2,000, the procedure

s to number all the 2,000 terq g,
10 2000. A page from the random number table maybe

selected tat random and the, frst 7
numbers upto 2,000 are noted down. ltems bearing (hos€ numbers will be included in the Sarmge

M.erits of Unrestricted Random Sampling

(i)  Itis a scientific method of taking out a sample from the universe. There is lttle POSSIBIt o

personal bias.
(i) Asthe size of the sample increase, it becomes more representative of the populatien
(i) This method provides the reliable information at the least possible cost. Thus it sz,
time, money and labour in investigating a problem.
Demerits

(i)  Ifthe sample size is small, it may not be representative of the population.
(i) When onlya portion of the population data re accessible, random sampling is not possiie

(i) From the point of view of field survey if the units of the universe are spread over alarze
area, the units selected at random tend to be widely dispersed. So the time and cestd

collecting data becomes too large.
(¢) Restricted Random Sampling

Restricted random sampling may assume the following forms.
(i) Systematic Random Sampling :

Systematic or quasi-random sampling method is generally used in those cases wherz?
complete list of the population from which the sample is to be drawn is available.
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ynder this method, the process of selecting the sample is to pick up every Kth item of the
ation, where 'K refers to the sampling interval

Size of the universe

[iflﬂ!] intorval =-—=-- S i
Size of the sample

|fwe wantlo select 200 units from 2000 units, then we have to pick up every 107 tem. Tha

o if it is seven, we shall go on adding 10 and obtain numbers of desired sample, Sothe

Jnits of the sample are . 7" 17", 27", 37", elc

Merits

-|;l.
(i)

(i)

The syatemnﬁc random sampling is simple and convenient to adopt

The time and effortinvolved in this method are relatively smaller.

it 1s suitable and gives satisfactory result if there is no unique variation in the universe.

pemerits

(1)

(i)
(i)

I there is some periodic features and variations present in the population, the sample
collecled by adopting this method becomes less representative.

This method is not ne:eséarily a very scientific method.

Stratified Random Sampling

This method of sampling is generally used when a population is heterogeneous and is

composed of different segments or strata. In this method, the population is classified into a
certain number of groups called strata and then selecting random samples independently from
each group or stratum. The division fo the population into strata or groups is done according to
some relevant characteristics, so that there is greater homogeneity within each stratum. In practice
geographical, sociological and economic characteristics are often used for stratification of the

Universe.

Stratified random sampling is widely used in market research and opinion pools, for itis

fairly easy to classify people into occupational, economic, social, religious and other strata. The
number of units selected from each stratum should be proportional to the number of units in that

stratum in the population.

Merits

(1)

The sample selected under this method is more representative of the population as it
ensures a desired representation to various strata in the population.
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(iii) Multistorjeq Sampling or Cluster Sampling

This method refers to a sampling procedure, which is carried out at several stages Atfiry
the first Stage units are selected randomly by some suftable mEt.h sl e o secon
flage UNIS is selected from each of the selected first stage units by some suitable Methad,

Yrther Stages may be added as required.
FOr example, if it is decided o select a sample of 2000 households from the Sate o

Orissa to study their income and consumption pattern, the first sicp is to select a few distris, .

fandom. At the second slage, each district selected may be sub-divided into a number of .
8nd a sample of villages may be taken at random. At the third stage, a number of househeis,

May be selected from each of the villages selected at the second stage.

Merits

() This method of sampling in very helpful in many large-scale su rveys where the preparase-
of the list of all the units in the universe is difficult.

(1) It permits the field work to be concentrated and yet large area to be covered.

Demerits

()  Amulti-stage sample is generally less accurate than a sample containing the same nurmber
of final stage units, which have been selected by some suitable single stage process.

Non-Random Sampling Methods

(a8) Judgment Sampling

Judgment sampling refers to the selection of items for the sample by the investigator
exercising his judgment. Thus the choice of the sample items depends exclusively on the discreton
of the investigator. Judgment sampling is also called “purposive sampling” and “deliberat
sampling”. Such a method requires a deep and thorough knmﬂedge of the universe and a good
deal of experience of the part of the investigatar.
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@ This method is not scientific because the personal bias of the investigator may affect the
results.

@y o selocting items, inclination becomes more important than judgment The investigator
celocts those items for the sample, which conform to his preconceived notions

i) Theresults oblained by this method cannot be compared to the resu'ts of other sampling

studies. Since an element of subjectiveness is possible, this method cannot be
recommended for general use.

) Convenience Sampling

This is an easy way of selecling items. A fraction of the population is selected at
convenience. Asample obtained from readily available lists such as stock exchange directory,

| telephone directory, automobile registration records etc. is a convenience sample. If a researcher

i

has to study the financial performance of public sector and he takes only the units, which are
close to his town, he is following convenience-sampling method.

This method is suitable when the universe is not clearly defined and a complete source of
Iist 1s not available.

The results obtained by this method may not be representative of the pupuial:ion. They are
generally biased and unsatisfactory.

() Quota Sampling

In this method interviewers are given quotas of persons in different age groups, different
regions, different social classes etc.; and are then instructed to obtain the required number of
nterviewers 1o ill each quota. The quotas ensure that the total sample included approximately
the right proportion of persons of various categories. The interviewers complete the quota
assigned to them by supplementing new respondents in place of those not available or are in

co-gperative.
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Errors in Sampling

. # F_ 2
The error arising due to drawing inferences on the basis of Samplang i terrre

error. Sampling errors are of two types.

h:"r"liv.

(a) Biased efrors
(b Unbiased errors

Biased Errors :

These errors arise due to biasness in selection of units fmT the poputation arg Wiz,
by applying different statistical methods. Thus tm's? g:mrs creepinbecause cf the f'i#fw.e-_-,,
of the sample and faulty collection of data. In addition to these, faulty methods o X,

also introduce bias.

Unbiased Errors :

These errors arise due to chance. If the error is due to chance, increasing the samee .,
will usually lead to more accurate results. These errors are also called 'random ey

Reducing Sampling Errors :

Sampling errors should be reduced to the minimum so as to altain the desred zeo
Personal bias can be avoided to a great extent by selecting the sample units randory T
sampling error usually decreases with increase in sample size. Editing of dala s done w2irr
some obvious errors reflecting the bias of the respondents. Appropriate methods of 22
should be adopted to avoid bias in interpretation. _

SELF-TEST - 4

1. Distinguish between a census and sample investigation. Explain the condtons undrec
each of these methods will be suitable.

Discuss census enquiry with its merits and limitations.
What is sampling ? Explain the reasons for increasing popularity of sampling meso=’
What s random sampling ? Discuss briefly the methods of random samping

Distinguish between restricted random sampling and unrestricted random sampin3 we
are their ments and demerits ?

O s W N




DisCUss aboul the non-random sampling methods State the circumstancas when these
mﬂhe‘d” aro suitable.

what are the sampling errors ? How can they be reduced ?

iﬂ' syratified Sampling
) Cluster Sampling
) Quota Sampling
@ gampling Ermors

GLASSIFICATID OF DATA
Need and Meaning :

The data. which are collected, are quite large in quantity and these are not as such
comparable. They are nol fit for analysis and interpretation unless they are condensed. Mastly
meose mass data are without any form or structure. Such data might have b~ :n collected relating
12 some common features or people. But still there may be many types of dissimilarities even
within the same group of persons. Fort he purpose of analysis and inlerpretation, data haveto
ne divided into homogenous groups. The need for classification arises to remove two defects —
(1) Volume and (2) Heterogeneity of data, and to bring them to some form or structure so that
<ame analysis out of it becomes possible. This is one of the abjectives of the science of statistcs.

Before the data are tabulated itis necessary to arrange them in similar groups, so that at
e time of tabulating them there will be no difficulty. As a rule the first step in the analysis is to
classify and tabulate th> data collgcted. If published data have been utilized, one has to rearrange
~ them into new group and tabulate the new arrangement so that data will serve the purpose of
~ enquiry.
_' Classification defined. “The process of arranging data in groups or classes according to
" resemblances and similarities is technically called classification.

Classification is the groupings of related facts into class. Facts in one class differ from
those of another class with regard to some characteristic. On the basis of such facts, specific
':", data are classified. Without reorganizing the data collected there can be no classification. In
order to make the data easily understandable, the first task of the statistician is to condense and
E simplfy them in such a manner that irelevant details are eliminated and their significant features

. stznd out prominently.
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aracteristics of and Ideal Classification :

; Thereis no hard and fast rule, which can be laid down as the characteristics Gfanj.;uw
Cassification, The Classification of data in each investigation has to be decided after taking jry,
|- count the Nature, scope and purpose of enquiry. But an ideal classification should POSses,
lhe fullc:wing Characteristics.

(@) It should be Unambiguous - Classification aims at removing irrelevant material ang
simplifying the analysis. Each class or group should, therefore, be so defined that there yj| be
Mo confusion. But some time it is not possible to define each class vividly. If population is divideq
Nt two parts —i e literate and illiterate., it is difficult to define who is literate. Anybody who can
read and write 3 simple letter is said to be literate.

(b) If it will change enquiry to enquiry, the data will be fit for comparison. The meaning of
simple letter should be used in the some sense from time to time for d iff'erentfating literate from
illiterate.

{c) Itshould be Flexible = This characteristics is contradictory to the second one as it will
appear initially. But it is not so, a good classification should have the capacity of adjustmentto
new situations and circumstances, otherwise its practical utility will not be there. That whichis
stable is not necessarily rigid; it is used in a relative sense. With changes in time new
classifications have to be included and those, which are not of practical utility, are to be - opped
Major classification usually does not change; only minor Classifications are adjusted to situations.

Objectives of Classification -

The mair: objectives of classifying data are -

1.  Tocondense the mass of data and to put them Separately so that the like and unlikes are

not mixed together. This enables easy understandability. Millions of figures can thus bé
arranged in a few classes having common featyres
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pasd
gatistionl data are classifiod on the basis of the charactoristics possessed by the different

s of unils of o universe. These characterstics may be either descriptive or numerical
'm:riw gnemployment, blindness, occupation, sex, religion, colour etc. are examples of
i L fiptive characteristics. Theso things cannot be oxpressed in quantitative form or esunts.
ﬁﬂp ncome, helght, waight, children, students ete. are examples of numerical characteriatics.

Mainly there are two bases or types of classification, When data are classified on the
pasts of qualties or attnbutes which are incapable of quantitative measurement, the classification

issaidlobe according to altributes, and when the data are classified on the hasis of quantitative

measurement the classification is sald to be according to class-intervals
1. Classification According to Attributos -

some authors feel that classification of this nalure be classed as qualitative classification,
under this type, data are classified on the basls of some attributes or quality. All thase units in
which a particular characteristic or quality or attribute is present, are placed in one group and
~ those iInwhich ilis absent are placed in another group. If the attribute 'blindness’ is studied we
~ ghall have two classes those who are blind and those who are not blind. The point to note in
~ thistype of classification is that this atiribute cannot be measured. It is not possible to measure
the degree of blindness in each case. This type of classification in which only one attribute is
studied and the data are divided in two paris is called simple classificatlon or classification
according lo dichotomy. (Dichotomy means two).

Similarly, we may classify population on the basis of sex, i.e. into males and females, or
Iteracy, i.e. into literates and illiterates, or religion i.e. into Hindu, Non-Hindu. Here we divide the
dala on the basis of different attributes into different classes. If in addition to ‘blindness' the
above three atlributes are added, a person can be either blind or not blind, a person may either
amale or a female, may be either lilerate or illiterate may be either a Hindu, or a Non-Hindu.
Now each of the two classes is capable of further subdivision, Such a classification in which
more than one attribute is considered is called manifold classification. An example of manifold
classification is given below.
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<, Quantitative Classification or Classification According to Class Intervals.

Thig ypo of classification

is applicable to such cases where direct Quantitatys
I‘l‘lt-.;‘ﬂ'-l.llt-i'l‘iu-ut “i dnld is I'I'Di".

sible. Data relating to height, weight, income age, children
Production COnsuUMption ete. come under this category. Insuch cases dala are classified on e
Lasis of valyes

LOrquantiies If for example, the heights of students of a college are expressed,
thoy may be as follows — 150 centimeters to 155 centimeters,

155 - 16010 165 centimeters to 170 centimeters;

160 centimetors 170 to 175 centime

: ters ete. Ifin respect of the above five groups thers
are 150, 116=95,120 and 93 students, th

e data can be classified as follows -

Here the data are divided into a number of classes, each of which 150 to 155 centimetars
Is called a class interval, The span of aclass, i.e, the difference between the upper limit and
lowet limit is known as class interval, The size of the class-interval is determined by the number
ol classes and the total range inthe data. The limits within, which a Class-intervals lies are called
class-intorvals. The class-limits are the lowest and the highest values that can be includedinthe
class 10018 the lower limit, and 155 centimeter is the upper limit of the first class-intervalinthe
example mentioned above The difference between two class limits js termed as class magnitude
or magnitude of the class-interval (5 centimeters inthe example). The numbers of items, which
fallin any class interval, are called class-frequency T ha class-frequency of the class-interval
150-155 centimeter is 150 This means thflﬂ 150 students have a height between 150 to 155
centimetars, This is the number of observations cory eSponding to that particular class interval
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Wghts iIn centimeters No.of students (Known as frequency)

150 -155 centimeters 150
155 -160 115
160 -165 96
165-170 120
170 -175 02
Total or2

P e

The guantitative characteristics relate lo variables such as height, weight, exports, imparts,

- elc.., which can be numerically expressed. These are called 'quantitative variables' or
“.sag:. wariables’. By a variable itis meant ‘a quantity, which assumes different values that may
smp:asured in some approximate unil. The term variable's refers to the charactenstic that
E:r::s in amount or magnitude in a frequency distribution. A variable may be (1) Continuous or
i Discrete. If a variable can take any numerical value within a certain range it is called continuous
:griﬂble. Avariable is said to be continuous when it may pass from one value to the nex by
infinitely small gradation. For example, in measuring the height of colleges students itis possible
{a come across any measure between 165 to 170 centimeters, there may be a student whaose
height is 165.2034cm. The point to note here is that any conceivable height may occur within

this range.

Variables, which take only discrete or exact values, are called discrele vaniables. Members
of family, children, scores in cricket match, rooms in houses elc. are discrete variables. They
cannot be in fractions. Thus a variable is said to be discrete when there are gaps between one
value and the next. If in a class, there were 48 students and one studentis admitted the count
leaps from 48 to 49 without passing through fractional value. Itis not slightly above 48 or a little
under 49. The count is exactly 49. The number of roomsin a house can only take certain values
such as 2,3 or 4 etc. Similarly the number of ex-employees and number of machines in an
establishment are disc.ete variables. Generally speaking continuous data are obtained through
- measurements, while discrete or discontinuous data are derived by counting.

Classification accerding to class intervals involves three basic problems. They are : -

(a) Number of classes and their magnitude.
(b) Choice of class limits.
. (¢} Counting the number in each class.

(2} Number of Classes and their Magnitude :

The number of classes should preferably between 5 and 20. It should not contain more
than 2010 25 classes, depending upon the total number of items in the series. One of the important
fules to be followed is that all class intervals should have a fairly good frequency. Even though
tnere is no rigidity, the number of classes should not be less than five because in that case, the
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| The numbey of figures fo be classified.
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(i) The detais required, and

(V) Easeof calculation of further statistical work.

Magnitude of Intervals :

The magnitud s on the range (difference between the mayim,
8] ¢ of class intervals depend es. If you have to measure the hﬁﬁ;rr:

and minimum valy fclass
alues) of the data and the number 0 clas ’ .
0f 100 persons, and you desire to have 10 classes the magnitude shall be 10 centimeters T,

Magnitude should be suct ' { eliminate or distort the important characienistics
such that it does no 2 5.10,25,50 etc. (multiples of 5) rather tha,

data. The magnitude of the class interval should be <,
odd figures like 1,3,7,11, 23 etc. in common. The multiples of 2.5 and 10 are use and huma,

mind considers them almost as natural magnitudes.
If the size of the class intersz

In general lhe class inlervals should be of equal magnitude. |
comparison of one class win

is unequal it may give a misleading impression and in such cases,

the other may not be possible.
the first class should either be zero or multiple of 5,

For example, if the lowest value of the data is 64 or 63 and you have taken a class-interval or 17
the first class should be 60-70 in place of from 64 to 74 or 6310 73. Similarly, if the lowest value of
the data is 16 and the class internal is 5 then the first class should be 15 to 20 and not 16t021.

The starting point, i.e. the lower limit of

(b) Class Limits:

The mostimportant thing that should be keptin mind while choosing the class limits is that
these should be chosen in such a manner that the mid-point of a class interval and the actuz!
average of items of that class interval should be as close to each other as possible. The class
limits must be such that midpoint of class intervals are familiar and common figures er ling with
0.2,5,10 etc. These are capable of easy and simple analysis. The starting point, i.e. the lowef
limit of the first class should be determined in a manner that frequencies of each class &t
ed near the middle of the class-interval. This is necessary because in the interpretaton
ble and in subsequent calculations based upon it, the mid point of each class®
tthe value of allitems included in the frequency of that class.

concentrat
of a frequency ta
taken to represen

class limits should be definite and clearly stated. It should not be indeterminate in natu®
if 2 class is stated as below 10 or 70 and above one of the two limits in each one is not defini
guch classes are called ‘open-end’ classes and should avoided.
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The class limits may be writlen in any of the following ways |
= | " I v, v
f"‘"ﬁfir—_h and under 10 0-9 ~ Below 40 A
10-20 10 - 20 10-19 Below 30 15
20-30 20-30 20-29 Below 20 25
30-40 30-40 30-39 Below 10 15

nihe first method, items whose values are just 10 or 20 can be classified either 0-10 group and
1020 respectively or in 10-20 and 20-30 classes respectively. Usually the item 15 classified in

e next higher class so that the item whose value is exactly 10 would come in 10-20 group

Inthe second method this point is clear. tems whose values are less than 10 would be in
p-10 class interval. This is the exclusive method of classification. When he items equal to the
cize of either the lower limit or the upper limit are excluded from the frequency of that class it is
known as rexclusive’ method. Usually in exclusive method the items whose values are equal to
the upper limit of a class are grouped in the next higher class. Items with. -aiues less than the

upper limitare taken into account in that class. Exclusive method ensures community of data.

The third method is inclusive method. When items having values equal to the lower and
the upper limits of a class are included in the frequency of that very class, the classes are known
a5 inclusive. In practice this methods is like the second method as 0-9 means 0 and under'10'.
1o emphasize this point sometimes the class interval is written as 0-9.99.

The fourth method indicates that below 40 means 0-39 or 0-39.99 below; 20 means 0-19
or0-19.99 etc. Such type of classification arises in a series of cumulative frequency, which you

- willlearn later.

| The fifth method of classification indicates the mid-values only. Itis the class mid-point, It
is the value lying half-way between the lower and upper class limits of a class interval. Mid-point

. ofa class is ascertained as follows :

Upper limit of the class + lower limitofthe  class

- Midpointof aclass =
| 2

For the purpose of further calculations the mid-point of each class is taken 0 represent that
class.

All the types of class limits can be conveniently grouped under the exclusive or the inclusive
method of classification. One of the fundamental principles to be followed while adopting the
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Toadjust the class limits (to bring continuity). We take here the difference betyes,,,

and 10, which is 1, By dividing it by two we get .5. Tis .5 Is called the correction factq, Va |
deduct.5 from the lower limits of all classes and add.5 to upper limits of all classes. Then g,

adjusted class intervals will be as follows ;

——

' Weekly Wages in Rs.

No. of Workers.

9.5-19.5 i 5 ]
[19.5-29.5 10 ==
| 29.5-390.5 15

39.5-49.4 22 i
'49.5-59.5 7 -

Now please mark the formula for adjustment.

Lower limit of the 2™ class — Upper limit of the 1% class

Correclion factor =

(.5 in the above example)

One interesting thing is to be noted -

2

Before adjustment the class interval was 9 but after adjustmentitis 10.
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uanting the Number of Items in Each Class -
co

(A i a -
[ I 1hlﬂg =R (= I::DUI"'I-'E”‘IE number of tems fﬂ"lﬁg under each class Thishastoba dﬂnﬂ
The ne 5] Ll
i Linuous ‘.*Hfiﬂh?ﬂ. I'he method that is Llﬂﬂplﬂd for the purpose 15 kﬂ(}"ﬂl"l

g 85 well as con
clinga frequency table. Whenever a variable has been measured in a group of tems,

n following manner.

in d'scmt
nsiru

Bl g
: ificaho

1hﬂc.|355
y - This means the dala are lo be arranged in ascending (Increase in value) or

Arra : : X
e in value) order. This will help us in knowing the range of data, Then data

pscending (decTe2®
L‘h--t e condensed. Afirst step in such soncensation would be achieved by representing the
arel0

s of the items by ‘tallies’ instead of requiting the items. The number of tallias
ding to any given item is the frequency of that item, 'Frequency’ usually represented
ber of times a certain value of the variables is represented in the given

correspon
hus means the num

by 't
data

The number of items or ‘frequency' in each class can be counted by the following methods.
@ By Tally Sheets - Under this method, the class intervals are writter on a sheel a paper

d for each item a stock (1) is marked against the ciass interval against

(called Tally Sheet) an
cal bars) in a class the fifth items is indicated by

which it falls. Usually after every strokes (or verti
drawing a horizontal or diagonal line over or through the strokes. To facilitate counting blocks of
five bars are prepared and some space is left between each block. Finally the number of bars

corresponding to each value of the variables are counted and placed in a column known as

frequency’ (f) The process shall be clear from the following example.

' Number of marks obtained by 50 students

s Marks Tally Sheet or Tallies F(frequency or Total)

b 0-10 T 4
b 10-20 | 11
' 20-30 1
30-40

40-50 | 16
50-60 I

|

|

| 60-70 I

F "~ Total - 50
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a only where values are I:]rr_';.r_-f\f for

o,

Elhoy
Sofgl ; nq dat
ot Classification helps in condensing
1 Wﬂ&ﬂ. it do alion help eation In actual prachice, this ettiem .
S nol serve the purpose of condens "Ry

i . ;
(i) By Mechanicm Aids - Various types of machines are now used for SOTLC e,y A

.

:::: Some pf these machines are hand operated while ntner:q:ari GPTTT’ :ri:.t_-:;:r:r; Moy,
n‘g ”‘Iﬂd Upﬂfﬂ“}d} hﬂ$ become very pﬂpl.llﬂ'r theso dﬁrrd. arge moer e lifrrps e "
Soned win it under any number of heading and sub-headings. Cards of convenie, Vr,
shape Wilh a series of holes are used in this method. Each hole stands for & vz, are #-'.u,
Cards are Slacked, a needle passes through particular hole representing a parte, .., ra-’.;
These cargs are later, separated and counted. In this way frequency of various class,.. s,

found oyt by the repatition of this technique.

This technique of punched cards s also equally popular. Inthis method the dat ae., ferrrs,
On special cards By punched holes made by means of a special key punch which car £ 2
“ither by hang or electricity, Hollerity and |.T.C. sorting machines sorl the cares at 4 Sl
€D0ut 24,000 per hour, Thys you see that mechanical aids have made the work of Uasstfiey,,

Very easy, quick and accurate.

3. Geographical Classification :

This method of classification is also known as area-wise classification. Even thougt, e
classification relates to quantitative phenomena, some authors prefer to have it as 2 SETara.

type of classification.

In this type of classification, data are classified on the basis of geographical or zres -
locational differences between the various items. For example, the production of wheat orres
in India may be presented state-wise, or the same relating to Orissa may be presented dete
wise, or drought situation in Orissa my be presented district, sub-division and Panchanyztye:

Such classification are usually listed in alphabetical order for easy reference. [t mayasc
be presented by size or on the basis of the ranks orimportance. For example, in wheat producter
of India U.P. will be shown first as its production is the highest. Normally in reference table e
alphabelical order or arrangement is followed whereas in summary tables arrangeme  is matz
by the size or the ranks, (About the types of Table you will known in the next lesson)

4. Chronological Classification :

When a data are arranged over a period of {ime the type of classification is known 2
chronological classification. You may present the phenomena like population, production, imge"
export, sales etc. on the basis of time (i.e. year or month). Time series in which one variatlé s
always time (year, month) are usually presented in chronological order and usually it starts &
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arlies! pariod. If emphasis has to be given on the recent events, a reverse ime arder may
i 04 i

1I.Fuqﬂd ke 1978, 1977 anr so on,
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SULATION OF DATA

In lesson no.5 it has alieady been mentioned that dala are condensed and put forth in
£ OIME arrangement to enable comparison and to draw conclusion. Classification and Tabulation
;.f granstical data are the two slages or sleps through which mass dala are condensed,
érnsgi[imtinn proceeds the stage of Tabulation though some authors discuss these two stages
inone Chapter. For a clear understanding they are discussed in two separate lessons here.,

!
TA

pefinition and Meaning :

The first thing to be considered in tabulation is what is it ? or what does it signify ? Different
authors have defined Tabulalion of stalistical data in different ways. Afew definitions are given

below

“A statistical lable is the logical listing of related quantitative data in vertical columns and
horizontal rows of numbers with sufficient explanatory and qualifying words, phrases and
statements in the form of titles headings and notes to make clear the full m 2aning of data and
their origin” = Tuttle.

The definition given by Tuttle is very exhaustive because it contains the features of a good
table. In fact it is the most satisfactory and accepted definition on tabulation.

Karmal, another statistician, has defined it as "A table summarizes the data by using
columns and raws and entering figures in the body of table". This definition is not exhaustive
because it does not include many important features and objects of tabulation.

O.P. Bajpai has defined it as “Tabulation is a process or orderly arrangement of data into
series of boxes made up of rows and columns where they can be read in two dimensions®. From
allthese definitions, in the broadest sense, it can be defined as orderly arrangement of datain
columns and rows".

Tabulation involves a systematic presentation of data to elucidate the problem under
investigation. Itis a process between the collection of data and their final analysis. In fact tabulation

- ismeant for properly arranging the answers relating to the questioned raised in any inquiry or
investigation, and is very helpful in analysis of the collected data and to draw conclusions from

- them. Tabulation is the final stage in collection and compilation of data. The main object of a
slatistical table is to arrange the physical presentation of numerical facts that the attention of the

‘eaders is automatically directed to relevant information. By simplifying complex data much
lime is saved and confusion of mass data is avoided. It facilitates comparison by bringing related
tems of information close to each other. For this purpose the table is divided and sub-divided
Into parts and for each part there are totals and sub-totals.
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c s | tistics, have put if 4.
i rC'l'tDn and CDW(’BH two lm{}ﬂﬂﬂnl Hu[hﬂ““ﬁ'«"- in sta ’ p a% n e F
&thods of Presentation of data There are five ways of presenting facts - (1) gaq "o,

lex ¢ presentation ; ‘)
val, (2) sem;. -textual, (3) 1abular statement, (4) diagramtic p and (5 ' rag,
presenlanuntfdnm

Importance

Tables make it possible for the enumerator to present a huge mass of data in, ety
Orderly manner within a minimum of space. Because of this, tabular presentation is i, Com
stone of statistical reporting. The role of tabulation or its importance or advantagas i ﬂhar

name we may putit, can be described as follows : -

1. Itsimplifies complex data — Unnecessary details and repetition are avoideq when gy,
are tabulated systematically. Anybody reading the table gets a clear idea of s, dat

presented.
Itfacilitates comparison - Tabulation facilitales comparison. Because data are Presarms,

in rows and columns. Since a table is divided into various parts and for each pan thera
totals and sub-totals, the relationship between different parts of data can be studied me,,

easily with the help of a table that without it.

[

3. Iltgives identity to the data — Data are arranged in a table with specific title and nymg,
This type of arrangement can easily identity the variables under study. This type
identification will become a source of interpreting a problem.

4. Itreveals the trend and pattern of data —tabulation of data depicts the trend presentin s
variable under consideration. It also shows the pattem of the figures which cannot be s

in a descriptive way. -

5. It facilitates Statistical Analysis'— Tabulation of data in a systematic manner helgs n
determining slatistical measures like averages, dispersion, correlation etc. These stats'a
measures will be useful for analyzing and interpreting the data under discussior

‘6. It economises space — Economy of space is achieved by tabulations; because &
unnecessary details and repetitions are avoided without sacrificing quality and utiity of 2

data.

Parts of a Table :

A table contain the following important parts :
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Table pumber

Tithe of the table
Caption

Sub.
pody of the table

1 Headnote

Footnote.

Table Number :
£ach and every table should be numbered for easy identification and future referenca The

1able number may be given on the top of the table or it may be give on the left hand side alang
l-rlh ihe title of the table. Sometimes table number is given at the bottom of the centre.
W

(2) Title of the Table :

Each table must have a suitable title. It should be given at the top of t! - table in the centre.
The name of the table can show the nalure of the data, the specific period of the data and the
geographical, political or physical distribution of the data. Title should be wiritten in prominent

letters and sub-titles are generally written in small letters.

(3) Caption:

Caption refers to the column headings (arranged vertically). It explains what the column
represents. It may consists of one or more column headings. Under a column heading there may
be sub-heads. There will be sub-caption headings in that case. Caption should be clearty defined
and placed at the midd.= of the column. If different columns are expressed in different units, the
units should be mentioned with the captions. As compared with the main part of the table the
- caption should be shown in small letters, this helps in saving space. Where there are many
columns, itis also desirable to number each column for easy reference.

(4) Stub :

Stubs refer to the headings of horizontal rows. They are at the extreme left and they explain
the figures appearing against each stub. The box over the stub on the left of the table gives
description of the stub contents and each stub labels the data found in its row of the table. The
Stubs are usually wider than columns headings but should be kept as narrow as possible without
sacnificing precision and clarity of statements.
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avis ot the absciann Doth postive and negative valuns can b shown on the graph. One
[l gy X I8 Inken on ¥ awin anid othet vartiabie, any Y, s takon on Yoaes In quadrant |, bath

1 T E 4

;_ﬂ,‘,,,., of X and Y ate positive, inquadiant i, X is nogative but ¥ i positive, in quadrant.
|1l

N A the yalues of X and Y ate negative, in quadrant IV, X is positive but ¥ is negative
jil
iy cndor o plot point in the graph, ono value of variable X and another valua of variable Y
o requied Generally the independont variablo is taken on the A-axis and the dependent
n

Vil 1||1 e O 1hin Y-nxia

14 General ftulos for Graphic Prosentation
While congtructing grophs of siatistical data, the following points should be remembared,

Title - evory graph must have a comprehensive title so thal the facts pre=anted in the graph

:llll
may be clearly known from the iitle

(i) Stucture - Inthe graph, the independent variable should be measured along the X-axis
and dependont variable along the Y-axis. The scale along the Y-axis should begin from

7010 A8 Origin

Choico of Seale - the choice of the scale should be such that it can accommodate the

(1ii)
whole data There is no strict rule for proper choice of scale.

Use of False Base Line : If the scale entries on the vertical axis require so much space that
the Y-axis s unnecessarily glongated, then a portion of the scale may be omitted. So
instend of showing the entire scale from zero 10 highest value involved, only the necessary
portion is shown. The portion which lies between zero and the lowest value of the vanable

15 lell ol

() Foot Notes : Explanatory notes describe the important points of the graph should be given
atthe bottom of the graph.

i) Source - the source note should indicate the source of information from which the graph
has been constructed.

1.5 Reprosentation of Statistical Data

Thete are various types of charts and diagrams which are used for the representation of

~slatistical datis. The following are some of the common types of charts and diagrams
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(i)
(i)

Linﬁ- chan

Bﬂrchan
(ii})  pig char

(iv) Histngram

™) Pictogram

(\'l} Ca I'tug ram

16 Line Chart

Line chart
a graph where
:haracteristics .

is the most commonly used method of presenting statistical data Line Chany,
the data are represented in the form of lines. This chart has the followin

() Itshow the relationshi

p between two variables i.e. one independent variable and angg,
dependent variable.

(b)

Italso shows the trend and tendency of the values of the variable.

In order to draw a line chart, the inde

pendent variable, viz. time, year, months etc. shouldts
taken on X-

axis and the dependent variable viz, profits, cosls, production etc. is taken on the .
axis. Corresponding to the time factor, the values of the de

pendent variable are plotted. Thesz
Paints are joined by straight lines. This chart is known as li

ne chart.
lllustrative Examples

Ex. 1 Draw a line chart from the following information regarding profit eamed by Kalinga Lt1
during last seven years.

Year 1991 | 2000 | 2001 | 2002 | 2003 [ 2004 | 2005
| Profit (Rs. in|6 8 14 110 |13 [11 12
lakhs)

Solution :  Profit earned by Kalinga Ltd from 1998 to 2005



R

16 ¢
14
12 -
10 -

| [+ profit]

o A b O =

- i T T T T

2000 2001 2002 2003 2004 2005

1991

ama

In the above charl, years have been taken on the X-axis and the profits earned on Y-axis.
1his line chart shows the tend of the profit earned during different years.

Ex.2 The following tala shows the sales of Ulkal Lid., from July to Decamber. Prepare a
iine char o show the lrend of sales.

“ Monlth of
2005
Gale (Rs. in
lakhs)

July | August | Sept. O ct. Nov. Dec.

860 78 81 80 81.5 B3.5

N

B4
B3
02
81
80
70
78
i
76
75

—e—sales(in rs)

L L L] T Ll

July

Aug

Sept  Oct

Nov

Dec
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Ex.3 1he following figures show the profit-loss of Onssa Lid, and Ulkal Lty ,,, the,

SIN gy
) Yoars, l‘“‘"“'-\‘-"-‘i'tt‘.- ahne chral
~5- L Yoo 2000 | 2001 [ 2002 ] 2003 | 2004 20,
fOlitog g o Orissn '3 th k3 " = *
'hii'“"l': ‘,“ {H?j N lakhs) N (SN W—— —
“Tofittiog g of Utkal i g g (. v 5 +2 +h Ny
—— RS in lakns) | i) [
|""———— E—
10 ——
8 d
r 4
8+ & =
\.\ / —+— profitloss of|
4 4 //\ ~— Orissa Itd
Ao \ V —&— profit/loss of
\ Orissa Itd
u L 1 i | | L)
-2 .
I S )
-4
1.7 BAR CHART
A simple bar chart or bar diagram represents the magnilude of only one vanable At
chart consists fo a group of equidistant rectangular bars. One bar reprints one figure. Sothe

number of bars will be equal to the number of figures. Simple bar chart can be drawn wither on
horizontal or vertical base. But commonly the bars on horizontal base are drawn. The foliowng
points should be noted while preparing a bar chart .

(a)
(b)
(c)

(d)

e ————

All bars should be of same width.
The intervening space between the bars must be equal.

The scale is determined on the basis of highest valye of the series and the length of b
should be proportional to the size of the value,

The data regarding sales, profits, costs of Production, units of production, population et
for vanous years can be represented in bar charts.
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o data of example I, draw a barchan.

(earned by Kalinga Ltd. from 1999 to 2005
Fl-ﬂil
e
e ,
4 E
"1l S
1247
| 1 -
ol - T
3 mleEul ERE
611 1 ] : 5
Uil 1 Loy Pl
4- |
2‘ T [ | B |._- == |
n F' T L :- Lﬂ— : 1
1991 2000 2001 2002 2003 2004 2005

O Profit

Ex 5. The information regarding the balance of payments of a country is given below.

orepare barchart.
Years 1999 2000 200 | 2002 | 2003 | 2004 2005
1
Balance of | (-)1280 | (-)1260 |[430 |670 1000 | 110 (-)1070
payments (Rs.
in million)
|_1nou~ ._I
500- ‘=T~
0 ~— , , _FE-F
- O Balance of
-500; ] = payments
-1000+ L'_' _L..-.
1500 Hemrmssmaaza .
2000 2002 2004
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also multiple bar charts and 5[1!}-{15“:“1 .

e 3
i

Besides simple bar chart. there are

Multiple Bar Chart
gram is used when companson is tg ., e

In this chart, separate bars a¢.. iy Loy,
- M,

Multiple bar chart or multiple bar dia
"n"

two or more sets of related stalislical data
ich a diagram is the same as thas . i 2

phenomenon The procedure for drawing st 1 8 3my,
f Ui,
diagrtam. The different bars for a period of related phenomana are placed together Alare

some gap, another set of bars for the next period of related phenomena are piaey,,,
After leaving some gap, another set of bars for next period are shown. In arder 1, dste {4_
bars of a period, different colours should be used or different types of dottings Th., L‘.;;-',,'r,"
known as compound bar chart '

For example, if we want to compare the production or sale or profits of pubye e

plants for the last three years a multiple bar chart should be prepared.

li'ustrative Example

Ex. 6. Production of the following three companies for the last three years are gy, -

Conslruct a bar chart
Years : 2003 2004 2005
Kalinga Ltd (in Units) : 22,000 21,000 22,000
Utkal Ltd (in Units) 14,000 16,000 15,000
Onssa Ltd (in Units) 16,000 14,000 13,000

Production of Kalinga Ltd., Utkal Ltd., and Orissa Ltd. from 1982 to 1984

2003 2004

200

250007
200001 i 3
15000751 “-\ i ;

SN | OENT B\ 12 Kalinga Itd

RN :3\::\“33 ‘1'%{% N Utkal Itd
10000 - :::%‘?ﬁ ::::\

o BN Y  Orissa Itd

500041 £\ :EE%“ EN




Sun-diviﬂﬂ"’ Bar Chart

in8 _qubd'mdt-d nar chari_ each bar represents the 10tal magnitude of a grven phenomenon,
_ cyn-divided iNto various parts n propartion to the values grven The sub-dnvsons are
o different colours or dottings. The sub-d aded bar chan s useful for cormpanng

.,\:“Emw
-ps Of VANOUS components parts among themselves, and aiso the relation between each
; ‘:}wl and the whole. It is also cafled component bar chan
——
justrative Example
gx 7. From the following resulls of HS.C exammatons for the four years, prepare 3
c!jhﬂﬁﬁ?dbﬁr I‘:‘hﬂﬂ
e 2002 2003 2004 2005 |
et class 5.000 7.000 8.000 10.000 |
L ond class 10.000 13.000 12.000 15.000 |
“Trird class 20.000 15.000 17.000 14 000 |
taed 25,000 30.000 35.000 35.000 |
Total 60,000 65,000 72,000 75.000 |
Splution =

Results of H.S.C. Exam. 2002 to 2005

45 PIE CHART

Pie chart or pie diagram is a circular diagram used for representing the tolaivalvewith =
components. The area of the circle represents the total value. The component panis or the total
vzlue are represented by different sectors of tha crcie.

