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INTRODUCTION

Statistics is the discipline that concerns the collection, organization, analysis,
interpretation, and presentation of data. Statistics deals with every aspect of data,
including the planning of data collection in terms of the design of surveys and
experiments. When census data cannot be collected, statisticians collect data by
developing specific experiment designs and survey samples. Representative sampling
assures that inferences and conclusions can reasonably extend from the sample to
the population as a whole. An experimental study involves taking measurements of
the system under study, manipulating the system, and then taking additional
measurements using the same procedure to determine if the manipulation has
modified the values of the measurements. In contrast, an observational study does
not involve experimental manipulation. The text book titled “Principles of Statistics”
covers the important topics Significance, Scope and Limitations of Statistics, Data
Collection, Methods of Sampling and Preparation of Questionnaire, Measurement
of Central Tendency, Dispersion and Skewness, Analysis of Time Series, Methods
of Correlation, Coefficient of Determination, and Construction of Index Numbers.

Statistics is a mathematical science including methods of collecting, organizing
and analyzing data in such a way that meaningful conclusions can be drawn from
them. Its investigations and analyses fall into two broad categories called descriptive
and inferential statistics. In the first unit, the authors have described the meaning
and definition, characteristics, objectives and function of Statistics. The importance
of statistics makes it clear that the science of statistics includes in its fold all
quantitative analysis concerned with any department of enquiry. Its scope, therefore,
is stretched over all those branches of human knowledge in which a grasp of the
significances of large numbers are looked for. Statistics is indispensable in research
work. Most of the advancement in knowledge has taken place because of
experiments conducted with the help of statistical methods. Statistics is useful to
bankers, brokers, insurance companies, social workers, labour unions, trade
associations, chambers of commerce and to the politicians.

Measures of central tendency is a single value which can be considered as
representative of a set of observations and around which the observations can be
considered as centered is called an ‘Average’ or a Center of location. Since such
representative values tend to lie centrally within a set of observations when arranged
according to magnitudes, averages are called measures of central tendency. An
average is a single figure which sums up the characteristics of a whole group of
figures. An average is described as a measure of central tendency as it is more or
less a central value around which various values cluster. Median is defined as the
value of that item which divides the series into two equal halves, one half contains
all values less than it and the other half containing all values greater than it. It is also
defined as the “central value of the variable”. It should be noted that the value of
items should be arranged in order of their magnitude or size to find out the median.

In this unit, various important topics are explained like Concept of Dispersion
and Skewness, Components of Time Series, Measurement of Long-term Trends,
Measurement of Cyclical and Irregular Fluctuations, Internal Rate of Return and
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Profitability Index. The analysis of time series consists of a description of a
component movement present. Time series analysis is done primarily for the purpose
of making forecasts for future and also for the purpose of evaluating past
performances. An economist or a business man is very naturally interested in
estimating the future figure of national income, population, prices and wages, etc.
So, the success or failure of a businessman depends to a large extent on the
accuracy of this future forecasts.

Correlation is a statistical measure that indicates the extent to which two or
more variables fluctuate together. A positive correlation indicates the extent to
which those variables increase or decrease in parallel; a negative correlation
indicates the extent to which one variable increases as the other decreases. In
partial correlation, more than two variables are recognized but only two variables
influence each other, the effect of other influencing variable is kept constant.
Correlation is said to be linear when the amount of change in one variable tends to
bear a constant ratio to the amount of change in the other. Regression is the measure
of the average relationship between two or more variables in terms of the original
units of the data. The rate of change of variable for unit change in the other variable
is called the regression coefficient of former on the latter.

This unit includes the topics like Meaning and Concept of Index Number,
Characteristics of Index Number, Importance and Uses Index Number,
Diagrammatic and Graphic presentation of Data. Index numbers are commonly
used statistical device for measuring the combined fluctuations in a group related
variables. If we wish to compare the price level of consumer items today with that
prevalent ten years ago, we are not interested in comparing the prices of only one
item, but in comparing some sort of average price levels. Index numbers are
statistical measures designed to show changes in a variable or group of related
variables with respect to time, geographic location or other characteristics such as
income, profession, etc. A composite index number is a number that measures an
average relative changes in a group of relative variables with respect to a base. A
composite index number is built from changes in a number of different items.

Dr. Gurumurthy K.H.

Dr. N. Babitha Thimmaiah
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UNIT 1 STATISTICS

Structure
1.0 Introduction
1.1 Objectives
1.2 Meaning and Definitions of Statistics
1.3 Characteristics, Objectives and Functions of Statistics
1.4 Significance of Statistics
1.5 Scope of Statistics
1.6 Limitations of Statistics
1.7 Process of Data Collection
1.8 Primary and Secondary Data
1.9 Methods of Sampling

1.10 Preparation of Questionnaire
1.11 Classification and Tabulation of Data
1.12 Preparation of Statistical Series and its Types
1.13 Answers to ‘Check Your Progress’
1.14 Summary
1.15 Key Terms
1.16 Self-Assessment Questions and Exercises
1.17 Further Reading

1.0 INTRODUCTION

The origin of statistics is revealed by the word itself which is said to have been
derived either from the Latin word ‘Status’ or the Italian word ‘statista’ or the
German word ‘Statistik’ which means political state. Statistics was used as a by-
product of administrative activity. Government maintains records of various types
of numerical data on population, births, deaths, literates, illiterates, employment,
unemployment, income, taxes, imports, exports, etc. Statistics was used as a
technique to collect periodical data to ascertain the manpower and material strength
for military and fiscal purposes.

The theoretical development of statistics has its origin in the mid-seventeenth
century when many gamblers and mathematicians of France, Germany and England
are credited for its development. Pascal and P. Fermat, the two great French
mathematicians made innovative efforts to solve the famous ‘Problem of Point’
which was posed by the famous French gambler Chevalier De Mere. Their
contribution became the foundation stone of the Science of Probability. James
Bernoulli (1654-1705) developed the ‘Normal Curve’. The use of ‘Statistics’
was popularized by Sir John Sinclair in his work ‘Statistical Account of Scotland’
(1791-1799). Modern Theory of Statistics was gradually developed during the
18th, 19th and 20th centuries mathematicians. Laplace (1749-1827) gave the
principles of ‘Least Squares’ and established the ‘Normal Law of Errors’. The
famous statisticians Sir Francis Galton (1822-1911), Karl Pearson (1857-1936)
and W.S. Gosset contributed to the study of Regression Analysis, Correlation
Analysis as well as Chi-square test of Goodness of Fit, and t-test respectively.
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R.A. Fisher, who is called “Father of Statistics”, has developed statistics for use in
genetics, biometry, agriculture, psychology and education. He also contributed to
the Estimation Theory, Sampling Distribution, Analysis of Variance (ANOVA)
and design of experiments. Thus, Prof. Ronald A. Fisher is the real exponent in the
development of the “Theory of Statistics”.

1.1 OBJECTIVES

After going through this unit, you will be able to:
Explain the significance, scope and limitations of Statistics
Describe the process of Data Collection
Discuss the methods of Sampling and preparation of Questionnaire
Explain the classification and tabulation of data

1.2 MEANING AND DEFINITIONS OF
STATISTICS

Meaning of Statistics

Statistics is used as general name for a large group of mathematical tools, not
aiming at absolutely accurate results but approximate results based on the theory
of probability, used to collect, analyze and interpret numerical facts for solving
specific problems. Facts that one dealt with in statistics must be capable of numerical
expression. Otherwise, they do not come within the preview of statistics. Statistics
is also concerned with a group of numerical data as for example, population of a
country, sales price of the finished goods produced by a concern, etc.

Statistics can be Used Either as Plural or Singular

When it is used as plural sense:
It is a systematic collection and presentation of numerical facts and figures.

These figures may be with regard to production of foodgrains, per capita income
in a particular state at different times, population, etc. and these are generally
published in trade journals, newspapers, etc.

When statistics is used as singular sense:
In a singular sense, statistics implies statistics methods. Thus, it is a body or

technique of methods relating to the collection, classification, presentation, analysis
and interpretation of information. In a sense, statistics can be defined as:

“Statistics is the science of estimates and probabilities.” – Boddington
“Statistics may rightly be called the science of averages.” – Bowley
“The science which deals with the collection, analysis and interpretation of

numerical data.” – Corxton and Cowden.
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All definitions clearly point out the four aspects of statistics:
(i) Collection of data,
(ii) Analysis of data,
(iii) Presentation of data, and
(iv) Interpretation of data.

Definitions (Based on Singular Noun)

Prof. A.L. Bowley has given as series of definitions. At one place, Bowley says
“Statistics may be called the science of counting”. This view is not perfect and
correct. Statistics is not concerned with counting only. It deals more with estimates.
At another place, he says that “Statistics may rightly be called the science of
averages”. But calling statistics as a science of counting or averages, confines the
scope of statistics. Bowley himself realized this drawback and stated that statistics
cannot be confined to any one sense.

Webster defined Statistics as “The classified facts respecting the condition
of the people in a state especially those facts which can be stated in numbers or in
tables of numbers or in any tabular or classified arrangement”. This definition has
limited the scope of statistics. It relates statistics only to those facts which are
concerned with the condition of the people in a state. This definition is not exhaustive
because, it does not take into account all aspects of human activity.

Seligman defines statistics as the science which deals with the methods of
collecting, classifying, presenting, comparing and interpreting numerical data
collected to throw some light on any sphere of enquiry.

Definitions (Based on Plural Noun/Numerical Data)

According to Horace Secrist, “By statistics, we mean aggregate of facts affected
to a marked extent by multiplicity of cause, numerically expressed, enumerated or
estimated according to reasonable standard of accuracy, collected in a systematic
manner for a predetermined purpose and placed in relation to each other”.

1.3 CHARACTERISTICS, OBJECTIVES AND
FUNCTIONS OF STATISTICS

Characteristics of Statistics in the Plural Sense or Numerical Data

The basic feature of statistics as a quantitative or numerical data run as follows:
1. Aggregate of facts: Statistics does not refer to a single figure, but it

refers to a series of figures, i.e., the totality of facts are called statistics.
Example: A single weigh of 50 kg is not statistics but a series relating to
the weight of a group of persons is called statistics.

2. Affected by multiplicity of causes: Statistics are not affected by one
factor only, rather they are affected by a large number of factors, e.g.,
prices are affected by conditions of demand, supply, money supply,
imports, exports and various other factors.
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3. Numerically expressed: Numerically expressed, i.e., qualitative
expressions like young, old, good, bad, etc. are not statistics. To all
statistics, a numerical value must be attached, e.g., the statements like
“There are 916 females per 1,000 males”. Furthermore, such numerical
expressions are precise, meaningful and convenient form of
communication.

4. Enumerated or estimated according to reasonable standards of
accuracy: In case the numerical statements are precise and accurate,
then these can be enumerated. But in case the number of observations
is very large, in that case, the figures are estimated. It is obvious that the
estimated figures cannot be absolutely accurate and precise. The
accuracy, of course, depends on the purpose for which statistics are
collected. There cannot be uniform standard of accuracy for all types of
enquiries. For example, enumeration refers to exact count as there are
ten students of statistics; it is 100% accurate statement. On the other
hand, estimation refers to round off about figure; we say that two lakhs
people participated in the rally. There can be a few hundreds more or
less. Thus, statistical results are true only on average.

5. Collected in a systematic manner: For accuracy or reliability of data,
the figures should be collected in a systematic manner. If the figures are
collected in a haphazard manner, the reliability of such data will decrease.

6. Collected for a pre-determined purpose: The purpose of collecting
data must be decided well in advance. Besides, the objective should be
concrete and specific. For example, if we want to collect data on prices,
then we must be clear whether we have to collect wholesale or retail
prices. If we want data on retail prices, then we have to see the number
of goods required to serve the objective.

7. Placed in relation to each other: The collection of data is generally
done with the motive to compare. The figures collected should be
homogeneous for comparison and not heterogeneous. In case of
heterogeneity, the figures cannot be placed in relation to each other.

Objectives of Statistics

The objectives of statistics are as follows:

(i) To present facts in numerical form.
(ii) To simplify, classify and analyze numerical data so that their significance

may be clearly understood.
(iii) To bring out the broad characteristics of a group in which the individual

numbers exhibit variation in attributes.
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(iv) To throw light on general economic and social conditions as guide to
administrators to decide administrative policy.

(v) To indicate business trends and tendencies so that it may be possible
to plan ahead without any difficulties.

Functions of Statistics

The various applications or functions performed by statistics are as under:
1. Simplification of complex facts/classification of data: The process

of splitting up huge collection of numerical data into certain parts which
helps in the matters of comparison and interpretation of the various features
of the data. This is done by various improved techniques of statistics.

2. Comparison: After simplifying the data, it can be correlated or compared
by certain mathematical quantities like averages, ratios, coefficient, etc.
to ascertain the changes which have taken place and the effect of such
changes in the future.

3. Relationship between facts: Statistical methods are used to investigate
the cause and effect relationship between two or more facts. The
relationship between demand and supply, money supply and price level
can be best understood with the help of statistical methods.

4. Measurement of effects/guides formulation of economic policies:
Statistical methods act as a guide to measure the effect of a policy. For
example, the effect of a change in bank rate or a change in incomes tax,
etc. can best be judged by the statistical methods.

5. Forecasting: Statistical methods are of great use to predict the future
course of action of the phenomenon.

1.4 SIGNIFICANCE OF STATISTICS

1. Importance of Statistics in Economic Planning
The main aim of economic planning is to develop the various sectors of the economy
like agriculture, industry, transport, irrigation, etc. rapidly and systematically. Planning
is not possible without statistics. The Planning Commission requires information
relating to the demand for and supply of various commodities like food, cloth,
sugar, iron and steel in order to prepare a plan. It must also estimate the demand
for various products and services after a certain period, say 5 years. It must possess
accurate information relating to the availability of natural, capital and human
resources in the counting. It must prepare a detailed plan for the development of
each sector of the economy. These detailed plans cannot be prepared without
adequate statistical data.

2. Importance of Statistics to a Business

Statistics are of great use to traders and manufacturers. They help them to make
maximum profits. A producer estimates the demand for his product or products.
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On the basis of such an estimate, he decides about the quality and quantity of
goods to be produced. Similarly, a trader brings goods on the basis of his estimates
of the likely demand for his goods. If the estimates are correct, the businessman
will make profit as estimated. If he overestimates this demand, he may find it
difficult to sell his goods at profit. On the other hand, he may incur loss. If he
underestimates the demand, he loses on opportunity of making some more profit.

Statistics are very useful to banks, insurance companies, railway companies
and other public utility concerns. Statistics helps in efficient organization and
supervision of business concerns. That is why big business concerns maintain
transition statistical departments.

3. Importance of Statistics in the Field of Research

Statistics is indispensable in research work. Most of the advancement in knowledge
has taken place because of experiments conducted with the help of statistical
methods. For example, experiments about crop yields and different types of
fertilizers and different types of soils or the growth of animals under different diets
and environment are frequently designed and analyzed with the help of statistical
methods. Statistical methods also affect research in medicine and public health. In
fact, there is hardly any research work today that one can find complete without
statistical data and statistical method.

1.5 SCOPE OF STATISTICS

Scope of Statistics

The importance of statistics makes it clear that the science of statistics includes in
its fold all quantitative analysis concerned with any department of enquiry. Its
scope, therefore, is stretched over all those branches of human knowledge in
which a grasp of the significances of large numbers are looked for. Its methods
provide an important manner of measuring numerical changes in complex groups
and judging collective phenomenon. Its scope is thus wide, the limiting factor being
its applicability to studies of quantitative aspects alone.

“Sciences without statistics bear no fruits, statistics without sciences have
no roots.”

There is hardly any field of human knowledge where statistical methods are
not applicable. Thus, the significances of statistics have increased from the “science
of kings” to the “science of universe:”

(a) Statistics and the state: The state collects statistics on several problems.
These statistics help in framing suitable policies. All ministers and
department of government whether they be finance, transport, defence,
railways, food, commerce, etc. depend heavily on factual data for their
efficient functioning.
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(b) Statistics and business: With the growing size and ever increasing
competition, the problems of the business enterprises are becoming
complex and they are using more and more statistics in decision-making.
A businessman who has to deal in an atmosphere of uncertainty can no
longer adopt the method of trial and error in taking decisions. If he is to
be successful in his decision-making, he must be able to deal
systematically with the uncertainty itself by careful evaluation and
application of statistical methods, concerning the business activities.

(c) Statistics and economics: Economics is concerned with the production
and distribution of wealth as well as with the complex institutions set-up
connected with the consumption, saving and investment of income.
Statistical data and statistical methods are of immense help in the proper
understanding of the economic problems and in the formulation of
economic policies.

(d) Statistics and physical sciences: Physical sciences seem to be making
increasing use of statistics, especially in astronomy, chemistry, biology,
engineering, meteorology, geology and certain branches of physics.

(e) Statistics and natural sciences: Statistical technique have proved to
be extremely useful in the study of all natural sciences like astronomy;
biology, medicine, meteorology, zoology, botany, etc.

(f) Statistics and research: Statistics is indispensable in research work.
Most of the advancement in knowledge has taken place because of
experiments conducted with the help of statistical methods.

(g) Statistics and other uses: Statistics is useful to bankers, brokers,
insurance companies, social workers, labour unions, trade associations,
chambers of commerce and to the politicians.

Scope of Statistics in Economics and Business

In the field of Economics, Statistics entered rather late. The relationship among
supply of, demand for and price of commodities was established with the help of
statistical analysis by the end of the 17th century. The classical economists laid
more stress upon the deceptive method of reasoning and economic laws were
reasoned out in the abstract. The economic laws were verified from observations
and proved by inductive method only during the first decade of the 20th century.
The quantitative analysis was introduced along with the qualitative analysis in the
methods of study of economics. Thus, the inductive method was introduced in
addition to the classical deductive method in the science of economics and various
problems of economics were solved by the end of the 20th century. Statistics of
production help in adjusting the supply to demand, statistics of consumption help
us to find out the way in which people of different strata of society spend their
income. Statistics are very useful in knowing the standard of living and taxable
capacity of people. Statistical methods help not only in formulating appropriate
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economic policies but also evaluating their effect. Econometrics which comprises
application of statistical methods to theoretical economic models is widely used in
empirical economic research.

In the field of business, decision-making process is the most important
function of management. Modern business is complex and vast, involving a number
of specialized activities, government interference and cut-throat competition.
A modern manager cannot solve the complex business problems without the
assistance of statistical methods. The entire business planning is depending upon
forecasting the future trends which is performed only by the science of statistics.
Statistics is helpful preparing various budgets, conducting the market survey, fixing
the wage structure based upon cost of living indices and controlling the business
activities. Statistics and statistical methods have provided the businessman with
one of his most valuable tools for decision-making. The use of statistics in business
can be extended to production, sales, purchase, finance, personnel, accounting,
marketing and product research and quality control.

1.6 LIMITATIONS OF STATISTICS

The limitations of statistics are as follows:

1. Statistics does not study qualitative phenomenon, e.g., honesty,
intelligence, etc.

2. Statistics does not study individual data, statistics deals with aggregate
of facts.

3. Statistics laws are not exact laws.
4. Statistics does not reveal the entire information.
5. Statistics is liable to be misused.
6. Statistical conclusions are valid only on average base.
7. Statistics may lead to wrong or misleading conclusions if figures are

quoted without context.
8. The greatest limitation is that statistical data can be used properly only

by persons having thorough knowledge of the methods of statistics and
proper training.

9. If statistical data are not uniform and homogenous, then the study of the
problem is not possible. Homogeneity of data is essential for their proper
study.

10. Statistical methods are not the only method for studying a problem.
There are other methods also. A problem can be studied in various
ways.
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Check Your Progress

1. What are the objectives of statistics?
2. What are the limitations of statistics?

1.7 PROCESS OF DATA COLLECTION

Techniques of Data Collection

A statistical survey can be conducted either by:
1. Census method and
2. Sampling method.

1. Census Method

A census is a study that obtains data from each and every unit of a population is
called census or complete enumeration. In most studies, a census is not practical,
because of the cost and/or time required.

A census is the procedure of systematically acquiring and recording
information about the members of a given population. It is a regularly occurring
and official count of a particular population. The term is used mostly in connection
with national population and housing censuses; other common censuses include
agriculture, business and traffic censuses. In the latter cases the elements of the
‘population’ are farms, businesses and so forth, rather than people. When the
whole area or population of persons is contacted, the method is known as census
method.

Merits of Census Method
(a) Data is obtained from each and every unit of population.
(b) The results obtained are likely to be more representative, accurate and

reliable.
(c) It can be used in various aspect of survey, e.g., Indian Population Census

Survey.
(d) It can be exploited as a basis for various surveys.

Demerits of Census Method
(a) The effort, money and time – extremely large.
(b) Population is infinite.
(c) Exhaustive and intensive study – impossible.
(d) It is expensive and time-consuming.
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2. Sampling Method

Under this technique, some representative units or informants are selected from
the universe. These selected units are called samples. Based upon the data collected
from these samples, conclusions are drawn upon the whole universe.

Principles of Sampling

The theory of sampling is based on two important principles:
(i) Principle of Statistical Regularity: Sample is taken at random

from a population is likely to possess almost the same characteristics
as that of the population.

(ii) Principles of Inertia of Large Numbers: Other things being equal,
large the size of the sample, more accurate the results are likely to be,
i.e., large number are more stable as compared to small ones.

1.8 PRIMARY AND SECONDARY DATA

Introduction to Data

Data Collection enables a team to formulate and test working assumptions about
a process and develop information that will lead to the improvement of the key
quality characteristics of the product or service. It improves your decision-making
by helping you focus on objective information about what is happening in the
process, rather than subjective opinions. The purpose of data collection is to obtain
information to keep on record, to make decisions about important issues, to pass
information on to others. Primarily, data are collected to provide information
regarding a specific topic.

The collection and analysis of secondary data help to define the marketing
research problem and develop an approach. In addition, before collecting primary
data, the researcher should locate and analyze relevant secondary data. Thus,
secondary data can be an essential component of a successful research design.
Secondary data can help in sample designs and in the details of primary research
methods. In some projects, research may be largely confined to the analysis of
secondary data because some routine problems may be addressed based only on
secondary data. In addition, given the huge explosion of secondary data sources
available, sufficient data may be accessed to solve a particular marketing research
problem.

Prior to any data collection, pre-collection activity is one of the most crucial
steps in the process. It is often discovered too late that the value of their interview
information is discounted as a consequence of poor sampling of both questions
and informants and poor elicitation techniques. After pre-collection activity is fully
completed, data collection in the field, whether by interviewing or other methods,
can be carried out in a structured, systematic and scientific way. A formal data
collection process is necessary as it ensures that data gathered are both defined
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and accurate and that subsequent decisions based on arguments embodied in the
findings are valid.

Collection of Data

Data collection is the process of collecting of data from surveys or from independent
or networked locations via data capture, data entry or data logging. This is a term
used to describe a process of preparing and collecting data, as part of a process
improvement or similar project. The data may be collected for the whole population
or for a sample drawn from the population is called collection of data.

Sources of Data

The data can be classified into two categories:

Fig. 1.1: Data

Primary Data

Primary data is data that has not been previously published, i.e., the data is derived
from a new or original research study and collected at the source. For example, in
marketing, it is information that is obtained directly from first-hand sources by
means of surveys, observations or experimentation.

Importance of Primary Data

Importance of primary data cannot be neglected. A research can be conducted
without secondary data but a research based on only secondary data is least
reliable and may have biases because secondary data has already been manipulated
by human beings. In statistical surveys, it is necessary to get information from
primary sources and work on primary data. For example, the statistical records of
female population in a country cannot be based on newspapers, magazines and
other printed sources. One such source is old, and secondly, they contain limited
information as well as they can be misleading and biased:

(i) Validity: Validity is one of the major concerns in a research. It is the
quality of a research that makes it trustworthy and scientific. It is the
use of scientific methods in research to make it logical and acceptable.
Using primary data in research can improve the validity of research.
First-hand information obtained from a sample that is representative
of the target population will yield data that will be valid for the entire
target population.

  Secondary DataPrimary Data

      Data
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(ii) Authenticity: Authenticity is the genuineness of the research. It can
be at stake if the researcher invests personal biases or uses misleading
information into the research. Primary research tools and data can
become more authentic if the methods chosen to analyze and interpret
data are valid and reasonably suitable for the data type. Primary sources
are more authentic because the facts have not been overdone. Primary
source can be less authentic if the source hides information or alters
facts due to some personal reasons. There are methods that can be
employed to ensure factual yielding of data from the source.

(iii) Reliability: Reliability is the certainty that the research is enough true
to be trusted on. For example, if a research study concludes that junk
food consumption does not increase the risk of cancer and heart
diseases, this conclusion should have to be drawn from a sample whose
size, sampling technique and variability is not questionable. Reliability
improves with using primary data. In the similar research mentioned
above if the researcher uses experimental method and questionnaires,
the results will be highly reliable. On the other hand, if he relies on the
data available in books and on internet, he will collect information that
does not represent the real facts.

Merits of Primary Data

(a) Degree of accuracy is quite high.
(b) It does not require extra caution.
(c) It depicts the data in great detail.
(d) Primary source of data collection frequently includes definitions of various

terms and units used.
(e) For some investigations, secondary data are not available.