‘Sieps for construction a pie chart

!;‘ta] Firstthe data of ::.mpanenl'parts are expressed in the form of percentage ofthetotal

1 )

E{D Then the percentages are converted into degrees around the centerofthe arde. Asthe

total angle at the center is 360°,3.6° represents 1% cfthe totzl value.

f c) Acircle of appropriate size is drawn.
(4) Withthe help of a protractor, the points of the dircle representing the size of each component

|

partis found out.

llustrative Example

1

Ex 4 Mr Patnaik gets a salary of Rs. 1800. Out of this, he spends Rs. 1080 on 7o, Rs

30 on education of his children and Rs. 145 on miscelianeous activities. Show the abowe
dala on a pie chart.
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o Examplo

'I-‘Iﬁ\fhfll'!ll nar Chart

a et divided Lar ehart, each bar represents the total magnitude of a given 1',:|I'|nr=:nn::|n"ul:!nn::-n1
s (lividoed ino various pars in proportion to the valuas given The sub-divisions ara
j“iﬁ“m! by differont colours or dottings. Tho sub-divided bar chartis usaful far comparing
atous components parts among themselves, and also the relation betweaen each
and the whole 1His also called component bar chart,

= Prom the following results of H.5.C. examinations for the four years, prepare a

Ix

b Aividod har ehat

vomr | 2002 2003 2004 2005
[} et closs | 5,000 7,000 8,000 10,000
i},r\g‘ﬂﬂll t'-'i_f_l_E_iﬁ___ 10,000 13,000 12,000 15.000
1hid class | EP-UUD 15,000 17,000 14.000
| aled 25,000 30,000 35,000 36,000
jotal 60,000 65,000 72,000 75.000

Solution |
Results of H.5.C. Exam. 2002 to 2005
1.8 PIE CHART

Pie chart or pie diagram is a circular diagram used for representing the total value with its
components. The area of the circle represents the total value. The component parts or the total
value are represented by different sectors of the circle.

Steps for construction a pie chart

() Firstthe data of ccmponent parts :ar'e expressed in the form of percenl&ige of the total.

{b) Thenthe percentages are converted into degrees around the center of the circle. As the
lotal angle at the center is 360°,3.6° represents 1% of the total value.

(c) A circle of appropriate size is drawn.

(d) Withthe help of a protractor, the points of the circle representing the size of each component
parl is found out.

lllustrative Example

~ Ex 4.Mr. Patnaik gets a salary of Rs. 1800. Out of this, he spends Rs. 1080 on food, Rs,
90 on education of his children and Rs. 145 on miscellaneous activities. Show the above
dala on a pie chart,
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| _Ex 9. A factory employs different types of workers, as given below - tepresen; i
on a pie chart.

| P (e S S AR .
imrs Foremen | Clerk Fathers | Mechanics Labourers
[ Number 4 12 9 38 21

1.9 HISTOGRAM
| i i %
| Histogram is a common method of presenting a frequency distribution graphicaty Ci,

Intervals are taken on X-axis and the frequencies on Y-axis. Rectangles proportional ta tha o
are erected. There is no space between the rectangles.

For example, if we want to show the continuous frequency distribution of heights of gy
istudents in a class, we have to draw a histogram.

| The bar chart and histogram are not same. The following are the main differences boes
the two. ”

:'{a} In bar chart, equal spaces are left between two rectangular bars. Butin histogram, thee
; no space between two bars.

(b) Inbar chart, the length of the bar is material as it sis a one dimensional diagren &

| histogram is a twe-dimensional diagram where both the length and width of the bar 2t
-" material.

AMustrative Example.

Ex. 10 The following table shows the frequency distribution of the weights of the shos
\in a class of 40 students. Construct a histogram
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/m (weight in kg) No of studenis

L

k7
12
= 14
i 8
w0 4
15—

Graph
Note | The scale along the y-axis should begin from zero. But the scala along the x-axis

may not begin from zero.

1,10 Pictogram

A pictogram is a char which represents data by using simple pictures. Pictogram (i .
pictures) are very useful in attracting the attention of the user. As they are very easy to understand,
the are used for presenting data to common men. In a Pictogram each symbal or picture
represents a definite numerical value. If a fraction of the numerical value represented by a symbel
or picture Oceurs, then the proportiondl part of the symbol or picture from the leftis drawn.

Ex.12 The following data shows the number of car is owned by a master company in
difierent years. Represent the data by Pictogram.

Year 2001 2002 2003 2004 2005

No. of car 174 231 255 330 359
Solution :

Car

XXXXXXXXX Graph

111 CARTOGRAM OR MAPOGRAPH

In a cartogram or mapograph, a map is accompanied by various types of diagramtic
| presentation. On a map, data may be shown either (a) by paints, dots or craosses, or, {b) by
deepening the colour in proportion to the magnitude. So cartograms are statistical maps.

s

L3
L)
|'¢
1:-1
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DEFINITION AND CONCEPT OF M
CENTRAL TENDENCY

FASURES OF

may bo dofined as a single figurg Caley
.ley .

Ameasure of eentral tondoncy or an average '
tudy From the above definition fllepy
Ty

to represent a statistical series for a comparalive 6
an average possesses the following characteristics :

(@) Itis a single figure and not an aggregate of facls.
(b) Itis calculated on the basis of a set of data.

(©) Itis a figure capable of representing the entire series,
(d) Mtis calculated for the purpose of making a comparative study.
Concept:

Anaverageis ‘s, asingle figure. Itis calculated mainly with the following two objee,

(a) Toreduce the complexity of the data
(b) To make the data comparable.

(8) To reduce the complexity of the data :

The statistical data are complex by nature. Human mind is not capable either to remerte
them all or to understand them properly. Thus if the marks of 128 students of SectionAand 12
students section B will be presented before a person, it will on his part to have a clear it
about the standard of students of both the sections, nor it will be possible on his part to rememts
them all for any future purp{.:.-se. But instead of the actual marks if the average of the marsd
both the Sections will be presented before him, it will be quite easy on his part to understand
standard of the students of both the sections and, also it will be possible on his part to rememte
them all for any future purpose. In this way an average reduces the complexity of data and ma#

them intelligible.

(b) To make the data comparable :

Another object of an average is to make the data comparable with similar type of ot
data. From the absolute data no one can have any clear idea about he problem. Itis the proces’
of comparison that makes the data more intelligible and more useful on the part of an investgat
With this object in view the average of various figures are taken into consideration in mos! of

fields of statistical analysis.




TYPES OF CENTRAL TENDENCIES :
: The valous measures of centraltendencies thal are usod in vartious Helda of alatisiion)

i can be broadly divided into two types viz 1 Mathematical averages, and 2 Poaltingal

n'.'f.‘lhjﬁ

averag®

It Lthema neal averages .

ynis cHaSS of averages includes

Arithmetic average or the mean, 2 Geomelrle averngo, and 3 Hatmonie averags theas
are cafied mathematical averages because in their coleulations the mathamatioal prineiptes
procedures are slricily followed.

1

and
postional averages .

This class of averages includes the following impottant ones © 1.Madian 2 Quatties,
3 Deciles 4 Percentles, 5 Septiles, 6.Ocliles, 7.quintiles, and B.Mode. Among these the Median,
Mode and Quartiles are found to be most popularly used. These averages are callad posttinnal
averages because their values are ascerlained by mean of localion of thair position in the

distribution to tems.

1 DESIDERATA OR ESSENTIAL QUALITIES OF AN IDEAL MEASURE OF GENTRAL
" TENDENCY

Before we proceed to the actual calculation procedure of each fo the averagas mentioned
<bave, it will proper to mention here the essential qualities ot the desiderata which an ideal
average should have. These are .

|

{a) The average should be rigidly defined and should have a definite value. This means that
; there should be ambiguity as to its meaning and that the determination of its value would
. notbelefttoestimation.

!{h] The average should be calculated on the basis of all the items of the series. This means ho
item of the series is ignored in the calculation of an average.

(¢) The average should not be affecled by the values of he extrerme items of the seties. This
means, its values of the greater items of the smaller items of the serles. In thal case il
would not be truly representalive of the series.

— —

(d) The average should not be greatly affected by fluctuation of Sampling, This means, in the
field of sampling where samples are collected at two or more differenttimes or by two of
more different investigators the values of the averages thus found out from time 1o lime
should not differ very much from each other.

e m T m—— — ————— g—
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19 Bveiagy BhOuKd b capable of fuither algebraic reatment. This means the calculatio,

o _ ;
al :"p ofan avelage should be such that the algebraic principles are not where dﬂ"'"_ate“
Urther and further caloulations can b made on the basis of the averages thus obtaineq

Proe
S0

9,
ARITHMETIC AVERAGE OR THE MEAN

D“ﬁﬂmnn:

1 Anthmotic averago or the mean may bo defined as the value which is obtained by dividing
he total of tho values of a serios by the tolal number of items of the series. Thus, itthe values of

the ltems in a serios are 2,3,4,5 and 6 Its arithmotic average will be

[:‘l.:"l 'l'.‘l"’h
. -

Atithmetic average is popularly known as the mean, itis also the most popular average of
allthe averages that are used in the various fields. In fact, when the idea of average is presented
FEfnm alayman he immediately refers it to the arithmetic average. Symbolically such an average
Is slated as follows :

Z m

==

n

Where, a stands for the arithmetic average, m for the sum of the values of the m variable
and n for the total number of items in the series.

Calculation of Arithmetic Average in Simple Series :

In a simple senes there will be no difficulty in calculdting the value of the arithmetic average.
In such a case the value of the mean can be ascertained by any of the following two metheds : 1.
Direct method and 2. Short-cut method.

Direct Method :

Under this méthod the mean will be calculated with the application of the following formu'a=

>m

n

a=

and for this value of the items will be simply totaled which will constitute the value of them.
This total value will be divided by the total number of the items. The resultant figure thus obtained
would given the value of the desired mean the following illustration would clarity the above methed.
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grom the following data relaling to the marks of five atudonta atcentain the average of
ks secured by a student
(ol NOS_ e 3 A L
I:i’j; §5 0 L AP S 2L
golution
mpcuiatiun of Averago
[ Roll Nos. r:‘l_:]i}nj: __u:“ il
(m)
1 _’lﬁ B
2 GO
B 3 40
4 20
9 8o
N=§ Y m=230
Ey the formulae we have :
230
ke _E._,E = —3- =46

n
Hence the average mark secured by a studentis 46.

N.B.: Roll Nos. Culumn reﬁresenls each individual items of the series and so it should be
~onfused with the values of the variables. He re it is the mark column, which represents the
salues of the variables of which only the average is being calculated.

Short- cut Method :

This method will be application where the values of the items appear to be of big size and
are in large number. In such a case the process of addition would entail a bit of difficulty and to
10 away with such difficulty the short-cut method should, advantageously, be used. Under this
method the following steps are to be taken :

1. Assume a value to be the value of the arithmetic average. Such assumption should,
preferably, be made from the middle part of the series.
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from e following data ielating 1o the marka of five students ascartain the average of
gecued by a studen

;mlﬂ'“
|

|toll NO# R (NI S PSSR (W SR ; 4 ) |
T 30 60 | a0 |20 80|

gaolution
Caleulation ol Averngo

e

| " Roll Nos. tarks
(m)
40
60 |
40 |
20 |
80
N=h L m=230

| L3 RS —-

|

By the formulae we have |
Ym 230

- o —

n
Hence the average mark secured by a student is 46.

N.B.: RollNos. Culumn mp'resun!s each individual items of the series and so it should be
sonfused with the values of the variables, He re il is the mark column, which represents the
values of the variables of which only the average is being calculated.

Short - cut Mothod !

This method will be application where tha values of the items appear to be of big size and
wie in large number. In such a case the process of addition would entail a bit of difficulty and to
d0 away with such difficulty the short-cut method should, advantageously, be used. Under this
method the following steps are fo be taken

1 Assume a value 1o be the value of the arithmetic average. Such assumption should,
preferably, be made from the middle part of the series.
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2. Calculate the deviations of the various itlems of the series from the assumed avarage ,,,,
+ and - sings).

3. Calculate the step-daevialions by dividing each of the daviations with a comman factne ¢,
course, if possible and necessary),

4 Findthe tolal of the deviations or that of the step deviations, as the case may ba, andp,

total of the number of the itema
5. Pulthe values in the following formulae and get the anthmetic average or the mean

E.
a= -Zil (when deviation are not found)
n

dvle o
or = Z xe (when step devialions are found)
H

Where, a stands for the actual arithmetic average, X for the assumed average z dz fo
1 e sum of the devialions from the assumed average, I dx/c for sum of the steps deviations fror
lhe assumed average, ¢ for the common factor and n for the total number of the fterms

The following example would illustrale the above methods,

Example-2:

From the following data relating the income of a certain person find out the averags
income of a person. In come in Rs. 180, 260, 750, 880, 940.

Solution :
Calculation of the average income of a perser
Income in Rs. Deviations from step deviations the assumed. Mean wtn |
c=10
(m) (dx) (dx/c)
180 -570 -57 |
260 -490 -49 ;
750 0 0 B
880 130 13 {
940 190 19 |
N=5 dx=740 dx/c=74
According to the first formula :
e
a=xX -Z-- = 750 + % =750+-148 =602
n
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g 1o the second fomuila
ARt

N I
1.1..‘ i Ve = 74004 w10 = 780 - 148 - 602
il i 5

Thug, M hath tho cases the average incoma ol o parson comns tes by Fls 607

ﬁ,rmr;h'ﬂrr inn Discrete Series ;

in case of a discrote sories the calculation of the menn value can ba mada adhat undar
or Short-cut muthod as diseussed above The spocial considorntion 1o ba grren, hera s
g troatitiont of tha frxquoncy column. Undar Diroct mathod the froquancy column will sempty bo
:.u=-;4-1-.~d with the value of them column. Bul under the shot Lm. mathod the lequancy coluran
“"‘ pa multiplied eithe: with the doviation of with the stop daviation column. Thus tha symtatc

1 the formulae of tho anthmalic average will be modified hore as under.

[‘!-.'rp-..’,’ﬁ

e gentation O

pirect Method !

) mf
- B

L

il

where., a stands for arithmetic average, mf for the sum of the product of the m vanables
and their respective frequencies, an for the total number of the items.

short-cut Method :

dix
a=X+ Z‘-'— (if step deviations are not found)
n

ixlc g
of a=JX+ -}——e"r - Xe (if step deviations are found)
n

\Where. a stands for the actual mean, x for the assumed mean, fdx for sum of the product
o deviations from the assumed mean and the frequencies, fdx/c for sum of the product of the
etep deviations from the assumed mean and the frequencies, ¢ for the common factor of ste;
| deviations and n for the total number of items.

The atove procedure can be well understood from the foliowing example
Example - 3

Form the foliowing frequency distribution find out the value fo the mean under bath thy
Direct and Short-cut methods
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1
|

Values 10, 15, , 20, &
Frequency 20 40 15 16 5

Solution under Direct Method :
Calculation of Arithmelic Average

(m) (f) (mf)
10 20 200
15 40 600
5 15 75
20 16 320
3 5 15
I =06 I mf=1210
Here £ forn=86and Zmf=1210
Iy the formula we have :
Ymf_Ymf 1210 _
a= —ET = = = 9% =12.6 approx
Solutions of Arithmetic Average :
(m) () (dx) x =13 (fdx)
10 20 -5 -100
15 40 0 0
5 15 -10 -150
20 16 5 80
3 5 -12 "-60
¥ =96 Z fdx=-230

By the formula we have :

e 2
2IE o 230 1o 2395)=126
” 96

a=X+

Thus, under both the methods the value of the arithmetic average is 12.6 approxi mately.

Calculation of Arithmetic Average in a Continuous Series :

The procedure of calculating the arithmetic average in a continuous series under both the
methods discussed above will remain the same. The only special treatment required hereisto
find out the mid values of each of the class intervals and to treat these mid values as the values

of the m variable.
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powever, the class maanitudes of all of the class intervals appear to be equal, the

|"o,,-1'||,'!fi'
stest method may be advantageously used

i shi
Yk

\ i (inder Shortest Method ;
l,‘:l.'f by

acs M-k, 1)
o a stands for the anthmolic average, M o0 the mid valua of the last class interval, i

wwhat :
agnitude and I 1ol he average of thae cumulative frequencies

fe l|.-|-'-I'\-r:|'.""q'-I| m
| '|.| ) o

o fallowing examplo would illustrate the caleulation of the arithmetic average in a
erice undar each of the above three mathods.

alinious €
i \,1|“p1‘0 "

ascenain the value of the anthmetic average from the lollowing group data

avs mtorvals ] 0-10 1020 120-30 | 30-40 | 40-50
foquency T 5 4 B 16
golution
Under Direct Method :
Calculation of Anthmetic Average

'”"(‘mewnl _Mid values | Frequencies | Productof MV. & .Juency

(m) (f) (mf)
= 0-10 ° 7 39
" 10-20 15 5 75
" 20-30 25 4 100
3040 35 8 280
— 40-50 45 16 720
T n =40 “ mf=1210

By the formula we have
mf 12
20l 1210305
40

ae =
n

Under Short-cut Method :
Calculation of Arithmetic Average

Class M.V, Frequency | Deviation Step Devn, | Frequ. & Step

intervals (m) () (dx) 25 (dx/c) 10 (fdx/c)
0-10 5 7 -20 -2 -14
10-20 15 5 -10 -1 -5
20-30 25 4 0 0 0
20-40 35 8 10 1 8
40-50 45 | 16 20 2 32

i n=40 - T fdx/c=21
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Bﬂhefnrmulawehave:

dr !
a=xX« fol._._i_-lﬂ‘]-! = 30.25

n 40
Under short-cut method
Calcutation of Arithmetic Average .

Class ntervals Frequencies Cumutative frequencies

0-10 7 7

10-20 5 12

20-30 4 16

3040 B8 24

40-50 16 40

n=40 Z cf=09
T -
tere Fy = L9 .9 =2 475
n 40

M=451=10,n=40

TITUE.E=m—iIF1-1}
=45-10({2.475-1)=45-10(1.475) =45 - 1475

=3025.
Hence, the value of the arithmetic average is 30.25.

AL GEBRAIC TREATMENT

Anthmetic average possesses many algebraic properties, for this, it is capable of further
zlgebraic treatment in different matters. A few cases of its algebraic treatment are discusses
here as under:

1. The aogregate of items of a series can be known. Thus, ifin a senes, the valus sf's’ ax
‘n’ are respectively 20 and 40 the aggregate of the items of the series can be found as

under.

2  The number o items of a2 series can be ascertained, if the value of its arithmetic averags
and the agaregste of the tems are knovm.

3. The Amhmetic average of a series can be found out if the aggregate of the tems and ther
numbers are given.
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Imumi of the combimed nverage of two of mote sanos, O TwWo OF Mora componen

4 ( o series chn be ascertained eastly, f the valun of the arlthmetc averaga and the

lmﬂﬁn

num
the sono

|

ay, = (aypxn )4 (a,xn, )

ollowing formula has to be simply applied,

bof o ilems of ench of the value of tho senes of that of oach of the camponant pars of

g (ns the case mny b are gven I or ascenaining such compound average tha

Where, 0, sands for the compound average of the 1% and tho second sofios, a and n

'h‘lf “1'-!

average

Example =3

and the number of items of the second serles.

arthmetic average and the number of items of the 1" series and a, and n, for the arithmetic

from the following data ascertain the value of the compound average

1* series 2" series 3" serie
Arthmetic average 30 20 10
Number of items 25 50 60
Solution
By the formula we have :
sy = u,-.u, 4ty 1y )
”I + H‘: + ", ;
_(30x25) + (20x50) + (10x60) _ 750+1000+ 600 2350 17.4

254 50460

135

135

Hence the value of the compound average of the three series taken

logether is 17.4 approximately.

- Merits and Demerits of Arithmetic Average

Having thus understood the meaning and the procedure of the arithmetic average now it
- would Ye possible to lay down it various merits and demerits in the light of the characteristics of
- @nideal measure of central tendency. These are discussed as under :
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- A

Meritg

1o itis rigidly defined and its value is always dalinite

2. Iis caleulation is based on all the toms of tha safien

3 s very simple to understand.

4. s easy to calculate and its calculation doas nol naed attaying of the data

3. Itis capable of further nlgebraic treatrnant

6.  ltis notgreatly affected by the fluctuation and sarmpling

7. ltsithe cenler of gravity balancing the values on either side of o safies

Demerits

1 Itis greally affected by the values of the extreme itams of the saries

2. Itis greatly dependent upon all the i!a:srns_-r of the series,

3. ltinvolves the mathematical intricacies in its calculation.

4. Itis likely to give absurd results at times, For exampla, the average of 2 and 5 childres
would be 2.5 under its procedure which is naver practicable,

5 Ithas an upward bias. This means, one big itern among five tems four of which are sera

would push up the average considerably but the reverse is nof true.

GEOMETRIC MEAN

Geomelric mean is defined as the nth root of the product of nitems of a series. Syrrict

cally itis slaled thus :

E "= (‘ PTG RIS X .. xn;,)
Where, g stands for the geometric mean, n for the number of tems and m for the aes

the variables.

Thus, if in a series there are three items viz. 1,2, and 4 its geometric mean would b2

g= UEZIJIF 2.

This method of calculating the geometric mean will be possible only where the num

of items and their size are small. But there the number of iterns and their size are larges, 8
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mnuh!hf‘ impracticable Insnch acase the loganthmic procedure has to be foliowed
JN
|[|-|'|.

u;nlhmln procoturo
Lo

Unde ihis procedute, the gaomettic mean can be found out by hath the direct and the

feul meihod these are discussed ps undar
_!l.1|“| )

pirect Mathotl
Under this melhod tho logs of the various itemas to be found out first Theselogs would then

ol and tho total thus found oul would be divided by the tolal number of tems. This would
1.“". L1 K

se U the averago of the logs of the variables. Now, the anti log of such average would be
§ .:.‘ )

faund oul which would be the value of the geometric mean. Symbolically it would be stated as

follows

-ﬁt:‘L! "1
v e Antlogeyf &=——
. n

Whero, g stands for the geometric mean, logs for sum of the logs of ' > mvariables and n

far the total numhber of tems,

Short cul Method

Under this method the logs of the various items will first, be found out. Then a log will be
assumed 10 be the log of the geometric mean. From this assumed log the deviations of each of
the logs would be found out and totaled. This total will then be divided by the number of items
* and the result thus obtained will be added to the logs of the assumed geometric mean. Now the
anfilog of the resultant lug will be found out which give the value of the desired gec.netric mean.
Symbolically it will be stated as follows !

f (x4 logdx)
- n

g=A

Where, g stands for the geometric mean, A.L for the anti log, x for the log of the assumed
geometric mean, S log. dx for sum of log deviations from the assumed geometric mean and n
 forthe total number of the items, The following example would clarify the calculation of geometnc
- mean under each of the above procedures.
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| Direct Method

| Example- 6

\ From the following data ascertain the geomelnc mean t_mdnr the direct method

Calculation of Geomelric Mean
(m) (Logs) (Log deviation) x = 3

10 1.000 2.0000
020 2.3010 1.3010
0030 34771 04771
00040 4.6021 1.6021
000050 5.6990 2.6990
n=5 Z log dx = 2 0792

By the formula we have :

D logdy) J,,_;__L‘:@ﬂ = J.L.3.4158 = 002605
n

g:

Hence, the geometric mean of the series is .002605.

Algebraic treatment of Geometric Mean

Just like the arithmetic average, Geomelric Meaﬁ possesses many algebraic properizs
for which it is capable of algsbraic treatment in various ways. Some of these ways are dzscribe:
hear as under:

1. The product of the items of a series can be known if the values of the GM. and their numbers
are given. Thus the GM. of the items 2, 4 and 8 would be 3"2x4x8=4.The pred: stofthe
items will also be the same i.e. 4x4x4=64. Hence it is seen that the products of the ongina

items can be easily found out it the values of the G.M. and their numbers are known.

74356.,6745., 326., 3., .14, .0250, .00304.
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Calculation of geometne Mean

" m ' (Logs) ]
" 74356. A RB714
G745, 3.8290
__——""320, 2 5132
s 54, 1.7324
s 1 04771
e 14 | *1.1461

e 0250 *2.3979
s .00304 "3.4829
e n=8 Z log = 8.4500

- (*bar signs indicate that the whole number is a negative number)
(ie.1=1)
By the formula we have :

Y logdx) ) A.Lg,.;:ﬂ{]

n

= A.L.31.05625 =11.39]

g=AL

Hence, the GM. of the series is 11 391,
Short cut Method -

Example-=7
_ From the following data find out the geometric mean under the short cut method. .10, .020,
.0030,.00040, .000050.

'; The combined G.M. of two or more series can be found out if the separate GMs. and
' number of items of each of the series are given. For this however, the following formulae will

~ have to be applied.

(n,.logg, +n,.logg,)

g,=AL
"+ n,

| Where, g, , stands for the geometric mean of both the 1*and the 2 series, n, and n, for
the number of times in the respective series and g, and g, for the geometric means of both the
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' i bove ca
Series "eSpectively. The calculation of the combined GM. described a N be v

un
derstopg from the following example :

Example - g
Find out the combined G.M. of the two series from the following data.
1E-'I series zrﬂ series
G.M. 10 50
Number of items 5 4

Solution

By the formula we have :

o= Al (n.logg, + ny.logg,)
) n, +n,

L (5xlogl10+4xlop50

= A.
£ 5+4

_ AL(5x1.0000)+4 16990 , (5+6.7960) L_l_l_-'?:ﬂz- AL13107
N 9 9

)
= 20.45

Hence the combined G.M. of both the series is 20.45.

3. The product of the ratios of the items to the G.M. on either side of the G.M. will be equal
This can be understood from the following example.

Example-9
From the following data prove that the product of the corresponding ratios on either sidedf
the GM. is equal:

36,89
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golu®"

M. would be g = 43161819 = 6
et of the ratios of the G M. 15 be the ilems whaose values are
£ 9
g =]
_gethd” e GM. =%y
] ce, it is proved that the product of the cortesponding ralos on

. G
PEI. Thﬂﬁfod

e g 9
= - ——..-'2
oz 02 OF 0€ CM-=%"¢

# is proved that the product of the corresponding ratios on either sides of the GM

HencE.
s equdl
e GM. of the ratios of the corresponding ftems in two senies is equal to the ratios of thesr
s S, mere are two series as follows |
r— B
= 2
— 2
T 4
— )
_:-—-_—_ ] -
+re ratios of the corresponding items would be :
LB
15
15
2
1.125 ’

Trhe G.M. of the series A, series B and that of the series A/B will be as follows.
GM.of A: g=4/3x6x8x9=6

GM.of B: g =4+/2x4x4x8=4

GM. of A/B - g =4J1.5x1.5x2x1.125=1.5
| Now, the ratios of the G.Ms. of the series A and that of the series B would be

6
-=135
4
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Aance, it is proved that G M. of the iatios of the corrasponding Mama in two series i eogus) Vithe
Geomelnic means,

1, The G M. of the products of the corresponding tems in two series is equaltothe prod,,,
their G means. Thus, if in the above example ve mulliply the corresponding dems of £, ..,
B sories the products would bo respectively, 6, 24, 32 and 72 and their GM equal g 9,
The product of the GM. of these two series A and B s also 2410 (0x4)

2 Inthe calculation of the average rate of increase of any sum at compaund process the g,
of GM. is highly useful, Thus in the case of compound interest the process of GM 4
inevitably used. For example, if Rs. 1000 at compound interest amounts to Rs. 1500 afi,

10 years, the compound rale would be

A = P (1+1)" (By the formula of compound interest)
A
A=P (14)" = A, or (14)"= ;{ or, (141)="? .

f Or 1= A 1101500 ) 210996 -141.041-1=.041=41%
. 1000

erits and Demerits of l.hu Geomeoetric Mean

The GM. as a mathematical measure of dispersion can be said to have the followary,

ernts and demerits

Merits

F

1. Itisrigidly defined and its value is always definite.

it is capable of further algebraic treatment.

it is based on all the observations of the series.
Itis not affected much by the fluctuation and sampling.
It gives comparatively more to the sampling.

It is a suitable measure for relative study like that of Index number.

BT e~ ~ ey

iDumurlts :
i'1. Itis not simple to follow on the part of a man of ordinary prudence.

2. Itis difficult to calculate for its algebraic procedure.
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;:3“”:'" be calculated if any clue of the senes 1s either zero or a negative number
Il

3 . :
{may give a value, which may not be found in the senes
I
: an
nic Me
Ham?
THiS 1S another mathematical measure of central lendency, which s dofined as the reciprocal
Arithmelic average of the reciprocals of the values of the variables Thus, in its calculation

Di|n[‘.'4.

jowing steps are to be adhered to
L

pefo
finding ihe reciprocals of the various values ol the vanables
finding the average of the reciprocals thus obtained
7
Finding the reciprocals of the average of the reciprocals thus found out

The 51_.::11t:oluf: representation of the Harmonic mean, in the light of the above steps waould be
\r

h =F" :\_4 i
wWhere, h stands for the harmonic mean, 1 for the reciprocals, r for sy of the values of the

wariables and n for the number of items.

procedure for finding out the reclprocals :

t matter connected with the harmonic mean is the finding of the reciprocals

The importan
gure. Thus, 1o find out the reciprocals of the figure

One way is to divide the figure by a particular fi
swe have to find out the resultof 1/5 orto find out the reciprocals of .03 we have to ascertain the

| value of 1/.03. This way of finding out the reciprocals would be preferable only in case of small

| sized figures, where the division.can be made at an ease. But in case of big figures viz. 009017,

27 5708 the division of one (1) by such figures would be very difficult. In such cases the another
- vayoffinding out the reciprocals of the figures would be very much easier as well as practicable.
Such way of finding of reciprocals with the help of the Reciprocal Table. This way of finding the
: reciprocals will of course, need an understanding of the technique involved in it This is discussed

Iasunder:

Procedure of finding the Reciprocals from the Table

There is a Table called reciprocal Table, which is usually provided to pick up the reciprocalis

ofthe vanous numbers. Just like Log Table, this Table also contains a vertical line to the leftand
- ahorizontal fine on the top. The vertical lien contains the first two digits of the natural number and
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the horizontal line contains the reciprocal numbers for different natural numbers stateq
) ) L]
verlical line, Thus, the Table takes the following shape .

Reciprocal Table

01234567680 Mean diffarences

1.0 -
1 B B

15 8130 )
13 =
14 ) B
1.5 i

To find oul the reciprocal of a figure the first two digits of the figure vill be located at the

vertical column and the reciprocal of this will be picked up from the harizontal line vath refarencs
to the third digit of the figure. Thus to find out the reciprocal oft h figure 123 we have to locate 1.
in he vertical column first, and then refer to the reciprocal number that stands on the harizonta
lines against the third digit .3 of the figure 123 which is 8130 in this case. Before refernng 1ot

Table, however, the following steps are lo be followed first.

1.

If the item is a positive number (i.e. having some digits before the decimal point), puttre
decimal point first, and then put the zero equal to one less than number of digits in the
natural number before the decimal point. Thus, for, 123 the first procedure will be to wri
0. After this the Table figure will eb put at the right hand side. Thus, the reciprocal of 12

&

will be .008130. '

If the item is a negative number, (i.e. having no digit before the decimal point, pick up the
Table figure first, and the put the decimal point after one more place than the number of £«
zeros appearing after the decimal point put before any significant digit in the given tem
Thus, in the case of 123, the Table figure to be picked upis 8130. In this the decimal pont i
be put after 8, because there is no zero after the decimal point and before the si «fican
digit '1" in the item 1.123 thus the resultant reciprocal would be 8.130.

If the item consists only the digit ‘1’ whether positive or negative and there is not o7
significant digit excepl zeroes, whether before or after, the decimal point thus put 35 het
year both the above steps will only be shifted by one place to the right. Thus, for the figue
100, the step would have been to put .00 first, (because there are three digits before ™™
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decimal point), but as the figure consists no other digit than a single 1, the preliminary step
wilbeto shiftthe decimal point by one placa more to the right. Thus, the preliminary step
willbe to puthere 0, (here the decimal point has crossed the first zero to the right). In the
above way the reciprocals of all types of figures, staggering they may be found out at an

pase. The following example would clanfy the calculation of Harmonic mean discussed
above.

grample= 10

From the following sernies find out the value of the H.M
145236, 78543, 9327, 456, 17, 10, 8.

Solution.
Calculation of Harmonic Mean

(m) (Reciprocals)

145236 .00000688665

78543 00001273890

Q327 000107258600
(456 00219298000

17 05882350000

10 .10000000000

B .12500000000

Here n=7, R=28614341155 By the formula we have :

2r 28614341155
= rof
n 7 |
= rof .0408776-022 = 24.5098 = 2451(approx)

h=r

Example— 11

From the following data ascertain the Harmonic Mean.

100
10
1.1
01
001
55
056
007

73



Calculation of Harmenic Mean

Tﬁﬁ‘ e Reciprocals
0~ 01000
10000
e o 100000
o 10.00000
00— _ 100 00000
s 100 0000
05— 1.81818
007 ———— 17.85710
e 142.85700
. R 1273 64220

By the formula we have

h= h!ﬁ = h_!r 1 2?3‘&422“
9

Example - 12

From the foliowing frequency distribution find out the value of harmonic mean.
M=04,4.8,8.12, 12.16, 16.20

=4 182042 36

= rofrl410f1410f141.51580 =.00709230

Solution
Direct Methed
Calculation of Harmonic Mean
(m) (m.v), (f)(Reciprocal) (R.f)
0.4 2 5000 2.0000
4.6 6 18 1667 3.00086
§.12 10 20 .1000 2.0000
12.16 14 42 .0714 2.9988
16.20 18 36 .0556 2.0016
N=120 Zr=12.0010

By the formula we have :

3
h=r. h= rZ: = rof 140010

n 120

=rof 100000 = 10.00
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Calculation of Harmonic maan.

—Tm)_ (mv) T (fin)
s 2 4 2

——a8 6 40 o 3

— 812 _ 10 20 2
——75.16 14 42 3
—16.20 18 36 2
= sl n=120 i fin

the formula we have .
N 120

_.._-—---—...I

By

Merits and Der:nrils of Harmonic Mean

H.M. has the following merits and demerits respeclively.
(1) Ithasa definite meaning and its values are always definite.
@) Itscalculation is based on the items of the series.
(3) s capable of further algebraic treatment.

(@) Itis notaffected very much by the fluctuation and sampling.

(5) ltgives greater wiightto small items and to a single item cannot push up the value.
(6) Itis very much helpful for relative studies like ratios and rates.

Demerits

(1) Itis not easily understood.

@ s caloulation s bit difficult.

I (3) Itis not useful for analysis of economic data as it gives more importance to smaller values.

(4) Itgives a value, which usually does not exist in the series.