Demerits of Primary Data

(a) Collection of data requires a lot of time.
(b) It requires lot of finance.
(c) In some enquiries, it is not possible to collect primary data.
(d) It requires a lot of labour.
(e) It requires a lot of skill.

Methods/Sources of Primary Data

Primary data are collected by the following sources:

1. Personal Investigation/Enquiry or Direct Personal Observation

The information is collected by direct personal interviews. The data collected in
this way is usually accurate and reliable. It is necessary that investigator has to
keep observing while collecting data. The information thus obtained is called first-
hand or original in charter. So this method is useful when the scope of enquiry is
small.
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Merits

(a) Response is more encouraging and more people are willing to supply
information when approached personally.

(n) Accurate and additional information may be collected.

Demerits

(a) It is expensive and time-consuming.
(b) There are chance of personal prejudice and bias.

2. Indirect Oral Interviews

This is an indirect method of collecting primary data. Here, information are not
collected directly from the source but by interviewing persons closely related with
the problem. This method is applied to apprehend culprits in case of theft, murder,
etc. The information relating to one’s personal life or which the informant hesitates
to reveal are better collected by this method. Here, the investigator prepares a
small list of questions relating to the enquiry. The answers (information) are collected
by interviewing persons well connected with the incident. The investigator should
cross-examine the informants to get correct information.

Merits
(a) This method is time-saving and involves relatively less cost.
(b) Accurate and additional information may be collected.
(c) Vast area can be covered.

Demerits
(a) The third party may not be willing to cooperate with the investigation.
(b) The accuracy of the information largely depends upon the integrity of

the investigator.

3. Mailed Questionnaire Method
 A questionnaire is a document prepared by the investigator containing a set of
questions. These questions relate to the problem of enquiry directly or indirectly.
The questionnaires are mailed to the informants with a formal request to answer
the question and send them back within a specified time. For better response, the
investigator should bear the postal charges. The questionnaire should carry a note
explaining the aims and objective of the enquiry, definition of various terms and
concepts used there.

Drafting of questionnaire: Success of this method greatly depends upon
the way in which the questionnaire is drafted. So, the investigator must be very
careful while framing the questions. The questions should be:

(i) Short and clear.
(ii) Few in number.
(iii) Simple and intelligible.
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(iv) Impersonal, non-aggressive type.
(v) Simple alternative, multiple-choice or open-end type. In the simple

alternative question type, the respondent has to choose between
alternatives such as ‘Yes or No’, ‘right or wrong’, etc.

4. Interview Schedule Method

In case the informants are largely uneducated and non-responsive, data cannot be
collected by the mailed questionnaire method. In such cases, schedule method is
used to collect data. Here, the interview schedules are sent through the enumerators
to collect information. Enumerators are persons appointed by the investigator for
the purpose. They directly meet the informants with the interview schedules. They
explain the scope and objective of the enquiry to the informants and solicit their
cooperation. The enumerators ask the questions to the informants and record
their answers in the interview schedule and compile them. The success of this
method depends on the sincerity and efficiency of the enumerators.

5. From Local Agents
Primary data are collected from local agents or correspondents. These agents are
appointed by the sponsoring authorities. They are well conversant with the local
conditions like language, communication, food habits, traditions, etc. Being on the
spot and well acquainted with the nature of the enquiry, they are capable of furnishing
reliable information. The accuracy of the data collected by this method depends
on the honesty and sincerity of the agents. The method is generally used by
government agencies, newspapers, periodicals, etc.

6. Through Telephone/Mobiles

The researchers get information through telephone this method is quick and give
accurate information.

Secondary Data

The secondary data are the second hand information which is already been collected
and analyzed by someone else for some purpose The secondary data are not pure
in character. For example, Economic Survey of India is secondary data because
these are collected by more than one organization like Bureau of Statistics, Board
of Revenue, banks, etc.

Secondary data analysis saves time that would otherwise be spent collecting
data and, particularly in the case of quantitative data, provides larger and higher-
quality databases that would be unfeasible for any individual researcher to collect
on their own. In addition, analysts of social and economic change consider secondary
data essential, since it is impossible to conduct a new survey that can adequately
capture past change and/or developments.

Advantages of Secondary Sources of Data

1. Ease of access: There are many advantages to using secondary data.
This includes the relative ease of access to many sources of secondary
data. In the past secondary data, accumulation required marketers to
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visit libraries or wait for reports to be shipped by mail. Now, with the
availability of online access, secondary data is more openly accessed.
This offers convenience and generally standardized usage methods for
all sources of secondary data.

2. Low cost to acquire: The use of secondary data has allowed researchers
access to valuable information for little or no cost to acquire. Therefore,
this information is much less expensive than if the researchers had to
carry out the data themselves.

3. Clarification of data question: The use of secondary data may help
the researcher to clarify the data question. Secondary data is often used
prior to primary data to help clarify the data focus.

4. May answer researcher question: The use of secondary data collection
is often used to help align the focus of large scale primary data. When
focusing on secondary data, the researcher may realize that the exact
information they were looking to uncover is already available through
secondary sources. This would effectively eliminate the need and expense
to carry out their own primary data.

5. May show difficulties in conducting primary research: In many
cases, the originators of secondary data include details of how the
information was collected. This may include information detailing the
procedures used in data collection and difficulties encountered in
conducting the primary data. Therefore, the detailed difficulties may
persuade the researcher to decide that the potential information obtained
is not worth the potential difficulties in conducting the data.

Uses of Secondary Data

(a) The secondary data may be used in three ways by a researcher.
(b) Some specific information from secondary sources may be used for

reference purposes.
(c) Secondary data may be used as bench marks against which the findings

of a research may be tested.
(d) Secondary data may be used as the sole source of information for a

research project. Such studies as securities market behaviour, financial
analysis of companies, and trends in credit allocation in commercial banks,
sociological studies on crimes, historical studies, and the like depend
primarily on secondary data.

(e) Year books, statistical reports of government departments, reports of
public organisations like Bureau of Public Enterprises, Census Reports,
etc. serve as major data sources for such research studies.

Sources of Secondary Data

There are mainly two sources of secondary data as follows:
1. Internal Sources of Secondary Data
2. External Sources of Secondary Data



Statistics

NOTES

Self-Instructional
18 Material

1. Internal Sources of Secondary Data

Internal sources can be classified into four broad categories:
(i) Accounting records
(ii) Sales force reports
(iii) Miscellaneous records
(iv) Internal experts

(i) Accounting Records
The basis for accounting records concerned with sales is the sales invoice. The
usual sales invoice has a sizable amount of information on it, which generally includes
name of customer, location of customer, items ordered, quantities ordered,
quantities shipped, rupees extensions, back orders, discounts allowed and date.

In addition, the invoice often contains information on sales territory, sales
representative, and warehouse of shipment. This information, when supplemented
by data on costs and industry and product classification, as well as from sales
calls, provides the basis for a comprehensive analysis of sales by product, customer,
industry, geographic area, sales territory and sales representative, as well as the
profitability of each sales category. Unfortunately, most firms’ accounting systems
are designed primarily for tax reasons rather than for decision support.

(ii) Sales Force Reports
Sales force reports represent a rich and largely untapped potential source of
marketing information. The word potential is used because evidence indicates that
sales personnel do not generally report valuable marketing information.

Sales personnel often lack the motivation and/or the means to communicate
key information to marketing managers. To obtain the valuable data available from
most sales forces, several elements are necessary:

(a) A clear, concise statement, repeated frequently, of the types of information
desired;

(b) A systematic, simple process for reporting the information;
(c) Financial and other rewards for reporting information; and
(d) Concrete examples of the actual use of the data.

(iii) Miscellaneous Reports

Miscellaneous reports represent the third internal data source. Previous marketing
research studies, special audits and reports purchased from outside for prior
problems may have relevance for current problems. As a firm becomes more
diversified, the more likely it is to conduct studies that may have relevance to
problems in other areas of the firm.

For example, P&G sells a variety of distinct products to identical or similar
target markets. An analysis of the media habits conducted for one product could
be very useful for a different product that appeals to the same target market.
Again, this requires an efficient marketing information system to ensure that those
who need them can find the relevant reports.
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(iv) Internal Experts

One of the most overlooked sources of internal secondary data is internal experts.
An internal expert is anyone employed by the firm who has special knowledge.
The following statement by a senior research manager at a major consumer goods
firm describes why his organization developed a research reports library and how
they ensure its use. On the average, each brand is assigned a new brand manager
every two years.

2. External Sources of Secondary Data

Numerous sources external to the firm may have data relevant to the firm’s
requirements. Seven general categories of external secondary information are
described in the sections that follow:

(i) Computerized databases
(ii) Associations
(iii) Government agencies
(iv) Syndicated services
(v) Directories
(vi) Other published sources
(vii) External experts

(i) Databases
 A computerized database is a collection of numeric data and/or information that is
made computer-readable form for electronic distribution. There are than 3,500
databases available from over 550 online service enterprises. Those that are
available that are useful in bibliographic search, site location, media planning, market
planning, forecasting and for many other purposes of interest to marketing
researchers.

(ii) Associations
 Associations frequently publish or maintain detailed information on industry sales,
operating characteristics, growth patterns and the like. Furthermore, they may
conduct special studies of factors relevant to their industry. These materials may
be published in the form of annual reports, as part of a regular trade journal, or as
special reports. In some cases, they are available only on request from the
association. Most libraries maintain reference works, such as the Encyclopedia of
Associations, that list the various associations and provide a statement of the scope
of their activities.

(iii) Government Agencies

Federal, state and local government agencies produce a massive amount of data
that are of relevance to marketers. In this section, the nature of the data produced
by the federal government is briefly described. However, the researcher should
not overlook state and local government data.

There are also a number of specialized analytic and research agencies,
numerous administrative and regulatory agencies and special committees and reports
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of the judicial and legislative branches of the government. These sources produce
five broad types of data of interest to marketers. There are data on: (a) population,
housing and income; (b) agricultural, industrial and commercial product sales of
manufacturers, wholesalers, retailers and service organizations; (c) financial and
other characteristics of firms; (d) employment and (e) miscellaneous reports.

(iv) Syndicate Services
A wide array of data on both consumer and industrial markets is collected and
sold by commercial organizations.

(v) Directories
Any sound marketing strategy requires an understanding of existing and potential
competitors and customers. Suppose you were asked to prepare a report on the
forest products industry, to aid your organization in developing a sales and marketing
approach to lumber manufacturers. A number of services and directories would
prove useful. A general industry directory such as Thomas Register of American
Manufacturers is a good starting place. This sixteen-volume, set lists manufacturers’
products and services by product category. It provides the company name,
address, telephone number and an estimate of its asset size. It also contains an
extensive trademark listing and samples of company catalogs.

(vi) Other Published Sources

There is a virtually endless array of periodicals, books, dissertations, special reports,
newspapers and the like that contain information relevant to marketing decisions.

(vii) External Experts

External experts are individuals outside your organization whose job provides
them with expertise on your industry or activity. State and government officials
associated with the industry, trade association officials, editors and writers for
trade and publications, financial analysts focusing on the industry, government and
university researchers and distributors often have expert knowledge relevant to
marketing problems.

1.9 METHODS OF SAMPLING

Methods of Sampling

The various types of sampling can be broadly divided into two:
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Methods of Sampling

(A) Probability Sampling or                              (B) Non-probability Sampling
      Random Sampling

(i) Simple random sample (i) Convenience sample
(ii) Stratified random sample (ii) Judgment or Purposive
     sampling
(iii) Cluster (area) sample (iii) Quota sample
(iv) A systematic random sample (iv) Snowball sampling
(v) Multi-stage sampling

Fig. 1.2: Methods of Sampling

(A) Probability Sampling or Random Sampling

(i) Simple Random Sample

Every member of the population has a known and equal chance of being selected.
For example:

(a) Lottery method and
(b) The use of table of Random Number.

(ii) Stratified Random Sample
All people in sampling frame are divided into “strata” (groups or categories). Within
each stratum, a simple random sample or systematic sample is selected. For
example, if we want to ensure that a sample of 5 students from a group of 50
contains both male and female students in same proportions as in the full population
(i.e., the group of 50), we first divide that population into male and female. In this
case, there are 22 male students and 28 females. To work out the number of
males and females in the sample, number of males in sample = (5/50) × 22 = 2.2
and number of females in sample = (5/50) × 28 = 2.8. Therefore, we choose 2
males and 3 females in the sample. These would be selected using simple random
or systematic sample methods.

(iii) Cluster (Area) Sample
The population is divided into mutually exclusive groups such as blocks, and the
investigator draws a sample of the group to interview. For example, a cluster may
be a village or a school, a state. So, you decide all the elementary schools in
Karnataka State are clusters. You want 20 schools selected. You can use simple
or systematic random sampling to select the schools and then every school selected
becomes a cluster. If you interest is to interview teachers on the opinion of some
new program which has been introduced, then all the teachers in a cluster must be
interviewed.
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(iv) A Systematic Random Sample

Sample is obtained by selecting one unit on a random basis and choosing additional
elementary units at evenly spaced intervals, i.e., every nth item until the desired
number of units is obtained. For example, there are 100 students in your class.
You want a sample of 20 from these 100, divide 100 by 20, you will get 5.
Randomly select any number between 1 and 5. Suppose the number you have
picked is 4, that will be your starting number from there you will select every 5th
name, i.e.,4th name, 9th name (4 + 5), 14th name (9 + 5) and so on until you reach
the last one hundred, you will end up with 20 selected students.

(v) Multi-stage Sampling

As the name implies, this involves drawing several different samples. It does so in
such a way that cost of final interviewing is minimized. For example, first draw
sample of areas. Initially, large areas selected then progressively smaller areas
within larger area are sampled. Eventually, end up with sample of households and
use method of selecting individuals from these selected households.

(B) Non-probability Sampling

(i) Convenience Sample

The investigator selects the easiest population members from which to obtain
information.

(ii) Judgment Sample or Purposive Sampling

A purposive sample is one which is selected by the investigator subjectively. The
investigator uses his/her judgement to select population members who are good
prospects for accurate information.

(iii) Quota Sample

The investigator finds and interviews a prescribed number of people in each of
several categories.

(iv) Snowball/Reference Sampling

With this approach, you initially contact a few potential respondents and then ask
them whether they know of anybody with the same characteristics that you are
looking for in your purpose.

For example, if you wanted to interview a sample of vegetarians/cyclists/
people with a particular disability, etc., you initial contacts may well have knowledge
of others.

1.10 PREPARATION OF QUESTIONNAIRE

Questionnaire
Questionnaire is a list of questions or statements pertaining to an issue or program.
It is used for studying the opinions of people. It is commonly used in opinion polls.
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People are asked to express their responses to the listed or reactions to the listed
statements.

Design of Questionnaire

Guidelines for Questionnaire Design
A good questionnaire accomplishes the research objectives. The logical sequences
of the steps involved in the development of a good questionnaire are discussed
below:

Fig. 1.3: Design of Questionnaire

Step-1: Deciding the Information to be Collected

The researcher should have a clear idea of exactly what information is to be collected
from each respondent. Lack of clarity will lead to collection of irrelevant and
incomplete information which does not contribute towards the research purpose.
The situation will diminish the value of the study.

Clarity can be facilitated by:
1. Clear research objectives that will provide an insight into the kind of

information needed, the hypotheses and the scope of the research.
2. Exploratory research will reveal the variables to be explored and will

enable to understand the point of view of the respondents.
3. Experience with similar studies.
4. Pre-testing the preliminary version of the questionnaire.
In deciding the content of the questionnaire, the following guiding factors

should be considered: The question may be asked to get information regarding
objective or subjective variables or both.

Step-4: Pretesting the Questionnaire

Step-1: Deciding the Information to be
Collected

Step-2: Formulating the Questions

Step-3:  Decide on the Wordings  of the
Questions and Layout of the

Questionnaire
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In the case of objective variables like age, gender, income, etc., a single
direct question can be asked. However, if the question is regarding subjective
variable, e.g., regarding attitude, feeling, satisfaction, etc., then the questions should
tap the dimensions and elements of the concept concerned:

The researcher should challenge each questions in terms of its contribution
towards providing an answer for the objectives. Questions which merely
contribute interesting information and not towards the fulfillment of the
objectives should be avoided. The researcher should learn the art of
getting more information with fewer questions.
The question should have a proper scope and should cover the issue.
The questions asked should reveal all that is needed to know. Questions
are considered to be ineffective if they do not provide the right information
that is needed.
The question should ask precisely what is needed. For example, if the
researcher needs to know the ‘family income’ of the respondent but the
question is asked regarding ‘income’, then it may mean income and not
family income. Unambiguous words can be used so that clarity can be
ensured.
The question asked by the researcher may be contributing towards the
theme and may be precise but it may not be possible for the respondent
to answer the same adequately. The respondent may require time to
think and answer certain questions. Sometimes, the respondent may
not be able to give an accurate answer due to his inability to recall things
from memory.

Step-2: Formulating the Questions

Before formulating the questions, a decision has to be made by the researcher
regarding the degree of freedom to be given to the respondents in answering the
questions. The various types of questions that can be included in a questionnaire
are discussed below:

1. Open-ended versus Close-ended Questions

Unstructured questions or open-ended questions allow respondents to reply to
the questions in own words. It enables the respondent to answer in any way he
chooses.

Predetermined responses are not given to aid the respondent. For example,
a question asking the respondent to list five factors which made him to choose a
particular investment proposal. This type of question requires more thinking and
effort on the part of respondents. In most cases, an interviewer is required to
prompt the response by asking probing questions. If correctly administered, the
open-ended question can provide the researcher with a rich array of information.

Structured or closed-ended question in contrast provides a set of
predetermined responses and the respondents is required to choose among the
same. This question reduces the amount of thinking and effort required by the
respondent. Instead of asking the respondent to list five factors, the questionnaire
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may provide a set of 10 to 15 factors and ask the respondent to rank the first five
among the list, in the order of their preference. All items in the questionnaire using
nominal, ordinal or Likert or ratio scale are considered closed. The close-ended
questions enable the researcher to code the responses easily for the purpose of
carrying out subsequent analysis. Care should be exercised in making the alternatives
provided as mutually exclusive and collectively exhaustive. Even a well-delineated
category in closed question may make the respondent feel confined and he may
be willing to provide additional comments. The researcher can tackle this issue by
substantiating the close-ended questionnaire with a final open ended question.

2. Dichotomous Questions
Two alternatives are suggested in dichotomous questions. The choices presented
should be mutually exclusive, i.e., the respondent should choose either of the
answers only. At the same time the given choices should be collectively exhaustive.

3. Multiple Choice Questions
Multiple choices offer more than one alternative answer and from which the
respondent can make a single choice. The list of answers provided should be
collectively exhaustive. The alternatives provided should represent different aspects
of the same conceptual dimension. The multiple choice question usually generates
nominal data. When the choices are numbers, the response structure will produce
at least interval and sometimes ratio data.

4. Checklist Questions

Checklist questions are used when the researcher wants the respondent to give
multiple responses to a single question, e.g., the factors leading to the choice of a
particular brand laptop. The same information can be obtained from the respondent
using a series of dichotomous selection questions, one for each factor. However, it
would be time and space consuming. Checklists are more efficient.

5. Ranking Questions

Ranking question is used when the response regarding the relative order of the
alternatives are important. For example, the checklist question regarding the factors
leading to the choice of laptop will only provide the factors considered but not the
order of importance. The ranking question will lead the respondent to rank the
most important factor as ‘1’ the next important as ‘2’ and so on.

6. Positively and Negatively Worded Questions

The questionnaire should include both positively and negatively worded questions.
If all the questions are positively worded, then the respondent will tend to
mechanically circle all the points toward one end of the scale. A respondent who is
interested in completing the questionnaire soon will tend to circle all the questions
to one end. The researcher can keep a respondent more alert by including both
positive and negative worded questions. The use of double negatives and excessive
use of words such as ‘not’, ‘only’, etc. should be avoided in the negatively worded
question as they will tend to confuse the respondents.
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7. Double-barreled Questions

A question that leads to different possible responses to its sub-parts is called a
double-barreled question. Such questions should be avoided by way of breaking
the questions into two or more parts. For example, the question – do you like the
flavour and the taste of the soft drink? The question may lead to an ambiguous
reply. It should be broken into two questions addressing flavour and taste separately
so as to obtain unambiguous response. The type of question dealt below should
be carefully avoided or used with caution by the researcher.

8. Ambiguous Questions

The question may not be double-barreled but still it may lead to ambiguity. For
example, if the researcher involved in the study of job satisfaction asks the
respondent to rate the level of satisfaction, the respondent may be confused as to
whether the question is addressing satisfaction related to work environment, salary,
team spirit or overall satisfaction. The question should not give rise to ambiguous
response and bias.
9. Memory Related Questions
If the questions require respondents to recall experiences from a distance past
that are very hazy in their memory, then the answers to such questions might be
biased.
10. Leading/Loaded Questions

Questions should not be asked in such a way that the respondents are forced or
directed to respond in a manner that he would not have, under normal situations
where all possible alternatives are given. Questions should not prompt the
respondents to answer in the way the researcher wants it answered. For example,
“Don’t you think that salary is the main reason for software employees to quit the
job”? Questions which are emotionally charging the respondents are called as
loaded questions. Such questions would lead to bias in response and should be
avoided.

Step-3: Decide on the Wordings of the Questions and Layout of the
Questionnaire

The basic component of a questionnaire is the words. The researcher should be
careful in considering the words to be used in creating the questions and scales for
collecting raw data from respondents. The words used can influence respondent’s
reaction to the question. Even a small change in the words can affect the respondent’s
answers, but it is difficult to know in advance whether or not a change in wording
will have an effect. The wording used in the questionnaire and the language used
should be appropriate and understandable by the respondents.

Certain guidelines in deciding the wordings of the questionnaire are given
below:

The vocabulary should be simple, direct and familiar to all respondents.
If the wordings jargons used or the language is not understood by the
respondent, then it may lead to wrong or biased answers. The wording
and language should be selected keeping in mind the educational level
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of the respondents, the terms used in the culture and the frames of
reference of the respondents.
The words used should not give rise to ambiguity or vagueness. This
problem arises because of not giving the respondent an adequate frame
of reference, in time and space for interpreting the question. Words
such as ‘often’, ‘usually’, etc. lack an appropriate time referent leading
the respondents to choose their own which will lead to answers not
comparable. Similarly, appropriate space or location is not often
specified. For example, the question “Mention your place of origin”
Does it elicit response as the district, state or country?
Double-barreled questions should be avoided. The respondent may agree
with one part of the question but not the other. For example, are you
satisfied with the salary and increments given? The question should be
broken or else it would lead to confusion and incorrect answers The
instructions provided to answer the question should not be confusing to
the respondent. The questions should be directed more towards
measuring the respondent’s knowledge or interest in the subject.
The questions asked should be applicable to all the respondents.
Otherwise it will make a respondent to answer a question though they
do not qualify to do so or may lack an opinion. For example, which
other airways have you traveled before? This situation can be avoided
by asking a qualifying or filter question and limit further questioning to
those who qualify.
Simple short questions should be asked instead of long ones. Researcher
should see that a question or a statement in the questionnaire should be
worded as minimum as possible.
Questions should not be asked in such a manner that it will elicit socially
desirable response. For example, “Do you think that physically challenged
people should be given more weightage in employment opportunities”?
Irrespective of the true feelings of respondents a socially desirable answer
would be provided.

Sequencing and Layout Decisions

The order in which the questions are to be presented can encourage or discourage
commitment and promote or hinder the development of researcher-respondent
rapport. The sequence of questions asked in the questionnaire should lead the
respondents from questions of general nature to specific nature. It should start
with relatively easy questions which does not involve much thinking and should
progress to difficult questions. This facilitates easy and smooth progress of the
respondents through the various items in the questionnaire. Care should be taken
to see that the positively and negatively worded questions addressing the same
issue or concept are not placed continuously.

For example: I am satisfied with the working environment
        I am not satisfied with the working environment
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If the above questions appear in the same order, it will appear meaningless
to the respondent. The two questions should be placed in different places of the
questionnaire. The way in which questions are sequenced would introduce bias in
the response which is frequently referred to as the ordering effects. Randomly
placing the questions in the questionnaire would reduce bias in the response.
However, it is not attempted as it would lead to difficulty in categorizing, coding
and analyzing the responses.