(7) WEIGHTED AVERAGE :

15



simm:.;:E” Allthe items of a series are of equal importance, itwould be prﬂperalﬂ ;:iullaie the

of analys'erages- But when the different items deserve different importance I.n Tn u ui s,

the sim |Is' 'twould be desirable to find out the weighted average of the SEries. In SUch case,

emplo Ple average will fail to give the correct figure. For example, the auerfagtti Income of th,

incam:E$E of a factory obtained on the basis of simple average 5_““" not fairly represent hy

theisq Ofallthe employees. Because the elalive importance of the figures of their income is ng
M. The weighted average, in this case, will give a fair representation.

The proces., of finding out the weighted average does not require anything more than the,
€quired in the case of 3 frequency distribution series. It will be enough to remember thy,

?Uﬂh that the frequencies of the items will take the shape of the weights and accordingly the
ificult formula on different averages will be modified.

arer

Thus in the case of arithmetic average, Geometric average and that of Harmonic average,

the formuylas will be modified as follows

me z wely

(a) Weighted Average =d¢ = ﬁ orx — —ZT

! Z logw
(b)  Weighted GeometricAverage = & = AntiLop. S

logw

S

(€) WeightedH.M.=h= r...z_

w
In all the above cases it will be observed that "W" has taken the place of “f" only and that
there is nothing more as change to be followed for calculating the weighted averages.

(8) RELATIVE IMPORTANCE AND LIMITATIONS OF THE ARITHMETIC AVERAGE,
GEOMETRIC AVERAGE AND HARMONIC AVERAGE.

The relative importance and limitation of the arithmetic average, geometric average and
harmonic average can be viewed in the light of the characteristics of an ideal measure of Centra
Tendency. These are highlighted as follows :

1.  Capability of being rigidly defined ;

From this point of view ali the three averages referred to are satisfactory.
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capability of being easily followed :

A
From 1hIS point of view it 1s only the arithmetc average, which 18 salisfactory. Alayman will
dgfstand the implication of an arithmetic average. Bul the Geomaetric maan and Harmaonie
) 4 are Very difficult to be understood as a common man of ordinary prudence
med!t©
. capability of being based on all the observations:
£rom this pomnt of view all the three referred 1o satisfy the requirement. None of the averages
= found out by ignoring any item of the series
o
y capability of algebraic treatment ;
£rom this point of view, all the three satisfy the requirement.
5 Capability of not being affected by the values of the extremo items:
From this point of view, arithmetic averages suffer from the drawback as much as i i3
~reatly affected by the values of the extreme items of the series, But the geomelric mean and

the harmonic means are loss affected by the values of the extreme items.
¢ Capability of not being affected by the fluctuations of sampliriy :

From this point of view all the three satisfy the requirement.

| MEDIAN

According to Yule and Kendall, Medizn is defined as “the middle most or central value of
e variables when the values are arranged in order of magnitude, or as the value such that
' greater and smaller values occur with equal frequency”.

f Erom the above definition’it follows that Median is the middle item of a series arranged

in ascending or descending order. It divides a series into two equal parts and takes the

micdle position in the series. Its value is always located with reference to its position in the
middle part of the series and for this called as a positional average. Thus, if in a series
there are 5 items viz. 5, 20, 40 and 125, the value of he median would be the value of the 3"
1emie. 25. In case the number of items are in even numbers the value of the median would
| be determined as the half of the two middle values. Thus, if there are 6 items in a series viz.
| 5.20.25. 30, 40 and 45 the value of the median would be %z of (25+30)=27.5.

| From the above analysis the formula for determining the value of median can be represented
| asfoliows
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cﬂp;;bﬁ'ﬂy of being casily followed :

From Lhis point of wew it is only the anthmetic average, which is satisfactory. Alayman will
jorstand the implication of an arithmetic average But the Geometric mean and Harmonic
1||'I1. ~

aan are very diflicult to be understood as a common man of ordinary prudence
e

capability of being based on all the observations:

from this point of view all the three referred to satisfy the requirement. None of the averages
are (ound out by ignoring any item of the series

i Capability of algebraic treatment !

From this point of view, all the three satisfy the requirement
§ capability of not being affected by the values of the extreme items:

From this point of view, arithmetic averages suffer from the drawback as much as it is
qreatly affected by the values of the exireme items of the series, But the geometric mean and

ihe harmonic means are loss affected by the values of the extreme ilems.

g Capability of not being affected by the fluctuations of sampliny :
From this point of view all the three satisfy the requirement.

. MEDIAN

_ According to Yule and Kendall, Medien is defined as "the middle most or central value of
the variables when the values are arranged in order of magnitude, or as the value such that
' greater and smaller values occur with equal frequency”.

From the above <efinition’it follows that Median is the middle item of a series arranged
in ascending or descending order. It divides a series into two equal parts and takes the
middle position in the series. Its value is always located with reference to its position in the
middle part of the series and for this called as a positional average. Thus, if in a series
._ there are 5 items viz. 5, 20, 40 and 125, the value of he median would be the value of the 3@
itemie. 25. In case the number of items are in even numbers the value of the median would
_' be determined as the half of the two middle values. Thus, if there are 6 items in a series viz.

§,20,25. 30, 40 and 45 the value of the median would be %2 of (25+30)=27.5.

From the above analysis the formula for determining the value of median can be represented
* as follows
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'n’ stands for the
M= Value of (r+ Lwh ﬂmmmm-“am‘ for median and 'n’ sla ﬂUﬂ‘lbﬂ?

ﬂbn-n 3

ries the
;}r Coursn. it should be n-nmmhemd here that in case for a continuous se addity,

The detailed prosedure of finding out the value of median under different series runs

of 14

Under

De termination of median from a simple series
For the determination of median from a simple series the following steps are to be follow:

Arrange the different items either in ascending or descending order

2 Punhuiurmutn M = value g[_'-’ﬂ ftern and get the medan item.

2
Locate the value from the sories with refprence in the medan fem
Example . 1

3

From the following observation determine the value of the median
15.3,.21,2.7,81,21,37.50. 48,72

Solution

Determination of modian
ltems arranged in lmm
2,3,7,16,21,31,37,45,80. 72. 81

By the formula we have .

+ Lk

M= value of ™ > ltem

(1l Tk
=Valueot = fem

= Value of 6% item

Hence value of median tem =3 1




£;r.ll'|"-'F"'II e-2
Determing the value of Median from the folloving data

wages in Rs 60, 40, G0, BO, 30, 20

Determination of median

wages arranged In descending order
Rs. 60, 60,50, 40, 30, 20.
By the formula we have .

(n+1yh ( (64 1)th

item
=

item = value o

1A = value of

— value of 3.57 item = ¥ of (value of 3" + value of 47 item)

= v of (50 + 40) = 45.

Determination of median from a discrete saries

The determination of median from a discrete series will involve the following steps -

! 1 Amange the items together with their corresponding fquuencIEE either In ascending or

descending order.

' 2 Find out the cumulative frequencies in a separate column,

+1)th
3 Puttheformula: M= (n 2“ item and get the median item.

4 Locate the value of Median item in the series with reference to cumulative frequency
within which the median item falls
Example~ 3
Ascertain the value of median from the following series
Marks : 30, 80, 40, 70, 50, 60, 25.
No. of students ; 5, 15, 6, 40, 30, 21.
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Calculation of median '
Mmkﬁ arranged in No.of Students cl.
Ascending order
I~ 285 21 21
X - 4
! 3D 5 90
— ¥
40 15 41
-__--'_"_—-——
o 40 61
T
w 30 T
s 6 117
i 3 120

By the formula we have - !

3
M = value of mﬂ item = value of w item = value of 60.5™
item ) B

Which lies against the cumulative frequency of 81.
Hence the value of median = 50.

Calculation of median from a continuous series

In a continuous se ries, the values are always stated in an orderly manner that is eitherin
ascending or in descending order. Thus, there will be no more necessity of arranging them

again. However, ifthe class intervals are given in an inclusive manner, viz. 10-19, 20-29 etc. they
are to be adjusted according to the exclusive manner, viz. 9.5-19.5, 19.5-29.5 etc. This is necessar
because in case of a continuous series the value of median will be located from the median

class interval by the formula of interpolation and for this exclusive class limits of the median
class will be necessary.

Subject to above adjustments the following steps are to be followed in determining the
value of median from a continuous series.

1. Find outthe cumulative frequencies.

(n)th
2. Putthe formula : M = value of —%- item and there by get the median item and locate its

cumulative frequency inthe ¢.f. column.

3. Locatethe median class with reference to the c.f. thus ascertained.
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put the formula of interpolation as follows and ascertamn the particular valuae of median

Iy

e

L im=¢)

M= I

where, ‘M’ stands for median, 'L’ and ‘L, for the lower imit and the upper imit of the

median class, 1, for the frequency ul‘lhe rnmimn class 'm' for the madian tems and ‘< lor the
cumutative frequency of the class proceeding 1o the median class

pxample =4
Compute the median from the following data
=mes | 75-125 125-1756 | 17.6-226 -276 |276-326
| pterval __
ey |4 C 5 2
| Freme

golution
Computation of the Median

Class intervals f c.f
=5125 4 4
5.17.5 6 10
M7.5225 5 15
22.5-27.5 3 18
5-32.5 2 20

M = Value of % item = Value of % = Value of 10" item

This lies in the 12.5 — 17.5 class interval. Thus, by putting the formula
of interpolation we have
M=L, L5

‘m —c) = 125.5 + 5/6(10 — 4 )=17.5

. Merits and Demerits of Median

. MERITS
~ (1) Ithas arigid definition and so it satisfies the first requirement of an ideal average.
- [2) ltiseasily understood and easily calculated.
: %;; (3) his not affected by the values of the extreme items.

~ (4) Inanopen end series there will be no difficulty in ascertaining its value. This means, even

if the values of the extreme items are not known, it can be calculated if the number of tems
15 known.
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It Qi
'U‘Es
i, begy "@sults in a study of those phenomena, which are incapable of Quantitg,
® M. for example greatness
tean det
ErmMmined graphicat
DEMER)rg i

ails :
to give 5 fepresentative figure, when there are wide varnations between the valug

(2) tis
n i
Ot suitable for further algebraic treatment. For example, we cannot find out the tot

valuy .
es of the tems, if we know their number and median

(3) Inea :
S€ of cantinuous series. itis determined by inlerpolation with the assumption that ;

“'Ie fr " r
iny Equen.c'es orthe class intervals are uniformly spread over their values in the cla:
erval This May not be true in most of the cases.

(<) | i i
t does nol give the greater importance to the big or small items as and when asas
because it lgnores the extreme items.

(5)  Itis more likely to be affected by the fluctuations of sampling.

(6) Itrequires the arrangement of items in ascending or descending order, which is somethin,
ledious,

2. QUARTILES
Meaning

Quartile is a positional measure of dispersion, which divides a series into four equal pans
Itis a fact that one point can divide a series into two parts. In other words, to get two parts from
a series, we have to divide it by one point. Therefore, to get four equal parts from a series as
prescribed by the quartile we have to divide the series by three points. From this it follows tha
there are three quartiles, which divide a series into four equal parts. These three quartiles are
signified as Q, or the 1= Quartile, Q, or the 2" quartile and Q, or the third quartile. Q, an Q,are
also otherwise known as lower quartile and upper quartile respectively. Q, being the middie
quartile is equal to the value of the median discussed in the proceeding paragraphs.

Symbolically the above three quartiles are stated as under:

(n+1)h
Q, = value of ——— item
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it —
05 —Ctem ——m ©h

20— 25 75
h\\\_

10 85

Q = Value of {"ith (85)th

L q tem = valye of v item = value of 21.25" item which lies in 10-15 clag,
Menval .
$landing against the c.1. group of 50, By putting the formula of interpolation

% L, - -
Q=414 1J.L{fi',-c}=iﬂ+ls

10
21.5-20
30 ( )

~ s 7.5
=10+ —=—(] 5y = S _
+3nfl-5}_lu*fa_:{;15

L |

. I n)th Syh
Gr value of Tr itemn = value of b 4’" item
=Value cf64 5™ it

‘ em which lies in 15.20 class interval standing against the c.f. of 7s
9roup. Putting the formula of interpolation :

ﬂrt:f-."'-'-L'l' ey =154 2015
)ﬁ g, —c) + 35

(64.5-50)

5
=15+—(14.5)=15+29=17.
30 ) +29=179
Hence the value of the lower quartile and the upper quartiles respectively are 10.25 ar¢
17.49.
3. DECLIES

# decile is anotner positional measure of dispersion, which divides a series into 10
€qual parts. As such there are nine deciles in a series viz. D, D0 D,. Symbaliczly
representation of the Deciles can be stated as follows -

(n+1uh
D, =Value of T item

9 Iyeh
ufml;n”nem.

Procedure of calculation :

The procedure of the calculation of the values of the various deciles will be the same ast
was in case of quartiles and median. The following example would give a bnef idea of i

caiculation.

D= Value
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o =8

mp .
gx? petermine the values of the lower and the upper deciles from the following cbservations

\fﬂ”ﬂb!eﬁ 23,15,?.4
ncies : 10, 12,5,6,16

Freque

armine of the lower and upper deciles L -
e rranged in ascending order (n ch
[ 12 Tl T
I 16 28
4 e 10 38
e G 44
;Ef'*""_ 5 a9
B

f[”nl—””l e e of (49 + 1)h i
| = aof ———— ijtem

p,=Value o g 10

_ Value of 5" item = 3 which stands againstthe c.f. of 12

Yn+Dith | - 949 + \h
D,= value of 0 item = Value of T item

_ value of 45" item = 18, which stands agains! the c.f. of 49.
Hence, the values of D, and D, are 3 and 18 respectively.

4 MODE

Mode is defined as the most common item of a series. In short, this refers to the value of a
variable against which the number of items or the frequency is the maximum. Thus, the calculation
of mode entirely depends upon the distribution of frequencies. The item or the value, which has the
maximum frequency, is taken to be the model value of the series. However, in some cases, itso
happens that more than one item possesses the maximum frequencies of size. In such cases
difierent values are taken to be the model values of the series and the mode is said to be il
defined here. However to day away with such indefiniteness, an attempt is made to determine the
mode by the method of grouping the frequencies in various groups. Such groupings of frequencies
are usually made in twos and threes i.e. for two times and three times respectively. After grouping
the frequencies in various rows, the maximum totals are thickly marked and then an analysis table
is prepared to find out the particular value against which the maximum frequencies cluster from
maximum times. In case of continuous series, however, the above process would reveal the modal
class instead of the modal value. From the modal class thus located the value of the mode will be

determined by the formula of interpolation, which is as follows.

I A7 A
Z=Lvg ot - L)

: Where, Z stands for the mode, L, for the lower limit and L, for the upper limit of the modal
. class, f, for the frequency of the modal class, f, for the frequency of the class succeeding the

. modal class.
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le =B
Eﬂl'“gcterm.ne the values of the lower and the upper deciles from the following chservations

ps 23,187 .4

yanab!

Frequencies : 10, 12,5.6, 16
5¢[uliﬂn :

ryng Of the lowet and upper deciles o
*iﬁ;ﬁg_eu in ascending order N j U __T
rraraes 2 1] 3
; — 16 28
e 10 38
e 5 49

‘ (= 1)h s valos af (49 + 1)yh it
=rE : —— {tem

0. =\alue 0 10 10

- value of 57 item = 3 which stands againstthe c.f. of 12

Yn+1yh 9(49 + 1yh
p. = Value of 0  em= Value of R

- value of 457 item = 18, which stands against the c.f. of 49.

tem

Hence, the valuesof D, and D, are 3and 18 respectively.

s MODE

Mode is defined as the most common item of a series. In short, this refers to the value cf 2
variabie against which the num ber of items or the frequency is the maximum. Thus, the calculation
of mode entirely depends upon the distribution of frequencies. The item or the value, which has the
~aximum frequency, is taken to be the model value of the series. However, in some cases, it so
kzppens that more than one item possesses the maximum frequencias of size. In such cases
d=erent values are taken to be the model values of the series and the mode is said to be ill
c=fned here. However to day away with such indefiniteness, an attempt is made to determine the
made by the method of grouping the frequencies in vanous groups. Such groupings of frequencies
zre usuzlly made in twos and threes i.e. for two times and three times respectively. After grouping
= frequencies in various rows, the maximum totals are thickly marked and then an analysistable
= prepared to find out the particular value against which the maximum frequencies cluster from
maxmum times. In case of continuous series, however, the above process would reveal the modal
c'ass instead of the modal value. From the modal class thus located the value of the mode will be

gz:ermined by the formula ef interpolation, which is as follows.

hde qooq

=L = -
Z2=5 2h =1

Where, Z stands for the mode, L, for the lower limit and L, for the upper limit of the modal

'~ class f, for the frequency of the modal class, f, for the frequency of the class succeeding the
| modal class.



T LG T —

The
E Dlmng Bxample would illustrate the calculation of the model
xample -9

As i
Cerain the Value of the mode from the following frequency distribution.

?agea{'”ﬁs‘-‘. 30, |40, [50, |60, |70, B0, 90
'®quency - 5, |10, |20, |25, |3. 15, |30

Solution
e Calculation of mode by the method of grouping -
Ages Rs. [ (f) Grouping in twos Grouping in threes K
i (1) (2) (3) (4) (5) (6)
—_ |5 15
—_0_____ 10 15 _.;
= 30 ==
S0 20 45
60 25 55 48
70 3 18 28 43
80 15 18 48 O
|90 30 45
Analysis Table
Columns of values of the variables
30 40 50 60 70 80 90
F :
2 & &
3 :
. 4 L] 3 -
5 - & .
5 - * R
Total 1 3 4 2 2 2

From the above analysis table it appears that the wage value of Rs.60 in having the
maximum frequency for maximum lines. Hence the model wage in this case would be Rs.60.
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f s fridhend of e
¢l shout b
ff) RGN, preclia

piry, Ihere appears Mofa .,
detrrnined by the (oo,
n and mode. :

' II F'fl
L Wl i
I"'HH"F il

If +-|1r1III-| beei pesp syl e L0 it br/
i of fhe tre

L | TS [ [T TUAPAINE ity ”H‘ﬁ'”l Ur"”
b bitehres

(Wil 1y bievsstarlaigs 1o m'Il[:h?’:ﬂ“*'f”m" ™

PEH

" il out firs!
PO 000 (000 sty 1 ies wiligens o s pimesents anit) metian are fr ey Tt

LTy Dkt e oof Mastl

MiE:h 1 &
) calculated e
(0 e ony fes enleudates 1 inost of tho bisen of disareto sntios mode can bo

By Inagisction
i i average, which people use in the

() 1 is sty dicdesatood by o comifaon man. Iutle
ks \ Jaumagﬁssimﬂit!mgmmam

oy sty sxproasiong s averigs size of the shoes ant

e e sxaniijles o common use,

(%) Unlikes s ithinetic syerage Il does nol give @ valua, which is not found in a series.

(4) 1118 bl alfected by the values of the extreme ilems of seres

(5) I ddoes 1ot nead all fhe llems of a serles, If the point of a norm or maximum concentratior

I ko, 1L will e anough fot (he detetimination of the mode.

DEMERITS
(1) I s i defined and in cattaln sases of bimodal, irimodal efc. itis indeterminate and indefints

(#) s aaloutation ts not based on all the uhsewaiiané’ui the seories.
() I nol capable of furllier algebrale (tealment.

Iur Median, Quatille and Decile

(1) In tase of individual and discrele serles, arrange the items in an ascending orde!
(eseanding oider may be applicable only in case of Median).

(2)  Intase of the discieto and continuous serles only, find outthe cumulative frequencies.

(3)  Apply the apptopiiale (ormula and locale the required value there by with reference to the
it thus aacettained, .

(1) In case of continuous series, afler ascertalning the particular Ifem as above, apply the
(otmula of interpolation lo delermine the exact value from he concerned class interval.
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ot pode

Mode ©

mode i _
A 0 cONNUOUS 008
l ¥

f
l'."

annot bie caleulatod from the individual series It at all it s ankod to calealata the
omsuch a series, hwillbe necessary 10 copvorl the aoiion first aither into o disciste

ghe maximum froquency is tar above tho noxt greatorn freauency, ascertan 1hey modal iterm
@ "I {he classos by maore inspect or the maximum frequency in doubtiul ensas apphes the
Emthﬂd orarouping the lrequencies and preparing the analysis tablo

|n continuous sotes the formula of interpolation will have to bo applied
1w

(3)

Forall the above
I the continuous senoes is given in an inclusiva manner, Itwill bo Ihe firal duty to convert
them Intd {ho exclusive manner,

y  Fromthe {ollowing series determine the value of the median, lower quartiles and upper
dechES h 5| 9!- 1'81 35! 421 15- ?u 3

,  Determine the mode, median, upper quartile and lower decile from the following sefies

Wages (inRs.)1, 2,3, 4, 56.7,.89
No.of workmen 8,10, 11,1, 20, 25, 15, 9,6,

3 Calculate the mode and the median from the following

Value Frequencies
04 328
5-9 350

: 10-19 720

| [20-29 664

, 30-39 598

] 4049 524

E 50-59 378

5 60-69 544

|

' MEASURES OF DISPERSION

;-[Range. Inter-Quartile Range, Mean Deviation)

L INTRODUCTION :

'; By this time you know why it is necessary to tabulate and classify statistical series and lo
' condense them into a single figure called average. The average has its own limitations and

i
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even best a8 a vrgie fgue o’ S,

N Weal average can represent a series onfy " 35
s resseat e arlins .,

292 have a very great ity in statstical analyss b fhery 2 7

Phenomencn. Averages alone cannot adequately desciits 8 set of GRST/ATONS, uleess g,
OUservations are the same There may be a dozen sents #hose CONrs! vk trmy o

differ from each other in 2 number of ways

Suppose thore are three series of ning foms 63ch 33 foficrirs o
Senes A Senes B Sonen G |
30 25 e
30 27 )
a0 28 10 .
30 29 720 ‘
30 | gL ;
30 | 31 49 J
30 32 45
30 23 55
30 34 €0
270 270 270
Arithmetic Mean

[30 30 [30

Since the arthmetic mean is the same in all the three sefies one is likely to conciuca 5,
these series are afike in nature. But a close examination shall reveal that these series <4,
widely from one ancther. mﬂwﬁﬂse:iesﬂumnuravafageis-Sﬂandmevamaufaﬂwsn
idantizal The fems ar= not 2l scatiered, and the mean though the mean is 20 yet all he try
have dierent values. But they 2re not very much scatlered as the minimurm vaiue of the seres
25 2nd the maamum is 34_|n this case 2lso mean is a good representative of the series. 15
shird series the mean is als0.30 and the valuss are very widely scattered and the mean s 3
times of the smaliest value of the series and half of the maximum value. Obviously the zeerzy
here does not sefisfacionily represent the individual items in the group. In all these three see
the averagss zre identiczl (i.e., 30) and yet the series widely differ from each other in &=
formation. The scater in the first series is nil, in the second series it varies viithin a small rzrge
while in the third case the valuss range between a very big span and they are vadely ¢ zfierz
It iz obvious that in order to get a betier idea about the composition of a series we should sz
the extent of the scarter 2round the average. The name given to this scatter is dispersion

Dispersion refers 1o the variabilty in the size of items, it indicates that the series of t=
in 2 seres s not undorm. The value of various items differs from each other. If the variaten
substantizl dspersion s s2d o be considerable and if the variation is little dispersion
nsignificant. This s the ganeral sense in which the term dispersion is used.

an
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sarms 3iSpersion not only gives a gencral impresson about he vanabity of a seties,

The
. i
Y. ~S0 Measure ¢ thss vanaton Usually m a precmse shsfy of dispersion, the dewviatnng
o= : -
o . cize of nems from a measure of central tendency are found out and these deviatrons are
e

" aedtogive @ single figure representing the dispersion of the senes  This figure can be
:-l.-:f"' o :

s of od Wwith sim dar hgures reproscming ather somoes
i
corages of the Second QOrder:
gnee for aprecise study of dispersion we have (o average deviations of the vahres of the
s REMS. from their average, various measures of dispersion are called AVERAGE OF

HE ::;,ECGNQ ORDER. Measures of Central tendency are called averages of the firsl order
peolute snd Roelative Dispersion :

ireasures of dispersicn may be either absolute or relalive. Absolute measuies of
ggoersion are expressed in the some statistical unit in which the original data are given,
ch 85 rupees. kilograms. tonnes etc. If we calculate dispersion of a series relating to
s income of @ group of persons in absolute figures, it will have to be expressed in the
gmeunitin which the original data are, say rupee. Thus we can say that the income of a
20D of personis Rs.150/- per month and the dispersion is Rs.30/-, Thi= 1s called absolute
goersion. If, on the other had, dispersion is measured as a percentage of ratio of a
asasure of ahsolute dispersion to an appropriate average itis called Relative Dispersion
tis not expressed in the unit of the eriginal data. In the above case the average income
wuld be referred to as Rs.150/- and the relative dispersion as 2 or 20%. He relative
peasure of dispersion is sometimes called a coefficient of dispersion, because’ coefficient
seans a pure number thatis independent of the unit of measurement”.

. Inacompanson of the variability of two or more series, itis the relative dispersion that has
pbe taken into accourt as the absolute dispersion may be ermoneous or unfit for compansonif
he series are originally in different units such as pounds of sugar versions tonnes of sugarcane

=

>roperties or Qualities of a Good Measure of Dispersion :

. Agood measure of dispersion should possess the same qualities which a good measure
¥ central tendency possesses. Agood measure of dispersion should possess, as far as possible,
he following properties or qualities :

i Mshould be simple to understand.
Lﬁil It should be easy to compute.
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(i) It should be rigidly defined.
istribution.

f the dis
(iv) It should be based on each and every item of t
atment.
(v)  Itshould be capable of further algebraic treat

ions of s
(vi) Itshould be affected much by the ﬂuctuatmr{s
e unduly affected by extreme items

ampling

of a series.
(vi) Itshould notb

Types of Measures of Dispersion :
s of dispersions; of themthe following 46 nee

There are various types of measure e,
() Range (2) Inter Quartile Range (3) Semi-Inter- Quartile Range or Quary,, ™

mean Deviation (5) standard Deviation. '“Jfr,.
1. RANGE

Range is a measure of dispersion, which can be determined in both thﬁﬂbsglu‘aarf
re'ative way. ,

Absolute Range :
Absolute Range is the difference between the values of the two extreme tems o,

Symboalically Range = L — S where, L- largest value. S —Smallest value. Thus s ; iNase i
minimum and maximum values are 5 and 40 respectively, the absolute range wﬁuhhﬁ

= 35, If the values are stated in a continuous manner, the range would be the dlﬂErEnEEtp
lower limit of the lowest class and the upper limit of the highest class.

Range as calculated above is unfit for purposes of comparison, if the distributigrs.,
different units. For example, the range of the weights of students cannot be compareg o0

range of their height measurements, as the range of weights would be in Kgs and ﬁ'ratu!rg,-
in centimeters.
It should be remembered here, that the calculation of range has no relation vz s

frequencies of a series.

Relative or the Co-efficient of Range
If absolute range is divided by the sum of the extreme items, the resulting figureisra‘a

relative or the co-efficient of the range. Coefficient of Range = i—S Thus on the aboveec™

the coefficient of range would be:

40—5 35 7 N
2043 4‘5‘"’6 or 78% (approx.) Such type of range would or helpful for M
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o study. Coefficient of range is also called “The Ratio of (he Range” or “The Co-

is easiy calculated.

i
1)
{ ,-|},-underslnod by a commaon men even.

iis very much useful in the field of Quality Control of manufactured goods.
¢
DEHERETS

itis greatly affected by the fluctuation of sampling. Itits value is never slable and it varies
{ from sampleto sample.

A single variation in the value of an extreme items would affect the value of the range.

@

g lis not based on all observations of the series.
() M is not capable of further algebraic treatment.
» INTER QUARTILE RANGE

Justlike range an inter-quartiles range can be studied in both the absolute and the relative

Ways-
Absolute inter-Quartile Range

Absolute Inter-quartile range is the difference between the two extreme Quartiles of a series.

Inother words, itis the difference between the Q, and the Q, |IQR=Q,-Q,. Thusto find out the

value of Inter-Quartile Range itis required to ascertain first the values of the lower quartile and

the upper quartile.
Relative or the Coefficient of Inter Quartile Range

Coefficient of Inter Quartile Range is the ratio of Inter Quartile Range to the sum of the two
wartiles. Symbolically this may be stated as follows :

-0
Coefficient of Inter Quartile Range = gi +Q:
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Mﬁrits
ME mﬂ'r“s
RITS
(1) tis o
Sag
(2) ltis | Yio Caleulate provided that procedure of calculation of Quartiles is felt casier
Q) €adily understoog.
Nlike R4
@ i ge, it is not affected by the values of the extreme items.
es g
fair measure of variability as 50% of the values of a variable lie between the twq

Quartiles
DEMER|Ts
(1) 1ty
@) S affected by the fluctuation of sampling.

|
i tis not based on all the observations of a series.
~ Iti
; 'S @ measure of location and so its value is not always stable.
)

A change in the value of an extreme item may affect its value.
5
) Itis not Capable of further algebraic treatment.
3. QUARTILE DEVIATION

Quartile deviation is otherwise known as the Semi-Inter-Quartile Range. It can be calculated

in both the ways as follows -

(1

Quartile Deviation =

Absolute Quartile Deviations is the mid point of the Inter-Quartile Range in other words itis
one half of the difference between the upper Quartile and the lower quartile. Symbolically,

it is stated as follows :

-9 . Where, Q, stands for upper quartile and Q, for the lower quartile.

RELATIVE OR THE CO-EFFICIENT OF QUARTILE DEVIATION

2,
It is ascertained by dividing the difference between the Q, and Q,. Symbolically Cc =fficient
0. -0,
of Q.D. = Q + QI

Merit and Demerits

Merits

(1)

it is easy to calculate, as its calculation does not involve any mathematical intricacies
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18 ansy 10 understand evon (o i commaon man

(

Dcf"':”"s

(is nol pased on althe obsorvations of the data
"

i nol capable of further algebraie treatmaent,

s s affected 00 greal oxtent by the lluctuations of samphing.
(4
0 Mmfﬂ” change in the value of an extrome tem will affect its value greatly
{ e & i i
Not®

(L should be remembered here that the three measures of dispersions, discussed above

» Range. inter-Quartile Range and the Quarile Deviation are known othenwise as the measures
of -;ﬁ;spcrﬁiﬂﬁ by the method of limits. These are known so because their calculations are made
is of the extreme limits of the different values. Thus, when itis asked to find out

selyon the bas! o
Eht' pispersion by the method of limits-attempt should always be made to find out all these

Dgg\'&EIEiDHS.

The following exam
iits under different series.

ples would show how the dispersions are calculated by the method of

gample

The following aré the marks obtained by a batch of 9 students in a certain examination.

RollNo:1,2,3. 4, 56,7,89

Marks : 68,49, 9221, 54, 38, 59, 66, 41

Find out the dispersion and their co-efficients by the method of limits.

Solution
aining the values of the various determinan

This is a case of simple series. Before ascert
der. Thus the calculation will procee

itis necessary to rearrange the series in an ascending or
as follows :

Calculation of Range. |. Q. R., Q.D. and their coefficients.

Marks secured in ascending order : 21, 32, 38,41, 49, 54, 59, 66, 68
{  Range =x-y where X' stands for the maximum value and 'y' for the minimum value.

=68.21 the minimum value = 47
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) 68— 21 47
2. © : L I T 8T X
oefficient range r=y GR+21 9 (approx)

3. 1QR.=Q,-Q,=62.5-35=17.5Where 1.Q R, stands for Quartile Range. Q, for upper gy,
Q, for lower quartile.

; {}I_{}I_ﬁz'jhjéz.!ls__ 18
4.  Coefficientof Q.I.R. = 0.0 625435 9715 (approx)

Here Q, = Value of item
=Value of item = Value of 7.5"ilem
= Value of 7™ item +1/2 (value of 8™ item value of 7™ tem

= 59+1/2 (66+59) = 59+3.5 = 62.5

Again, Q, = Value of theitem=Valueof item =value of 2.5 item = Value of 2 iten
+1/2 (value of 3d item — value of 2" item) = 32+1/2 (38 - 32) = 32+3=35

Evample- 2
Compute the dispersions and their coefficients by the method of limits from the following
series :
MNo.of colds suffered |0, (1, |2, |3, 4, g8 |8 |T, 8, 8
Persons - 15.146. |91, [ 162, | 100, | 95, |62, |26, |13. |2
Solution
Calculation of Dispersion and their coefficients by the method limits
(m) (0 (c:f) |
0 15 15 |
1 46 61 '
2 91 152 ,
3 162 314
4 110 424
5 95 518
6 82 601
7 26 627
8 13 640
9 2 642
n=642
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X= ﬁH—If_ 47

2_ C = m—— b — = 5.;
oefficient range = =y 68421 89 (approx)
3. 1QR.=Q,-0Q,=62535=17.5Where |.Q.R stands for Quartie Range, Q, for UPDES i,
Q, for lm-.'ﬂr quarh?e
5 | O -, _62.5-35 1.5
Coefficientof QIR = 0,40, 625435 “075° =18 (approx)
Here Q, = Value of item
= Value of item = Value of 7.5™item
=Value of 7* item +1/2 (value of 8" item value of 7" dem
=59+1/2 (66+59) =59+3.5=62.5
Again, Q, =Valueof theitem=Valueof item = value of 2.57 item = Value of 2 item
+1/2 (value of 3d item —~ value of 2" item) = 32+1/2 (38 - 32) = 32+3=35
Evample~2
Compute the dispersions and their coefficients by the method of limits from the follovang
series :
No.of colds suffered |0, |1, |2, |3, 4, 5 |6 |7 8. g
Persons : 15, | 46, | 91, | 162, | 100, | 85, | 62, | 26, 13. |2
Solution
Calculation of Dispersion and their coefficients by the method limits
| (m) (f) (c.f)
0 15 15
1 46 61
2 91 152
3 162 314
4 110 424
S 85 519
6 82 601
[ 7 26 627
r 8 13 640
[ g 2 642
| n=642
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e A e
—

eQ-N=0
janne = t
\
=) 9.0

e

l.l“qrwh:wltf'"“""‘ﬂ*" ey Sl

1Q = 0y=Q® Sxhen
;I,‘ : Ui 5-1
. ] . = - i :!_ s ﬁ.
i'fi.\i'aﬂﬂ'if"“" of LAR. = e §ad -

A
R L -
. @ 0 2
-0 53 2 4
' cm,ﬁmieul olQD 0,40, 543 8 2
n+l) 642+ 1)
Here, Q,= Unlunlij-— item =Value of 3———-[ ’ : L item = value of 482@ item=5.Q, =
A 642 +
\alue of 1}.—!’—"‘:1'_)-_1 item = value of 35;'—-'£]"'",-I ilem = Value 161%i'em= 3}
Emﬁ"‘“' 3
The following table gives weights of one hundred persons.
compute the coefficient of dispersions by the method of limits
Solution
Calculation of the coefficients of dispersion by the method of limits
Weight in Lbs, No. of persons
85-95 4
95-105 13
105-115 B8
115-125 14
125-135 9
135-145 16
145-155 17
155-165 9
165-175 B
175-185 2
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TRINNN——— L . 2 g,
P

“hﬂf-l—gf_t_i_"_Lbs No.of Persons (m) () )
e = 85-95 4 —
Sty 95-105 13 G e
Ay 105-115 8 | e N
. 115-125 14 I
- 125-135 9 48
135-145 16 64~
" 145-155 17 81
155-165 9 90 .
165-175 8 .
175-185 2 e
n =100 sy
Bl

x-y _185-85 100

1. Co i = = = = .37
-efficient of range x—y 185+85 270 (approx.)

. Oy -0, 151.47-115=36.47
2 C - == =.14
oefficient of .Q.R. 0,+0, 151.47+115=6647 (approx.)

. O, -0, 151.47-115
3 Coefficient === =.14
lentof Q.D. 0,+0, 15147+115 (as above)

et mrmm——

Where ‘x' stands for the lower limits of the lowest class and 'y’ f u imi
highest class. y' for the upper limit a:-rmgi

(n+1)th 00)
4

]
Q, value of 3 item = Value of 3 200 item = Value of 75" item = this lies in the |

145-155 class interval.
Thus, Q,=1,+1,-1, (9,—c) =145+ 155 - 145 (75 —64) f

10 ]
=145_x11=145 +]T?E=”5+5‘4?=]5]'4?

_ " . 100
Q, = Value of 3 the item = Value of 3 theitem = Value of 25% item.

This lies in 105- 115 class interval.