Layout of the Questionnaire
The appearance of the questionnaire is as important as its content. A neat, properly
aligned and attractive questionnaire with a good introduction, instructions and well
sequenced questions and response alternatives will make things easier for the
respondents to answer. These aspects are explained below:

In the Introduction section, the researcher can disclose his identity and
communicate the purpose of the research. It is also used to motivate the
respondents to answer the questions by conveying the importance of
the research work and by specifying the importance of contribution from
the respondent. The researcher should also ensure the confidentiality of
the information provided. The introduction section should end with a
courteous note, thanking the respondent for the time devoted to respond
to the survey.
The questions should be organized in a logical manner and numbered
sequentially under appropriate sections. Proper instructions should be
provided to complete the questions in an unambiguous manner. The
questions should be neatly assigned so as to enable the respondent to
read and answer the same without difficulty. The questionnaire should
be designed in such a way that the respondent spends only minimum
time and effort in completing the same.
Questions relating to the personal profile of the respondents, viz., name,
gender, age, education, income, marital status, etc. can appear in the
beginning or at the end of the questionnaire. The questions should provide
a range of response options rather than seeking an exact figure. The
personal profile related questions asked at the end may have a greater
chance of response because the respondent would have gone through
other questions which would have convinced him about the legitimacy
and genuineness of the questions framed. This would make them more
amenable to reveal the personal information. Some researchers feel that
asking personal data in the beginning would enable the respondent to
psychologically identify themselves with the questionnaire and enhance
the commitment to respond.
The open ended questions should be put at the end so the respondent
may find it easy to comment on the various aspects.
The questionnaire should end with an expression of sincere thanks to
the respondent for spending their valuable time and effort. The researcher
can also include a courteous note, reminding the respondents to check
if all the items have been completed properly.
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Step-4: Pre-testing the Questionnaire

The purpose of a pre-test is to ensure that the questionnaire meets the researcher’s
expectations in terms of the information to be obtained. The objective of the pre-
test is to identify and correct the deficiencies in the questionnaire. It may lead to
revising questions many times. It involves the use of a small number of respondents
to test the appropriateness of the questions. 15 respondents are sufficient for a
short and straightforward questionnaire, whereas 25 may be needed in case of a
long and complex questionnaire with many branches and multiple options. Feedback
is obtained from the respondents involved in the pre-test on the general reaction to
the questionnaire and regarding the effort involved in completing the questionnaire.
Any difficulty or ambiguity can be identified and rectified before administering the
questionnaire to a large number of respondents. This helps to rectify any mistakes
in time and enables to reduce the biases.

Various type of pre testing can be carried out ranging from informal reviews
by colleagues to creating conditions similar to the final study. Some types are
discussed below:

(a) Researcher Pre-testing: It is conducted in the initial stages so as to
build more structure in to the test. Fellow researchers can be involved.
Many suggestions and discussions may take place leading to a refined
questionnaire

(b) Participant Pre-testing: It involves testing the questionnaire in the
field by involving the participants or participant surrogates. Surrogates
are those individuals with characteristics and backgrounds similar to the
desired participants.

(c) Collaborative Pre-testing: It can be conducted by the researcher
where the researcher informs or alerts the participants of their involvement
in the preliminary test of the questionnaire. This makes the participants
as the collaborators in the process of refinement of the questionnaire.
A detailed probing of the parts of the question, including the words and
phrases is carried out.

(d) Non-collaborative Pre-testing: In this type of pre-testing, the
researcher does not inform the participant that the activity is a pre-test.
However, the probing of the questionnaire is done.

The pre-test is conducted for the following reasons:
The most important purpose for pre-testing is to know whether the
meaning of the questions is understood in the manner in which it is
intended to. This problem may arise because the respondent may not
be familiar with certain words which will result in distortion of the meaning
of the question. The respondent is likely to modify a difficult question in
a way that makes it easier for him to respond. Flow of the questionnaire
should be tested to know whether the transition from one topic to another
is natural, logical and ensures a coherent flow.
Many questionnaires have instructions on what question to skip,
depending on the answer to a previous question. The skip pattern must
be clearly laid out. In this context a questionnaire is like a roadmap with
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signs. Researchers who have been involved with the questionnaire design
may not spot any inconsistencies or ambiguities as they are highly
involved in the task. Pre-testing will ensure the correct layout of the
questionnaire.
The length of the questionnaire is pre-tested as a lengthy questionnaire
will often lead to fatigue among the respondents, interview break-off
and refusal if the respondents know in advance the expected length.
Task difficulty should also be identified through pre-testing. The
respondent maybe confused if the question requires that a respondent
make connections or put together information in an unfamiliar way. For
example, questions related to annual income. It involves calculation by
the respondent. Instead the researcher can get monthly income and
calculate the annual income on his own.
Ability to capture and maintain the interest of the respondent throughout
the entire questionnaire is a major challenge. The extent to which this is
successful should be pre-tested
Testing the items for an acceptable level of variation in the target
population is one of the common goals of pre-testing. The researcher
should lookout for items showing greater variability.

Finally the pre-test analysis should return to the first step in the design process.
Each question should be reviewed again and again regarding its contribution to
objectives of the study, leading to other steps. The last step in the process may be
another pre-test, if major changes are needed again.

Differences between Questionnaire and Interview Schedule

1. The questionnaire can be sent thought mail with covering letter and the
same does not require further assistance. The schedule is filled out by
the researcher who interprets the question whenever needed.

2. Collecting the questionnaire requires less expense as it is filled by the
respondent himself. In the case of schedules, enumerators should be
appointed. This involves additional expenses in terms of payments made
to them and training provided.

3. The rate of non-response is usually higher in case of mailed questionnaire.
In case of schedules the non-response rate is lesser as the enumerator
himself fills the schedules and is personally present. However, the danger
of bias and cheating prevails.

4. The identity of the respondent is not clear in the case of the questionnaire,
but in case of the schedules, the identity is known.

5. The questionnaire method of data collection involves time as it requires
several remainders inspite of which it may not be returned. In case of
schedules, direct personal contact is established and responses are
elicited soon.

6. Questionnaire method can be used only in case of educated or literate
respondents, but the interview schedules can be administered even in
case of illiterate persons.
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7. Wider and more representative population is possible in the questionnaire
method of data collection, but it remains as a difficulty in case of schedules
particularly when the respondents are distributed over a wide
geographical area.

8. Risk of collecting incomplete and wrong information is more in case of
questionnaire method, but in case of schedules, the enumerators are
present to see that the questions are properly filled in. As a result, the
information collected through the schedules are more accurate than those
obtained through the questionnaire.

9. The success of the questionnaire method depends to a greater extent on
the quality of the questionnaire, but in case of the interview schedules,
it depends on the honesty, sincerity and perseverance of the enumerators.

10. The physical appearance of the questionnaire is very important to attract
and retain the respondent’s attention. However, the level of importance
is not the same in case of the interview schedule.

11. Additional data can be obtained by the enumerator apart from what is
asked in the schedules by personal observation. This is not possible in
case of the mailed questionnaire.

Procedure of Organization of Research through Questionnaire

The questionnaire method is frequently used in gathering the data. It is used to
collect data from a large, diverse and widely scattered group of people. The
following steps are taken in organization of research through questionnaire method:

1. Framing of questionnaire scientifically to meet the data requirements.
2. Compiling the names and addresses of the respondents.
3. Pre-testing of the questionnaire to judge its suitability and utility.
4. Dispatch of the questionnaire to all the respondents.
5. A code or serial number is given to each case.
6. Receipt of questionnaire from the respondents should be recorded date-

wise.
7. Proper follow up for receiving of adequate response.
8. If proper response is not coming even after third reminder, change the

names of respondents and follow the above procedure.

Precautions in the Construction of a Questionnaire

The researcher or the framer of the questionnaire should take certain precautions
while constructing or framing the questionnaire. For sake of emphasis, these
precautions are listed as follows:

1. Questions should be simple and unambiguous: The questions should
not be ambiguous or couched in difficult words and unknown
phraseology. The questions should be simple and suit the level of the
intelligence of the informants. Very complicated questions should be
avoided. Unless it is done, the questionnaire is not likely to be useful.
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2. Stimulating for the informants: Since answers to the questions are
to be furnished by respondents, if the questions are not stimulating enough,
the informants are not likely to provide relevant answers.

3. Limited number of questions: If there are large number of questions,
then the respondents shall lose interest in them. Generally, the informants
do not want to be bothered with too many questions. If they feel that
they are being subjected to unnecessary work, they start giving unrelated
and needless answers.

4. Technical and special words should be clearly explained: If the
questionnaire contains certain technical terminology, it should be clearly
explained at the beginning to the respondent.

5. Hypothetical questions should not be asked: While formulating the
questionnaire, the framer should always keep in mind not to include
hypothetical questions. Subjective and qualitative questions should also
be avoided as far as possible.

Check Your Progress

3. Mention the merits of Census Method.
4. What are the principles of Sampling?
5. What are the merits of Primary Data?
6. What are the uses of Secondary Data?

1.11 CLASSIFICATION AND TABULATION OF
DATA

Meaning of Classification

The process of dividing the data into different groups or classes which are
homogeneous within but heterogeneous between themselves is called classification,
i.e., the process of arranging data into homogenous group or classes according to
some common characteristics.

Objectives of Classification

The main objectives of classification are as follows:
1. To condense the large data to make them easily understood.
2. To facilitate comparison and highlights the significant aspect of data. To

point out the most significant features of the data at a glance.
3. To focus the important information collected.
4. To enable one to get a mental picture of the information and helps in

drawing inferences.
5. To help in the statistical treatment of the information collected.
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Methods of Classification of Data or Modes of Classification

There are four important types of classification:

Fig. 1.4: Bases of Classification

1. Qualitative Base

When the data are classified according to some quality or attributes such as sex,
religion, literacy, intelligence, etc., qualitative classification may be done in:

(i) Simple Classification, (ii) Manifold Classification
(i) Simple Classification: When only one attribute or character is used

for classification, it is called simple classification.
(ii) Manifold Classification: When more than one attributes or character

is used for classification, it is called manifold classification.

               Population

      Male                              Female

       Married  Unmarried                 Married                   Unmarried

Literate Illiterate Literate Illiterate Literate Literate Literate  Illiterate

Fig. 1.5: Population

2. Quantitative Base: When the data are classified by quantitative characteristics,
i.e., with measurable units like heights, weights, ages, income, etc., it is called
quantitative base.
3. Geographical Base: When the data are classified by geographical regions or
location, like states, provinces, cities, countries, etc., it is called geographical base.

Example:
     States               Sales (`) in Lakhs

                            Karnataka 500
                            Tamil Nadu 450
                            Andhra Pradesh 560
                            Kerala 350

Qualitative
Base

Quantitative
Base

Geographical
Base

Chronological
Base

Bases of Classification
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4. Chronological or Temporal Base: When the data are classified or arranged
by their time of occurrence, such as years, months, weeks, days, etc., it is called
chronological or temporal base.

Example:
                               Years                      Sales (`) in Crores

                       2018                             3.58
                       2019                             4.90
                       2020                             5.36
                       2021                             5.85

1.12 PREPARATION OF STATISTICAL SERIES
AND ITS TYPES

Types of series in statistical series are:
1. Individual Series
2. Discrete series
3. Continuous series

1. Individual Series

Individual series is where the value of the variable occurs only one time. The value
only occurs at a single time. Variables will be given individually without grouping
class and frequency.

Example: 2, 4, 6, 8, 10, 4, 7, 8, 9

2. Discrete Series
In the discrete series, there are different values of a variable given in a discontinuous
manner with their respective frequencies. In case of discrete series, frequency
against each of of the observation is multiplied by the value of t the observation.
The value so obtained are summed up and divided by the total number of frequency.

Example:
X: 64 63 62  61 60 67 59 72

            F:  8 18 12 9 7 9 6 14

3. Continuous Series

In the continuous series, the different values of the variables are shown in a
continuous manner with their respective frequencies. These series can be arranged
in a descending or in ascending order. In this case, calculating

Arithmetic mean is same as that of discrete series.
The only different is that the midpoint of various class intervals are taken.
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Example:

Class Interval Frequency

0-10 7
10-20 11
20-30 23
30-40 18
40-50 25
50-60 10

Check Your Progress

7. What are the objectives of Classification?

1.13 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. What are the objectives of statistics?
The objectives of statistics are as follows:
(a) To present facts in numerical form.
(b) To simplify, classify and analyze numerical data so that their significance

may be clearly understood.
(c) To bring out the broad characteristics of a group in which the individual

numbers exhibit variation in attributes.
(d) To throw light on general economic and social conditions as guide to

administrators to decide administrative policy.
2. What are the limitations of statistics?

(a) Statistics does not study qualitative phenomenon, e.g., honesty,
intelligence, etc.

(b) Statistics does not study individual data, statistics deals with aggregate
of facts.

(c) Statistics laws are not exact laws.
3. Mention the merits of Census Method.

(a) Data is obtained from each and every unit of population.
(b) The results obtained are likely to be more representative, accurate and

reliable.
(c) It can be used in various aspect of survey e.g. Indian Population Census

Survey.
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4. What are the principles of Sampling?
The theory of sampling is based on two important principles:
(a) Principle of Statistical Regularity: Sample is taken at random from

a population it is likely to possess almost the same characteristics as
that of the population.

(b) Principles of Inertia of Large Numbers: Other things being equal,
large the size of the sample, more accurate the results are likely to be,
i.e., large number are more stable as compared to small ones.

5. What are the merits of Primary Data?
(a) Degree of accuracy is quite high.
(b) It does not require extra caution.
(c) It depicts the data in great detail.

6. What are the uses of Secondary Data?
(i) The secondary data may be used in three ways by a researcher.
(ii) Some specific information from secondary sources may be used for

reference purposes.
(iii) Secondary data may be used as bench marks against which the findings

of a research may be tested.
7. What are the objectives of Classification?

The main objectives of classification are as follows:
(a) To condense the large data to make them easily understood.
(b) To facilitate comparison and highlights the significant aspect of data. To

point out the most significant features of the data at a glance.
(c) To focus the important information collected.
(d) To enable one to get a mental picture of the information and helps in

drawing inferences.
(e) To help in the statistical treatment of the information collected.

1.14 SUMMARY

Statistics is used as general name for a large group of mathematical tools,
not aiming at absolutely accurate results but approximate results based on
the theory of probability, used to collect, analyze and interpret numerical
facts for solving specific problems. Facts that one dealt with in statistics
must be capable of numerical expression.
Statistics are of great use to traders and manufacturers. They help them to
make maximum profits. A producer estimates the demand for his product
or products. On the basis of such an estimate, he decides about the quality
and quantity of goods to be produced. Similarly, a trader brings goods on
the basis of his estimates of the likely demand for his goods.
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Statistics are very useful in knowing the standard of living and taxable capacity
of people. Statistical methods help not only in formulating appropriate
economic policies but also evaluating their effect. Econometrics which
comprises application of statistical methods to theoretical economic models
is widely used in empirical economic research.
A census is the procedure of systematically acquiring and recording
information about the members of a given population. It is a regularly
occurring and official count of a particular population. The term is used
mostly in connection with national population and housing censuses; other
common censuses include agriculture, business and traffic censuses.
Data Collection improves your decision-making by helping you focus on
objective information about what is happening in the process, rather than
subjective opinions. The purpose of data collection is to obtain information
to keep on record, to make decisions about important issues, to pass
information on to others. Primarily, data are collected to provide information
regarding a specific topic.

1.15 KEY TERMS

Statistics: Statistics may rightly be called the science of averages.
Census: A census is a study that obtains data from each and every unit of
a population is called census or complete enumeration. In most studies,
a census is not practical, because of the cost and/or time required.
Data Collection: Data Collection enables a team to formulate and test
working assumptions about a process and develop information that will
lead to the improvement of the key quality characteristics of the product or
service.
Primary Data: Primary data is data that has not been previously published,
i.e., the data is derived from a new or original research study and collected
at the source, e.g., in marketing, it is information that is obtained directly
from first-hand sources by means of surveys, observation or experimentation.
Secondary data: Secondary data analysis saves time that would otherwise
be spent collecting data and, particularly in the case of quantitative data,
provides larger and higher-quality databases that would be unfeasible for
any individual researcher to collect on their own.
Systematic random sample: Sample is obtained by selecting one unit on
a random basis and choosing additional elementary units at evenly spaced
intervals, i.e., every nth item until the desired number of units is obtained.
Quota Sample: The investigator finds and interviews a prescribed number
of people in each of several categories.
Classification: The process of dividing the data into different groups or
classes which are homogeneous within but heterogeneous between
themselves is called classification.
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1.16 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What do you mean by statistics?
2. Give the meaning of statistics.
3. What is distrust of statistics?
4. Define data.
5. What do you mean by primary data?
6. What do you mean by secondary data?
7. Mention the sources of primary data.
8. What is frequency distribution?

Long Answer Questions
1. Explain the origin and growth of statistics.
2. What are the characteristics of statistics in the plural sense or numerical

data?
3. What are the objectives of statistics?
4. Explain the functions of statistics.
5. Explain the importance of statistics.
6. Explain the scope of statistics.
7. What are the limitations of statistics?
8. What are the methods commonly used in the collection of primary data?

Briefly explain with merits and demerits of each of the methods.
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UNIT 2 MEASUREMENT OF CENTRAL
TENDENCY

Structure
2.0 Introduction
2.1 Objectives
2.2 Measurement of Central Tendency

2.2.1 Average
2.2.2 Objectives Served by Averages
2.2.3 Characteristics or Requisites or Properties of Good Average
2.2.4 Essentials of a Good Average

2.3 Mean
2.3.1 Merits of Arithmetic Mean
2.3.2 Demerits of Arithmetic Mean
2.3.3 Properties of Arithmetic Mean
2.3.4 Arithmetic Mean for Ungrouped Data

2.4 Median
2.4.1 Merits of Median
2.4.2 Demerits of Median
2.4.3 Individual Series
2.4.4 Discrete Series
2.4.5 Continuous Series
2.4.6 Graphical Presentation of Median

2.5 Quartile
2.6 Mode

2.6.1 Merits of Mode
2.6.2 Demerits of Mode
2.6.3 Ungrouped Data

2.7 Geometric Mean and Harmonic Mean
2.7.1 Geometric Mean
2.7.2 Harmonic Mean

2.8 Answers to ‘Check Your Progress’
2.9 Summary

2.10 Key Terms
2.11 Self-Assessment Questions and Exercises
2.12 Further Reading

2.0 INTRODUCTION

Descriptive statistics is the type of statistics that probably springs to most people’s
minds when they hear the word “statistics.” Here, the goal is to describe.

Numerical measures are used to tell about features of a set of data. There
are a number of items that belong in this portion of statistics such as:

1. The average or measure of the center of a data set, consisting of the
mean, median, mode or mid-range.

2. The spread of a data set, which can be measured with the range or
standard deviation.
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3. Overall descriptions of data such as the five number summary.
4. Other measurements such as skewness and kurtosis.
5. The exploration of relationships and correlation between paired data.
6. The presentation of statistical results in graphical form.

2.1 OBJECTIVES

After going through this unit, you will be able to:
Explain the measurement of Central Tendency
Describe the Mean, Median and Mode
Discuss the Quartile
Examine Geometric Mean and Harmonic Mean

2.2 MEASUREMENT OF CENTRAL
TENDENCY

Measures of central tendency is a single value which can be considered as
representative of a set of observations and around which the observations can be
considered as centered is called an ‘Average’ (or average value) or a center of
location. Since such representative values tend to lie centrally within a set of
observations when arranged according to magnitudes, averages are called measures
of central tendency.

2.2.1 Average
An average is a single figure which sums up the characteristics of a whole group of
figures. In the words of Clark, “average is an attempt to find one single figure to
describe whole of figures”.

An average is described as a measure of central tendency as it is more or
less a central value around which various values cluster. In the words of Croxton
and Cowden, “an average is a single value within the range of the data that is used
to represent all of the values in the series”. Since an average is somewhere within
the range of the data, it is called a measure of cultural value.

2.2.2 Objectives Served by Averages
Averages serve the following purposes:

1. To obtain a clear and concise picture of a large number of numerical
data.

2. To compare different groups by means of averages.
3. To obtain a clear picture of a whole group by the study of sample data.
4. To give a definite rates to the relationship between different groups.
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2.2.3 Characteristics or Requisites or Properties of
Good Average

1. It is rigidly defined. Its value is always definite.
2. It is easy to calculate and easy to understand. Hence, it is very popular.
3. It is based on all the observations so that it becomes a good

representative.
4. It can be easily used for comparison.
5. It is capable of further algebraic treatment such as finding the sum of the

values of the observations, if the mean and the total number of the
observations are given; finding the combined arithmetic mean when
different groups are given, etc.

6. It is not affected much by sampling fluctuations, hence sampling stability.

2.2.4 Essentials of a Good Average
The essentials of a good average are as follows:

1. It should be rigidly defined.
2. It should be based on all the observation of the data.
3. It should be readily comprehensible or understandable.
4. It should be capable of being calculated with reasonable ease and rapidity.
5. It should be affected as little as possible by fluctuations of sampling.
6. It should be readily amenable to arithmetic or algebraic treatment.

2.3 MEAN

Arithmetic mean is defined as the value obtained by dividing the total values of all
items in the series by their number.

In other words, it is defined as the sum of the given observations divided by
the number of observations, i.e., add values of all items together and divide this
sum by the number of observations.

Symbolically, 
............. nx x x x

x
n

1 2 3

2.3.1 Merits of Arithmetic Mean
1. It is rigidly defined. Its value is always definite.
2. It is easy to calculate and easy to understand. Hence, it is very popular.
3. It is based on all the observations so that it becomes a good

representative.
4. It can be easily used for comparison.
5. It is capable of further algebraic treatment such as finding the sum of the

values of the observations, if the mean and the total number of the
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observations are given; finding the combined arithmetic mean when
different groups are given, etc.

6.    It is not affected much by sampling fluctuations.

2.3.2 Demerits of Arithmetic Mean
1. Arithmetic mean is affected very much by extreme values.
2. It cannot be determined by inspection nor it can be located graphically.
3. It cannot be obtained if a single observation is missing or lost.

We cannot calculate it when open-end class intervals are present in the
data.

2.3.3 Properties of Arithmetic Mean
The sum of the deviations, of all the values of x, from their arithmetic
mean, is zero.

2. The product of the arithmetic mean and the number of items gives the
total of all items.

3. Finding the combined arithmetic mean when different groups are given.

2.3.4 Arithmetic Mean for Ungrouped Data

A. Individual Series

Direct Method

The following steps are involved in calculating arithmetic mean under individual
series using direct method:

1. Add up all the values of all the observations in the series.
2. Divide the sum of the values by the number of observations. The result

is the arithmetic mean.
The following formula is used:

X  = 
x

n

where, X    = Arithmetic mean

x = Sum of the values
n     = Number of items

Illustration 1

Sl. No. Value (x)

A 125
B 128
C 132
D 135
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E 140
F 148
G 155
H 157
I 159
J 161

Solution:

Calculation of Arithmetic Mean

Sl. No. Value (x)

A 125
B 128
C 132
D 135
E 140
F 148
G 155
H 157
I 159
J 161

n = 10  x = 1,440

X x
n

    
1 440

10
,

 = 144

Illustration 2

The monthly income of ten families of a certain locality are given in rupees as
below:

Family Income (in `)

A 850
B 700
C 840
D 750
E 500
F 800
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G 420
H 2,500
I 2,300
J 1,500

Calculate the arithmetic mean.

Solution:

Calculation of Arithmetic Mean

Family Income (in `)

A 850
B 700
C 840
D 750
E 500
F 800
G 420
H 2,500
I 2,300
J 1,500

n = 10                      x = 11,160

X = 
x 11160

n 10

= 1,116
The average income of 10 families is ̀  1,116.

Short-cut Method or Indirect Method

The following steps are involved in calculating arithmetic mean under individual
series using short-cut or indirect method:

1. Assume one of the values in the series as an average. It is called as
working mean or assumed average.

2. Find out the deviation of each value from the assumed average.
3. Add up the deviations.
4. Apply the following formula:

X =
dxA

n

where, X = Arithmetic mean

A = Assumed average
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dx = Sum of the deviations
n = Number of items

Illustration 3

Calculate the arithmetic average of the data given below using short-cut method:

Roll No.  Marks obtained (x)

1 43
2 48
3 65
4 57
5 31
6                                   60
7 37
8 48
9 78
10 59

Solution:

Calculation of Arithmetic Mean

Roll No.  Marks obtained (x) dx = (x – A)

1 43 –17
2 48 –12
3 65 +5
4 57 –3
5 31 –29
6                                   60  (A) 0
7 37 –23
8 48 –12
9 78 +18
10 59 –1

dx = –74

X = 
dx 74A 60

n 10

= 60 – 7.4
= 52.6 marks
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Illustration 4

Calculate arithmetic mean of the weight of 10 students in a class.

SI. No. Weight (in kg)

1 44
2 56
3 49
4 50
5 48
6 52
7 50
8 47
9 51
10 53

Solution:

     (a) Direct Method (b) Indirect Method
SI No. Weight Formula SI No. Weight (dx = x – A) Formula

(x) (x)
1 44 1 44 (44 – 48) –4

2 56 X  = 
x

n
2 56 (56 – 48) 8 X  = A + 

dx

n

3 49 3 49 (49 – 48) 1
4 50 4 50 (50 – 48) 2

5 48 X  = 
500
10 5 48(A) (48 – 48) 0 X  = 48 + 

20
10

6 52 6 52 (52 – 48) 4 X  = 48 + 2

7 50 7 50 (50 – 48) 2

8 47 X  = 50kgs 8 47 (47 – 48 –1 X  = 50 kgs

9 51 9 51 (51 – 48) 3
10 53 10 53 (53 – 48) 5

n = 10 x = 500 n = 10 dx = 20
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Illustration 5

The earning of Mr. N for the past week were:

Days   Earnings (x)

Monday 450
Tuesday 375
Wednesday 500
Thursday 350
Friday 270

Find his average earning per day.