1, =1, )th 115
Thus, Q, =1, +L—!'J'—(n‘1:.1I —c)=105 +—-3—1E{25"1?J

. =105+ %8 =115,
4
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¢AN DEVIATION

N oan Joviation is otherwise known as the anthmetic average of the above deviations

7 |ht‘ﬂ’1""“:“| measure of dispersions, which s calculated in the line of the calealation

nmf'“‘: average. [tis defined as the arithmetic average of the doviations of various

: . from @ measufe of central tendency (either mean, median or mada), thus Maean
|!.:'1'|"" jonls ¢ always calculation, attempl is made to know as the what is the average of the
1] ]tnﬂ5 of the various items of the series. For this purpose, the separate deviations of
i “h-. items of the series from an average are first found out In finding oul such
1] & s the plus and minus signs are completely ignored and mean, median of mode 1s
mﬂ central value. Of the three averages, Median is considered as tho most suitable
-.,|~ui'111nn the deviation. Mode sometimes being ill defined and interminate is nol
4 suitable for the purpose. However, in practical fields, the deviations are usually
r:“,n either from pMedian or Mean. The symbolical presentalions ol mean daviation are as

follows:

, Where deviations are taken from mean.

d . o
E where £ stands for the mean deviation from mean, d for the deviations from the

il. et
mean,and n for the number of items

Where deviations are taken from median.

sm— Wherem stand for the mean deviation from medium, dm for the deviations from
n
the medium and n for the number of items.

3. Where deviations are taken from Mode.

ﬁ:-d-:- Where z stands fro the mean deviation from mode, dz for the deviations from
n

mode & n is the number of items.

It should be noted here that the above formulas of mean deviation are for the absolute
; 1 results. For comparative studies, such results may not be helpful and so it will be necessary lo
| find out the co-efficient of the mean deviation. The coefficient of mean deviation would be
calculated as a ratio of the mean deviation to the particular average from which the deviations
have been calculated. Thus the symbolic presentation of the coefficients of mean deviation In

each of the above three cases would be:
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e

(2)

(3)

(1)

e e S E—

whﬁn

By
Miong aye taken from Mean

{:nﬂ'"itiunl of f= ]
i

hoy
' doviationg are taken from Median
Coary

Clont of Sm=fim
Whe

n dwlnlinna are laken from Mode ;
Coofficion of 82282/2

The dotajls Procedure of its calculation under different series and under different method,
Ordiscussed ps under,

Calculation of mean deviation and its coefficient in a series of individual observations. In
Case of an Ihdividua series, mean deviation whether form mean or from Median can be
Calculated under two melhods, vis : (1) Direct Method and (2) Short-cut Method.

Direct Methog -

Under direct Method the following steps are to be taken into effect .

(1)
(2)

Find out the value of mean or median

From the mean or median find out the deviations of items ignoring plus and minus signs.

(3) Getthe total of the deviations and divide the same by the numbers of items. This will give
the required result of mean deviation.

(4) To obtain the coefficient of mean deviation divide the mean deviation so obtained by the
mean or the median from which the deviations have been found out.

Short cut Method

Under this method the following steps are necessary :

(1)
(2)
(3)

(4)

(5)

Arrange the values in an ascending order,

Ascertain the value of the mean or median,

Aggregale the values of the items whose values are more than the value of the mean or the
median., and represent it by 'ay’ or 'mx' (as the case may be)

Aggregate the values of the items whose values are less than the value of the mean or the
median and represent it by ‘ar’ or ‘mx’ (as the case may be)

Substitute the values in the following formula and get the result :
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=F i ]

o T — -

where sstand fro the mean deviation from mean, ‘ay’ for sum of the values "greater than
.y fOr SUM of the values smaller than mean, 'n’ far the number of tems, for mean deviation

san o : .
£ 1medL.1|1, my’ forsum of the values greater than the median and ‘mx’ for sum of the values
!!cf;nﬂr manthe median.

W

ollowing illustration would clarify the calculations

Thel
E;]MPMFJ
From the following marks obtained by a batch of 7 students calculate the mean deviation
4t coefficient under both the methods :
L
RQH nos. 1 2 3 4 5 6 T
Marks - 78 59 42 K} 64 4L 69
golution
underﬂirect Method
Calculation of mean deviation from mean
— Marks Deviation from mean 56
('+' and ‘-’ signs are ignored)
78 22
59 3
B 42 14
N 25
64 8
48 8
69 13
Im=391 £d=93

§=Im=391=56 (approx.)

d 93
o= :ﬁ =13 (ﬂpprﬂx']

n
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Under Short-cut Method :

Calculation of mean deviation from mean

e Marks arranged in ascending order
- (m)

3

42

48

48

o3

G4

68

78
Ym=391,n=7

S_‘m 39
= =J—l=5h[appmx.}

m

‘ay’ or the sum of the values greater than mean :
(59-56)+64+69+78 = 241,

‘ax’, or sum of the values smaller than the mean :
31+42+48=121.

- 214 - 3
Thus = 2% L =3?—:13 (approx)

rn

n
N.B.: In getting the value of ‘ay’ 56 has been deducted from the first great items 59 as the
case 56 is the average item which will remain in the middle and will not be included in either of
the groups. The excess of 59 over 56 will be added with higher group i.e. ay.

Calculation of mean deviation from median

Marks arranged in ascending order Deviation from m = 59 ( signs
ignored)
31 28
42 g 5y
48 1
59 0
64 5
69 10
n=7 Zdm=80
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yalue of (n+1)th item = value of (7+1)th item = 59

M

v

3, dn 90,3 (approx.)
%

ynder Short cut Method

‘my' for sum of the items greater than median :

54+95+?E=211
‘mx' for sum of the items smaller than median

my —mx _ E]l:l_'-ﬂ .. 13 (approx)
" 7 7

Thus, dm=

Coefficient of mean deviation from mean

§ 3

i tﬁm=-—=—=+13
Coefficien s

Coefficient of mean deviation from median :

om 13
Coefficient 8m= ks L YO |
m 59

i) Calculation of Mean Deviation in Discrete Series :

In a discrete series, mean deviation can be calculated gither from mean, median or mode
and under any of the two methods: (1) Direct and (2) Short-cut Method.

Direct Method :
(1) Ascertain the value of mean, median or the mode (as the case may be)

(2) Fromthe mean, median or the mode thus ascertained find out the deviations of each of
the items ignoring plus and minus signs.

(3) Multiply the deviations with the corresponding frequencies.

(4) Get the total of the frequency column and that of the product of the deviations and the
frequency column.

= Eiw.d < the product-total by the total of the frequency and get the required value of mean
eviation.
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Under Short-cut Method

Cal=ulaton of mean deviation from mean | -
r__T"T}_“_—_ni'- [ (dx) (m-20) (fdx) dx (2 1gnored) | fdx (£ :-;;rrh:::r.e_-,jj“|
W s 10 50 10 :g }
B 5 o : ‘{
B e 0 0 0 0 ]

25 16 3 50 %0 .
3” 6 10 60 10 60
50 50 230 i}
uzxzﬂgg_,f_q::!
n 50

2= Ef-'f‘*Eﬁlﬂ-rl-zJﬂﬂ-xl"zJﬂu -IJ]
n
_ 230+ 28(21-20)- 22(21-20)
50
_230+28-22 23046

= =4.72
50 50

B.  UnderDirect Method

Calculation of mean daviation from median

Wages (f) (cf) (m-20) dm from 2n (% (fmd) (¢ ignored)
(m) ‘ignored)
10 5 10 10 50
15 8 . 13 =} 40
20 15 28 0 0
25 16 44 5 80
30 6 50 10 60
230

M = value of (50+1)th item = value of 25 5" item = 20

Jdm 230
m==———=
n 350

4.6
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i 230+ [28(21-20)-22(21 - 20)]

=230+[28+22]=230+6=4.72

50

n 50 '
Z=zfdx+[2fta—x}—zf{n—x}-z fla-x)]
n .

105
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s:aﬂ’P"ﬂ ih d
ascert inthe mean deviation from mean. ian, and mode form the folloving dats -
sgh.lﬁﬂﬂ .
g der Direct Method
Calculation of mean deviation from mean
._____——-—'__-__
5 5 50 o 55
5 8 120 - =
0 15 300 1 -
,ﬂz-g"’” — 16 400 - B
—50 6 180 2 -
-____——'-__
ol 50 1050 =
S 100,
==y 50
B e
- ¥ 50
ynder Short cut Me-rﬂgd
(m) f) (dx)/m-20 (fdx) ax(2) o
W= (+ ignored) (+ ignored)
10 9 -10 -50 10 =
15 8 6] -40 3 =
20 15 0 0 0 -
25 16 80 5 =
= : e 2 10 60
r_ 50 50 =
d 0
ﬂ=x=£1ﬂ+§—=z]

¥
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Sho M-cut Method -

(1)
(2)
(3)

(4)
(5)
(6)

(7)

(8)

&)

Under this method the following steps are o be followed :
Assume a value to be the value of the mean, median or the mode.

o - i 1 \gns.
From the assumed average, find oul the deviations of the items ignoring the £ sig

Multiply the deviations with the corresponding frequencies and gel the total of the products
as the total of the deviations from the assumed average.

Ascertain the actual mean, median or the mode as the case may be.
Find the difference between the actual and the assumed mean, median ort he mode.

Multiply such difference with the total number of items whose values are less than the
values of the actual average.

Multiply such difference with the total number of items whose values are less than the value
of the actual average.

Deduct the value of the step no.7 from the value of the step no.6 and add the result there of
the total of the deviations from the assumed average as ammived under step no.3.

Divide the result thus obtained by the number of items and get the value of the mean
deviation.

Under this method the symbolic representation of the mean deviation would be *

E____Zﬁfl'ir[z_ﬂa—x]—z_f(a—x}] )

1)

H

am=Zfdm +-[‘Z S(m=x)=3" f(m-x)]

"

spe 2 S+ [F f2-x)=F f(z-x)]

H

2)

3)

Where, fdx stands fro total of deviations from assumed mean, for sum of the frequencies

of the values smaller than actual, F for sum of the frequencies of the values greater than the
actual mean, ‘a’ for actual mean ‘x’ for assumed. median or mode as the case may be, 'n’ for
total of frequencies, fdmx for total of deviations from assumed median and fdzx for total of

deviations from assumed mode.

The following examples would illustrate the calculations of medan deviation in discrete series.
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_~ut Method ¢
uﬂde; shﬂ” el Calculation ol mean clr-umlmn llnﬂ_l'ﬁfﬂ”ﬂ_(_ihl:in
drmt =15 (¢ lr]nmr-:l] ';1711?"-"""*
o ;;T""'“—-—-q..
e i |
—
0 0 )
10 60
350

'~, S H[}:Hm - tJl LHm—xl

I"rl‘ =

pt "
'*u-h] '-?i.'"U—-l:)'J

i A4

2
15063185 350-120230 _ 4 ¢
==""5n "0 50

N 5[]'

c. Calculation of Mode by grouping Method :

r_____._.-—-|-—-ﬁ'__ Grouping in twos Grouping in threes
;rf__‘c.'ﬂ.-e———-g* 13 28
| 23 39
—5 | 8
— 16 22 a7
2 22
30 6
Analysis Table
Values
: 25 30
MColumn__[ 10 15 £y -
1 E
2 | -
|3 - :
4 " .
5 g - -
6
Total 1 3 5 4 1
From the analysis table it appears that modal value in 20.
N.B.- Calculation of mean deviation from mode under both the methods will be made in

the similar manner as itis shown above in case of mean —
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ies :
(iii) Calculation of Mean Deviation in Continuous Seri

: eviation from
In the continuous series the calculation procedure of meand Mean p,

following s i
Or mode will remain the same except that under short cut method the following speciay ﬂd;uatrn,_,rl

. liein |
Willbe made only when the actual average and the assumed average lie in two differeny o,

intervals -

ﬁ

Eﬂ:a

M

|
i

(1) Multiply the frequency of the class in which the actual average lies, with the differep,,

between the deviation of the mid value of the mean class from the total dverage one Elk.r‘f

deviation from the assumed average.

(2) Deduct the above result from the total of the deviations from the assumed average,

5=Zjh’ +[f(a --1']'_]— [ Fed = dv))=[f(d = dv)]

Here, the additional abbreviations — 'f stands for the frequency of class in which the actug
a\erage lies, 'd" for the deviation of the mid value of the actual average class from the actys

n

1
1}

average and 'dx’ for the deviation of the mid value of the actual average class from the 3Ssumed f

average.

The formulations for the mean deviation from median and mode will be adjusted accordingly

The following illustrations would clarify the above procedure

Exampfe—. 6
Ascertain the mean deviation from m
observations.

ean and median from following

[ M’ | 0-10 -10-20 20-30 30-40 40-50
F’ | 7, 12, 5. 18, 8
Solution

Under Direct Method -
Calculation of mean deviation from mean

(m) (mc) (f) (mf) d from 26.6+ ignored fd
10-10 5 4 35 21.6 151.2
| 10-20 15 v 12 180 11.6 139.2
[ 20-30 25 5 125 1.8 8
30-40 35 18 630 8.4 151.2
40-50 . 45 8 360 147.2
50 1330 596.8
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Nl X 968 11.94 [nppmﬂ
el

v l

qor gport-cul Method !
gpdet ™

Calculation of mean deviation from mean

lﬁrﬂ“"‘lfﬁﬁﬂ—" (H dx from 15 %

| 5 10
frﬂﬂ'_‘?__“_--' r_______,i:.J.-S-—-'—'_'—— 12 n ?uu
~1p-20 S
,,}"ﬁ-ﬁ}-"" 25 5 10 25
B 18 20 360

10-50 45 B 39 240
L"::..-—-fL,_-— 720

z fidv +E fla=x)- 2 fla=x}= [ﬂ_d - dr]]l
D Pl
)= n

26.6-15) - 26(26.6-15)1.6-10)

720+1%
- 50
720+ 120.4-301.6- 42 7204+ 220.4-343.6
: 50 50
5 720-123.2 2 596.5 _11.94
50 50
Under Direct Method :

Calculation of mean deviation from median

(m) n |(ch (mv) dm from 3056 £ |fdm
ignored + ignored
0-10 1 : T 5 25.56 186.72
;g-ED 12 119 156 15.56 186.72
43-22 5 24 35 4.44 79.92
: 8 50 45 14.44 115.52
| 568.88 .
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iation under different
EXplaineg properly as and when the calculation of standard deviation me'hﬂuﬁ

and differen series will be dealt with,

2)  COEFFICIENT OF STANDARD DEVIATION :

before proceeding 1o the actual work of computation it “,'ﬁmd = :;:hﬁmlfhtn Wil
here that there are two types of results whcihmay be found outin cﬂ"f”et e de dsta.nqam
deviation. They are : (1) Absolute standard deviation and (2) Co-efficient o 7€ Geviation
The procedure discussed above relates only to the calculation Dfrthe il df.wahnm Which
would not be properly useful for the comparative studies. For making a cumgar?twe strl.I':f:'.*r Of the
variability between two or more series it is the coefficient of standardl deviation '_"'“'hmh Will be
very much help full because this is expressed in relation to the arithmetic average in the forp, of
a ratio symbolically, it is stated as follows :

. S.
Coefficient S.D. =—a£

Where standard deviation stands for standard deviation and ‘a’ for arithmetic average,

Thus after the absolute standard deviation is calculated the value of the coefficient o
standard deviation can be ascertained without any difficulty.

3. Calculation of standard deviation in a series of individual observation. The calculation of

standard deviation from a series of individual observation can be made _byr any of the following
three method : =

1.  Direct method
2. Short-cut method
3.  Altemative short-cut method.

A brief analysis of the above methods is made as follows :
Direct Method :
Under this method the following procedure are to be followed
First, Calculate the actual mean.
Next, find out the deviations of the items from the actual mean (with + & - signs)

Next, find out the step deviations by dividing each of the deviation with a common divisible
factor if necessary and possible.

Next, square up the step deviations or the deviations as the case may be and get the total
thereof. _
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comparison between the formati

aciltates the oo tion of two or more series as he e

LA calcutated form the central value. eviations
a

RITS :

(1ignores the algebraic Signs and hence itis nol capable of further algebyraic -
| ent

s value 'S

mgde.
NITION AN

andard Jeviation is defined as “the square rool of the arithmetic average of
asured from the mean”. the square

nol always definite as it can be calculated either from mean, meg
, Me 1an or frnm

@
D CONCEPT OF STANDARD DEVIATION :
EF
51 w
Jthe devialions me
om the above definition it follows that the standard deviation of a series is calcy
ulated

F
rocedure

Jihthe following P

calculation of the arithmetic average or the mean, of the series.

, Finding he deviations of the differentitems of the series from the mean

Squaring up of the deviations and getting their total.

Dividing the total of the squares of the deviations by the total number of the items and there
by getting the average of the squares of the deviations or the second moment about he
mean as itis other wise called.

Finding the square root of the above average of the squares of the deviations and the
ulting figure is the standard deviation of the series:, -

r

res
|t may be mentioned, here, that the measure of standard deviation has been introduced by
Prof. Karl Pearsonin tf e year 1893 as a development over the mean deviation which suffered
from certain algebraic defects. Standard deviation is represented by the (sigma) a Greek letter.

Symbolically,

fd’
B=—
Vn

f Where, 5 stands for the standard deviation, fd? for sum of the squares of this devialions
rom the mean and n for total number of the items.

Th . _ |
e bil r:;d?;""e _?ﬂ_-'l'ljibuhc representation of the standard deviations formula will, of course, be
ied in different methods of calculations and in different types of series. This will b
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Ji g e i al.
M = value of 'ﬂ: ilem = value of 25" which lies in 30-40 class interv

| 1 (25 - 24)
Thus M=1, = -—;;- (m—=¢)+ 30410 is
|

=30+ =30+.56 = 30.56

2 /dm 588,88

msS=—— = 21178

O
- 5 (approx)

Under Short-cut Method :
Calculation of mean deviation from median

(m) (f) (mv) Dmx from 25 + ignored fdmx
0-10 7 5 20 140
| 10-20 12 15 10 120
_EU-3U 5 25 0 0
30-40 18 35 10 180
40-50 8 45 20 160 600

B ‘Z,ﬁr'!'iz.f(ﬂ '—.‘I.':l-—Zf{ﬂ—r}_[f{rf_rh.}ll
LH

. 000+ 24(30.56 — 25) - 26(30.56 - 23)
50
_ 600+(24x5.56) (26x5.56
50 B

=600-11.12

_ 588.88
T 50

=11.78

N.B.: Here m the actual median m j.e. 30.56 and lhe assumed median, i.e. 25 remain
almost in one class interval and the frequency against the value 30.56 is insignificant. Hence the

last adjustment in the formula was not necescary here,

Merits and Demerits of Mean Deviation

MERITS

(1)  Itisrelatively simple to understand and casy to c-* +iiate
(2) Itis based on all the observations of the data

(3) Itisless affected by the values of the extreme items
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Laslly substitute the values in the following formula and get the result of Stan, dd
; rd deviation

| _ ED” (if step deviation Is not taken)
sD=Y\ n

ED’ . T .
_ == fexe (if deviat t
| DrS,D' : fexe (if step deviations is taken)

- ollowing example may be carefully studied to understand the procedyre

i
pample ™! -
:| calculate the standard deviation from the following data relating to the marks,

5. 20, 30, 40, 50, 60, 70, 80
|

gplution Calculation of Standard Deviation of Marks
" Deviation from | Step deviations by | Square of gt
Ma means .45 common factors deviations g
[ (d) (d/c) (dic)?
,ﬁ.-:-———"_;;; =7 49 '
5 25 -5 25 =
i EE -3 9
':-'.fl_-_.__ .05 -1 1
Lﬁﬁ'—_—__ 05 1 1
w0 15 3 g
0 25 5 25
80 35 7 49
[360 168
Y.In 260

1" B

Where ‘a' stands for the actual arithmetic average, ‘m' for the sum of values of 'm' variables

\a=.—-=———=45

and 'n' for the total of the items.
Hence, the value of the arithmetic average is 45.
Now, W.D =
(dlc)!

N

168
—x
8

V215

=4.6x5= (approx)

xC
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Where standard deviation stand for standard devialion, sg(d{c}?for sum ?f the ;:r“;r:]i{i’::mn
deviations, ¢ for the common factor for step deviations and ‘n’ for the total num ms

2. Shon-cut Method.
Under this method the following procedures are to be followed !
First, assume a figure to be the value of the mean,
Next, find the deviations of the items from the assumed mean.
Next, find the step deviations with a common factor, if possible
Next square up the steps deviations and get the total.

Next, substitute the values in the following formula and get the standard deviation.

dx? i) -
5=1i—:;- i xc where dx stands for the deviation from the assumed mean.
n

The following example would clarify the method described above.
Example - 2
Give the data below find the standard deviation by short cut method

45,6.5,75,85,9.5

Solution
Calculation of Standard Deviation
\
Variables (m) Deviation from assumed mean Squares of.deviations
7.5 (dx)
4.5 -3 9
6.5 -1 1
L 0 0
0
8.5 1 1
9.5 2 4
=] 18
. dept (e 15 (1)
Now standard deviation = \"—f— ——;}— - \lr? ~£5]—- =V3-1.44  (approx)
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e, stan

; dard deviation stand for the standard deviation, dx?
whe calcum"ed from the assumed mean, dx for sum of the dew
tio mber of tems.

@ andfor ol

g Hef
in gize.
Alermative short-cut Method

; ding the value of standard deviation willbe advisable only where

shod of fin | |
e ple are of smaller iz Under this method the value of mean is

yanat
;deuiatinns fromt
q;{ﬂ“DW’E .

for sum of the Squares

atinnaimm!he a55um g
s |

ed

i o step deviation was nol necessary as the value of some of the dey
1ations wa
3

sm;a“

the figures of

: . assumed to be the vay,

he assumed mean. As such the calculation under this method il creen. .
proceed

5quaing up of them variables and getting their total
1

getting the total of them variables.

gubstituting the values in the following formula

Zm‘! [nll}1
S'D-\ n n

| From the following example the calculation of standard deviation under the method
gscussed above will be clear.

L

Example —3
As certain the value of standard deviation from the following series assuming that the value of

the mean is Zero.
\ariables : 5, 10, 15, 20, 25

Calculation of standard deviation

‘ (M) (M)*
5 25
10 100
15 225
20 400
25 625
75 1375

115



57

Now, S.D. | =——

V' »

Where, S.D. stands for the standard deviation, fd? for sum c:-fithe product of tha SQuarg,
of deviations and their frequencies, and ‘n’ for total of the frequencies.

579

- —=y§579=2.4 (approx

Thus, S.D. Vioo v5.79 (approx)
Shorl-cut Method

Exafnple-—ﬁ
From the following data ascertain the value of standard of

deviations by short cut method :

Values : 0, 8, 10, 15, 20
Frequencies : 10, 4, 6, 8, 22
»olution

Calculation of standard deviation by short — cut method

(m) (N | (dx)x=10 (dx/c) (zofds/c) (adx/c)? (fdx/c®
0 10 -10 2 20 1 10
5 40 -5 4 4 0 4
10 6 0 0 0 0 0
15 8 5 1 % 1 8
20 22 10 2 44 4 88
50 28 140

By the formula we have -

SpD= JZf-drr’c’ __{f.ir.;'c)?.xc

n

n

Where, standard deviation stands for the standard deviation, f.dx/c? for sum of the produdi
of squares of step deviations and their frequencies, f.dx/c fro sum of the product of the step

deviations and the frequencies c for the common factor of step deviation and n fortl : total of
frequencies.

_ fr-m_(zs;’ "
Thus, S.D= 50 50 %3 ="28-.3x5x5

=1.6 x5 =8 approx.
Alternative Short-cut Method.
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on of Standard deviation in a Discrate Series

1a
;.U:u !
G : rocedure of calculation of standard deviation in a series of Indidyal
’ wilaA
fhe 2

i also remain the same in case of a Discrete series only with the exception 1

ation" - ofthe values found here, will be multiplied with the respective deviations and 5
L goque” cies wil pe taken to be the number of items. N other words in discrete senes:hhi
::..1‘ " ﬁequedeuiaﬁﬂ“ s from the arithmetlic average are mulliplied by the lotal frequencies an.:-j

=. e ﬂrE oot of this is the <tandard deviation of the series. Symbolically.

o SAY
et
N fd
_ =
.‘r ) \ "
_ing this much in ViEW, the calculation of standard deviation in a discrete series will be
j, 3; follows
wglerﬂ’-""ﬂ Method
gample = >
erom the following frequency distribution find out the standard devirion under discrete
nethod
Variables : 4, B, 8, 10, 12
FrequEﬂEiES . 21 - 25| 30- 1Er a
Solution
Calculation of standard deviation
Variables Frequencies m.f Deviation Squares of Frequency sas.
from mean deviations Of deviation
(m) (f) ‘ (d) (fd°)
4 21 84 -3.3 10.89 228.69
B 25 150 1.3 1.69 42.25
8 30 240 0.7 +.749 14.70
10 16 160 ¥ J 7.29 116.64
12 8 96 47 17972 |
100 730 579.00
a= E ?3{} = 73
n 100

Thus, arithmetic average is 7.3

Where, ‘a' stands for the arithmetic average, ‘mf for sum of the product of the values of

and their corresponding frequencies and ‘n’ for total of frequencies.
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Where, standard deviation stands for the standard deviation, for g, of the sq,
the m variables, m for sum of the m variables and n fro total number of items. areg gy

4 k|
Thus,S.D= ﬁ% > E—‘;— =V275-225 = V 50=7 (approx)

Example -4

Taking the data given in the example no.2 and example no.3 above into

slate which of the series is more consistent, .

Solution

This is question of comparative study where the coefficient of standard deviation i,
give better result. By the formula we have.

: S.D
Co-efficientof S.D.= —

a

In the solution to the example no.2 and 3 the standard deviations of the

two series wer,
1.44 and 7 respectively. The arithmetic average of the two series will be ascert

ained as unde,

1* series
2. dx 1
a=x+ =754+==723
n 5
2™ series
l‘.'ix- -
a=.r+z =ﬂ+1:—=li
n 5

Where 'a’ star_nds_. for the actual arithmetic average, ‘¥ for the assumed arithmetic average,
dx for sum of the deviations from the assumed arithmetic average and 'n’ for the total number of
items.

Now, the coefficient of standard deviation of the two series will be found as under
1% series

Coefficient of S.D= 2D =7= %ﬂi =.2 (approx)
1 i

2™ series
S.D

7
Coefficientof S.D.= T =1—5-=.-4?r (approx)

From the values of the coefficient of stan
that the series no.1 is having less coefficient o
consistent that the series no.2.

dard deviations of both the series now, itis clear
fstandard deviation. Hence, this series is more
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:ﬂ“m figures given in the example — 6 above tind the standard deviation

wing th€
N ghorteut method

undaer the

" -413'[“'{!

_afon _—
T ation©f standard deviation
ca

gy the formuia ¥ st

gD = ﬂ.lrif-ﬂ? t {E-""”J‘

dard deviation stands for the standard deviation, .’ for sum of the product

where, St .
the frequencies, f.m for sum of the product of m and . and n fro the tota) of

[(qUares ofmand
o fequencies:
_ 11300 _(GOV w96 (12.8) ="226-164 = 62 = B (approx)
| wsSDF 50 S0

culation of standard Deviation in a Continuous Series :
(2 cu

The calculation of standard deviation in a continuous series can be made in any of the

| awing three methods

1  Direct method
3 Short-cut method

3 Shortestmethod

The procedures of -:alculation under direct method and short cu* method will remain same
here. asitwas in case of discrete series only with the exception that he mid values of the class
irtenvals will have to be found out which will be co nsidered as the values of m variables for the
purpose of calculation. The following examples would clarity the methods of calculationin a
confinuous senes.

Direct Method
Example- 8
From the following data find the standard deviation under direct method

|iassintewa|s; 0-10 1020 [20-30 | 3040 40-50
Frequencies - 16 4 5 10 25
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Solutlon Calculation of slandard deviation under direct meth g,y
- nethod
Class intervals | (m) (1) m.f (d) dlc (dfc) T o~
Mid values
0-10 b 16 80 -24 -12 1414__-‘- PRy
10-20 15 4 60 -14 -7 49 ——-___lELG
20-30 25 5 125 -4 . -2 4 T
a0-40 35 10 350 6 9 ___-_EE‘H‘H
10-50 45 25 1125 16 B 64 1600
GO 1740 4210
amtd 10

n 60
Hence, the value of the mean is 29

—— e

L
Now, S.D, = 'rr'—{”—L-
‘l n
4210
=7 x2=77017x2=8.37x2 = 16,74

fil)

Hence, the standard deviation is 16.74

Short cut Method
Example - 9
Calculate standard deviation from the following data under the short cut

method :

Class intervals - [ 0-5 5-10 10-15 || 15-20 20-25

Frequencies : 3 7 5 4 g

Solution :

Calculation of standard deviation

Class interval [ (m) () J(dx) [(dxc) [ (f.dxic)? (f.dx/c)?

0-5 2.5 3 -10 -2 -6 4 12

5-10 1.0 7 -5 -1 -7 1 7

10-15 12.5 5 0 0 0 0 0

'15-20 17.5 4 5 1 4 1 4

20-25 22.5 9 10 2 18 4 36
[ 28 g 59

By the formula we have -

W 2
e ELZIH ¢ _Udkle?
n n
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ard deviation stands for the standard deviation { dx/e-

o stan

| for sum of the produey

: _ﬁ_‘i 5".:‘-111 d'? : [rECIUEHCl{:-:, f
o of step deviation from the assumed mean and the frequencies ';:'d[ﬂum
; ar ”"IE

p deviation, and 'n’ for the total of frequencies.

atons from the assumed mean and the respective

s Lkl;'

ml,,a:-‘-.sn = b

x5="21-1x5=14x5=7

o2, the standard deviation of the above series is 7 approximately
s = ’

,.ntﬂ'[t"S!' M-E.'fhud
i
X od 1S apphcable only where all the class intervals given in the seres are of

T-‘; < magnitude. However, under this method the following steps are to be followed
Ll (AT :

& st Find the cumulative frequencies in a separate column and get he total thereqf

Nt cumulative the cumulative frequencies again in a separate column and gel the

o mereol,
¢ Findthe value of F by dividing the sum of the cumulative frequencies by the sum

wefraquencies with the application of the following formula :

S

Y n
Next Find the value of F, by dividing the sum of the cumulations of the cumulative
ses by the sum of the frequ encies with the application of the following formula.

raquent
Next Ascertain the class magnitude by looking at the class intervals,
Lastly, Put the formula and substitute the values therein to get the desired standard
devabons: .
$B.=1x2F, -~
_ ‘-“f_nere, i stands for class magnitude, F, for average of the cumulation of the cumulative
equencies, F for average of the cumulative freq uencies.
The above method would be clarified from the following example.
Example- 19

HEMUS@IWQ the data given in the example — 9 find the standard deviation under the shortes!
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Solution Calculation of standard deviation

, - Cumulation of tha

e : frequencies : e

Class interval | Frequencies | Cumulalive Ireq cumulative ffEQUenmEE
—_cles |
0 (ch) T
0-5 3 2 13
510 7 10 28 200
1015 5 i 47
15-20 4 12 75 -
2

Total 28 75 SO

By the formula we have :
SD=I1xVF2-F=5xV2x6-27-729=5xV2=5x1.47

Workings
Fao= ol IT:&E =6 (approx)
n 28
¢f 75 -
S e—= = ,._.? I"G
Fy g (approx)

Hence, the value of the standard deviations is 7 which is just equal with the result that was
armved at under the short cut method.

7. Merits and Demerits of Standard Deviation. .

Having thus studied the meaning, nature and the calculation procedure of the standard
deviation now, it will be possible to lay down here the outstanding merits and demerits that go
for and against such a measure of dispersion. In doing so, however, it will be required to keep in
view the characteristics of an ideal measure of dispersion. Thus, in the light of these
characteristics the merit and demerits of the standard deviation can be drawn as under.

MERITS :
(1) Itisrigidly defined and its value is always definite

() lts calculation is based on the observation of all the items of the series. This means, no
items of the series is ignored in its calculation as it happens in the case of certain other
measures of dispersion viz. Quartile, deviation.

(3) Itisless affected by the fluctuation of sampling and for this reason the standard is used as
a key instrument in the matter of Sampling analysis.

(4) Itisless affected by the fluctuation fo sampling and for this reason the standard is used as
a key instrument in the matter of sampling analysis.
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F|.|TS .
EEHE Aheutt 10 ynderstand on the part of a layman because i MVOVes with the —
i G o Matcal
3l Eﬂ"'*;-_j :!ES
GILS 5 )
d fcult to calculate in companson to the other measures of dispersion
o o Afectad by the values of the extreme ftems because it involves with the procad
\ EE;. 4ring UP of the deviations thereby making the big items st bigger and hy sn:;:
- su:qt.u ;ma!!er in proportion to each other.
pems =

umup. the standard deviation is a mathematical measure of dispersion enunciated
To ‘-‘:J'ﬂ pearson in the year 1893 as a development over the mean deviation .

i prof. N8 he standard of deviations of the items of the series from the central tenden 5
g1l at."anm-.'ev er. in the determination of its value the deviations of the various ﬂer::
Athe si’ﬂe-’% re found out only from the arithmetic average and in doing so the and signs of
gpeseresd Jre duly taken into consideration. As defended, it is the square oot of the
ﬁdé*.uaﬂf-;“;e square of deviations obtained from the mean. It p ssesses many
jerage cf al prupgﬂiEE and satisfies most of the qualities of the deal measure of
ﬁttiz;:;mnespile a few drawbacks that go against, it is regarded as the best measure of
fsperant

s mean is regard as the best measure of central tendencies.
-gpersions justas lhe |

SKEWNESS, MOMENTS AND KURTOSIS

SKEWNESS
(. MEANING

Skewness means 'ack of symmetry in the distribution of a stalistical series. It gives an
ndication of the extent to which the items of the series concentrate around or scatter away from
the central value.

DEFENITION :

(1) “Whenaseries is not symmetrical, itis said to be asymmetrical or skewed” - Croxion &
Cowden

i ' { points
(2) “Adistribution is said to be ‘skewed' when the mean and the median fall at different po

itv) is shi ‘ other-1o
inthe distibution, and balance (or center of gravity) IS shifted to one side orthe
leftor right”.



~

2. Cancept nf Skewness

The concept of skewness will be clear from the following thEr:E diagrams Show \
- | E' :
Symmetncal distibution and he tow types of skewed distribution such as (b) Positively Sk,
distribution, (c) Negatively skewed distribution

(a)  Symmetrical Distribution :

The above diagram on the right shows us that the symmetrical distribution if pioyg,, ”
araph paper gives us a perectly bell shaped curve where the values of mean, Median an
mode comcide. Here the quartiles are equidistant and the spread of the frequencies ig Same,
both sides of the central line of the course.

(b) Skewed Distribution

The distribution, which is not symmetrical is called a skewed distribution. There are fy,
vpes of skewed distribution.

(i)  Positively skewed Distribution :  In this type of distribution we find mogj of the
frequencies towards the right side of the curve. That is why the right tail of thi Clrve
is longer than left tail and mean > median > mode.

(i) Negatively skewed Distribution : In this typé of skewness we find most of i,
items towards the left side of the curve and the left tail of the curve is longer than right
lail and mode > median > mean.

3. OBJECTIVES OF SKEWNESS

Skewness of a distribution helps us in finding out :

() The nature and degree of concentration in a series i.e. whether the concentration is with

f
b

higher or the lower value,

i} The empirical relations of median, mode and mode ina rr{-::derateiy skewed distribution 3 |

median — 2 mean = mode holds good or not.

vii)  To know if the distribution is normal,

4. DISTINCTION BETWEEN DISPERSION AND SKEWNESS

DISPERSION

1 It deals with spread of individual values around and central value in a distribution
2 It needs in finding out the degree of variability in data.
3.  Itindicates how far mean is representative of the series.
4, It deals with the amount of variation.
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ass or modal value cannot be clearly found just by observation Qrouping

alcl
yihe m Analysis 1able should be prepared to find the modal valug

or the value of mode cannot be found out. The Karl Pearson's coefficiont
fmos= (Mean = Median)
sisby —

vley's coefficient of Sewness |
powier
II "
) s cocfficient of skewness IS also unknown as quartile coefllicient skewness. It is

Bﬂ“ﬂﬂ
ocalyusefl:
e senthe medeis il defined and extreme observations are presentin the data,
13
| he distribution has open-end classes and unequal class intervals,
.-'|'||.'||:r‘|er'|I ;
J H ¥
s absolute measure is Q,+ Q-2 median

s relative measure or Bowley's coefficient of skewness is given by the formula
\
II )

th _f_g ~2md

:[_:'1 -0,
The range of variation under this method is £ 1. Itis therefore, easy to interpret but the
-ain drawback of this measure is that it is based on only 50% of the data.
Example— 2 |
Find a suitable measure of skewness from the following distribution:

Annual Sales | 0-20 20-50 | 50-100 | 100-250 |250-500. 500-1000
(Rs."'000)
| No. of firms 20 50 89 30 25 19

Solution

Bowley's measure of skewness based on quartiles will be more
appropriate here, since class-intervals are of unequal width.

Annual sales (Rs.5000) | No.of firms : Cumulative frequencies
0-20 20 20
20-50 50 70 —
50-100 69 139 !
_100-250 30 169 |
— 250-500 25 194 =
L 5001000 - ~ 19 213 -~ .|
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Solution e A siandafjﬁwia“ﬂn ancfidmnde ——

No. of rejects No of | Mid-value d=x-38/5 2
per operator | operators (f) (x) = —
21-25 5 23 -3 = L
[ 26-30 45 28 2 30 L
31-35 28 33 . -1 -ﬂ 2
36-40 42 30 0 Ly
4145 15 43 1 15 ]
46-50 12 48 2 24 48 el
51-55 3 53 3 9 222?3 —
Total 120 .20 E

Mean (x) =4 + .Z"fd x
= 384+ U52) 5213696
120

Mode : By observation, it can be found from the table given above that the modal class is 36-40
or 35.5-40.5. And the values of , fand f, are 28.42, and 15 respectively.

L+
The modal value can be found from the formula ~i T e

e 47 -28 s
Mode (mo)= 22 (42-28) +(42—15)

14
14+ 47

x5 =3 T2

Standard deviation can be tumed from the formula

23 (25
Vizo 120

= J1.8583 -0.0434 = 6.74
Hence, Karl Pearson's coefficient of skewness is given by :

5

o i Ly B
oy XM _ 36.96-37.21 = —0.037

] 6.74
Ans.
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gt
pdeals ¥

—

whelps ™ Sl

dicales if the distribution is normal.
jtin

| deals with 1
MEASURES OF SKEWNESS
Shgwnessf

Absolute m

o
However. ab

e
. v as coefficient of SKBWNESS.
oW
There aré s
spd measures are

g Karl pearson’s Skewness

@ M
p) The relative measure of

Karl Peason's coeff icient of skewness =

Where the mode is ill defined, the formula is

he direction of the distribution.

s absolute measure is Arithmetic mean —mode

th symmetry of distribution of values on both sides of the central valye

g whether the concentration is in higher or lower values

can be computed in two ways viz agi) absolute way and (i) relative way

sasure is found not by deducting the value of mode from mean. The difference
rnegative indicates that the distribulion is ositively skewed or neg atively shghg{;

splule measure is not helpful while comparing the skewness between two
s with gifferent units. Here relative measure is to be calculated which is also othervise

everal measures of the coefficient of skewness. But the tn.d most commanly
Karl-Pearson's coefficient of skewness and Bowiey's coefficient of

Arithmeticmean — Mode

S5.D

(3AM — Median)

5.0

Ex: In analysis of production rejects resulted in the following figures.

Calculate Karl Pearson's coefficient of skewness

No. of rejects per [ No. of operators | No. of rejects per | No. of operators
operator operator

2123 5 41-45 15

26-30 12 46-50 12 |
| 31-35 28 51-55 3

3640 a0
e

Calculate Karl Pearson’s co-efficient of Skewness

125




Lhuantide nems nrng

Oy= 213 or 53,25 the or it lies in the 20 = 50 clags

5 - []
G or Ma = a1 or 106 5" or it Hles in the class 50 10
. 3

0y= 'Y ar 150 76™ or it lies in the class 100-250
|

Using the formula for quartiles and median, we get
Jiva 51,258 - 20~ 30
AN

[:I! = = JU5

Md or Q=504 '.“’.":.‘J 10 8= 7645
i

g 75 =110
Q=100 IS L e 13 -w 180 = 201.75

Fowle's co-efficient of skewnass is given by :
o) - 2nd i
(_J- i L".'l
203 734 3995 -2 7645
211,75 - 39.95

stilh =

=1.554

(C) Kelly's Measure of Skewness

Kelly's measure is a compromise belween Pearson's and Bowley's measure. Here e
distnbution between 20" and 10" percentile or 9" decile and 1% decile is considered.

Kelly's absolute measure of skewness is'given by
Puc+Pm = zpﬁﬂ ar Da +_D'| i EDE
The relative measure or the coefficient of Kelly's

'y 9 _
Shewnoess is !1”" +1, 2P, - D, +D,=2D,
Py + By D, - D,

Example -3

From the data given below, calculate a coefficient of skewness based on percentile :

| Marks No. of students Marks No. of studnets
| 0-10 4 30-40 10
)_ 10-20 E 40-50 7
;_ 20-30 20 50-60 J
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su(arkf—-’}_--— Fl'Eq:EfIE'f Cumulatve frequency
® | 2 1
. 10 20 i
L I -
L -
yedian is the ni2th or 50/2th or 25" item which is in 20-30 class. Py is

S0 : e g
Mnr 5™ item, which is in 10-20 class. Pg; is the value of

e value of 00

i) 1gp or 457 items which 1S in 40-50 class.

100

10
Median =2l]+56{35 _10)=217.5

P.m:].ﬂ+}§x[5-4]=ll.ﬁ?

Py=40 +L_?{45— 40)=47.14

- ﬂu + P'Jﬂ Ui zm
Kelly's skewness IS ——;
‘Iw = Pln
11.6?+4?+‘.4—-(2x215} _ 381 011
B 47.14-11.67 3447

(0) Measure of Skewness Bdsed on Moments :

Ameasure of skewness can be obtained by suing the third mome nt about the mean. This
methodis explained in the moment section.

MOMENTS
6.  Meaning

The word moment is a mechanical term, which refers to a measure of fo

tmeans ‘the arthmetic average of certain power of the deviations of the items from their
finding out the average of I*

anthmeti . .
melic mean “the 4 moment is denoted ur (mur). It means
Powers of deviations.
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Thus, Ur= ZD—_—JLL (for ur-grouped data)

"

Ler = Z“’;E—:i (for grouped data)
I

Here, it may be observed that
Lll-rtzjfti}, — .{;-:..-.;{:‘{ = ; :‘E :{]
] T N

Z[x~ﬂ)

However, the first moment about the origin is given by = =

313
T (x=x)
The second moment is (/, Z—;——-

Thus the second moment about he mean is the variance.

. Y (x-x)
Similarly, the third moment is U, = :

> x-x)
And fourth moment is U, ——
7

The third moment about the mean i

s considered as measure of skewness and the founy
moment is used as a measure of Kurtosis

We can summarise the above discussion as follows :

As we have defined moment abg ut

Mean we can also define moments ab
say A, the rth moment about any pointAis

denoted by lur",

X - 4)?
Thus Ur= Z( <o
M

(for grouped data)

2 S(X -4y
S/ (for ungrouped data)

And Ur=

Example - 4

Calculate the second, third and th

e fourth moments for the following distribution of service
time at the registration counter of aloca

| post office.
| Service time (in minutes) 2.0 3% 3.0 35 40 |48
| Nuclear of Frequencies : | 5 |30 |40 15 5 5

130




UNIT — 1\

Lesson -\

The ﬂmec:li\ff’- of this Wil are

31.0 Objective

313 Explam \he meaning of Regression

31.2 Explain the defintion of Regression,

513 Explain utility or significance of Regression
314 pifference between correlation and regression analysis
31.5 Describe the types of Regression.

3.1.6 Explain the Regression lines.

347 When are these Lines coincide.

218 Why Two Regression Lines.

4.1.9 Explain the Regression equation and Regression Coeflicient.
3.1.10 Explain the Properiies of Regression Coefficient.

3.1.11 Solved Examples

3.1.12 gelf Assessme nt.

sTRUCTUR E:
.. Explainthe meaning and definition of Regression.

. Difference betweeil correlation and Regression analysis.
. Explain utility of significance of Regression.

. Describe the types of Regression.

» Explainthe Regression lines.

»  Explain the Regression equation.

3

Describe Regression coefficient.
r Explain the Prﬁnperﬂes of Regression Coefficient..
»  Solved Examples
- Selfassessment.
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.

According to Prof, Karl Pearson, Kurtosis of a series can be measured by B, v

2qualto

I
Indicaions
If B, = 3, it gives normal or measured curve
I3, > 3, it gives a leplo kurlic curve
Il B, < 3, it gives a plalykurtic curve
2.y, (Gamma two) ;

According lo R.A. Fisher, Kurlosis is measured by y, which is equalto 3, -3,

*
- .-i-
-
L] '-i
o
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i Gﬂwﬂr moments are given below
30 /’r"—]____f_“___ x-x | fox=x) | fx=x) | fx- )t |
'if"’ ,.-e—a-""' 10.0 -1.0 5.0 50 50
4_}”_,,.#-3"5“" 75.0 0.5 7.9 -3.75 1.87
5 g | 20 4 7 > : R
T' j'?f#‘,..eg-"'" 52 5 0.5 375 1.87 0.04
36 ,_d.-—f;-"‘“ 20.0 1.0 5.0 5.0 50
ff,.[.r--"'"'"-r-‘ 22.5 1.5 11.25 16.87 25.31
/i?f"‘"'"ﬁﬁ-—-‘ 3000 32.5 14.99 18.12
- 19
5 ﬁ_‘f_jjl 349 0325
=" } 'f H]rl
- {
1 _:'_,_ﬂ_‘__.ﬂ-;”‘ 9 045
Uv= n 100
| -_ij;:i_ 38025 351
U, = 2.4-'{ 100
i Since U, #0, we can deduce that the distribution is skewed.
KURTOSIS
g Meaning
Kumisinsreeklanguage mean ‘bulginess’ it measures the flatness of the curve. There terms

areysed for indicating flatness. Measo urtic stands for a normal curve, leptokurtic for a peaked
cuve and platykurtic for a curve [ess peaked than normal as shown in the figure below

Fig: 4

9 Kurtosis Measurements :

There are two constant or coefficients through which Kurtosis of a series is determined.
Theyare (1) 2 and (2)y,

1.8, (Betatwo)
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REGRESSION ANALYSIS
1.1 MEANING OF REGRESSION:

The dictionary meaning of the word Regression is "stepping baﬂl.i" Or going bac
mean value The word has first used by sir Francis Gallon in 1877 n his stug, ha;,-,.,;-
heredity He studied the relationship between the heights of father and thejr Sons anda,
some very interesting conclusions which are as follows:

1} TallFathers have tall sons and shori fathers have short sons.
) The mean heights of sons of Tall father is less than the mean height of their fathers

W) The mean height of the sons of short fathers is more than the mean height of the;, faihe
Thus sir Galton found that the deviation in the mean height of the race was eSS thyy, :
deviations in the mean height of the son from the mean height of the race was, less than rb.;
deviations in the mean height of the father from the mean or below the mean *“Hur.;
tended to go back or regress towards the mean.

Thus, regression means going back or returning towards the mean, Galton depicteq fhe

average relationship between the aforesaid two variables graphically. The line Showing tr,
relationship is called the line of regression.

1.2 DEFINITIONS OF REGRESSION ANALYSIS:

I According to Morris Hamburg,
which estimates are made oft
one or more other variable ang

| process"”.

"The term Regression analysis “ refers to the methods by
he values of a variable from a knowledge of the values
to the'measuremen.t of the errors involved in the estimation

I According to Ya-Lun chou,"Regres
relationship between variables that
va riable and thereby provide a mech

sion analysis attempts to establish the nature of the
is ,to study the functional relationship between the
anism for prediction or forecasting.”

Thus, regression analysis is a measure of the av
Or more variables in terms of the ariginal
analysis is a statistical method with the help

or predict the unknown values of one varia
variable.

erage relationship between two
units of the data. Moreover. reg ession
of which we are in a position to estimate
ble from the known values of another

'_rhe' variable which is used to predict the variable of interest is called independent variable or

the explanar'nry variable and the variable weare trying to predict is called the dependent variable
/ar the explained variable, The independent variable is denoted by X and the dependent variable
; {}is denoted by Y. The analysis is called simple linear regression.
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4 G(GNIFICANCE OF REGRESSION ANALYSIS
oR : .

UﬂLlﬁ iysis s very widely used in almost all scientific disciplines. In Economics

gsion an o for determining the relationship between the economic variableg

€ i
ped™"_jechnia! ia ar:
fhé be egrBSEiﬂn analysis alt.

In (Busin ess this stalistical tool is very widely used. Businessmen are interested

m“‘Eﬂ s pmdudmmmnsumptmn.inuestments. prices, profits, sales elc.
5 dic '

conoMiC study and planning- projection to population Birthrate Death rate

. »Dﬂ'ﬂ‘ a s arer equired. These variables cane estimaled by Regression analysis
hef |

elation coef ficient

hel ression analysis we also can calculate the coefficient of correlation
withthe - correlation (r) iscalled the coefficient of

|t measures the degree of association of correlatio: that exist between

iermination: : _ .
greater the value of 12, better is the fit and the more useful the

ables. In generaL

i 'u'.EITI i :
4 pnsasa predictive device.

(egression equal

25 PsinESﬁmaﬁﬂg the value of dependentva rable from the value of independent vanables..

The regression line describes the average relationship existing between X and Y variables.
incther words, it depicts the mean values of X for given values of Y. The regression equation
provides estimates of the dependent variables when the values of independent vanables

o2 substituted into the equation.
y  Helpsinmeasuring efror in using regression line..

Regression analysis is very useful in obtaining a measure of the error involved in using the
regression line as a basis for estimation. For this purpose the standard error of estimates

scalculated.
14 DFFERENCE BETWEEN CORRELATION AND REGRESSIDN ANALYSIS.

mcmaﬁﬂn and regression analysis helps in studying the relationship between two vanables
Yelthey differin their approach and objectives. :

Whi : , | |
vary, m;ﬂe correlation analysis tests the closeness with which two or more phenomenon co-
1 i H .
Predictio ession measures the nature and extent of the relation thus enabling us to make
n. The main differences are : :
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1. Correlation is a linear relationship between two variables so {4, Ihe
0

. . - T ; Vi
same or in the reverse direction where as regression is Measyq "
relationship between two or more variables. the . "t

2. Correlation only shows the existence of some associalion in |he Moven

where as regression presumes one variable as a cause and oth e Variapy, 3 V"n;,h
2 11 'lﬁ. A

3. Correlationis ameasurement showing association between two
of correlation ( r ) falls in the range of -1to +1. Where as regressijq,
relationship with given constanl of the equation. We can define
variable by substiluting independent variable i.e, Y=a+bX,

ahleﬂ_ ‘]'

|3ﬂﬂ‘l,;|»

the valyq Of the ﬂﬂ' fly
P

..rq.:‘!
Y=a+bX+cX?

4. Correlation is applied for testing and verification of relationship only ane

information where as regression is applied for estimation and preg;
more comprehensive information.

b

C—t|D|“| and furnl.l. v
g

5. Correlation is not capable of further mathemalical treatment where as jn re
order of differentiation helps us in finding out the rates of change in the de
with a give change in cne or more independent variables.

aressin vt
F'El'lt:hs;n[.,,E,.a_-iI
1.5 TYPES OF REGRESSION.

Generally regression is of three types:
1. Simple and Multiple Regression
2. - Linear and Non-Linear Regression.
3.  Total and Partial Regression.

SIMPLE AND MULTIPLE REGRESSION:

The average relationship between exactly two variables in known as simple regression.
this analysis one of the variable is dependent and the other is the independent one.

On the contrary, under Multiple regression there are more than one independent anzt
€.9. the output of wheat is the result of fertilizers, rainfall and climate etc.

LINEAR AND NON-LINEAR REGRESSION:

. | r
In Linear regression the dependent variable varies at a constant rate with a gver m;f:ﬂ
the independent variable. The constant rate of change can be expressed in gbsolute [€

in terms of percentages. It always gives a straight line whenever putin a graph paPer
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X indicate the totals which are computed from the
o fra jables X and Y to which the Least squares estimating observed
fnbﬁewed pairs of values.

i pairs of
IN€1s 1o be fitled ang N

nofXonYis expressed as follows:

lio
1355"'] qUE
o y=a+bY
esofa and b, the following two normal equati
ple™ ethe v quations should be solved;
P X Na+ b Y
gxY=2 $Y+b LY
o taken from arithmetic means of Xand Y.
||E1.”:| . ' "
e s method of finding out regression equation is very difficult, The calculations can be
red ifinS ctead of dealing with the actual values of X and Y we take the deviations of X
Qw‘:: I_.:,g their respeclive means. Insucha case the two regression equations can be
i ssed @S IUHﬂWE

ppre

Reqression Equation of XonY;
x-X=rlo, Jo )l (Y-Y)
to,/0y known as the regression coefficient of X and Y.

:I{. is the mean of X —series
Y-is the mean of Y series.
The Regression coefficient of x and Y is denoted by the symbol b, It measures the

change in X comesponding toa unit of change in Y. When deviations are taken from the means
ixandY the regression cﬂefﬁclent of Xand Y is obtained as;

b, folo)= Txy/Ty?

Instead of finding out the value of correlation coefficientao, , d, , etc, we can findthe
value of regression coefficient Dy calculating Zxy and Zy? and dividing tha former by the later.

1) Regression equation of Y on X

YY=rfo /o)X~ X)

f[o,/0,]is the regression coefficient of Y on X Itis denoted by b,,. [t measures
the change inY corresponding to a unitchange in X. When deviations are taken
from actual means, the regression coefficient of Y on X can be as follows:

b,=ro,/0]=Ixy/LX?
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1.8 WHyY TWO REGRESSION LINES

One regression line can not  minimize the sum of square of deviations for boy, Ihe,
Variables ic., X and Y unless the relationship between them indicates perfect P
Negalive correlation,

In case of perfect correlation one regression line is sufficient though X and Y havg the,
Same type of deviations.

1.9 REGRESSION EQUATIONS AND REGRESSION COEFFICIENT :

Regression equalions, also known as estimating equations , are algebraic expression
of the regression lines. Since there are two regression lines , there are two regression
€Quations— the regression equation of X on Y is used to describe the variations in the valijes
of X for given changes in Y and the regression equation of Y on X is used to describe the
vanationinthe values of Y for given values of X,

Fegression equation of Y on X

The regression equation of Y on X is expressed as follows:
Y=a+bX

It may be noted thatin this equalion "Y' is a dependent variable i.e., its value depends on
X .'X'is independent variable J.e., we can take a given value of X and compute the value of ¥

'a’is Y-intercept because its value is the point at which the regression line crosses the Y-
axis, thatis the vertical axis. b’ is the “slope” of the line which represents change in Y fora unit
change in X variable. ‘a’ and 'b’ are called the numerical constants.

_ If the values of the constants ‘a’and ‘b’ are obtained , the line is completely determined.

' By the method of Least Square ,the line should be drawn through the plotted peints in such a
way that, the sum ofthe squares of the deviations of the actual Y values from the computed Y
values is the least, or in other words , in order to obtain a line which fits the points best
Z(Y-Yc)?, should be minimum. Such a line Is known as a line of best fit.

With a little algebra and differential calculus it can be shown that the following two e ;uations,
if solved simultaneously, will yield values of the parameters 'a' and 'b’ such that the Least
squares requirementis fulfilled.

Y¥Y=Na+ b X
EXY=a EK_+b IX2

These equations are usually called the normal equations.
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the dependent vanable changes at varying rate with a g
s LS - QWEH

B |
‘('/ ¢ 1601esso

regression . all important variables are considered For Example—all
e—a

y multiplicity of causes.

s actv!
artial mgfessinn three or more varnables are considered. For example
e influencing variable , 1., the oulput of gram (y) 1s inﬂuem:pq

\casé
aie! L ihe effectof 1h
infall(t) and the number of ploughing(z), the total relationshig

glafts
pifd 2 bles ,Iemltzers{ﬂ-ra

linear relationship, the regression lines can be used o find out
gression lines are based on two equations called
mate of one variable when the otheris exacty

ntwo yariables have
endent variables. These re

ions which gives the best esli

Whe
"2 yales of dep

" pgression equal
ynown of given:
\f we study {he case of two variablesi.e., X an
e fegression of XonY and the regression YonX. T
probable values of X for given values of Y.

ARE THESE LINES COINCIDE:

d Y, we shall have two regression lines as
he regréssionline fYonx gives the most

17 WHEN

When there is either perfect positive or perfect
[ 1<sre=+1) the regression lines will coincide mean

negative correlation between two variables
s to have only one line.

correlation. The nearer the
lation. If the variables are
llel to OX and QY.

lines the lesseris the degree of
e degree of corré

tright anglesi.e, para
oint of average of X and

pendicular is drawnon
rizontal line is

Trefarther the two regression
o fegression lines 1o each other the higher is th
independerti.e, r= o, the lines of regression are a

t each other atthep

each othera per
arly if from that pointaho

Vi h;:’:gmd be noted tha the regression lines cu

the X axis f; point where both the regression linés cut

drawn unin . me?n value of X can be obtained. Simil
e Y axis, mean value of Y can be obtained.
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Itshould be noted that, the under-root of the product of two regression coefs;

—y

Ciam?aglw..
-3

us the value of correlation caefficient. Symbolically,
r='b_xb_
Y Ve
Example
The given data
A X ;
Arithmetic Mean 36 85
Slandard deviation 11 8

Correlation co-efficient between X and Y=0.66

(1) Find two regression equations,
(i) Estimate the value of X and Y=75.

Solution :
(i) Regression equalion Xon Y :

(x=¥)= r (¥ -3)
ai

X =36,r=0.66,0,=1l,0, =8,V =85
x-36=0.66 - (y-85)

or x — 36 =0.66 % (y-85)

or, X =.8075y — 771375 +36
or, x==-41.1375+ 9075y

Regression Equation Y on X :
— ﬂ' —
(x-y=r—=(x-))
p
y~85=0.66 - (x-36)

or, 4 — 85 = 48 (x — 36)
or,y—85= 48x - 17.82
~y=67.82+0.48x

(i)  From the regression equation of X on Y, we can get the estimated value of X and Y=75.

X =(0.9075x 75) =41.1375
-y 75 =26.925.
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A sokly wages of working class in Mumbai and Kolkat

ago W iali . aareRs.12 ang
ipfr”wfr]v peir standard¢ leviations equalto Rs.2 and Rs 3 respectively and the ef?%w
0% jon botwo® them is +0.67. Find out the most likely wage in Kolkata ;ﬁﬂ
ﬂlfr' i ' |
r”?ﬂ n Mljmhn
e
r.;phl"n'n
§ ho Wages in Mumbal be x and wages in Kolkata be y, Thus
Le 180, ° 20, =da =06l ‘
T {yonxlsgivenb
;rgrﬂ““'“” pquation o1y 0 Y.
Al
By
“,,J-] m ;;: (A X)

]
_18 nﬂ'.ﬁ? X E {H-12}

8= 1.005 (x-12)
‘{;:1 II}{JEH +5.94

Thus, most likely wage in Kolkata of it is rs.20/- in Mumbai -

(1,005 20) + 5.94
}=:1.nu5 x 20) + 5.94
290.1 x5.94

s 25044

Regression co-efficient of y on X i.e. by x
o

¥
by = n—
! T

06 x .I.E :I_'I:.}E 40,72

1S k3
(il Regression equation x on'y .
1l'l:brj'{‘]r—:|r}
1-43)=0.5 (y - 38)
I]f.l‘-43 =054 - 19

or,x=0.5y — 19 + 43
+x=0,54 + 24

Hengss'Lnn equalion of y on x.
(=3 = bxy(x = x)

(38) = 0.72 (x-43)
0r,y-38=0.72x - 30.96

OLy=072x - 30,96 + 38
Y=072x + 7.04,
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(ill) Estimated value of xwheny = 42
X=(5xx42)+24
221+24
=45,

(iv) Estimated value of y when x=38
X=(.72x 38) + 7.04
=27.30+7.04
=34.40.

Examples =3
The following data is given;

2. x=301,x =43, y =226

Variance of x = o, =2.25

F Varianceofy= o, =3.24
f Coefficient of correlation between x and y is 0.6,
Find out -

i) Both coefficient of regression
i) - Both regression equation
i)  Theestimated value of xwhen y = 42

iv)  The éstimated value of y when x = 38

-

Solution

T XX_ g X 30,
N X 43
= Yy 266

Thus, =—Z——=—=33 =
Y=N =73

Since the standard deviation is square root of variance, theréfnre,

o,=4225=15
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The equation 1o the line of regression of y on ¥ 1%

S SR T
Ory-708=010(
Ya010x+ 408
When x = 40,

+301)

Y =010 {40 + 4 08) = 808

Thus maost likely yield of nice per acre when fuin is 40 inches is B 08 tons

Example - §

Calculale the coefficient of correlation and oblain the lines of
regression for the following data :

X 1 2

3

4

5

fi

T 8

8

9 B

10

12

11

13

14 16

15

: Oblain an estimate of y which should correspond on the average to x =

£ alution ;
Calculationof m
x [xEydx__ | dr Y (y-12)dy |dy dicd
1 . | 16 g -d B 12
2 -3 a B -4 16 12
3 2 4 10 2 4 4
4 -1 1 12 o o 1]
5 0 0 11 1 1 Q
6 1 1 13 1 1 1
7 2 4 14 2 4 4
8 3 4 16 4 16 12
] 4" 16 15 ) 2] 12
N=g Tdx=0 Tdx'=60 | N= Tdy=0 Ydx’=60 Td»
= ME__.—.
. X=ax+ =5+0=3
i
yEar+ =124+0=12
n
57=0 519
e =l o095
AO0-0460-0 60 20
ﬂhﬂ_ *
M__.hﬂ.__.._lnM H_M&w
?._._..HH i .
Mnh-..n IAM‘\_F.Hu
P
nm.:|=u.....¢m
th — £}
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:f;j:'Ls
. \'."'

| earegven
T g0, =15.0,187=06

- i)

1 on coefficient of xony i.e. bxy,

=

oY
:;‘I,E"ﬁ 1.8

4
'Idfh’

she equalion 1o the line of regression of yield of r

ontain ble. Estimate the mos! probable yield of rice

L:t:ﬁﬂ.,:l ta

A
~

Ice on waler { rom the data '
furquinchesnfwaler. i

mEhEs} 12 18 24 30
Lalel 2 :
;":lj = 5.27 2.68 | 6.25 7.21 18.02 3.2?1 3342 l

5_-14‘..05:
water is the independent variable and th :
s Satoted by, 1 erefore we denote it by x the
[ (x-30) dx [ (y-7.08) dy [ dxdy DX
J‘;E; =18 -1.81 32.58 324
§ s ~ld 140 | |16.80 144
- -6 -0.83 | 4.98 16
| 7.21 0 0.13 0 0
g?:‘f 6 0.94 5.64 36
b w4 12 1.63 19.56 144
T 49.56 :138 134 2312 o
— ‘ 0 103.68 1008
':'I"___ 1“] = 49.56
.'.""'?_tT i T 7.08
“=iicen! of regression of y on x
Yy L)L a)
"‘.'3"""-—-_.__________!']__7__-
Yae Qaf
:mlﬁ-{] n
--.______‘___h-
g =0-10approy,
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_ﬂ..
X A4 2 e om4
N i
de 44 I e Lo ten=210
N Ti1

) Regression coeflicient of x on y,

Sl N[N, ¥ d,)

1-..._..I b Y

Hn_._ O 1 ﬁ”t. d

. _.E.;a-_.::pu;,_i
_ S3x10-(1 53—

i) Regression co-efficient of ¥ on x;
b 28 2N (X, Tt )
i Ydn-¥af

. _._m_..r___.;,_‘.al_u 300-4
Hex10=-(1)  1160-16

_ iii) Regression equalions of x on '
X—i= h..u...?. -y
(x-27.4) = 0.56 (y-21.1)
(x-27.4) = 0.564 — 11.82
or, X = 564 - 11.82 + 27.4
x=[0.58y + 15.58.

) Regression equations of ¥ onx;

u.lwn&iwuﬁ_

{y-21.1) = 0.26 (x-27.4)
(y-21.1) =026 - 7.12

of, ¥ =020z - 712 + 21 1
y=026x+ 1398
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Ty Na+ bry
y= aly + bEd

10

slon equalions by the method of las! square from the fol i
Owirlg data

Topet the values of *a’ and ‘b’ the

147

foliowing formula is used -

X ¥’ Ty
k) i1 R _
4 121 22
100 25 50
16 04 12
64 45 5
Ly =220 Ly'=340 | £uy=214 |
el A
; pe .
i Emﬂ_%rﬁm of ‘a’ and ‘" the loliowing formula are used,
1 m..._._. e yval
e NaBEY 7
w..___n vy + bt
e a0 o)
=d0a * 340b (i)
tiphing equation Si) by B and sublracting it from equation (i)
”e_n.uh&w + Nmﬂﬂ-
sz 408+ 340D
% = -200
g=-13 ) o
gy puting the value of b in equation (i), we have,
=5+ ([40x = 1.)
L=30+52
L=i
1=154
M zgression equation agf xony;
158 % E_
15154 - 1.3y
| Regression line of y on x;

u
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Hence,

40 = 53 4 3g1 AR | |
214 = 30a + 220p .. (i)

Multiplying equation (i) by b and subtracting it from (ii).

240 = 30a + 180b
214 = 30a + 220
26 = -40b
~b=-.065

By putting the value of b in equation (i)
40 = 5a + (30x - 0.65)

9a=40+ 195

Sa=595

a=11.9

Mow, regression equation of y on x ;
Y =a+bhbx
Y=11.9-065%

e ds
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y are decreasing.

v Al
o 74 80 — : B
r S — 197
20 18 Q‘

e variables move in opposite directions i.e. if as one vanabla is Increasin
” L4 B
oth average is decreasing and if as one vanable i decreasing tha other on fn
= . y i - f
i of Hng‘.iﬂﬂ then they are said lo be inversely of negatively corralatad
b [ M,

asing.

84 00 99
20 18 ; ]
and Y is increasing.
1 3 a5 67 1

nerally Pricé and supply of goods are Positively correlated whera as Price and

oe ively correlated,

M fgoodsare negal
P .
' e basis of ratio of change of variables —
; QANETEE

\ Linear correlation
L

, Non-Linear correlation.
N

pevariation inthe value of two variables are in a constant ratio,it is known as Linear

:m inotherwords if the amount of change in one variablz tends to bear a constant ratio
weadlobe Linearly correlated.
~etant ratio in both XandY:
A 10 I 12 14. 16

i fte variationin the value of the variable are notin a constant ratio then they are said to be
nwriesrcorrelation. In other words if the amount of change in one variable does not beara
wezinlio to the amount of change in other variable, then they are said to be non-linear or
whzz for example ,if we doubled the amount of rainfall the production of rice or wheat etc
wininecessarily be doubled.

— 10 12 16 18
————_ |50 55 70 75

* Onthe basis of the no of variables—

l.} sim?le correlation
1) Muttiple Correlation
Partia| Correlation

i)




n [ne vananies s Meas e iy
B ficient | K
« rptationsh alation coe T
3’234 10 ba comrelaiea The degree 0182 catied the €orr g
LOmmelation analysis The measure ofco

i he héat
Measuring the coseness of the relatiensie

- riablag .
1.2 DEFINITION: s mwnm or more vanahlag 5'!'!‘1-,?:
correlation analysis deals with the assocH

ang Kafkg

two or more vanables vy,
Cor-elatia an analysis { the covarnation between Lig,
o N BB

Chou

lationship” beteeen v
Correlaton analysis attempls to determine the "degreeof rela Mabie,

A M Tuttle
1.3 Significance of the study of Correlation:
ing reasons:
Correlation analys:s 1s very widely used due fone following

I ist
1) correlation analyss s used to define in one figure the relationship Exrli a""n?d“'!] ey
vanables. For example-income and expenditure .demand and price, price a Supely
- P r.
2) Wecanestimate the valus of one variable given the value of anothe
3) Correlation analysis contributes to the understanding lJlf economic I:eha?;r::;u 2
business t helps the executive to estimate costs, sales, prices and other variable -

the basis of some other series with which these costs, sales or prices maj =
functionaliy related.

4)  Comelation analysis used to reduce the rage of uncertainty.

1.4 Types of Correlation: !

(A) Onthebasis of direction of change in variables—
i} Positive Correlation
i) Nezgative Correlation

1) Wher the variables tend to move in the s
increasing the otheron an average isalsoing

-ne otner on an average is also decreasing, then the va
correlated .

ame direction ie. if as one vanatls s
f€asing and if as one variabla is decreasint
riables are said to be positivey
Ifboth X and Y are increasing:

; = & 80 ——
34 e ——




UNIT = i

Lesson - |

it are:
{ this un
e @

\he meaning ol Corelation,
n

inthe dafinition of correlahon.
|, e

o the ublity Of significance of Correlation

. Ew . :
" _ainthetypes of Correlation
i

in e methods of studying Corralation
o Bt

o pplan!
| ed Examples.

ne properies of Correlation.

o H:Emﬁﬂﬂmnr

FUCTURE:

¥ ppanthe meaning Correlation.

. Eaplainihe Definition of Correlation.

_ gplanthe Significance of Regression.

, [fzence between correlation and regression analysis.
. festribe the typrs of Corremtion.

, ierbe the methods of studying Corretation.
+ Ecinthe properies of Correlation.

+ tded Examples.

* % hssessment,

“Tation analysis:

_ " UEANING OF CORRELATION:

.E_%.a_u.ﬁm we may come across a large number of problems invalving the use of twaof
"iables. i the change in ane variable indicates the change in other vaniable, then they
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SIIIT'I e Al |
ple correlation ElmiunWhEﬂlhrﬂﬂﬂrmﬂfﬁ‘mnab

simple corr .
oblem n:“ partial corelation. for example, if v Slug,
sinfall, use of fertihizef. itis known ag myy,,

' hen two vz
ned we recognize more | Vaiables ”
other, the effecto

! L g
if only 2 variables are there itis @ pr

are studied, it is a problem of either multiple
together the relationship between production. f
Correlation. so far as partial correlation is cONCe!
consider only two variables, to be influe ncing each
being kept constant

1.5 METHODS OF STUDYING CORRELATION:

f all other influencing Valfiak,
e

The method of studying correlation between twWo variables are,
i) Scatter Diagram Method
i) Graphic Method
iii)  Karl Pearson's Coefficient of correlation
iv)  Concurrent Deviation Method
v)  Rank Correlation Method

vi)  Method of Least Square

Among all the methods of studying correlation the first two methods are based on e
knowledge of graphs ,where as rest of the methods are based on mathematical analyss
|. SCATTER DIAGRAM METHOD:

This is the simplest device to ascertain correlation between two variables. In this methed
the values of the variables are plotted on the graph paper in the form of dot i.e., for each paircf
X and Y values we put a dot and thus obtain as many points as the number of observations, the
~ greater the scatter of plotted points on the chart, he lesser is the relationship between the twe
vanables. The more closely the points come to a straight line, the higher the degree of relationshp.

Different cases of Scatter Diagram Method:

i)  Ifallthe points lie on a straight line falling from the lower left hand comer to the upner nght
hand corner, correlation is said to be perfectly positive i.e.,=+1.

i) Ifallthe points are lying on a straight line rising from the upper left-hand comer to the lowe!
right hand corner of the diagram, correlation is said to be pe'rfectly negative i.e.r=-1.

iii)  ifthe plotted points lie on the straightline paralled to the X —axis orin a haphazard mannéf
it shows absence of any relation between the variables ie.,r=0
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>
i row band there w
1 e points fallina nar ould be a high degree of correlation
Innef' sare widely scattered over the diagram it shows very little relationships between
in
yﬂﬂpr?;hws.
1r£~.r3 ) R Dmﬁﬂhlﬁ METHOD:
o .
F,ﬁrs 0 b 4 Dn_malhema’hca! method of studying correlation between the variables
mp -
Tt (o draw scattef diagram
ed
y8Y undefﬁm"d and interprete
sy
g6 aﬂecmd by the extreme itlems.
| 18 < OF 5GATTEH DIAGRAM METHOD:
0l .
_.gi'EE s “Un-malhemauca': method, we cannot know the exacl deqree of correlation
|
111:‘;“ he yariables.
be
aapHC METHOS
-smg'lhﬂlj the individual values of the two variables are plotted onthe graph paper. We
Inlhi'ﬂ 0 CUIVES: one for X variable and another for Y variable, Depending anthe direction
¢ éﬂﬁzmsﬁ of the two Curves we can inferwhether or not the variables are related. If both the
v Janare moving in the same direction i.e., either upward of downward, correlation is
:Jﬁ-:be positive. of the other hand if the cUVes are moving in the opposite direction comelation
lim be negalive '
ool ' ;
g KARL PEARSON'S COEFFICIENT OF CORRELATION:

tgives a numerical measure that
two independent variables. It is
d by the symbol . The

t mettrod of studying €0 rrelation. |
degree of relationship between
n coefficient of correlation. It is denote

thisis one of the .1€S
ines the direction and
dnenyse known as Pearsonia
symafor computing Pearsonianris— - .
FixyNG, l':‘:1f
wnere, X=(XK) y=(Y-Y)
6 =standard deviation of series X
6 =standard deviation of series Y -
N=number of pair of observations ' ' '

This method is applied only where the deviations are taken from actual mean and not

massumed mean
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The value of coefficient of correlation obtained by Karl Pearson Methog , ays |,
110 +1 when r=+1 it means there exists perfect positive correlation bepyeq. . - bey

I
N the . o5
; between the ®var
when r=-1 there exists perfect negative correlations vanables When r=(Q bl
there is no relationship between the vanables. | me"‘“-i

The above formula can also be wransformed to the following form;

r=Xxyl V6x2x6y2

whete , x=(X- x) and Y=(Y=Y)

ILis obvious that .while applying this formula we have notto calculate SeParayy
standard deviation of X and Y series. “flhe

DIRECT METHOD OF FINDING OUT CORRELATION:

Correlation coefficient can also be calculated without taking deviations of
trom actual mean or assumed mean, i.e., actual X and Y values. The formulain 5

NEXY-(YX) (£Y)
r= WNEXI=(EX)? YN IY? - (ZY)?