Solution:

            (a) Direct Method         (b) Indirect Method

Days (x) Formula (x) dx = (x – A) Formula

Monday 450 X  = 
x

n
450 (450 –500) –50

Tuesday 375 X  = 
1945

5 375 (375 – 500) –125 X  = A + 
dx

n

Wednesday 500 X  = 389 500 (A) (500 – 500) 0 X =500 + 
555
5

Thursday 350 350 (350 – 500) –150 X  = 500 – 1111

Friday 270 270 (270 – 500) –230 X  = 389

n = 5 x = 1945 dx = –555

B. Discrete Series
In the discrete series, every term (i.e., value of x) is multiplied by its corresponding
frequency (fx) and then their total (sum) fx  is divided by the total frequency (N)
or f .

Direct Method

Formula: fxX
N

Illustration 6

Following are the marks obtained by students of a class in statistics. Calculate
arithmetic mean.
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Marks No. of students

35 3
40 8
45 12
50 9
55 4
60 7
65 15
70 5
75 10
80 7
85 5
90 3
95 2

Solution:

Marks (x) No. of students (f) fx

35 3 105
40 8 320
45 12 540
50 9 450
55 4 220
60 7 420
65 15 975
70 5 350
75 10 750
80 7 560
85 5 425
90 3 270
95 2 190

N = 90      fx  = 5,575

fxX
N

5,575
=

90    = 61.94 marks
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Illustration 7

The coins are tossed 1024 times. The theoretical frequency of 10 heads upto ‘0’
heads are given below:

No. of heads Frequency

0   1
1   10
2   45
3 120
4 210
5 252
6 210
7 120
8   45
9   10
10     1

Calculate the mean number of heads per tossing.

Solution:

Calculation of Mean Number of Heads per Tossing

No. of heads Frequency Product
(x) (f) (fx)

0 1 0
1 10 10
2 45 90
3 120 360
4 210 840
5 252 1260
6 210 1260
7 120 840
8 45 360
9 10 90
10 1 10

 N = 1024 fx = 5120
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fxX
N

     =  
5,120
1,024

     = 5 heads

Indirect Method or Short-cut Method

Formula: 
fdxX A
N

Illustration 8
Following are the marks obtained by students of a class in statistics. Calculate
arithmetic mean.

Marks No. of students (f)

35 3
40 8
45 12
50 9
55 4
60 7
65 15
70 5
75 10
80 7
85 5
90 3
95 2

Solution:

Marks No. of  (x – A) = dx fdx
(x) students (f)

35 3 –30 –90
40 8 –25 –200
45 12 –20 –240
50 9 –15  –135
55 4 –10 –40
60 7 –5 –35
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65  (A) 15  0 0
70 5 5 25
75 10 10 100
80 7 15 105
85 5 20 100
90 3 25 75
95 2 30 60

  N = 90 fdx = –275

fdxX A
N

    
-275

= 65 +
90

     = 65 – 3.06
     = 61.94 marks

Illustration 9

The following data relates to sizes of shoes (in inches) sold at a store during a
given week. Find the average size by the short cut method.

Size of shoes in inches No. of pairs

4.5 1
5 2
5.5 4
6 5
6.5 15
7 30
7.5 60
8 82
8.5 82
9 75
9.5 44
10 25
10.5 15
11.0 4
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Solution:

Calculation of Arithmetic Mean

Size of shoes No. of pairs dx = (x – A) fdx

4.5 1 – 3.5 – 3.5
5 2 – 3 – 6
5.5 4 – 2.5 – 10
6 5 – 2 – 10
6.5 15 – 1.5 – 22.5
7 30 – 1 – 30
7.5 60 – 0.5 – 30
8 (A) 82    0     0
8.5 82 +0.5 +41
9 75 +1 +75
9.5 44 +1.5 +66
10 25 +2 +50
10.5 15 +2.5 +37.5
11.0 4 +3 +12

N = 444 fdx = 169.5

fdxX A
N

    
169.58
444

     = 8 + 0.38

     = 8.38
The average size of shoes sold is 8.4 inches.

Step Deviation Method

Formula: X  = 
fdxA c
N

The following steps are involved in computing mean under step deviation
method:

1. Find out the mid-value of each group or class.
2. Assume one of the mid-values as an average.
3. Find out the deviation of each mid-value from the assumed average in

terms of class interval.
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4. Multiplying the deviation of each class by its frequency.
5. Add up the products.
6. Apply the following formula:

= 
fdxA c
N

where, X =  Arithmetic mean

A =  Assumed average

fd x =  Sum of the deviations in terms of class interval
N =  Total frequency
c =  Class interval

Discrete Series

Illustration 10

Following are the marks obtained by students of a class in statistics. Calculate
arithmetic mean.

Marks No. of students

35 3
40 8
45 12
50 9
55 4
60 7
65 15
70 5
75 10
80 7
85 5
90 3
95 2

Solution:

x f dx  = x A
c fdx

(c = 5)

35 3 –30/5 = –6 –18
40 8  –25/5 = –5 –40
45 12 –20/5 = –4 –48
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50 9 –15/5 = –3 –27
55 4 –10/5 = –2 –8
60 7  –5/5 = –1 –7
65 15  0/5 = 0 0
70 5  5/5 = 1 5
75 10  10/5 = 2 20
80 7  15/5 = 3 21
85 5  20/5 = 4 20
90 3  25/5 = 5 15
95 2 30/5 = 6 12

N = 90 fd x  = –55

X = 
fdxA c
N

55= 65 + × 5
90

275= 65 +
90

= 65  3.05
= 61.95 marks

Continuous Series

In continuous series, variable are represented by class interval. Each class intervals
has its own frequency. Midpoint (class marks) of each class should be ascertained
first. Then the procedure of finding the arithmetic mean is the same as used in the
discrete series.

Exclusive Class Interval  (Direct Method)

Illustration 11
From the following figures, find the mean using indirect method.

Marks No. of persons

  0 – 10 5
10 – 20 10
20 – 30 20
30 – 40 40
40 – 50 30
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50 – 60 20
60 – 70 10
70 – 80 4

Solution:

Calculation of mean

Marks x f dx  = (x – A) fdx

  0 – 10 5 5 –40 –200
10 – 20 15 10 –30 –300
20 – 30 25 20 –20 –400
30 – 40 35 40 –10 –400
40 – 50                        45 (A) 30 0 0
50 – 60 55 20 +10 +200
60 – 70 65 10 +20 +200
70 – 80 75 4 +30 +120

N = 139 fd x  = –780

X = 
fdxA c
N

78045
139

= 45 + (–5.6)
= 39.4 marks

Illustration 12

Calculate Arithmetic Mean from the following data:

Production in tons No. of factories

10 – 20 5
20 – 30 4
30 – 40 7
40 – 50 12
50 – 60 10
60 – 70 8
70 – 80 4
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Solution:

Production                  No. of                 Mid-point (x)              fx

in tons (x)             factories (f)      LL UL
2

10 – 20 5 (10 + 20)/2 = 15 (5 × 15) = 75
20 – 30 4 (20 + 30)/2 = 25 (4 × 25) = 100
30 – 40 7 (30 + 40)/2 = 35 (7 × 35) = 245
40 – 50 12 (40 + 50)/2 = 45(A) (12 × 45) = 540
50 – 60 10 (50 + 60)/2 = 55 (10 × 55) = 550
60 – 70 8 (60 + 70)/2 = 65 (8 × 65) = 520
70 – 80 4 (70 + 80)/2 = 75 (4 × 75) = 300

N = 50        fx = 2,330

fxX
N

2,330=
50

= 46.6 tons

Illustration 13

Calculate Arithmetic Mean from the following data:

Production in tons No. of factories

10 – 20 5
20 – 30 4
30 – 40 7
40 – 50 12
50 – 60 10
60 – 70 8
70 – 80 4

Solution:

Production f Mid-point (x) dx  = x A
c       fdx

in tons (x) (LL + UL)/2      (A = 45) c = 10

10 – 20 5 (10 + 20)/2 = 15  – 30/10 = –3 (5 × – 3) = –15
20 – 30 4 (20 + 30)/2 = 25  – 20/10 = –2 (4 × – 2) = –8
30 – 40 7 (30 + 40)/2 = 35  – 10/10 = –1 (7 × – 1) = –7
40 – 50 12 (40 + 50)/2 = 45(A)  0/10 = 0 (12 × 0) = 0
50 – 60 10 (50 + 60)/2 = 55 10/10 = 1 (10 × 1) = 10
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60 – 70 8 (60 + 70)/2 = 65  20/10 = 2 (8 × 2) = 16
70 – 80 4 (70 + 80)/2 = 75 30/10 = 3 (4 × 3) = 12

N = 50   fdx = 8

       X  = 
fdxA c
N

            
8= 45 + ×10
50

80= 45 +
50

 = 45 + 1.6

= 46.6 tons

Illustration 14

Calculate the average marks from the following distribution:

Marks No. of students

0 – 05 2
5 – 10 4
10 – 15 5
15 – 20 3
20 – 25 2
25 – 30 4
30 – 35 5

Solution:

Marks No. of students Mid-value dx  = x A
5 fdx

(CI) (f) (x)

0 – 05 2 2.5  – 3  – 6
5 – 10 4 7.5  – 2  – 8
10 – 15 5 12.5  – 1  – 5
15 – 20 3       17.5  (A) 0 0
20 – 25 2 22.5 +1 +2
25 – 30 4 27.5 +2 +8
30 – 35 5 32.5 +3 +15

N = 25 dx  = 0 fdx  = 6
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Using step deviation formula, Assumed Mean (A) = 17.5
Common factor (c) is 5

fdxX A c
N  = 17.5 + 6

25
 × 5 = 17.5 + 30

25

    = 17.5 + 1.2 = 18.7

Arithmetic Mean for Open-end Classes

When the lower limit of the first class interval and upper limit of the last class
interval are not known, it is called open-end classes.

Types of Open-end Classes
Open-end classes are of two types. They are:

(i) Less than Open-ended Class

Given variable (x) must have upper class limit of the continuous series either in
ascending or in descending order and given frequency must be in cumulative nature.
(Upper class begins with the words below or upto or not exceeding or less than.)

Procedure:
Convert in to equal class interval: Subtract the class length (CL)
from the upper limit (UL) will get the lower limit (LL) of the first class.
Similarly, add the same class length to the lower limit of the last class will
get the upper limit of the last class. But always notice that the lower limit
of the first class (i.e., the lowest class) must not be negative or less than
0. Hence, lower limit = upper limit class length. For example, Class
length is 10 (30 – 20), the lower limit (20 – 10 = 10) and then the upper
limit of the first class becomes the lower limit of the next class…
Convert the cumulative frequencies: Into frequencies of the
respective classes.

(ii) More than Open-ended Class

Given variable (x) must have lower class limit of the continuous series either in
ascending or in descending order and given frequency must be in cumulative in
nature. (Lower class begins with the words above or more than or over.)

Procedure:
Lower limit + Class length = Upper limit (i.e., length of class
30 – 20 = 10. UL = LL + CL. In this problem, the lower limit 20, 30
and so on... the lower limit of the next must be the upper limit of the
previous class …. the last class lower limit + class length = upper limit,
i.e., 90 + 10 = 100)
Convert the cumulative frequencies into frequencies of the respective
classes.
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Illustration 15

Calculate AM for the following data open-end class:

Marks No. of students

Below 20 10
30 18
40 25
50 32
60 43
70 61
80 67
90 85
100 100

Solution:

Marks       f           Class f Mid (x) dx  = x A
c    fdx

 (x) (UL+LL)/2 c = 10

Below
   20 10 10 – 20 10 15 –4 –40
“ 30 18 20 – 30 8 25 –3 –24
“ 40 25 30 – 40 7 35 –2 –14
“ 50 32 40 – 50 7 45 –1 –7
“ 60 43 50 – 60 11            55(A) 0 0
“ 70 61 60 – 70 18 65 +1 18
“ 80 67 70 – 80 6 75 +2 12
“ 90 85 80 – 90 18 85 +3 54
“ 100 100 90 – 100 15 95 +4 60

            N fdx
= 100 = 59

     X  = 
fdxA c
N

 
59= 55 + 10

100

 
590= 55 +
100

 = 55 + 5.9    = 60.9 marks
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Illustration 16

Calculate AM for the following data:
Marks Above 20       30     40     50     60    70    80    90
No. of Students            100       95     87     62     43    25    13     2

Marks No. of students

Above 20 100
“ 30 95
“ 40 87
“ 50 62
“ 60 43
“ 70 25
“ 80 13
“ 90 2

Solution:

Marks f Class  f Mid (x) dx  = x A
c fdx

(x)  (UL + LL)/2 c = 10
Above
  20 100 20 – 30 5 25 –3 –15
“ 30 95 30 – 40 8 35 –2 –16
“ 40 87 40 – 50 25 45 –1 –25
“ 50 62 50 – 60 19 55(A) 0 0
“ 60 43 60 – 70 18 65 +1 18
“ 70 25 70 – 80 12 75 +2 24
“ 80 13 80 – 90 11 85 +3 33
“ 90 2 90 – 100 2 95 +4 8

N = 100 fdx
= 27

X = 
fdxA c
N

27= 55 + 10
100

270= 55 +
100

= 55 + 2.7   = 57.7
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Simple Arithmetic Mean

In simple arithmetic mean, it is assumed that all the items are of equal importance.
For finding simple average, total values are divided by number of observations.