“p'_. mﬁ Q:ﬂ.‘r

When the deviations are taken from Assumed mean:

MERITS OF PEARSONIAN COEFFICIENT :
1) Karl Pearson's the most popular method of studying Curre!atiqn.

u)  lItsummarizes in one higure the degree of correlation and also the direction.

LIMITATIONS OF PEARSONIAN COEFFICIENT:

i) The correlation coefficlent always assumes the linear relationship regardless of the iz
whether that assumption is correct or not.

i) This method is very time consuming .

i)  Grate care should be taken while interpreting the value of this coefficient.
v)  The value of this coefficient of correlation is affected by extreme values.
CONCURRENT DEVIATION METHOD:

This method of correlation coefficient is very simple method of studying the relators
petween two vanables. This method is very useful in Time series analysis. In this method T

deviation are taken from the value in the preceding item than that of actual or assumed me* "
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\
‘ ]
= | 15 the sum of squares of real guantbes and as such d can not be negat
F i

S5

. cannotbe loss then -1, atthe mostitcanbe - 1

Hen
ESUAR
5m~,i‘.3rhﬂb‘f”‘pand'ng -'-'T. 7. it can be shown that this is equal to 2N(=-1)

ncannotbe negative; al most can be zero.

Th,-_;;;gat
. - cannot b€ greater than +1, atlmostcanbe +1.
_jens +1

The m-EHEEnt ofco

xandy
- By change of ongin we mean subtracting some constant from very grven value of
e mean dividing or multiplying every value of xand y by some

Landy@nd py change of scalew
constant.
Weknowthat

TSk 20

y refersto actual means of x and y series.

pence: D
. rrelation is independent of change of scale and ongn the variatie

\\here ¢ and
uantity a from xand b fromy

e scale and origin, deductinga fixedqg
lues of x and y obtained from

Letus now change th
by a fixed value land c. Thennewva

~dvidingitby xand y senes
carzlxandy shall be.

I:i:i‘}l'—_- J.--b

i C

S (x-a)

Meanof ,___ ¢
hl'

= E.I = Z_I - Nua

' Ni

il'l:




B e —rg

i) This is the only method that can be used where we are qiven only the ranks and nol the
aclunl data

V) This method alse can be used if only the actuat datais qven
DEMERITS:
i} This method can not be used 1o find the correlation in grouped frequency distribution

i) Where the number of lems exceeds 30 the calcutation for this method becomes very ledioys
and require lots of time

1.6 PROPERTIES OF CORRELATION COEFFICIENT:
The important propeties of correlation are
. Ihr_r coeflicent of correlation lies between -1 and +1,. Symbolically, -1 < +1or |l <]

P10l : Let x and y be the deviations of x and y series from their mean and o, o, be their standard
dewiation then,

[ = ; ? 7 :
\"[ X 4.L}=Z[I i +2;}}
-\l o o, @, 0,0,
Y 5t o2y x
= .'!_'_1_ + z +__z
o, o, o0,
2 ? o o
But —Ei-:: Nlsag;= EI arz =E xN=N
T, ¥ N o, a
Similarly,
2Y _ N
T,
" I r
Also, Z =INr |loixn= z 2
c.a, No.,o,

Hence,

=N + H+« 2NT
=2N + 2Nn
=2N (1 +n)
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d achion of changeé of X and ¥ vanabla is required ta find oy The formuta ¢
I 1 -ﬂn
e

I-,‘l'plj =
'll‘dld I"l‘,l.
#ﬂgs: mﬂmﬂd ol all the methods,

5
1# cof items are very large, this method provides quick estimation of ralationship

(e nE he ‘Jﬂ“ﬂbmﬁ
0
pet®
pEF'Ts: his method is the rough st
' I ohtained from thi ugh estimation of the relationship
cl’ﬁs“
ot differe ntiate betwaen the hig and small ilem
n
y4oc®

" RANK CORRELATION COEFFICIENT:

ﬂhﬂf o stherwise known as Rank coefficient of correlation, which is derived by
g mar man in 1904. This method is used lo find oul covariability or lack of covariability
yad cariables. In this methad ranks are given to the observation . It really does not
niwo \he items are ranked, number anc may be the largest one or may be the

serohich WoY
# fosk one.

od is very usefulwhen quantitative measures for certain factors (e.i,evaluation

judgement of a beauty contest)can not be fixed. But the individualin
individual a number indicating

s meth

syl leadership of
sspoupcanbe arranged in order tothere by obtaining for each

«gherrank in the said group. the formula can be defined as:

Ret-(6 IDT)IN(N-1)
Vhere,
A= Rzk correlation coefficient

= Ofierence of Rank between paired items in two series.

¥ Naofitems,
KERTTS.

I Th o
This method is simple to understand and easy to apply.

U Thi ;
s method can be used with great advanlage if the data is of qualitative nature like

Meligence, beauty, honesty etc.




T_t--.r"'l'lfl‘ Xx=—da

Bt "
Ni !

x—-a

Thus, meanof x = ;

y-b

Similarly, the meanofy ==~

The value of the coefficient of correlation r for new set of values wjj| be.

x-a x-a .*_'_"__:".__h]
Z["i'"_ﬁ A e € J
. —— e

'i"[ x=a_ .}'_-_"I y=8 J‘_tb]

\!."_- i i M ‘

g[x-a-x+a)y-b-y+b
— 1 C
————-—-_T——-—:

— — ]

JZ '("‘_‘TE (.}"'J'}
Thus the coefficient of correlation is independent of change of scale and origin
3.

Thec ‘ -
oefficient of correlation is the geometric mean of two regression coefficients.
Symbolically,

T = \Jbxy x byx

The degree of relationship between the two vari
XY = mx

4.
ables is symmetric as;

2» %
Ty =t o oy Y

No,o, Nog o
=nyx A
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aken froman assumed mean

al means arei fractions, the caleulation of carrelation by the usua) meath
100 ey cHlcUR 008 ar_‘ld v disbe ) istins consuming Insuch acase we r-n l:ﬂ
ned mean method for finding out correlation When deviations are taken l}un? -
) i

a5 : :
'-‘”mmmeﬂﬂ the following formula 15 applcable :

155 =
i ..l.'s-_,",“r,, _z‘l!_. "'—Z‘-II_
3 H. --.- —= '; ; II'I.. h.'__[ﬁﬁul‘.'l‘
I3 ’{E”‘J 2 -
\
here. dX efers 1o deviations of x series from an assumed mean ., (- ) and dy refers
..l.r-l 3 . .-
ions of Y series from an assumed mean i.e. (1= ).
pvid

of
" RENT DEVIATION METHOD :

;ﬂHCUR

e
-

[ i |
e ) ——
L P "\' n ;

Wwhere, T stands fro coefficient of correlation by concurrent method, C st=+.4s fro the number
. ancurrent deviations or the number of positive signs obtained afterr uplying D vith D
:L;Tun:nef of pairs of observations compares. '
fﬂmﬂE'1
Calculate the coefficient of correlation between the heights of father and son from the
falowing table:
Heights of father (ininches) :
g5 6667 68 69 70 71,
Heights of son (in inches)
g7 6866 67 72 .72 69
Sclution .
Caieuiation of correlation coefficient
Sha [He'rght of | Height of | Deviation | Deviation Product  of | Sqof Sq. of dewviaten
Fathers | Sons from from deviation deviation
mean 68 | mean 69
| | % y x‘ 'l':l KT X Ill,1. M m
1|65 67 -3 -2 6 9 4
i 66 68 2 1 2 4 1
: 67 66 & -3 3 1 9
: 68 69 0 0 0 0 0
5 69 72 1 3 3 1 g
: |2 72 2 3 6 4 g
m—tdl 69 3 0 0 g 0
olam Taes o ] ) -1 28 2.
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v = Average height of father
Y &
g 176 hHR

i = Average heighl of son

Voo
£af .20 =0

] T

= H TR Nl - 30
From the table, > ¥V = 20,3 " =28, and ) vy~ =3

Substiluting the above values in Karl Pearson's formula

O
20

H = = ooy = ”.ﬁ? Eppl’ﬁ‘.ﬂ
velx 32

Thus, the correlation between the heights of father and son is positive and
D67.

Example-2

Psychological tests of intelligence and of arithmetical ability were applied to1g chidren He
is a record of ungrouped data showing intelligence ratio (I.R) and arithmetic ratio (AR) gz -

k!

Child | A B C D E F G H | J

I R 105 104 102 101 - | 100 99 g8 96 93 83

AR 101 103 100 g8 a5 a6 104 92 a7y 94
Solution -

Calculation of correlation coefficient

Child | I.LR. AR .
= > v =le-3x) | y'= (,lf - IJ Xy x'" -

A, 105 101 6 3 - = = :

B 104 103 5 5 4 e 2

G 102 100 1 2 < : ;

= 100 a5 1 3 o : -

F 99 96 lo s - ! :

q 06 52 1 6 -6 1 36

X 03 4 = -6 18 9 36

| a3 g7 6 . 1 5, 1

J g2 94 7 3 A a0 L

= - 0 92 170|140




3
x¥ =..T:_—_—_~-~F—;—: RIK
=7 13gx164 150439
i "If.JI E-"
-6
le A .
(3P e abtained the following ranks in tw
dents hav _ g S 10 two subjects, Hist
59?;i::::ucorremli:}n coefficient =10fy and Geography
I_ﬂj"‘lEl
I { 1 4 3 r.
—Histor D 3 -
@ 212 25 135 17 s
Rl
E-!utinn1 jation of rank correlation coefficient
galc
(R1- Ry) =
Rz D 0?
f—" |5 2 4
ki 1 0 0
f 2 2 4
4 35 2.5 6 75
: 3.5 15 ¢'25
: 7 -4 16
g 6 -4 16
LI anii £D*=48 5
—
s Yo
P+ —I\M —M]
6[21} 12{ )
R=|“ .N: =M
[435+—];(13 ,,2)1 204
=] -— l_ -l*‘—-—'-=ﬂ+'115
= 7=7 336
Example — 7

Caleulation Karl Pearson’s coefficient of correlation for the data given below, taking 68

and63 as assumed means of x and y respectively

.| Height of Husband X | 60 62 64 66 68 70 gg
| Height of Wives Y 61 63 63 63 64 65 )
Solution -

Caleulation of coefficient of correlation
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. o N [ 55 —
(‘1____"_';...-*--'-""'-"}; X2 x_-’—___"‘“"“\\_\'
SOPPI I e ] Yy, '
Case | x o _,..,lL-w-—-”"_g 1 1_-_“'“‘“:‘ 1
e P O R R I P
B|6 A . 6 -2 4 5
W i -1 0 4] 1 1 0 |
b |10 0 4 11 3 g 6
i 12 2 9 13 5 25 6
r 13 J . B 0 0 0
6 |1 1' X 4 -4 16 4
H |9 ML s TR T TR L%y°=77 ]
n=B | ix)=80 _ | ¥xi=0 [ X1 Ze o3¢ | =X :_'"2“""}"5-—-‘:;--;@
Sy N i3 h}..‘ Mg
"I ‘ 1 H = % h, H
}:1;1.‘
\-rrz.'l'l: X Z"'I.'.
Ex,x.=43, Xx =32, ¥x,*=72
Substituting the values,
i Y s o AT ROR
JixT Y304 48
Example - 5
Calculate the Karl Pearson's correlation coefficients between x and y.
X |23_J27 ]28 28 J28 [30 [31 |33 35 T
Y. [18 |20 |22 |27 |21 29 |27 29 28 29 3
Solution :
Calculation of Karl Pearson's correlation coefficient
X | (x-30) 95
X X? Y 51? ! b XY
23 -7 49 18 =7
%7 3 5 . 7 49 49
28 2 4 b -3 9 6
29 -1 1 21 <. S =
30 0 0 29 -4 16 4
31 1 - po 4 16 0
33 3 g 29 2 4 2
Yx=300 | ¥x=0 Yxi=q e 16 24
28 | £y=250 Ly=0 £y '154 Vxy=123
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= =

Y x o
n 0

ofx-senes =
e

W ~

.- nean Of y-SeTes

y =902 Y =170and 3 »* =140

Two SEnesX and ywith 50 items each have standard deviations4 5and 3 8 respectvely
" vion of products of deviations of x and y series from their respective arthmets

8 5;_:-:\%115 - T :
Lo fnd the coefficent of comelaton betweenxandy,

..,_z:l.“ébe 470

don .
weaegienthe following results :

n=50,0.= 4'5'U‘F=3'5‘ El‘-}*— =420

Yxy 420
RGO, B 5“3'.4,5: 3-5‘

¢ \zkinguse of the data summarized below, calculate the coefficient of correlation =,

s ! x-‘l 1 Yz 1 Case l Xa Y;
A 10 9 E 12 "
.lE 6 4 F 13 13
IC 9 8 G " 3
L 10 E H 9 4
Sktion

Calculation of coefficient of correlation.
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4

T (y-63) ;
IR b b ) - A P
60 [-6 36 63 0 0 :
il g 63 0 0 0
64 ] -'2 4 63 D u U-
66 [0 0 64 1 1 5
68 |2 4 2 4 i
- 4 16 65 8
?2 - LS - -
Y0 | vdr=112 = | ¥dy'=25 | Lig~
NYdd -Fd Dy
” Ir\chr -(__tfl “‘Z‘f‘ _(.Z‘h}
Tx46-0x3 __ 322 32 4939
== e JTaixl0 0
JIx112-(0F y7x25-(5)  784x150 34295
Example — 8
Calculate Karl Pearson’s coefficient of correlation for the fullnw:-;;
paired data :
& 28 41 40 38 35 33 40 32 36 N
Y: |23 |34 [33 |34 |30 |26 |28 |31 36 B
Solution - .
Calculation of Karl Pearson's correlation coefficient
X (x-35 (y-30) T
dx dx® y dy dy? dxdy |
28 7 49 23 & 49 49 |
41 6 36 24 4 16 24 1-
40 5 25 33 3 9 15 |
38 3 9 34 a 16 12 |
35 0 0 30 0 0 0 l
33 -2 < 26 -4 16 8 ]
40 5 25 28 2 4 -10
32 -3 9 31 1 1 -3 I
s sl 4 38 8 64 16 Cy—
=X=356 | Ydx=6 | $dx’=162 | xy=313 Idy=13 | Tdy’=211|Zdxdy=85 ____~
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3 123
= l_:i = — = () K18
=" J138xled 150.439

4 6 5 3 7
2 35 35 7 fi
& ation of rank cﬂﬂ"-E[EIHDI"I coeflicient
il
//F__ (R1- R2) .
Rs D 0
R 5 2 4
1 0 0
1 . 2 4
L 35 2.9 6 75
|6 3.5 1.5 ger -
|3 7 -4 16
iﬁ 6 -4 16

== 107465
e

F:i"_-___-_:\r! i ‘i‘r

[ 1 Ex

6485+ — [E -2)]
-1--!"— 2t =]~——2~Ei=ﬂ.l?.5
) 7 -1 336

Czlculation Karl Pearson's coefficient of correlation for the data given below, taking 65
#:§3as assumed means of x and y respectively

Hsight of Husband X | 60 62 64 66 68 ?E'g gi
Heioht of Wives Y | 61 63 63 63 64

Soliton :

Calculation of coefficient of correlation
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Example- 10

On the basis of concurrent deviation method find out coefficient of correlation from the

toliowing data
Year | 106010611962 1963] 1964 [ 1965 ] 1966 [ 1967 | 1968 | 1969 |
Supply | 114, | 127, | 128, | 120, | 120, | 123, | 127, 127, 133, 137 |
l]“ﬂ?\
Prnce | 108, | 104, | 104, | 106, | 100, | 98, |99, a9, 97, 92,
Index
Solution
Computation of co-efficient of correlation by concurrent deviation
method
Year Supply Dx Price Index (1) | Dy C=DxDy
Index (x)
1980 114 108
181 127 + 104 - "
162 125 + 104 - -
1253 120 - 106 + .
1964 120 = 100 N -
1965 123 + 98 : .
1866 127 + ele] + +
1967 127 = 99 = +
1968 133 + a7 - -
1958 137 a 892 i -
N=.. C=

=YD
L9 )TV s
= - 0.5556

.= =-0.745
Example - 10

The ranking of 10 students in two subjects, ie., Accountancy and
Auditing, are given balow.

w0

| Accountancy |3 |5
8 [4

Audiing

8
9

4
8

1

Compute the coefficient of Rank correlation
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UNIT - IV

MEANING AND DEFINITION OF
INDEX NUMBER

NING * o . |
K __estions in connection with the relative changes of costs production price etc.

gert Tmind- The questions are like :

2in0Y , ” _
P~ uch have general business conditions changed since a year ago and since five

oW
H Jonthe average?

=83
5 muchthe general price level have risen compared with 2001-2002 ?
How

ustrial production changed during the past one decade? Queslions like these

monamong those interested in business affairs and a valuable aid in answering them
0 ) statistical device known as the index number. The dictionary meaning of index
i EFE".E figure indicating the relative changes in cost, production, etc. oa given period of

¢ mel 15 . . ¥
f-‘J""D:S compared with those of a specific period in the past represented b} a number 100 and

grbitrary base'.

HowW has ind

ced asan
-
ndex number is @ specialized type of average. It is used extensively in all fields where

gtistical measures can be applied. Inde:‘: number measures the central tendency of a time
res lfthe units in which two or more series are expressed are different, averages cannot be
; +4to compare them. Where itis difficult to measure directly the variation in the effects of a
:w of factars, relative variatio ns are measured. It suggests the need for some device by
Achthemovements of conriplex groups can be portrayed accurately and it illustrates the difficulty
o chtaining an accu rate picture of complex groups without the use of some summerising device
orhasindex number. without such device, no definite knowledge of the changed in a complex
qoofvariables can be obtained. To obtain a definite picture, the individual price changed,
;-aqadunged, etc, must be summerised in a composite expression. This is both the nature.
sitevalue of an index number, as applied to problems of measuring business activity. Itisan
rdcstor of composite variation in a large number of elements. Index number is otherwise known
2 the economic baromerter which measures the relative change in the gconomic variables
eeraspecified period of time.

DEFINITION

Index number has been defined by people differently. According to L.R. Connor, “An index
numberis a device for estimating the relative movements of a statistical variate in cases where
measurements of its actual movements are inconvenients or impossible’.
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e

Year | Production {t -1 ol Unemployed | (, - Jj' y y’
(x) X
1978 | 100 4 16 15 0 0 8
1979 | 102 .2 4 12 -3 9 8
1980 | 104 0 0 13 -2 4 0
1981 | 107 3 9 11 4 16 12 ,
1982 | 105 1 1 12 -3 g 3
1083 | 112 B 64 12 -3 9 -24 !
1984 | 103 -1 1 19 4 15 4 |
1885 |99 -5 25 26 11 121 S5 |
yx=812 | EIx=0 | Ex’=120] £y=120 Ty=0 Ly'=184 | Dxy=-92 |
PR
n= —
I
x*[.r-;:}v={r-;)
. 2E 82y,
N 8

Ixy=-92, Ix*=120, Ly?=184

92
AT = o pme = = -0.61v
. VI20x 184

e
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.pllltian . 1
<sume rank for Accounting be Ry and rank for Audit
LE:‘mn of co-efficient of rank correlalion uditing be R;.
Pula
R? D=(H1'R2} n’f
t b -3 9
1: 4 +1 1
‘5 9 -1 1
i 1 +6 16
L - 40 64
!.13 3’ "‘1 1
|1 5 +1 1
6y D
S
px214
-0
1284
:1" m
=1-1.297
ﬂ:-ﬂ.ﬂg.lr
eyample -1

Tre following tahle gives indices of industrial production of registered unemployed (in
wndedthousand) calculate the value of the coefficient so obtained.

|Year 1078 | 1979 | 1980 [1981 | 1982 | 1983 1984 1985
lindex  of | 100 102 104 107 105 112 103 99
| production

Number 15 12 13 11 12 12 19 20
unzmployed

Solision :

leulation of Karl Pearson's correlation coefficient
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1. DEFINITION OF THE PURPOSE OF THE INDEX NUMBER

2. SELECTION OF THE BASE PERIOD

Index numbers measure the relative change in the laval of a phenomanon as compara,,
the level of the same phenomenon on a previous date. The pervious date or the period on w,
the current variations are based is known as the base period of tho index number. The by,
period should be a period of stable (from economic slandpoint) fwumuln prices. The cha,
musl! be a compromise, since prices of all commoditios wil ba soldom, if aver al an aversy,
level al the same time. If a period of high prices is chosen, (ha subsequent index numbers will ,
artificially low and vice-versa. So this period should be a period free from all abnormalities |k,
war, famine or earthquake and should not be a period eithor of boom or of depression. The bay |
way oul of the difficulty is to lake average rice over o number of years, Thus the base year shout)
be normal or representative in same way. It should not be too distant in the past, 80 that 5
comparison of the price level as related to the base period will ho of deflinite present o
romparalive value. There are two methods by which base period can be salected. They are

1)  Fixed Base Method :

In this method the base period is fixed. A particular year is generally chosed arbitrarily and
the prices of subsequent years are expressed as relatives of the prices of the base year
Sometimes instead of choosing a single year as the base, a period of a few years ig
chosen and the average prices of this period is taken as the base year's price causes
surprising differences in the result. This is due to the fact that the chose of base is reallya
type of weighting. If we consider the individual commodities of an index number, if will be
seen that the individual a prices will bear certain relations to each other in any given penod,
but these relations are not likely to be the same forany two period. Thus a change in base
is in fact also a change in weights.

b) Chain Base Method

In this method there is no fixed base period. The yearimmediately preceding the one for
which price relatives have to be calculated is assumed as the base year. Thus for the year
1956 the base year would be 1955 and for 1955 it would be 1989 and so on. The chiel
advantage of this method is that the price relatives of a year can be compareu with the
price level of immediately preceding year. Now commodities can be included and old
commodities can be omitted without destroying the comparative base. But in the method
comparison cannot be made over a long period.

For calculating price relatives, the prices of the base year or base period is assumed at
100 and the prices of other years are expressed as percentages of the price of the base year
Price relative in fixed base can be calculated as follows :
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anh‘lﬂi' relatives of the yoa 1750 anthmatcally, and the resuitin
.o = ;

4 relative w
' Fqlf‘" A 1 PR e Dehweon e years 1500 and 1750 was his
" e cha™ '

:I: -"L.‘ H - 4
q the time at introduction of Garli's simple indes number the yse of
slt\ﬁﬁ =

Mdax nimt
kL il
s CONS ey i

by The use and value of bath goneral and special iIndex numbers |
a- o ' 0a Iw
} ﬂ,ﬂ'h' vory rapidly with the growing intarast in statistics i

AND LIMITATIDNS OF INDEX NUMBER

e sl.ﬂﬁ“"“! dovice, the main purpase of presant day index numbers in the business
'w “_“,“_:_mﬁ average changes, aithar gonarally as to wide range of husiness activitios or
4" gcally 83 o one or few phases of business activities. The price level is ana al the m'n“
#.;,h ﬂ;“mect-s of index number study and we have taday many published index numbe
""ﬁtijl;-ate the changes in price. Index numbers tell us about the changes ll"l-lht‘ gom:-rr:l
H?:ﬁl i acountry, and throw light on the value of the money Astudy of ptilmhnsint_}lnqﬁé, of
v ?* i veTY mportant from varnous points of view Index numbers also help in a study of
'-'i:mhm purchasing power of money in differant countries of the world and of stability in

-hﬁ rice lovels

Other index numbers are published regularly to indicate changes inth value ol trade and
okin hand prices, in production of commuodities, inthe costof living and it nany other business
;3:3 Cost of living index numbers tell us about he changes in the casl of living of different
s of people In society. With such index numbers itis possible ta study the chances inthe

f :'»f:-af palwages of the laboures. Index of industrial production help in measuring the industnal

{' waress made by a particular country Similarly, index numbers of business aclivily threw light
| yheeconomic progress that various countries have made. Thus the index numbers of various

| yeesare usefulin framing suitable economic and business policies, measuring trends and
| ieasting future business activities.

atitshould always be keptin mind that index numbers have their own limitations. They
geety approximate indicators of the relative level of a phenomenon. There can be errors not
wiynhe collection of the data but also in the selection of the base selection of representative
wrdes and selection of appropriate weights. Each step in the canstruclion of index numbers
stldpassibilities of errars of all types but despite these dangers, it can safely be said thatif
snixnumber s not deliberately distort it will show correctly at least the trend of the phenomenan
Widitis measuring. But indices constructed for one purpose should not be used for other
“poses were they may not be fully appropriate and may lead to fallacious conclusion. Soit
Blowsthat there should be careful application of this useful tool

STEPS IN THE CONSTRUCTION OF AN INDEX NUMBER

& Atthough the conditions under which index numbers are constructed are notuniform, if
ne
"althe steps are as follows.
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In the words of P. Maslov 'in statistics, index numbers are numerical u:ilues. characteriy,
the changes of complex economic phenomena over a period of time or space Dr.J.C. Ehm““’?ﬁ.
defines index number as “a statistical device used to express the averages in the magnituge
agroup of related variable. Itis a representative number”.

In the words of H.Arkin and R.R. Coltoan. "The index number is a stalislical device f,,
measuring changes in groups of data.

Regarding the techniques of index numberA.l. Bowley says thal "Index numpers are mean
to measure the change in some quantity which we cannot observe directly, which we know tg
have definite influence on many other quantities which we can so observe. Tending to increase
all, or diminish all, which this influence, is concealed by the action of many causes affecting the
separale quanlities in separate ways.

As regards the purpose of index number Fisher says “purpose of the index number is that
it shall be fairly represented, so far as one single figure can, the general trend of many diverging
rations from whichiitis calculated. It should be a just compromise, among conflicting elements,
the fair average of the golden mean".

Hence, an index number may be defined as a number, which is used to measure the level

of a certain phenomena at any given data in comparison with the level of the same phenomenga
at some standard data.

From the various definition of index number, the following conclusions can be drawn aboy
its nature:

i) Index number are numerically expressed.

i) Index numbers are always comparative in nature. The main function of index numbers is tg

render comparison of economic phenomena possible. Hence, itis also called economic
baromerter.

iii)  Index numbers are closely related to averages.

HISTORY

About the middle of eighteenth century, an Italian name, Carli wished to know the effect of
the discovery of America-upon the level of price in Italy. To measure the price change, which has
taken place, he obtained a representative price of each three commaodities in the year 1500

and in the year 1750. The three commodities chosen were grain, oil and win

e, which were
considered to be representative of all

Italian commodities. These prices were then expressed
as percenlage relatives, that is prices in 1500 were each taken as100 and the prices in 1750

were expressed relatively to their corresponding prices for the year 1500. Carli then averaged
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< ECTION OF COMMODITIES
5

; ha nextquestions that arise is, what items should be selected for inclusion in the indey?

ertothis will constitute the raw matenal of the index. Clearly, all items pertaining 1o an
e ;anntﬂ be included. Itis impossible. Their number has to be restricted. Care must be

Al

= aseethat items selected are representative of tastes, habits and customs of the people
gell s and other luxury articles cannot fix a place in a working class schedule Tangrnle.
-qu.lq= . . u . ) .

 _dities which can be easily recognized and which are not ikely to vary in quality shoulg
g =i

¥ aplace in an index. These restrictions narrow down the choice of items lo a considerable
ind

et

adequate number of articles should be selected might behave like i . parent population.
walis adequate depends upon individual circumstances and resources. (The accuracy of a
WTq'e. we know increases with the square not of its size). Consequently the larger the number
E:at; included in the index the more accurate will be the result.

Y ———

Afler the commodities have been selected the next problem that arises is the collection of

43 regarding the commodities. The data include the price of the commodities and the quantities
¢4 The prices of a commodity vary from place and even at one place from shop to shop. Just
stisnotpossible to nclude all commeodities in an index number. Similarly it is not possible to
«=tinformation’s from all sources. Price quotations can be obtained from regularly published
panzisor from merchants, producers and other dealers who are in possession of the basic aw
rzz2 The former source should not be too much depended upon unless its reliability and
=2ty have been established. Great caution is to be exercised in seeing that the quotations
=zed are representative persons have to be done. Generally such places are chosenwhere
zpaicular commodit; is purchase or sold in large quantities. After the selection of the places,

Penextthing is lo appoint some representatives who would supply the price quotations from
ime lotime. -

¢ METHOD OF COLLECTION

The different source and places from where quotations are received must be comparable.
Comnarability is the essence of statistical data. Terms, units, qualities must be standardized.Al
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persons must give quotations for the same quantity in the same Gniksanc it o aterie terms
Prices may be quoted in two ways -

1) Money prices.
i) Quantity prices.

Money prices are quoted per unit of commaodity, e.g. whal at Rs, 100 per quintal. C'Uannh,
prices, on the other hand, are the reverse of the former. They are quoted per unit of money eq
what one kilo per rupee. So far as possible money prices should be given in the quotation,
They are easy ta interpret and understand. Quanlity prices cause unnecessary confusion. Whep,
money prices increase, quanlity prices fall and vice versa. Thus the have to be differen:ly |

interpreted.
When the actual collection of data begins two problems arise :
a) The frequency of ohtaining quotations.

L)  Which prices to collect opening, closing midway etc. So far as the first problem is concemeq
it will depend upon the nature of the index. For a monthly index two quotations per week
may suffice. A decision on the second point should be taken with determination of the |
units. |

Average Quotations

The daily, weekly or monthly quotations for each commodity which are received will have
to be averaged. The average might be obtained by adding up the price of each commaodity from
different center and dividing the aggregate by the number centres.

The most popular method of constructing an index number of group of prices is to average
the relatives for the individual prices. The aggregative method adopted by American statisticians,
though simple and intelligible, is not very common. We have then to decide the problem of the
most appropriate average to be used. He various statistical averages that we have seen in the
chapter of "Measures of Central Tendency” have their own particular merits and uses. Theoretically
any average may be used but from a practical point of view the selection has to be made from -

a) Arithmetic Average
b) Median, and
c) Geometric Mean.

Itis most widely used in computation of index numbers. It is simple and well understood.
But the demerits of this average are :
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affected by extreme lems !

| < 100 much weightto increasing items and too little to decreasing ones.

o mueh

atly more weightis gven to rapidly falling items than to slowly falling ones
ginv

L roversible.

gian. ihough superior to the arithmetic average inthe sense that itis less affected by

e oo of extreme values, in seldom used in index number construction. Itis erraticwhen

'ﬂ,r:csu ( of items IS small, At times it has 1o be inlerpolated, 1t does not remove the bia

1 rcf"“m?n' elatives due to rising or falling prices and, moreover, il is not reveraible. However ?l

:ﬁf-‘n’tl‘:cﬂwumm and may be suitable when some of the dala are of questionable ar;nura;;y
5

st iveness
™ T n'l_'“l“en 5 r
Jt-s:lf'?'r'r'"E ‘

Lometric Ll
&

corcetul arguments in favour of the use of GM may be advanced ndex numbers, we
i concemed with ratios of relative changes and the superiority of this average lies in the
m:at 1gives equ al weight to equal ratios of change. Doubling of one price is compensated by
paing ©f another and GM of such relatives will show no change while the A.M will show an
__aze. Moreover index numbers calculated by using this average are reversible and therefore, -
mgshiﬁiﬂg is easily possible. Another advantage claimed by this average is that it reduces
|| pacfector upward movements and increases that of downward movements. This is in keeping
dhthe economic principle of buying less in case of a rise in price and more when the price

s

The geometric mean, on the other hand, is less understood, less popular and noteasy to
orode.Itdoes not yield an objective quantity when, weights are used but in case of the arithmetic
sezeweighting by quantity, gives the total expenditure.

Isthematically the geometric mean gives more accurate resulls than the arithmetic mean.
Tredegree of inaccuracy in the latter however, is not very marked. Connor has evaluated the
siness of various averages and he says, “On balance the advantages of the geometric
ranpreponderate”. British statisticians are now maore in favour of the use of this average.

& METHOD OF WEIGHTING

. ltems very inimportance. So far, we have not taken this factinto accountin the computation
dndex numbers. In order to allow each commodity to have a reasonable influence on the final
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3. Selection of The Baso

The comparison of prices in any year has to be ma::?e wH.h the prfﬂ:E of the t_'aﬁﬂ Year
which in general is an earlier, ideal period of time during which prices may have fema"?ﬂd Meirg
or less stable. Generally the base period should be a normal one free from fluctuationg ang
disturbances and should not be the distant in the post.

There are two methods by which base period can be selected. They are

1) Fixed base method
i) Chain base method

Fixed base method

In the fixed base method a definite year or the coverage of certain number of years iy

chosen and the price relatives are calculated with the fixed base.

Piice Relative |

Aprice relative is a pure number, free of any unit of measure. Itis usually calculated asa |
price in any year as compared to the base year price. |
We define itas :
Commodity price in current year

PR= x 100
Commodity price in base year
Current year's price
Currentyear's PR = x 100
Base year's price
Current year's price
Link relatives of the current year = — x 100

Base year’s price
4.  Selection of Averages
Since index numbers are specialized averages and decision has to be made as to which
particular average (i.e. arithmetic mean, median, mode or harmonic mean) should be used for
construction of particular index, Geometric mean is considered to be the best averagz in the

construction of index numbers because of its less Susceptibility and reversible nature. It also
gives equal weights to equal ratio of change. The geometric mean always satieties the time

reversal test.
5.  Selections of Appropriate Weight

The items selected and construction of an index number being of unequal importance, a
simple average will not be truly representative of the state of affairs. Suitable weights therefore

178




pa—

P -

S

- ELEGT;NG ON FORMULA
&
- nt formulae are used for the construction of different index numbers

Uiﬁesf 4 in lesson 20. Each formula The formulag

Is used specific purpose and it has its advantages

7 onof wholesale Price Index Numbers
tru®
|:|I'|5' ) ; g
o objectiVes of construction of wholesale price index number is to measure the relat
., ; IV
_inthe general pricé level. The construction of wholesale price index numbers involve
111,iallﬂ‘ blems, which are not easy to lackle. The problem are as follows :

il pro »
i sefﬁcﬁan of Commodities
e wholesale price inde::: number represents the price changes of all commodities in
| g But itis not possible to include all commodities. So selection must be made to include
e Epresentalma itern for the purpose. The representative ltems should be representative of
ifﬂ*;e habits, customs and necessities of the people for whom the index number relates
, neld : lllﬂ‘ hard and fast rule about the exact number of items that a good index number shnuﬁ
:?E: gutis can be said that the number of items from which wholesale price index should be
.a:st-mcmd <hould be fairly large consistent with ease in handling them. The general purpose
gaxpumber of price issued by the Economic Adviser's Office in India takes into account 78

; mmmnd ties.

!

The economic Advisor's Index Number of wholesale prices in our country classified the
commodities I five major groups, namely :

i Food articles,

i 1ndustriaiRaw-maierials.

1 Semi-manufactur.:s,
{ Manufactures and

5 Mscellaneous.

1 Obtaining Price Quotations

lems cannot be relevant unless their price quotations justify the purpose of the
rexnumbers. A relation must be made of representative places and persons. U'ﬁiﬂ
nistbe as accurate as possible. Money prices (quantity of money per unit of mmmndfty}
éndnot commodity prices should be quoted. Uniformity, regularity and refiability of pricé
Wiations should be ensured before hand. Wholesale prices are more reliable than the
"elail prices,
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Index, weights should be applied. It may however, be noted that there is nulhi‘ng like an
Weighted index number. Every series is weighted in a arbitrary or haphgzard fashion. ‘Iflt:n.m::u_.ghji
inthem the weights are unity. Every item is considered to be of equal importance.

These are two ways of assigning weights :

i) Implicit,
i) Explicit.

Implicit weighting implies inclusion of a commeodity or its variety in the index numbe
times, e.g. if wheatin an index has to be given thrice as much weight as rice t!tlen three varieti,
of wheat as against one of rice may be included in the series. By explicit weighting we understapy
the application of some outward evidence of importance to the items in an index.

What this evidence should be is a difficult problem to decide. It depends upon the object ¢
the investigation. In a general wholesale price index number, the weights may be the quantijes
produced or sold at wholesale rates, but such weights will be inappropriate for a cost of living
it dex in which case the retail price should be weighted hy the proportionate expenditure upgp
the different articles as revealed by representative family budget information collected.

Fixed or Fluctuating Weights

Another problem connected with weights is that of deciding whether they should be fixeq
or fluctuating. Since the relative importance of a commaodity chalnges over a period of time it is
logical of weights are revised from time to time. One should be cautious in interpreting an index

constructed on fluctuating weights as not only changes in prices but also changes in weights
affecting index.

Methods

When weights are applied ta methods of calculating, index numbers may be used

1. Weighted aggregative method : Under this method weights are applied to actual prices.
2. Weighted average of relatives method : Under this method weights are applied to price
relatives and not to actual prices.

Weighted Aggregative Index
The basic formula under this method is :

p
%P“jxwu

Taking the physical quanf.itiés (q) to the appropriate weights, the index number may be
calculated by a number of formulae given by different persons who are advocates of different
base period for the weights.
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| B o 4 to the items depending on their relative importance. There are two method

4 bg.aﬂweights . 1. Implicit and 2. Explicit. In the implicit weighting, a commaodity u:'ita
:“;digl"'f'g uded in the index number o times. In case of explicit weighting some gyt 8
| nﬁmpﬂﬂanﬂﬂ o the various times in the index is given, o

g st
IHFEW Dri

2Nce .

4 (i of A Ppmpnate Formula

c
e Eﬂ ne formula would depend not only the purpose of the index but also on the data
boenoi® " odicular formula can be regarded as the base under all circumstancas, The
" able ing investigator will choose lechnical methods adapted to his data and appropriate
il

b UFPDEE. .
P " construction of index Numbers

E‘

5 '
steP depsin the construction of wholesale index numbers are as follows :
The

suitable list of commaodities and make arrangements for obtaining their prica

lect @
5 5 regl.llﬂ rly.

qug[ﬂ“ﬂn
| cglect? pase yearand co nstruct current prices into price relatives based on the prices of
pebase year. There can be either a fixed base or chain base. Afixed base can be either
apa!ﬂﬂmar year or the average of number of years.

gelectameasure of central tendency and obtain an average from amongst mean, median
and geometric mean. Geometric mean has certain advantages over other averages in the

construction of index numbers.

jweights have (o be used they can be either implicit or explicit. Explicit weighting can be
either by weighted average of relatives method or weighted aggregate method.

done
(e method of construction of index numbers are described in detail in Chapter—20)

Consumer Price Index Number

MERNING

4consumer price index number is a statistical measure of changes in prices of the goods
adsevices brought by families of wage earners and electrical workers. Itmeasures only changes
npices. It tells nothing about changes in the kind and amounts of good and services families
buyorthe total amount families spent for living, or the differences in the living costs in different
paces. Consumer price index cost of living index numbers work as econ omic indicators in the
same way as wholesale price index numbers to measure the purchasing power of money.

NEED

" The need for constructing consumer price index arises because the general index
Mber fail to give an exact idea of the effect of the change in the general price levelon
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. lavel of prices af
_ en change in the lgy
he cost of difterent classes of people since Hqgl_"lu-'mﬂ index studies the effect u!thnnge!

Wifferent classes of people in different manner dard of living of people considar,
Al eentain chosen combinations of goods on the stan d
A% CONsUMers

uriTYy

- of following :
The consumer price index are of greal significance because g
d wage contacts. Automay,

1. Thegeneraluse of this index is mostly inwage negoliations an ——"
adjustments of wage or dearness allowance component of wages are governad in man,

countries by such index.

I

Al Government level index numbers are used for wage policy, price policy, rent contrg
taxation and general economic policies.

s

3 Theindex numbers are also used to measure changing purchasing power of the currency,
real income ete.

4. Index numbers are also used for analyzing markets for particular kind of goods and services,
LIMITATIONS
1. Possibility of selection of wrong or non-representative items.

No measure of changes in the manner of living.

Inadequate reflection of inflationary effect block market prices changes in quality etc.

2

3

4. Arbitrary assignment of weights.

5. Norepresentation of experience of any particular family.
G

Frequent need for recalculation.
Construction of a Consumer Price Index
These indices can be computed separately for :
i)  Different classes of people,

i)  Different regions or homogeneous groups.
i) Different time periods.

iv)  Different occupation.
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b class or region has Ills own choice of commodities whose qualities an
eoe gitfer from time to time and place to pluce. Moreover retail

.urﬂe iy
A5 4 of iving
5
3

d quantitieg

: e -
index numbers differs from time to time and place to ;H;s. which are the

oWiNg gre the sleps in construction the consumer price index :

lass of people for whom this index number is to be constructed is decided first

| alond with the class of people the geographical area covered by the index is als
0

e next step is to conduct a family budget enquiry covering the population group for whom
heindeX is to be designed. ;

The items covered are those, which are in common use by the class concerned. These
1emsare classified into certain well accepted groups :
|

-

Hamgi}" .

T Food

1 L

i Clothing

Fueland lighting
House rentand

) Miscellaneous

. Pice quotations for these items are to be obtained from the locality in which this class of
people reside or from where they make their purchases.

. Suitable weighis are attached to different commodities depending on their
inportance as revealed by family budget inquiries or otherwise. Cost of index
umbers are then calculated by the weighted aggregate of actual prices or the
weight and average of price relatives. The methods has already been considered
inChapter — 20.

Wethod of Constructing the Index

The index for cost of living of consumers may be constru ctéd by applying any ofthe following
methods :

: Aggregate Expenditure method or Aggregative method.
3 : ; .
Family budget Method or the Method of Weighted Relatives.
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ed with 2004 are saer s
What changes in the cost of living figures of 2005 are compar n

' the base.
Solution of cost of living index number for 2005 with 2004 as

[ tems of 2004 P, [ 2005 [Pyx 100 w PW
Fopondure T L i 33833

Food 150 145 | 867 35 |

Rend 30 30 100.0 15 15W-L

Clothing 75 65 A6.7 20 1734 0 —_—

Fuel 25 23 62.0 10 9200 ]
Misceliancous | 40 45 1125 20 22500 - ]

W=100P W=5787 3
il | o ——

| P 97873 ;
1 Cost of living index ‘ZZ”. =00 2'}7-“?_Thusafal!aflﬂ%hEEUkE“PlﬂﬂﬂlﬂLe

cosl of living of middle class families in the given city of India in 2005 as compared it 2004

i Y'ELF - TEST - 14

1. Explain the significance of Index number. Also mention their limitations.
! 2. Discuss the steps involved in the construction of an index number.
i 3. Index numbers are economic barometres “Explain this statement.

4. Discuss various problems in constru cting index numbers.

METHOD OF CONSTRUCTING INDEX NUMBER

| A large number of methods have been devised for constructing index numbers. They can
l‘ be broadly, divided into two groups.

a) Unweighted indices, and

b) Weighted indices.

In the unweighted indices weights are not assigned whereas in the weighted indices weights
are assigned to the various times. Each of these types may be further divided under t. > groups
i)  Simple Aggregative, and

i)  Simple Average of Relatives.
(A) UNWEIGHTED INDEX NUMBERS
(1) Simple Aggregative Method

This is the simplest method of constructing index numbers when this method is used to
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.|“--’F
‘f'
//"- ﬂUﬁntl‘l'f 1960 1860 pftct‘_ 1968
O 12 yds 1.00 T I—
Laath — 40 units 020 02 —
] ;jﬁﬁ 3 rooms 25 00 Ei_ﬂsn ]
%;"iﬁﬁ’r___ bl 0.40 050
o~ Aggfcgﬂm gxpenditure Method
_‘_'..-_-";'-— Qo (1 1 E'QEI pluu —-|
%H—T 12.00 18.00 36 00 T —
_/,zf"""d'—_ji_ 1.00 0.00 12.00 10 80
{: | r
40 0.20 0.25 800 1000
f;""?s" 25.00 23.00 75.00 69.00
(2% 0.40 0.50 12.00 T
,J-‘L"" 143.00 158 00
L’.-’-r-____‘-"- s
S0 00280 00=1115
“Spg, W00
, Family Budget Method
| =T . o4 PR=P,P V=P, X Q PRV
, Q; - Po 1 1Po o X Qq
@“"’3 ~12.00 18.00 150.00 36 5400
—c | 12 - 1.00 0.90 90.00 12 1080
| =T | 020 0.25 125.00 8 1000
7| 3 | 25.00 23.00 12.00 75 6900
W | 30 [ 040 0.50 125.00 12 15880
V=143 RV=15880
= _E_R_l— = i—:ES—EE =111.3
L YT
The result of both the methods are identical.
lllustration -2
A enquiry into the budgets of middle class families in a city in India gave the following
nformation :
Expense on | Food Rent Clothing Fuel Miscellaneous
35% 15% 1 20% 10% 20%
Prce 2004 [Rs150 | Rs.30 | Rs.75 Rs25 |Rs.40 o
[Prices 2005 | Rs.145 | Rs.30 | Rs.65 Rs23 | Rsdb

183




L R RN B |

. Aggregate Exponditure Mothod

When this method is used, the quantities of commodities consumed by the Particy),,
roup in the base year are ostimated and those figures or their proportions are used as wejgy,
The prices of commodities for various groups for the current year are multiplied py 4.
quantitatives consumed in the base year and the aggregate expenditure incurred in b'-".rlng
their commodities is obtained. In a similar manner the prices of the base year and aggreg,,
expanditure for the base period is obtained. The aggregate expenditure of the current yog,
divided by the nggregate expenditure of the baso year and the quantity is multiplied by 10q,,
getthe symbolically is

M
Consumer price index = E!]' x 100

aflo
When P, and P stand for the price of the current year and base year and q, for quantiie,
inthe base year.

2, Family Budget Method

In this method the family budgel of a large number of people and for whom the indey
number is meant, are carefully studied and the aggregate expendilure of the average family on
various items is estimated. These constilute the weights, Current year's prices are converted
Into price relatives on the basis of the base years prices and these price relatives of the
commoditics, to the base year. The total of these products is divided by the sum of the values (er
weights) and the resulling figure is the desired index numbers.

Symbolically
2. PRV
Consumer price index = Z %

Where PR = P, x 100 for each item
V = Value weights i.e. P,Q,
This method is the sum as the weight and average of price relatives discusses lesson 20.

It should be noted that the answer obtained by applying the aggregate expenditure method
of the family budget method shall be same.

Hlustration-=1

Construct the cost of living index number from the following dgta for 1968 with 1960 as
base using (i) the aggregate expenditure method, and (ii) the family budget method.
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ind outthe index number of each year from the following data

Jear Price Year B

C::::;;;;::::i- 78 2001 2:*
107 88 2002 ——
1998 70 2003 r——]
:::::EEEEZZZ:- ;i 2004 =
/Eﬂ’i L

SQTU“DH
s problem &a7 be solved by taking the first year, i.e. 1890 as the base or by tai
age Price of the prices as base. The first alternative is preferable, 71aking tra

Index No. Year Price lndex Mo
100 2001 99 ' T Ry T
113 2002 102 131 |
30 2003 112 144
100 2004 99 127
121 2005 75 g5
P 88

gextor 1956 = 3 X100= 3¢ =113 approx.

similarty others will also be calculated.
Mote : Figures have been apprnxi!‘nated to a whole number.

2 Simple Average of relative Method

The most popular method of constru cting an index number of group of prices is to average
theindiidual prices. The aggregative method through simple and intelligible, is not very commoan.
We have thento decide the problem of the most appropriate average to be used. The vancus
slatistical averages that we have seenin the chapter on “Measures of Central Tendency’, have
their own particular merits and uses. Theoretically any average i.e. arithmetic mean, median,

mode, geometric mean or harmonic mean may be used for averaging the relatives. When
aithmetic mean is used for averaging the relatives, the formula for computing the indexis:

I 88
(L x100)=— =113
zﬁ, ) 78
Pul"'N
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Year Rs. Year Rs. kil L
1999 =8 1505 98 2001 < A,
1007 54 1996 94 2002 =/
—— 71
1092 56 1008 78 2004 S
993 + 1900 76 2005 Ly
| 1994 102 2000 112 ——
Solution
Index number of jute price base 1994 = 100
hYear Price in Rs Index No_ x Year Price in Rs. Index No. x |
100 100
1980 78 77 1999 78 77
1097 54 53 2000 76 75
1592 67 66 2001 112 110
1503 56 55 2002 99 a7
1094 72 71 2003 76 75
1995 102 100 2004 75 74
1996 08 96 2005 71 70
1997 94 a2 2006 50 49
1998 88 86

Index number for 1989 with 1994 as base

%

i

78
100 = 'm—z-'-‘ 100 = ?? {appmrl

Index number for 1990 with 1994 as base

Note ; The figures are approximated to a whole number.

This problem can be solved by taking the first year, i.e. 1955 as the base or by (uking the
average price of the prices as base. The first altemative is preferable.

Base 1555 =100

Similarly others will also be calculated,

Note : Figures have been approximated to a whole number.
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justration” ’
iho (allowing data construct anindex for 20045 1aking 2004 as base
“ﬂm
v LS E e e
- '[;‘Emmmﬂ“ﬂﬂ g Prices In 2004 (Iis.) Prices i 2005 e
..--"""-T-_—_ 100 T40
-"—-'-’—E:—-_ -—--—..IE.I._[_]__,__ - 1&0
_._¢--"'_-__—_ e
solution ¢
Construction of price index,
Commodities Prices in 2004 pg Prices in 2005 P, |
A 100 120 l
- 80 120 |
C 160 3 180 1
D 220 220 -
| __E 40 = |
\ i __P4=600 P,=720 J

X 720
Index number for 2004 with 2005 as base =Eﬁx 120

This means that as compared to 2004 in 2005 there is net increase in the prices of
commodities are given effect in the price index. We construct index numbers by 15 metnod o
the assumption that the various times and their prices are quoted in the same unt

llustration - 2

: Inthe following table the wholesale prices of jute from 1989 to 2005 are gven Corsirus
Umbers taking 1991 as base year.



P —————

ities whose price relatives are
Where No refers to the number of tems fCoReDs relatives the formula for E"'-;!&r.*n-r

Perage,d when geometnc mean is used for averaging the p
the index becomes

. | £8 P P
Slopl 00 o e 2 i) X et 1%100
Long Pm: o8 fy ™ 78 or E'“b P who P

N

- N
(Y log—-x100) =
Po SAntilog = E.’lﬂ Anti log Elog P
N

Other measures of central value are not in common use for averaging relatives.

Hlustration -4

From the following data construct for 2005 taking 2004 as base by the average of relaties
i.«ethod using (a) arithmetic inean and (b) geometric mean for average relatives.

Commodities Price in 2004 Rs. Price in 2005 Rs. |
A 100 140 1
B 80 120 }
C 160 280
D 220 240 |
E 40 40 .
Solution : (a) Index number using arithmetic means of price relatives.
Commoaodities | Price in 2004 Rs. Price in 2005 Rs. Price relatives x 100 |
A 100 140 140.0 |
B 80 . 120 150.0
C 110 180 1125
D 220 240 109.1
£ 40 40 100.0 |
2R
x 100
F,
6.6 A
P = =%=123.322Pn’x611.6

(b)  Indexnumber using geometric mean or price relatives.
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| 4 i . :

mﬁg :2:;9 in 2004 | Price in 2005 Rs, Price relatives [Logp
7 <00 140

//./_J_G_E.__ 1400 2148 N
' 120 : 1

) 29 1500 21761

5 ol . 280 1125 FIEh

240 ——

o 1000 P —
| ? logP = ¥
.ﬂ‘" 104112 ar=104112

Anti 08 {,EI__; = Anlilog ( N -) = Anlilog 2.0822 = 1209

P~

oS memoditiea] vary inimportance. So far, we have not taken this fact into aceount in
pulﬁ'-'lﬂ'” of index numbers. In order to allow each commadity to have a reasonahle
wence on he final index, weights should be applied. It may however, be noted that there is

i) Explicit

|mplicit weighting implies inclusion of a commodity or its variety in the index number of
imes, e.g. ifwhat in an index has to be given thrice as much weights as rice than three varieties
owheatasagainst one of rice may be included in the series. By explictt weighting we understand
the application of some outward evidence of importance to the items in the index.

Implicit weighting (or the unweig hted index) is far from realistic in most of the cases.
Construction of useful index numbers requires a conscious effortto assign to each commodity a
weightin accordance with importance in the total phenomenon that the index is supposed to
describe. Weighted index numbers are of two types:

I Weighted Aggregative indices, and

2. Weighted Average of Relatives indices.
1} Weighted Aggregative Method

applied to actual prices. There are various method of assigning weights and consequenty

;]alge number of formulae for constructing index numbers have been devised of which some of
emore important ones are :
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1. Laspeyres, Method : Using base period quantities as weights (@)

p -2l oo

" Z‘":"-'n i

Steps :

() Mutiply the current years pnces of vanous commodities with base year weights and oty
IPq,

(1) Multiply the base yoar pricas of various commodities with base year weights and cbta,
LPA.

(i) Divide IP q,by Pq, and multiply the quotient by 100. This gives us the price index

2. Paasche’s Method : Using current years quantities (q, weights)

2 Pg,
l Z-an:x
;Sr&ps:

() Muttiply the base year prices «f various cormmodities with current yearweights and cbtan |
LPg, |

:'{il“j Muttiply the base year prices of various commaodities with current yearweights and obtan
LPgq,.

_{iii} Divide ZP q, by £ P,q, and multiply the quotient by 100.
This gives us the prices index.

3. Marshall - Edge Worth's Method Using the average (or total) quantities of base and
current years as weights. This is also known as the “Hybrid-Weights" formula :

= Z{'?n +q,)F, ”
N Ef'?n +4,)f

or, opening the brackets :

100

P,, = ZP,q,+ZP,q, x 100
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ﬂ!ﬂtinng:ﬁ of Various Indices

2005 Price

2005 Qty.

Py,

Peay

P,

Peq, |

L g “

128

f4

96

240

200

120

41

280

224

200

109

I K =
"

152

152

180

104

IPqee
BOD

L Pugye
G40

L Pyg,e
520

140

EPQ'I'IH
413

3 Bowley's Method
e

Lha g,
Yhg P
PIL= a2

125+1.262
=

500 520

ot 100840 1'“2 x100

x100=125.6

100 2512
2

_L+P _125+262

o, 5

=125.6

% Fisher's |deal method

pnz\fﬂ?u xﬁ‘h 100

Pgy  Pyq,
=125x1262x100
=1.256x100
=1256

JEDH 520
= ® x
640 412
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N p
T s & 1'.!" g, ¥ 4 _
| Ef:.u 00 (Where q = ’:_ ' = gverage quantity)

8 Fishers ideal index Prof Irving - Fisher has given a number of formulae for consirucyin,

index numbers and of those he calls one as the ‘ideal' index The Fisher's ldeal Inday

aiven by the formula-

[ T,
L e I‘I‘I{ifl jrl‘f T i
= .,vll ‘,,—Iq“ ® f}l,.}:_ x 1000rP0) = ﬁu.ﬂ (W = weights)

This method uses base and current year weights for preparing two index numbary
(each with ditferent weights), which are averaged geometrically. This is also called crasseq
Weight formula. In other words it is the geometric mean of the Laspayre's and Passcha
indices

This above formula is known as ideal because of the following reasons :

i) Itis based on the geometric mean which is theoretically considered to be the best average
for constructing index numbers.

i) ltakes into account both current and base year prices and quantities.

iif)  Itsatisfies both the time reversal test as well as factor reversal test as suggested by Fisher
v) Itis free from bias.

Illustration -4

Construction index numbers of price from the following data by applying.

-l
-

Laspeyer’'s Method

2. Paasche's Method

3.  Fisher's ideal Method, and

4 Marshall-Edge worth Mathod.

Commodities | 1995 Price Quantity Price 2005 Quantity |
A 4 16 8 12
B 10 20 12 10 |
C 8 28 10 20 i
= 2 38 4 26 K
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n and gowley's Method : They have suggested that

i | instead of fingi
] pro Jtricmean of the index n_umhers computed from Laspeyres' and - .g oul the
geﬂf’gﬁmmetic mean would give a better result, i e, £'s Method
'H'I'E”

I._:__L".ﬁ «100 L= Laspeyres' Index
™ 2

P = Paasche's Index

e

F: f‘.{’nl ,,{.Z_ﬂ?—'}

x 100

{3 ]

walsh's Method : Wash has suggested a modificationin Marshal-Edge Wreth's Method

Hetakes into account the geometric mean and not the arithmetic mean in the construction
of index number, this formula is

Pﬂ =Edq“{qipl]x1ﬂu
S JalaiPo)

' Keynes's Method : Keynes takes into account the quantities of each commodity commen
1 1peachyearas weights and then suggests the preparation of anindex number, i.e.

L]

| R LREEF 0 o Rk
'F t E PoHC.F (H.C.F=Highest Common Factnf}
| 1 Kelly's Method : Truman L Kelly has sugg ested the use of selected weights which need not

necessanly be equal to the quantities marked or consumed. Here weights are the quantities,
whichmay refer to some period, not necessarily the base year or current year. Thus, the
average quantity of the two or more years may be used as weights.

Thes formuta s -

p LAY
" g <100 (W = weights)

B, _2Pg

E *100 (= quantities)
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QUANTnYrMnexNUMEERs

A quantity index number is the counterpart of price .ndﬂ:‘r::: ;:;E’::‘:‘:i::?;?nm ;
Measures the changing value of a varying aggregate of goods '=|‘ :«.]ccdurr.r Pi——" in“‘ﬁ! ot
thanged in physical quaniities al constant prices, computationa F”P e d?mp,
the same as in the case of price index but for the fact thal the words "(dua fen” arg

Interchangeq. Symbolically When Laspeyres' method is used.
200,

gy e N 100
i 7 e

When Paasche's formula is used

. 4,
VWhen Fisher's formula is used O, = ‘[E = “Z —x100

Z‘.‘uﬁ E%'ﬂt

The index number of price measures the changing value of a fixed quantity of goods while s
number of quantity measures the changing value of varying aggregated of goods at fixed pricey
Mustration - 7
Form the following data compute a quantity index :

Commodity Quantity Price in 177 Rs. |
2004 -, 2005 |
Rice 60 50 60
Wheat 40 60 80
Jawar 20 30 40
Solution
Computation of quantity index.
Commodities | Q, Q, Po Q4Pq QgPy
Rice 60 S50 60 3000 3600
Wheat 40 60 80 4800 3200
Jawar 20 30 40 1200 800
Eﬂ|F"u= 9000 EUQPE = 7600

’
Uy, = OiF 109 20000
0,7, 7600

Thus compared 1o 2004 the quantity index has gone up by 18.4 percent in 2005,

x100=118.4
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‘;' ne price of each item of th-e current year as a relativa of the price of the same
| pP"S | paseyear by the formuia:
. int
]IE‘m ;
f 100
fi  nts —which may be taken as the total quantty on value (Quantity % price)
weld
pssigh chprice relative by its corresponding weight
aly &
wutiplY ne price refatives thus obtained.
. gum UP  cumbythe total of weights. The resultis the required number.
dehis : : .
: D":e ot expenditure in base year (q, x Po) as weight, the formula for index number is -
t
e B <100
E Foto = P
ﬂl i 2: Puqﬂ
Ehﬁﬁﬁnn = gheocr . i
. oni® following data compute pnce index by applying weighted avera ~of price relafives
golution
computation of index number of prices by the method of weighted
grerage of Relallves.
—odtes | Price 2004 | Base F'ri::e_ Py | 2005 Price | Current Weights x
Com Ps Qty. q, | year Relative Price
Weights
i (PoQa)
, fl.,;mu (Pq Qﬂ'."—":#: 100
Fy '
E 4 10 40 8 200 8000
7 6 20 120 9 150 18000
G 10 5 50 5 2500
[Tota 210 28500
| Index No, 135.7
Fromthe above Table, we get,

E[{Pﬁqu K%xlﬂﬂ
“LPQ)=210
Thus p; '
s Price Indey Number =P 2005 = Eﬁﬂ_ﬂ =135.7
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k




—

QUANTITY INDEX NUMBERS

; - latte
A quantity index number is the counterpart of price index numt}er;hillt-:i:;?ma:; !r:
Measures the changing value of a varying aggregate of goods at fixed pric i e
thunged in Ph'ﬁI’SIEﬂl quantities at constant p[*mﬁl mmputahnnaf prOC;Edeﬂ .OI'" o .Prmf.l'..
the same as in the case of price index but for the fact that the words Quantity < are

Interchanged. Symbolically, When Laspeyres’ method is used.

, 20 o
"y o0
When Paasche's formula is used
P Zi"":umn
RN

Z{-“rﬁ K_Z‘frﬂ'l <100

\When Fisher's formula is used ¢, = \ S ahs 30k,
e’ 0 [+ R |

The index number of price measures the changing value of a fixed quantity of goods while the
number of quantity measures the changing value of varying aggregated of goods at fixed prces

lllustration - 7
Form the following data compute a quantity index :

Commodity Quantity Price in 177 Rs. |

2004 2005 [
Rice 60 50 60 |
Wheat 40 60 80 1
Jawar 20 30 40 |
Solution

Computation of quantity index.

Commodities | Qg Q; Pqa Q,Pq Qq.Ps |
Rice 60 50 60 3000 3600
Wheat 40 60 80 4800 3200
Jawar 20 30 40 1200 800
£Q,P¢= 9000 IQqyP, = 7600

- Ol 1002999, 100 = 1184
" ry 7600

Thus compared to 2004 the quantity index has gone up by 18.4 percent in 2005.

196




« Just as ouf formula should permit the interchange of the two imes without
5, 5010 ought to permitinter changing the prices and quantibies without
i 0. the two resulls multiplied together should give the frue value ratio

-
L
-
—
[~]

hef
P cistent resul
{ result,

o

._Tﬁ
4 "3
T

T L
pincon sister

Fow

clof currenl year price index ( on base year) and currenl year quantity index (on
4 be equallothe ratio of the total current year value 9P ¢ ) lo the lotal base year

ing equallo price x quantily.

The pTDdU
) shoul
value be

a
;asE)’E
ﬁ'ﬂﬁ I.ani‘}

e et

I S0 2hO

siceindes P S0 S g,

d by the Fisher's ideal index. Its practical application is however, limited as

ht for the year for which the index is fo be constructed Lhese are generally

. twel
- ren 9

circularity Test
anotherimportant test which a good index number should salisfy is the circularity test. This

xplained with the help of a simple example i.e.

a

__ maybee
| ifsuppose the 2005 price of a certain commodities is thrice of whatitwas in 1999 and its
1080 price is again twice of what it was in 1991, then its 2005, then its 2005 price must be nine
tmes its price of 1991. In other words, this means that we should be able to get an index for
2005 based on 1991 b, multiplying the index for 2005 relative to 1999 by the corresponding

ndexfor 1909 based on the year 1991 an index which com plies with this test has the advantage
of educing the computation every time a change has to be made. Such index numbers can be
ediusted from year to year without referring each time to the original bases. Simple aggregate
ndexrepresented by TP, / ZP, (without the factor hundred) where P, represents prices of current
yearsand P_ prices of base year satisfies this test. This test therefore, is :

PIH XP_x P.?n=1

g Itis an extension of the Time reversal Test and applies ot indices of more than two years.
9¢neralterms «

P,zxpﬂxpa,x_ P 1me=1
A=
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Malhnmntinal Tosts

- imbers®
Professor Irving Fisher in his famous work “The Making of Indax Numbers® hay g

commendable work for developing a scientific theory of index Numhﬂr;!- I: . :u: m;”n Anown gy
Fishor's “ideal” formula is mathematically the most satisfactory one The test ita ¢ omndnhmp,

aNd accuracy two tests are applied

' Thetime ( or Based Reversal Test
" The factor Reversal Test

Time Reversal Test

Reganding this test, Fisher says : “The test is hat the formula for calculating an index nump.,
should be such that it will give the same tatio between one point of comparison and the other p
matter which of the hwo ie taken as the base”™. In other words this implies that by changing tha
base of an index number from one year to the other, no alternation should take place in the
~elative magnitude of the two indices.

Symbolically : P, xP,, =1

When P is the index for time *1” no time “0" as base and P, is the index for lime “0" on tima
“1"as base. If the product is not unity, there is said to be a time bias in the method. Thus if from
2004 to 2005 the price of wheat increased from Rs. 120 to Rs. 140 per quintal the price in 2005
the price of wheat increased from Rs. 12010 Rs. 140 perquintal the price in 2005 should be 113
1.3 percent of the price in 2004 should be 75 percent of the price in 2005. One figure is the
reciprocal of the other, their product (1.333 x 75) is unit. This is obviously true for each indvidual
pnice relative and according to the time reversal test it sI]qud be true for the index number.

Letus see how Fishr's Ideal formula satisfies the test.

ISro, ¥ no,

Py - = gt
VXt Xrha
Since Py, x P, = 1 the Fisher's ideal index satisfies the test.

O =Z.F_'[‘f?_,;_2i“‘.f‘.’
Y Y Phe, Y B

h h F. n
F gy “—'\{Z e , 2.l 21 x=3le o 7

S, Y PR Y Pg, T,

Since P, x P_, = 1the Fisher's ideal index stratifies the test,
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ute by suitable method the index number o quantibes from the data gven below

) B

| 5004 Price Totalvalue | 2005 Price e
al
160 20 555 ve |
180 24 216
512 40 680 |

F cince We are given the value and price we can obtain quantty figure by dviding value
ures BY price for each commodity. We can then apply fisher's for finding out quantity index
- Computation of quantity index by Fisher's Method
:E:‘_'E_{.IE-""" Fe Qs Py | Qs Q.Pe Q:Ps Q,P, Q.P,
L—116 10 |20 1% 176 160 220 200
L__,i..«- 32 16 | 40 |17 544 512 680 540
_— IQPo= | 1Q:Po= | LQPy =116 TGP, = 1058
L_’_ 900 852
Z{:}IH quﬁ
= |&= _—x&——x100
quantzyindexor &6 JE‘II}P\: YN
00 1116
= |— x100
V852 1036
=4/1.116x100
=1.056x 100
\Valeindex number X
Thevalue of a single commodity is the product of its price quantity. Thus avalue indexVis
tne sum of the values of given year divided by the sum of he values of the year.
Theformula, therefore, is
;-=ZQ1P| x100 Value |
ZP;Q.: (V =Value Index)
Where P,Q, = Total value of all commodities in the given period and P,Q,=Total value of
iven, the formuia

all commodties in the base period. Sincein most cases the value figures are g
can be stated more simply.

LY

pe=lt.
Y 1, Mwhich V stands for value.

197



l.

ustration — 9

- d quantities of certain commodities, gon,
The following figures relate to the prices ﬂ."r;; ine timo foversaltest. Flic
an appropriate index number and show (11 salisli - P
s g
i 2004 e
Commodities B Quantities Price E}ME
Wheat 60 100 gg _1%9_‘_‘&
Gram 50 BU{'] 12 ———_1_1_6___1
Barley 36 10 s |
Solution Index number by Fisher's ideal method
e
Commodities 2004 2005
Po Qo Py Q; PiQo | PoQo P.Q, PeQ, |
Wheat 60 100 64 100 | 6400 | 6000 6400 6000
Gram 50 80 60 70 | 4800 | 4000 4200 3500
" Barley 36 | 300 | 32 | 110 | 3200 [ 3600 | 3500 3960 |
B PoQo PyQo PQ, PaQ,

[ro, 3re
P, &
lz'ﬂuqn an':_‘ll
, (14400 14120
= X ol » x
Y 13600 13460
=1.111x100=1.054 x 100 =105.4

Time reversal test is satisfied when P, x P, =1

Substituting the values of ZP;Q, L P Q, elc.

2P0 2 R0,
2P0, RO,

B 13.45{},: 13600
V14120 14400

F{rl

wiiin [IMI]-D:-:HIEU::IH&D::H&HG_\ﬁ-
= il E]Hﬁﬂﬂgquﬁﬂxl4lzuxl44ﬂﬂ_ E.

Hence time reversal test is satisfied by the above formula.

200




- xikil

0 jatration” s

he following data that the Faclor Reversal Test is satisfied by the Fisher's
o using the

X :m'la for Index number
mi,,:- R " Base Year Curtent Year ]
anodily | Quantity Price Quanity
T, 50 10 6 |
L""_;"‘_‘_,.ﬂ*-—‘*'_g_ 100 . P 120
P 7T w 6 60
s 30 12 2
g s A0 12 0
5 S .
olution F' Fishet's ideal index numbers for the current eyar
'fd‘l":ﬂ Base Year Current Year i
'n‘“"m “Price | Qnly | Price Quantity
‘____..d_r-"“"_HTIT '[}1 P1 Q-. Piul II:,"l‘-'::‘l P;D, p101
: ,H,.-ﬁ--"‘ G a0 10 56 300 500 336 560
J.d-i}-'"'_z 100 2 120 200 200 240 240
&_,-Er--" 4 60 § 60 240 360 240 260
—5 | 10 30 12 24 300 360 240 288
E 8 40 12 36 320 480 288 432
-l 1360 1900 | 1344 | 1gen
E—
e, PO,
peher's Ideal Index No. PN‘JEHL %Iju; %100
UL T
1360 1344
=1395x1.395x 100
=139.5 x 100
=1395
Factot reversal test.
Py xQy = E a2
zPuQn
The formula :
According 1o Fisher P 210 ):PQ‘
Y0, YRO,
pnd 0, 290, Z10
2O Y00
201
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3 g0
- IU{_H} ) IE-K“ ¥ ]ﬂ-‘d » %H"’
Subsh'lu!rng thevalues P_xq. ™ 1344 1360

1880 I8RD _ 1BBO
. T 13601360 1360
The factor reversaltes! is satisfied

THE CHAIN INDEX NUMBERS

Under the fixed base method the year or the period of years o which all other prices a,
related is constant for all times. This is a serious defect. With the passage of time the t.:n..'
becomes distant and outmoded. It is practically useless for comparison, Tastes. haga, an;
customs changes, and scientific progress demands dropping of old and obsolete articies ,...
uncles and inclusion of new ones in the index Al this requires alternation in the base pered h;
A better comparison is obtained by using the chain base under which prices of a year iy,
* ththe proceeding year and not with any fixed year. Thus the index for 2005 vill be baseq o
<003 that of 2005 on 2004 and so no. Symbolically :

l P,
o = ;Z[}i“‘ mﬂJ and so on

Thus inits simplest from, the chain indexes are in which the figures for each year (or sut-
penod thereof) are first expressed as percentages of the preceding year. These percentages
are then chained together by successive multiplication to form a chain index. Business —men
and others are often interested in making comparisons with the previous year and not with any
distant past. Link relatives obtained by the chain base method serve this purpose. If h aever t
is desired to convert these relatives to a common base the results may be chained to cbtan
chin relatives.

STEPS IN CONSTRUCTING A CHAIN INDEX

i) Express the figures for each year as percentages of the preceding year. The resu’ts 50
obtained are called link relatives.
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1 umﬂ:,n______?ﬁhma jﬁunumlnd 1n_t?jm_fl];1nhnsu IHTME.“
ke —— =100
f/"’ | g 2100
5| 370 AT -
o0 i
b L pa—— 408> 100
s T
i VRO = 100
- 'Eﬁﬁ-—_—_—_ _E!l L =031
0 A08
" 32 =100
= 1032
’Tﬂ 38 K00
e 400 % 100
T —-i{;:—”{- =102.0
|* e —
= . _ﬁ-xlﬂﬂ
mulaused = 7 |
0is ot ficed but changing. Itis justthe previous eyar every time
e
mus{ﬁ“ﬂn -3
Form the chain base index numbers,

00 2001 2002 2003 2004 2005
0 102 104 98 103 101
Solution ;

Year Chain base indices Converted to fixed base indices base 1958
| 2000 92 ‘ 92.0
Fm 162 102x92 =03.84
100
11&11; 104 104%93.84 =97.59
100
2003 98 98%97.59 =08.51
———— 100
103 103%95.64 =08.51
100
2005
101 101x98.51 =09.50
100
w Current year's chain base indi
ndices
| XPrevious year's fixed base indices.
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(b) Construction of Chain indices.

Chain Indices 1963 =100 )
 Year Price of whea! [Link Relations 1000 :
1905 100 1000 120 x 100 = 120
1997 120
997 120 « 100 = 120.00 100
100 0333x120=124
199 124
g 124 100 = 10333 100
120
104.84 x 124 =130 ]
1809 130 130
x 100 = 104.84 124
2000 140 :ig 107.69 x 130 = 140 ]
x 100 = 107.69 100
130 —
2001 156 156 11.43 x 140 = 156
x 100 = 111.43 100
140
2002 164 164 105.13 x 156 = 164
x 100 = 105.13 160
156
2003 168 168 102.44 x 164 = 168 1
x 100 = 102.44 100
164
2004 176 176 104.76 x 163 = 176
x 100 = 104.76 100
163
2005 180 180 102.27 x 176 = 180
x 100 = 102.27 100
176
lllustration - 2
\ From the fixed base index numbers given below, prepare chain base index
numbers :
2000 2001 2002 2003 2004 2005
376 392 408 380 392 400
204
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3 y .
current years Price

x 100

oK fﬂialwa 3

___,———-'-__
i Previous Year Price

J chain together these percentages by successive multiphcation 1o form a char mder of

f ny yea' is the average link relative of that year multiphed by cham ndex of prevons yepr
: 4ed by 100. inthe form of formula.
vl

chain index for Gurre ntyear

- average link relative Chain index of current
year x previous year 100

from the {ollowing data of the wholesale prices of wheat for the years ki
vers taking (2) 1996 as base, and (b) by chain base method.
Ut

ﬂ;'ﬁmf wheat year (Rs. Year Price of whezt (Rs per |
per quintal) guinta’} .
T L —— ~
..-1-:5?-* 120 2002 164
1998 124 2003 158 ._
—599 | 130 2004 176 =,
_-F'-'_'-___ -
0 140 2005 | !.
(0 | +
solution (3) Construction of index numbers taking 1985 as base.
Index Nos. (1953 =100) | Ye=r Price ofwhezt | ind=x NS (1253=100) |
100 2001 155 15 !
' xi0=110
1% '
120 2002 164 154
x 100 = 124 x100=154
100 100
1858 | 124 124 2003 168 158
x 100 =124 x100=138 _
100 100 |
193 130 130 2004 176 175 |
x 100 = 130 x100=173 |
- 100 100 '
200 1140 140 2005 180 180 X B
¥ 100 = 140 x103=15 &
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S

Fh: F\-’lﬁ‘t[ﬂp fon :’ﬂ'ﬂ? 14«93 &4 .

LA

100

07,59

Use 1he foliowsng data in industrial production of India to compare annual fiey

| .

F

Udtiong
the India mdustnal activity by the chain base method

E@Em 1002.93 [ 1093-04 :334-95 :235'93 :g?‘l‘g?ﬂ |
LLTE?-_“:%?% o559 | 105300 | 200607 [ 200703 2002 63~
Undex 3G 145 156 137 162 ——~
| Year 1883-01 2004-05 el
Undex 1780 160 Wiy
Solution

The given index numbe

STEVIOUS to 1888.

1992, We have to convert

rs are fixed base index numbers. Their base year is 5 year
itto chainbase index, i.e. link relatives have

Le obtained
Year Index | Link relatives Year Index No Link relatives J
No.
T —
188-22 [120 [1000 1997-99 149 I_Eﬂmﬂﬂ% !
[ |
1847 S 156 156
82-83 [122 = 100=1017 | 1998-00 . _;m:]m.r—ll
170 149 i
= ¥ l
1993-84 [ 115 l_]_{‘xm:}:'is.l 2000-01 137 E?_'ﬂm:m._g
123 156
199485 1120 10 T (200102 el 18 100=1183
116 137
1925-85 | 120 EE:IUG:IGEI.D 2002-03 149 EExlﬂD:?ll]
120 162
b R R — 160 190 100= 1074
130 149
1997-98 | 136 :fgxm{hws s I %xlﬁﬂz!ﬁﬂ.ﬂ'
- |

llustration -5

Given below are the prices of wheat for six
2000 as base, and 9b) taking averae price for si

206

years. Calculate the price relatives (a) taking
Xyears as base :




o0 | 2001 2002 | 2003 | 2004 2008 )

50 45 |55 65 108

s

ion Prce relatives | Pnce Relatives
ﬁﬂlﬂiln}f‘ml . _1
{3}# price P 1663=100 Average = 100 (60=100)
|
| 40 100.0 0 100 = &b 7
rﬁdn/ 60
} L,..--" 50 M v =1150 s x 100 = 831
| ‘Eﬂ[}'l a0 il
g a4
| — 45 Boa=ms | Eam=1s0
17004 60 it
! - 53 33
' 55 " x100=137.5 | x100=91.7
| tﬁﬁf 4u‘{ 1. 60 .
l ..-"-.-'-__ ‘I+ 'i-
| L] 65 8 0=1625 | 2r00=1083
| E_",’ 40 G0
..-—'"-'-'-—-'_ 5 5
‘ =% 105 15 100=2625 | 12 <100=1750
|| 40 60
e
pustation -6

| Calculate the fixed base index numbers and chain base index numbers and chain base
umbers from the following data. Are the two results some? If not, why?

mdex
Commodity Price in Rupees
' 2001 2002 2003 2004 2005
A | 2 " 13 5 7 8
B 8 10 12 4 18
IC 4" 5 7 g 12
Solution

Since base year is not specified the first year in order of time i.e 2001 is taken as base
Asroweights are given the appropriate method for calculating fixed base index numbers IS
e price relative method. '
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S0 for fixed base index numbers we have -

B 2008

Commodity 2001 2002 350 400
I 100 150 4_':-';;’% 50 225
B 125 o 0
C o 125 175 22 Y
C 100 578 625 25

Total 300 400 7 208 3 3083
Average. ie fixed | 100 1333 18
_I::ase Index no

Chain base Index number chained 1o 2001

Group Percentage based on preceding year
5001 | 2002 2003 2004 008

i 100 150 166 7 14000 [ Tie3
= 100 125 120.0 3333 4500
= 100 125 140.0 12860 | 7333 |
| Total of link relatives 300 400 4267 30163 6576 |
Average 100 133.33 | 142.23 10064 |23283 7
Chain indices 1974 = 100 100 133.33 | 189.64 180.85 |443 7% |

On comparison we find that except for first two years, the two series r._tf :mde: NUMGes
obtained by fixed base and chain base index numbers are computer by combining two or mars
series chain index numbers will be usually different from fixed base index numbers exceptad =

the first two given years.

Conversion of Chain Index to fixed Base Index

The following procedure is followed to convert thé chain base index numbers into fixsd
base index numbers :

()  For the first year the fixed base index will be taken the same as the chain base indax,
However, If the index numbers are to be constructed by taking first years as the base then
in that case in index for the first year is taken as 100.

(ii

For calculating the indices for other years the following formula is used:

Current years chain base indices x previous years fixed base indices

100
Current years fixed base index. Or

Current years C.B.| x Previous years F R |

Current years F.B.I

100
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W
: .8
| ﬂ“ﬁ’"ﬂnn _— aumbers of prices (1966 = 100)
| owing
| e 7199|1099 2001 [2001 [2003 |
| 1095 o120 [200 |400 401 408
0
i L
| 2004 2005 -
370 340

and recasl the index numbers.

ghift!

| gon w;thzl]l}zasbaseﬂm}?-mﬂ]

.l galobl Plldj',..—r%?#—-__lﬂﬂ” Nos. | Year |Index.  Nos.|Index Nos (1865=106G) |

:ﬁflng;ﬂﬂm' (1965=100) (1959=100)

T 100 _ 2001 |410 LT[ ——
| 10 2002 | 400 w00
e g ¥ =275 o

_— 10 2003 | 380 _ 380

. 0.0 ~— x100=95.0

(120 =5x100=3 oo
Il —T3m 2004 | 370 370

200 — x100 =50.0 2= X100=92.5

L 200 400

0| 40 400, 100 =100.0 20%° | 340 340 1002850

400 400
-

Tre new sefies with 2002 as base is obtained very easily by dividing each entry of the first

comnby400,ie. the values of the index for 2002 and multiplying the ratio by 100. Thus under
number for 1993,

_ Index number for 1996 100
e — = — b=
Ides rumber for 2002~ 4gp 100 =250

Mlettumberfor 1gg7 = Index numberfor1997 0 100
Index number for 2002 400

the gjm; 2
©Similar other Indices can be obtained.
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wid wehich grees ety e S8,

Poy,
cactly the same rasull as ., firs

ay he follo
Sihle 1o apply in all cases Anothar methods may b

and l;]I"nl"L"!i 4

TeS)1e
{15 undler

SWhon anthmetic mean is used for avernging

] '!‘ T‘I]‘
5L IeOmetic moan is used for averaging The m ;
W ”'I. L ¥ (]

b’ihr:huln:numlml of the ima p ”“’I""""r'-l'.'r]

Divide n &erns b
each index numbor of the figures thus ODIAINGA Will Giue i,

- . e
A% New bise ag multiply e resull so obtained ty 100 ™
SEHes with the new base

Let us explain it further with the help ol an examplo

Mustration - 7

The index numbers for various yeors with 1024 as basa far a cartain l!:unu*nﬂn*hh_..r CIEP
follows -

Year 1084 1085 1900 1005 2000 2005 |
Index no. 10 111 126 160 162 180 J

 "itthe base to the year 1905

Solution

Let us make the calculation for 2000. If 1995 is lo be the new base, its index nurmbe
must be 100. But in the old series it is 150 and index number for 2000 is 162. The probler
stated in simple terms is to determine the index for 2000 where the index for 2000 is changed
from 150 to 100 1.e. If the figure for 1995 is 150, the figure for 2000 = 162.

162

If the figure for 1995is 1, the figure for 2000 = 150

#
w

A
ITthe figure for 1995 is 100, the figure for 2000 = —:% =100 =108

Therefore, 108 is the index number for 2000 with 1995 as base.

Similarly the index number for 2005 with 1995 as base will be Mk 120
100

126 % 100

Index number for 2990 will be a0 B84 andsoon.

The new series with its base shifted lo 1895 is thus —

Year 1984 1985 1990 1995 2000 1995
Index no. 66.7 74.0 84.00 100.0 108.0 120.0
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-

| ati0
t RATlDN 3) PAGE NO. 25 MERITS AND DEMERITS OF THE CHAIN BASE

.: F"‘ﬁ |LLU 51

1ages of the chain base method are
n
E_.ju'ﬂ _ .
o this method the index for the current year is related to the year mmediately precad
a - = "‘
n-?nisenabIES us to know the extent of the changes that has come in the current WE
i Ared 10 the previous year, This is cerfainly more useful to business th '

an afixed in
plated to a year of the distance past. index

whieh 5]
ynder \his method it is possible to introduce new items or drop out old ones without
| ingto recalculate the whole s?ewices. This is because of the fact that the index of
havi aris related only tothe yearjust preceding it and the changes occurming in neghibe
a0d, perigds are never so great as to impair comparability. Thus, if the list of Cmmm;?;

Pi' ods frequentchange the chain base method is preferable to the method fixed basa
n

Hﬂy

eights can be adjusted as frequently as possible. This flexibility is of great significancs
types of index numbers.

i) W
||I
in may
index pumber calculated by the chain base method are free to a gieater extents from
) Jsonal variations that those obtained by the olther method.

se

™S method, however, involves lengthy calculations and if an error is committed it tends to

! be pe:pe:uated in changing process.

BASE SHIFTING, SPLICING AND DEFLATING

gase shifting : many times it becomes necessary to shift the base of a series of index
numbers from one period to another. Itis needed either because the base has become too cid
and. consequently pracically useless, of comparison is to be made with a senes with a different
nase and tsvalue in 1996 and 2005 be 150 and 300 respectively. Let another series of indices,
szy,of production, have a base 1952 and its value in 1960 be 200. From these figures one may
conclude that 2s the change in cost of living is of 150 points (300-150), in the latter senes is
oreater Butthis conclusion is not correct as the two series have different base periods. To have
valdcompanisons it will be necessary to correct the cost of living series into a new seres with
1589 as the base year, i.e. the base of this series should be shifted to 1996.

| The best method of base shifting which will give correct results is to reconstruct the senes
Wihthe new base. This means that for each year relatives corresponding to each commodity
"cluded in that index number are recomputed one the new base and hen averaged out. This
e average will give appropriate index number. But this process is very lengthy and may notee
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Splicing

. o5 of index numbers int, an
The problem of combining two of more averlappind sene =

Continuous seripe | e
5 es is called splicing : ;
ome articles included in an index number s,

Their relative importance may also change
oif inclusion in the index number he Comes

It1s usually found that in course of ime .
May go out of the market New ones may come int

When these changes becomes sufficiently important th is discontinued and a new serog .
necessary As consequence the old series of index number

ase. This means thatwe now by,
constructed with the year of discontinuation of the first as ba

coming up to the year fre,..
WO series of index numbers for the same phenomenon b nf;i;n.m o nj S Ot
which the other begins. Thus the index numbers contained in two sefes ] 3

: : r{o faciltate the compans,,
for the simpla reason that they are prepared on d'ﬂemm,mm' I}r: D:; sories are spliced 'IDQF!":
these two series are put together in one continuous series i.e. the L
The method for doing this is -

: ar
MUHTPIY the various indices of the new series hy {he index nu mber ﬂi H‘IE last yearn the £l

series and divided he result so obtained by 100i.e.

Spliced indexno= Index no of current year x Old index of base year

Mustrati 9 108

ustration —

Year 1989 1990 1995 2000 2005
Series A | 1000 120 150 |.........
Series B [.... .. 100 112 136

Here series A was discontinued in 1995 and that year a new series was started. It s
desired to splice the two series.

Solution
Let us make calculations for 2000

When index number for 1995 is 100 index number 2000 = 112 (given by series B).

112x150
—_—x

When index number for 1995 is 150, index number 2000 = 100

18

168 becomes the index number for 1950 in the spliced series.

The two series spliced in this way gives the result as follows

Year 1989 1990 1985 2000 2005
Sliced series | 100 120.0 150.0 160.0 204.0
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¢ carmying series Aforward, series B may be brought back wards
ad 0

te - e _
Iné o every figure of series A is divided by the index number of the year

_ : : . in whi
in this ;ace and the result so obtained is multiplied by 100. In the present liystr =

. ation the
1akes : ve the result as follows : ‘
:r.af*ge-ess jiced inthe way &
hﬂf,eﬂ 1990 1995 2000 2005 .
| 80.0 100.0 1120 136.0
| |
gtratio” A0

(LA dex A given was started in 1991 and continued up to 2001 in which year another

The in \arted. Splice the index B toindex A so that a continuous series of inday numbers
| de‘ﬂ:;a: :p_m,data may be available.
| o index A Index B Year Index A P
2002 70
2003 110
2004 130
2005 150
| 100 2006
f:::f ;nSpliCEd to Index A. |
S | Index A Index B Index B Spliced to Index A 1991 as base.
3 [ 100

LS_H:-:][]G:]SG
100

150 120180

100

203 1140 150 140=210
| 100

0
130 10 130=195
100

2005 |15 :
‘ 150 150=225
100
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v 1O = 4T » AT Mon (1 |
Fhus the splead indes for 1001 wentd 1 440 |

T
by thes pgpery
| %i

1 ey
s [IN] <

{51 1.3

more uselul bera,,
I or 1093, ::: w )] = 747 & 74 7 olc. This procass appears 16 he Al 5

et
et yont can b kept ms a hawever, much would depend upon 1he ohjes
Musteation

e s

Yoor [\ndoy % senns | inder ¥ senes | Year | index X series sl (Eiﬂl
1w w0 | 2001 116) _—
6967 | 106 o 2002 114 —
6n7 | 300 100 2003 170 |
16856 | 100 2004 104 10% _ i
1908 | 110 2005 110 108 .
2000 | 115 116

Hera inder series X was discontinued in 1608 and that year a new senes ' was stared |
18 desired 1o splice the two series.

Solution

Sphcing of index numbers

Yeaor Index Gories | Index X Gplicing lechnique series Y | Y Gpliced to X

1666 | 100

1667 | 105

(Staned)

1667 | 300 100 100 » 200/100 300

1868 | Stopped 108 108 » 300/ 100 324

1989 110 110 = 300/ 100 330

2000 115 115 % 300 /1 100 345

2001 116 116 ¥ 300 /100 348

2002 118 118 » 200 / 100 a54

2007% 120 120 » 200/ 100 360

2004 108 108 » 300/ 100 124
2005 106 106 x 300 / 100 318
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. Wik iy
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-I i;‘ffﬁ asumat prse inder 7
| i§ €0

gt 5 yiffer from wholesale prca inder?
il
does !

e patween fived and chain base indicas, Give 6 sutable Mustration (o shos e

0 aingu's point ot 10 menits and dements of (he tao methods
enté:

hﬁ'ﬂ nﬂ!ﬂ5 on:
4o shifting of index numbier
a

|, ]
f

B
splicing of index NUMBAME,
pefiating of index numbers
) atethe price index numbers by
‘ | Laﬁpe?ﬁ_"ﬂ meihod
; pasche’s methad
] ) risher's ideal method
C
4 Bowly's method
I e 2004 Quantity | 2006 Price Quantit
I jty | Price y .’
i gj 20 B 0 5
' 1%‘-#—-_—?“ 10 60 .
i C 40 15 50 m
) £ & 20 15

212460, (0) 125.23, (c) 124,67 (d) 124 96
¢20LE4S RELATING TO INDEX NUMBER AND SOLUTION

PROBLEM-1
Consinut e cost of living index number for the year 2005 based on 2000 fram the follovang
ke byassigning the given weights
Gowp Group index no. per 2005 viith 2000 | Weights
| [Fed iz 48
3 %E"_E_Lfﬂhﬁng 110 5
E:';“E__ 130 15
e Ret 00 12
Mise,
—_____ |80 20

| 217
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It Indp

150 100 =667 =Rs. 115 4 approx.
Y0l cost of living was 100, wages 130

208

The deflated incomes for various years are thus

| Year  Tias;
Deflated 120

215 =100 4
Similarly, the deflated income for 2008 50— = 10>

1994

1000

2001

2005

1190

1154

125.3

10 4

=

Income (Rs)

Mustra tion

The annual wages of aworker in rupees along with cost of living index numbers are given
below. Deflate the wages serics and prepare index number of real wages.

| Year 1997 [2000 |[2001 [2002 |2003 [2004 | 2005
_Vages (Rs) 200 [240 350 | 360 360 370 375
Cost of living 100 160 280 | 290 300 300 330
Index no.
Solution
Deflation of wage-series and construction of Real wages index number. _
Year Wage Rs. Cost of living | Real wages (col 2 | Rs. Real wage
index ;;QI_S} 1997=100 x 100
1997 [ 200 100 200 100
2000 | 240 160 150 75
2001 350 280 125 62.5
2002 | 360 290 1241 62
2003 | 360 300 120 60
2004 | 370 320 1156 57.8
2005 375 330 113.6 56.8
The deflated income for 1997
Money wage
100

Orreal Wage cost of living index .

)

;m]-x 100 = 200

100

Similarly Real Wage for 2000
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nd pusinessmen often find statistical series presentad in te
onstruction contracts, industrial production etc H:T:S of valua
- are expressed

ICA-

5TP'TI5 '5{5 a
Ecﬂnﬂml & .Elnd expﬂﬂfh. cC

0 NS | ' caused
) ImP . Fl Jctuations in <uch series are caused by (1) changes in physical vol
oy : volume and

. L |
v D — E .
.f"'nﬂ:lﬂes inthe P e
FJ'I:" - ' 1 F
I ver interested more in studying changed in physi i
sical quantties. Co
nsequently

hey 2" qes in price level have to be elimi

on ueto chang eliminated from such series This

alie . _ :

i jon” M other words defation means making allowance for the effect of ch e Ry

elB™ - arice |evel means a reduction in the purchasing power of mone Eng price
vy His can he

L nsé !
gwelloy & oxampi.

o o the price of wheat rises from Rs.50 per quintalin 198510 Rs. 100
L anshat 2005 one can try only 50 kgs. Of wheatfor Rs 50 which he ??:f: o
" geati” J005 ot inother words. (e value of rupee is only 50 paise in 2005 as ¢o s
Eugﬁ. ssthe value (of purchz.ismg F'm:nmr) of a rupee is simply the reciprocal of 5 mpare'lj o
;&m jexwiiten as a proportion. If prices increase by 60% the price o 1H;ﬁﬂp‘pf0pnatg
o il buy 19 only 1/1.60 t?*-r o.n 5/8 fJf what it was or approximately 67 na1. "’_“""“"“?'
naease 227 the price index s 1.25 (125 per cent) and the pu ~.asi:: fmmﬂ ﬂ
ower of the

51 :
e s 1/1 95=0.80=palse.

» method Of deflating a series of figures to the base

: : year level of suita

g diide e 1O corresponding to various lime periods of the ;wt;h numerseres

coresponding figure of the index number series and multiply the resultto ﬂbta?nfnfus by the
. y 100.

[l\usiratm!'l

rollowing table gives the monthly wa
ges of a worker together wi "
utbers. Deflate the Mo thly wages by the cost of living index num::ih the cost of living index

1993 1994

Wage per month | 120 125 1299 200 s
Ry . 178 215
Cost of hving 10

Index no. ° o 130 142 208
Solution

Let us calcul
ingindex n ate the figure for 1998. In thi
e . is year the wages are
ris 130. To get the deflated income one hag to pru:eﬂz; 22 fP ll:ﬁ and coste!
ollows :

When i
Index of cost of living is 130 wages = Rs.150
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mentioned that weighted geometnc me;,, . i

When the weights are given and it is not lving index nUmbers, weighted argy -
!S&d of weighted arithmetic mean Moreover, in costo fcostof Ivingi €. weighted arm
Mean is used in actual construction So theindecd numbero =0 3nithmes,,

ofaven figures is

| 282 484 110x 54 130x12+ 100+ 8020 !;_;.? = 125.96
NdexNo.& <= 48 4‘,4_]‘5 +12420 10
PROBLEM - 2
Construct the cost of living index number from the table given below |
& __—--—_,__‘I
Group Index for 2005 Expenditure |
T Food 46% ]
oo 550 3% —
= Clothing 215 1
3 Food & Lighting 220 7%
4_House rent 150 12%
S. Miscellaneous 275 25% __._.|
Solution :
Construction of cost of living index numbers
Group Index no. | Expenditure V v :
1. Food 550 46 25.300
2. Clothing 215 10 2.150
3. Food & Lighting 220 T 1.510
4. House rent 150 12 1.800
5. Miscellaneous 278 25 6.875
V=100 2 IV=37.665

21V 37.665

Cost of living index =-ip, =100 =376.65

PROBLEM -3

The price quotations of four different commodities for 1991 and 2005 are given below.
Calculate the index number of 2005 with 1991 as base by using (i) simple average of price
relatives and (i) weighted average of price relalives.
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1

o Weighls Price in Rupees
,1; i 2005 1601
i.ﬁu’“m 5 sl 20
/ T 2 30
F//-’;li 18 | 1.0
4
| '::"I_x/’//‘
| .I—*lmia" jation of index number
calcv —Rs. Price Relative Weights (i
iy | P2 2005 2005 RW RW
"] 25 225 5 1125
|
! / 2.2 128 7 BA96
| —"] a5 150 6 900
5~ 18 180 2 360
E 10— 683 20 3281
gexno >R 683
oos okl B g
simple Average of elalives == ==
[
0 SRV 3281

) Weighted Average GIRGIBINES "YW 20 e

Note: ohts are given, commadities weighted arithmeﬁc mean is used. As against
\When weig cimolcaverage ordinarily indicates simple arithmetic mean and not geometric

wi,ghtedaveragﬁ der (i) Simple arithmetic mean is calculated even though it is not a good

mean. So here, Ul:g inex number using in weights and not geometric mean. So here, under 0!

mz:;hizﬁl mean is calculated even though it is not a good method of averaging index

number using in weights -
PROBLEM - 4

Anenquiry into the budgets of middle class families in a city in India gave the following
information :

B - 5
Expenses on Food |Rent | Clothing | Food r;ﬂ;;ellanew
35% 1 15% | 20% 10% 2
Price in R, 150 | 30 15 25 4
Price in R 154 |30 85 23 B

What changes in the cost of living figure

219

s of 1969 as compared with 1968 are seen ?



T

Solution :

Construction of cost of Iiving index number for 1969 wath 1968 as the base

[ — i = -
ltems of [ Price in Rs. | Price Relatives (P) W P.wW T
€xpenditure | 1968 1969

- Po | P, P,/P, Taking 1968=100 —_—

| Food 150 [145 | 96.67 35 agm__\:j
Rent 30 |30 100.00 15 |1 500.0\‘1
Clothing 75 |65 86.7 20 117340 B
Fuel 25 |23 92.0 10 ;920 rﬁ—-\“‘,

_“—_-‘-"'-....
Misc. 40 |45 112.5 20 | 22500
IW = 100 7 Pyy = cone

2P 97873
Costof Living Index = 575~ = ~{5o= = 9787

Thus a fall of 2.13% (100 - 97.87) has taken place in the cost of living of midde Can
families in the given City of India in 1969 as compared with 1968.

PROBLEM -5
Calculate the price index for 1966 with 1962 as base i.e. 100 from the following data usn:
unweighted arithmetic mean.
Artticle Unit Price 1962 (Rs) Price 1566 (Rs) |
Wheat Per Md. 10.0 25.0 |
Ghee " Seer 4.0 6.0 |
Wood “ Md. 2.0 2.0 |
Sugar " Seer 075 0.50 |
Cloth * Yard 2.50 185 =

Calculate also the index for 1552 with 1966 as 1qg and comment upon the result.

220




- -

223

5alu[iﬂn
First series Second series bas T
e -| Third series
al k index spl
Yese-"gm pase 1929 | 1935 wilth base 1935 Dh‘;an]
V’” 100 TS
lgﬂi'/J 2100 -
120 0 = A7
193? | — 100 "
// 200 100 100 » 100
1996 e 67
| 150
| @T/_____-— 180 1100 100
| @aa’/ - 120 120
FRUBLEM-*'* o
computée {he cost of living index number for 1985 on the basis of 1946 level of prices
fomthe following data. using from the following data, using the Family Budget Method
e — - + .
ﬁfﬂﬁﬂ;”-‘ Qty. consumed in 1946 | Unit Price Price 1955 1
1946
——
| 5 mounds Per 12 16
mound
Wheal Mo 10 20
Barley 5.... B 10
s SE ST
Gram g (AR 6 12
Athr - HEA 8 12
"Other Pulses | 2..-- L 6 B
| Gur - 5 10 =
(5311 12 5 seers - Perseer |8 10
| O 34.... 40 50
Ghee 4 i 25 |4
Cloth et - ———
9 40 yards peryard |9 1
. i ol =S I
Firewood | 10 mounds permd. |1 1.6
e
Kerosene | 1tin pertin |4 T
____.—-——'__._——-—'—'_
House 1 unit Perunit |24 I_?E_.-———-"""'""_-
N S




PROR

. LEm . 7 ber form the following indices,
:Eu!alu the weighted cost of living index num s St—
EL‘HE:‘“ Index No_ (I) 70 9 T
Fond 105 T —
—=
| Fuel & Lighting 108 = e
Llothing 112 L —
Reny 100 ) -
Miscellancoys 102 3 ]
Solution :

Cost of living index number

Group Index No. (1) Weights (W) | (IW) ]
Food 105 70 7,350 vl
Fuel & Lighting | 708 10 1,080 .
 Clothing 112 12 1,344 .
| Renl 106 5 530

Miscellaneous | 102 3 306

¥ W+100 - | ZIW=10,610
m
Index Number %-% =106.1
PROBLEM -8
In 1920 a statistical Bureau started an index of praduction based on 1914 with the following

results :

Year 1914 (Base) 1920 1926

Index 100 120 200

In 1930 the Bureau reconstructed thee index on yet another with base 1929,

Year 1929 (base) 1939
Index 100 120

In 1939, the Bureau again reconstructed the index number on yet another plan with base 1935

Year 1835 (base) 1939
Index 100 120

Itis required to splice these three series together so as g give a continuous series with
base 1935. Draw up a working table in paralles columns and show the results for 1914, 1920,
1935 and 1939
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dmﬂc mean. Theli

- .

me reversal test is not satisfied here,

_P;?'r
| : . — L I ’ Pk e — —
BT tom [BP | amen | Comee
| "'*f'lf’i PE‘ e 2 _— ;-??'-.. | ‘
.. o ”—_‘_—.—-F 4 m 'E, m ﬂ ¢ 3 , 4 "‘—-- . e b e
| = |Fo ! D
y - L2 00 | - - = 4
i 3 TW 200 L 2ot 100 £ /10 11 5
-.'.:;l..- } i
e ] = d
i ’P‘B‘-‘-‘—_ﬂ?s n5ﬂ 51"}“{; f,‘: f';;ffl;i.'_';;t 1
| gl cee! 74 | f
| 7 | —1250 1.10 i | 24 )
] !ﬂ____,,_...-—-"'"_— o Total 607 Ea7 1
= e Avertage 121 4 I 121 4
"f‘-f__..——-‘-"l‘__ i

aghett
e soliceiing 218 the group index nu.rr’tbef‘ and the group weights of an average wirizg
+ budaet Construct the cost of ving index number by 2ssignrg e gvenregts
dgs&fﬁ'l‘hr
_‘__:--""'”'_ Index MNo. Vieghts |
:%&JSLF 352 25 i
g 220 L ﬁ
b 200 i0 |
= 150 10 ]
e aneous 180 12 5.
':_____._——
Selution :
Cost of living index numbers
(Grow index No_ () Weights (W) Weighted Relatives (W)
| Food 352 48 16.825
Fuel & Lighting | 220 10 2.200
| Ciothing 200 10 2.00
| Rent 150 10 1.500
E'r_iceila neous | 180 12 2.160
[Total a0 24756 =

== ==

Cost of living index number Zﬂ.’i:
YW

90
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r-‘__-_'_-""—-—-—-__ i -
Cnrnmumtnes & Unit Price in Rs. 1976 Price in Rs. 19??_‘____“
Sutter {kg) 14.00 s —
Cheese (kg) 10.00 et =

| £90s (dozen) 350 4.00 —

_ElhEE (tin) 100.00 110.00
Solution :

(3)  Price index based on simple average of price relative

Commodities & [Price in _ Rs. | Price in Rs. 1977 & 100 ik
Unit 1976 A

Butter (kg) 14.00 15.00 107.14

' Cheese (kg) 10.00 12.00 120.00

| Milk (Ltre) 1.50 1.80 120.00
Bread(1) 0.70 0.75 107.14
Eggs (dozen) 3.50 4,00 114.29
Ghee (tin) 100.00 110.00 110.00
N = E %—}{;L 1 = 678 .57
Price Index

PR Zﬁﬁtn 100 = ___ﬁ'mﬁ,sa' =113 .09

(b)  Price index based on geontetric mean of price relatives.
Commodities & | Price in [ Price 1977 | Price Relatives | Log P
Unit 1976 (Pp) (P1) (P)

Butter (kg) 14.00 15.00 107.14 2.0300
Cheese (kg) 10.00 12.00 120.00 0.0792
Milk (Ltre) 1.50 1.80 120.00 2.0792
Bread(1) 0.70 0.75 107.14 2.0300
Eqgs (dozen) 3.50 4.00 114.29 2.0580
Ghee (tin) 100.00 110.00 110.00 2.0414

N=6 Zlogp=123178

f.uJ = "‘I L

Loz r] , (212378 ]2 o 2053-113
H E
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sahltian
RS Qty Unt Pnce|In | Prce Value of gooss Ty
1046 | Rs | relative for | consumed in e |
1855 | 1855 bass year .
F,
= u |00
| =
1
,ﬁ&f"‘“ 5 Per 12 6 133_3 £0 2000
mounds yards
neat g JE Per 10 20 | 200 10 o0 .
yards i
—— — l
ey |5 8 |10 |12540 1
G-'a_m ‘,.... - E 12 Eﬁﬂ 5 1.2:0
-:A_q;"’ 05 . B 12 | 150 £0
'u,.g'?:?-_- 2 -t 6 B 1333 12 1600
Pulses
Gur - Perseer | 10 200 10 2000
Saft 125 Perseer | 8 10 125 25 3125
seers :
0l 24, Per seer | 40 50 125 24 3000
Ghee |4 Prseer |25 |4 160 10 1600
Tioh | 40yards | Peryard | .5 200 |20 4000
Fre 10 Permd. |1 16 | 160 10 1500
J-.md mounds
Ferose | 1tin Per tin 4 7 175 4 700
ne
House |1 unit Perunt |24 |70 125 24 3000
2365 3481 L
YV 346125
g = 146.4 (approx)

Cost of lving by family Budget Method = Z YV 2365




Solution -
i e T T
Year First senes | Gecond senes hana Tﬁ’: T‘:: TR
base-10614 base - 1626 | 1635 'f;;‘--_-’ =y
1081 100 sy
w5 A .’
1987 120 T B,
_--r—-"'_'_" e
5_1_91? l'F' & r 'f . FI‘T
6 200 100 | 401 —
2001 150 100 100 —
2005 120 | 120 =S
PROBLEM -g

Compute the cost of living index number for 1985 on the basis of 1946 level of prices
from the following data, using from the following data, using the Family Budget Method

Articies Qty. consumed in 1546 | Unit Price Price 1955
1946
| Rice 5 mounds Per 12 16
mound
Wheat 1... 10 20
Barley 5... 8 10
Gram ; 6 12
Athr D... 3] 12
Other Pulses | 2., 6 8
Gur 2...... 5 10
Salt 12.5 seers Perseer |8 10
Cil 24 . 40 50
Ghee 4 ... 25 =
Cloth 40 yards Peryard | .5 1
Fire wood 10 mounds Per md 1 16
Kerosene 1tn Per tin 4 7
House 1 unit Perunit |24 70
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/mdex for Jan. | Weight (W)
/""12‘5 364
1Y = 43500
Bo6Bs !

a
;ﬂ;j:’/‘/ 101
E@f_mrm/——" 122 L 11634
AL E 7670 i

hold 1" n 8094

House

Expenses ——773_

Miscell AL A
A 79 97TA

_@f_"iif:fi——”
Entertainment 104 217 22568

EEE‘__‘-—"'———-—-—__
fromm— 1000 106500 + 79A

The indeX - M: 1§ 278

=1.15,278

Dr‘l‘lﬂﬁ.ﬁﬂg + 7T9A

Or79A = 1.15,2TB = 106,508 = B769
A -B-TEF-=HI
T

Hence the increase in service group IIl.
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Snlutinn -
Index number of Business Activity : Weight Vo
e . — of index (L ag
lem Weightage | Index (1) [ (W) Log of (L xW)
L. (W) 86.3244 '
Industrial | 36 250 0000 [ 23979
| Production 149121 |
| Mineral 7 135 a5 |2.33 55 2240 1
Production | 20 200 4800 (2.3010
intermnal B
g .6060
Trade 30 135 2700 | 2.1303 42.60
financial
Activity |7 325 2275 | 2.5119 | e
exports &
mports 14.8626
Shipping |6 300 1800 [2.4771 -
| activity
Total IW=100 |IWI = I L x W =
21520 231.5124
Index number (Simple mean)
w7 21520
W W-I]S.zﬂ
Index number (Geometric mean)
= Anti log Weight x log
Weight
. 231.5124
= Antil =
iios 100
= Antilog 2.3151
=205
The second answer is better
PROBLEM - 14
The different groups of family expenditure are given weights as follows:
Food 348 | Household expenses 71
Rent 88 Miscellaneous a5
Clothing 97 Services 79
Fuel & Light 65 Entertainment etc 217

was 25, 1,22, 18, 14, 13, 7 and 4.

The corresponding increase in price for January 1960 based on 1957

If the average percentage increase in price for the whole group os 15
278 find the increase in service group. ;
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B
1
9
X
2

F“DPEE:.I{E: ;E:iata
Gﬂmmﬂdi’ﬁ ies —
T
: :

Where p Qresp

Lp=28:27

golution :

Fel-igd, Findxifthera

ectively stand for price and quantity, and subscripts (O & 1
\ o
tio between Laspayres L and Paasche's index number is ) stand for the

Calculate Laspeyres and Paasche's indices and equate then to the given ratio in order
getermine the value of x.

Commodtties |Po | Qo | Pa a1 P1do Podo | P1Q+ ! Pagy
A 1 10 |2 5 20 10 10 |5
B | 1 S X 2 Sx 5 2x 2

Note: In order to work out the ratios 100 has been omitted from the formula

PROBLEM -13

Construct the index number of business activity in India fro

m the following data.

ltem Weightage Index

Industrial Production 36 250

Mineral Production 7 135

Internal Trade 24 200

Financial Activity 20 135

Exports & imports 7 325 B
Shipping activity 6 300
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