Weight Arithmetic Mean

Sometime, some observations got relatively more importance than other
observation. The weight for such observation should be given on the basis of their
relative importance. The value of each observations is multiplied by its weight and
the product are divided by number of weights for finding average is called weight

arithmetic mean. Symbolically,  
WXX
W

Illustration 17

A contractor employs 3 types of workers, skilled, semi-skilled and unskilled. To a
skilled worker he pay ̀  300 per day, to a semi-skilled worker he pays ̀  200 per
day and to an unskilled worker he pays ` 100 per day. The number of skilled,
semi-skilled and unskilled workers are 20, 15 and 10 respectively. What is the
average wage paid by the contractor?

Solution:

An appropriate average is weighted AM

Types of Pay per days No. of WX Weighted arithmetic
workers (in `) (X) workers (W) mean

Skilled 300 20 6000
WXX
W

Semi-skilled 200 15 3000  = 
10000

45

Unskilled 100 10 1000 = 222.22

W = 45         WX
= 10000

Illustration 18
The following table gives the marks of two candidates. Find the weighted average
marks of each candidates by which figure the second candidate have had to increase
in subject B all other marks remaining the same in order that both candidates have
same place.

Subjects Weights            Marks of 2 candidates

A 1 70 80
B 2 65 64
C 3 58 56
D 4 63 60
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Solution:

Subjects Weights                    Marks of 2 candidates
(w) x y wx wy

A 1 70 80 70 80
B 2 65 64 130 128
C 3 58 56 174 168
D 4 63 60 252 240

w = 10 = 626 = 616

Weighted Arithmetic Mean

wX = 
wx
w

=  
626
10  = 62.6

wY = 
wy
w

= 
616
10  = 61.6

The difference in marks of two candidates = wx – wy, i.e., 626 – 616
= 10 marks

Illustration 19
Calculate the average mark scored by a student in five different subjects. The
details of the marks are given below:

Kannada – 85, English – 70, Mathematics – 90, Science – 60 and Social
– 55.

The weight given for these subjects are: Mathematics – 5, Science – 4,
Social – 3, English – 2 and Kannada – 1.

Solution:

Subject Weight (w) Marks (x)        wx       Weighted arithmetic mean

Mathematics 5 90 450 wX  = 
wx

w

Science 4 60 240
1080

15  = 72 marks

Social 3 55 165
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English 2 70 140
Kannada 1 85 85

w = 15 wx =1080

Illustration 20

A train runs 25 km at a speed of 30 kmph, another 50 km, at a speed of 40 kmph,
then due to repairs of the track it travels for 6 minutes at a speed of 10 kmph, and
finally covers the remaining distance of 24 km at a speed of 24 kmph. What is then
average speed in kmph?

Solution:
Let speed kmph be variable (x) and time taken in minutes be weight (w).

Time taken in minutes = 
Distance travelled

Speed

= 
25 60 50 units
30

= 
50
40   60 = 75 minutes

Speed (x) Time taken (w) wx               Weight arithmetic mean

30 50 1500 wX  = 
wx

w  = 
6000
191

40 75 3000 wX  = 31.41 kmph
10 6 60
24 60 1440

w = 191 wx = 6000

Combined Arithmetic Mean

Arithmetic mean and number of observations of two or more related groups are
known as combined mean of the entire group. The combined average of two
series can be calculated by the given formula:

n . + n .
=

n + n
x xx 1 21 2

12

1 2

where, 1n   = Number of observations of the first group

         2n  = Number of observations of the second group

         
1x = AM of the first group

         
2x = AM of the second group

           
12x = Combined AM
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Illustration 21

From the following data, ascertain the combined mean of a factory consisting of
two branches namely, Branch A and Branch B. In Branch A, the number of workers
is 500, and their average salary of ̀  300. In Branch B, the number of workers is
1,000 and their average salary is ̀  250.

Solution:
Let the number of workers in Branch A be 1n  = 500 and average salary be

1x  = 300.

Let the number of workers in branch B be 2n  = 1,000 and average salary

be 
2x  = 250.

n . + n .
=

n + n
x xx 1 21 2

12

1 2

    
500(300) + 1000(250)

=
500 + 1,000

    
1,50,000 + 2,50,000

=
1,500

       
4,00,000

=
1,500    =  266.67

Thus, the combine average salary of the factory is 266.67.

Corrected Arithmetic Mean

Correct xCorrect x
N

Correct x Incorrect x Wrong items Correct items

Illustration 22
The mean of 20 values is 45. If one of these values is taken as 64 instead of 46,
find the corrected mean.

Solution:

x  = 45, N = 20, wrong items = 64 and correct items = 46

Correct x Incorrect x Wrong items Correct items

                   = (45  20) 64 + 46
                   = 900  18
Correct x = 882

Correct x     = 
882
20

   =  44.1
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Illustration 23

Mean wages of 50 labourers in a factory is ̀  380, the mean wages of 30 labourers
working in morning shift is ̀  400. Find the mean wages of workers working in
evening shift.

Solution:

1n = 30

1X  = ` 400

2n = 20, i.e., (50  30),

2X  = ?

12X  = 380

12X
X X

1 21 2

1 2

n . + n .
=

n + n
, 380

= 
( ) .X230 400 20

30 20 ,  380

= 
X212000 20

50

(380 × 50) = 12000 + 20 2X

19000 = 12000 + 20 2X

20 2X  = 19000 – 12000

2X  = 
7000
20

2X  = 350

The mean wages of workers working in evening shift is ̀  350.

Illustration 24
The average salary paid to all the employees of a factory was ̀  50,000. The mean
annual salary paid to male and female employees are ` 52,000 and ` 42,000
respectively. Determine the number of males and females.

Solution:

Male 1n  = ?, X 1  = 52,000,

Female 2n = ?, 2X  = 42,000,

12X = 50,000
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12X   X X
1 21 2

1 2

n . + n .
=

n + n

50,000 = 1 2

1 2

(52,000) (42,000)n n
n n

50,000( 1n  + 2n ) = 1n (52000) + 2n (42,000)

50,000 1n  + 50,000 2n  = 1n  52,000 + 2n  42,000

50,000 1n  + 50,000 2n  – 1n  52,000 – 2n  42,000 = 0

–2,000 1n  + 8,000 2n = 0

8000 2n = 2000 1n  (transposition to right side minus sign become plus sign)

Therefore, 1n  = 8000, 2n  = 2000 or 8000 : 2000 or 8 : 2 or 80% and
20% (8/10 × 100).

Factory employees – 80% of male employees and 20% of female
employees, or for every 8 male employees, there are 2 female employees in a
factory.

Illustration 25

In a certain examination, average grade of all the students in a Class A was 68.4
and students in Class B is 71.2. If the average of both class combined is 70, find
the number of students in Class A to the number of students in Class B.

Solution:

Class A – 1n  = ? X  = 68.4

Class B – 2n = ?  12X =  71.2   12X  = 70

12X   X X
1 21 2

1 2

n . + n .
=

n + n

70  = 1 2

1 2

(68.40) (71.2)n n
n n

70 ( 1n  + 2n ) = 1n (68.4) + 2n (71.2)

70 1n  + 70 2n  = 1n  68.4 + 2n  71.2

or 70 1n  + 70 2n  – 1n 68.4 2n  71.2 = 0

1.6 1n  1.2 2n  = 0

or 1.6 1n = 1.2 2n  (to avoid decimal multiply with 10)

Therefore, 1n  = 12, 2n  = 16 or 12 : 16 or 3 : 4. For every three students
in Class A, there are four students in class B.
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Illustration 26

The average weight of 10 different balls was 25.686 gms. The average of the first
four balls was 25.680 gms and that of last three was 25.686 gms. If the average of
the fifth and sixth ball was 0.042 gms greater than the weight of the seventh ball,
what was the weight of the seventh ball?

Solution:

1234X   = 25.686 (average of 10 balls)

1X  = 25.680 (average of first 4 balls) (first 4 balls) N1 = 4

X2  = x + 0.042 (average of 5th and 6th ball) (5th and 6th balls) N2 = 2

X3  = x (average of 7th ball be x) (7th ball) N3 = 1

X4  = 25.686 (average of last 3 balls) (last 3 balls) N4 = 3

4 group (1234) Total balls = 10

1234X  = 
N .X N .X N .X N .X

N N N N
1 1 2 2 3 3 4 4

1 2 3 4

25.686 = 
4 25 680 2 0 042 1 3 25 686

4 2 1 3
( . ) ( . ) ( ) ( . )X X

25.686 = 
. . x x .102 72 0 084 2 77 058

10

   256.86= 179.862 + 3x
– 3x = 179.826 – 256.86

  – 3x = – 76998

x = 
76 998

3
.

  x = 25.666 gms

The weight of 7th ball is 25.666 gms.

Illustration 27
The mean age of 100 persons is 30 years. If the mean age of group of men is 32
years and the group of women age is 27 years, find the number of men and women.

Solution:

1X  = 32,

2X  = 27,

12X  = 30,

1n  + 2n = 100
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12X   X X
1 21 2

1 2

n . + n .
=

n + n

30 = 1 1(32) 27(100 )
100

n n
,

3,000 = 32 1n  + 2,700 – 27 1n

3000 = 5 1n  + 2700

5 1n  = 300

1n  = 
300

5

1n  = 60

1n  + 2n  = 100

60 + 2n  = 100

2n  = 100 – 60

2n  = 40

Illustration 28

The mean age of 40 persons is 30 years. The mean age of group a person is 22.
The combined arithmetic mean is 25. Find the number of persons.

Solution:

12X  = 25 1n  = 40

1X  = 30 n2  = ?   2X  = 22

12X   X X
1 21 2

1 2

n . + n .
=

n + n

25 = 2

2

40(30) (22)
40

n
n

Cross multiplying 25(40 + 2n ) = 1200 + 22 2n

1000 + 25 2n  = 1200 + 22 2n

25 2n  – 22 2n  = 1200 – 1000

3 2n  = 200

2n  = 
200

3

2n  = 67
The number of person is 67 + 40 = 107.
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Missing Frequency or Values

Illustration 29

If the average wage paid to 25 workers is 796, find the missing numbers.
Wages                       500    600    700    800   900   1,000   1,100
No. of workers             1        3        –       –       6        2           1

Solution:
N = 25, AM = 796
Let missing number of workers be X and Y.

Wages ` (x) No. of Workers (f)       fx  (x*f)

500 1 500
600 3 1,800
700 x 700x
800 y 800y
900 6 5,400
1,000 2 2,000
1,100 1 1,100

N = 25 fx = 10,800 +
700x + 880y

Step 1:  1 + 3 + x + y + 6 + 2 + 1 = 25
13 + x + y = 25
x + y = 25 – 13
x + y = 12 (Equation no. 1)

Step 2: 
N

fx
X , 796 = (10,800 + 700x + 800y) / 25

Cross multiplying 796*25 = 10,800 + 700x + 800y
19,900 – 10,800 = 700x + 800y
700x + 800y = 9100 (Equation no. 2)

Step 3: Equation 1 is multiplying with 700
x + y = 12…..*700,     700x +700y = 8,400   (Equation no. 3)
Step 4: Equation 3 is subtracted from equation 2
700x + 800y = 9,100 (Equation 2) –
700x + 700y = 8,400 (Equation 3)

100y  = 700
y =  700/100,
y = 7
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Step 5: Substitute the value of Y in equation no. 1
x + y = 12,   x + 7 = 12,
x = 12 – 7,   x = 5
The missing frequencies are x = 5 and y = 7 respectively.

Check Your Progress

1. What are the characteristics of good average?
2. What are the merits of Arithmetic Mean?

2.4 MEDIAN

Median is defined as the value of that item which divides the series into two equal
halves, one half contains all values less than (or equal to) it and the other half
containing all values greater than (or equal to) it. It is also defined as the “central
value of the variable”. It should be noted that the value of items should be arranged
in order of their magnitude or size to find out the median).

The median is that value of the variable which divides the group into two
equal parts, one part comprising all values greater and the other all values lesser
than the median.

Median is a positional average. The term position refers to the place of a
value in a series the place of median in a series is such that an equal number of
items lie on either side. Therefore, it is also called a locative average.

2.4.1 Merits of Median
Following are the advantages of median:

1. It is rigidly defined.
2. It is easy to calculate and understand.
3. It is not affected by extreme values like the arithmetic mean.
4. It can be found by mere inspection.
5. It can be used for qualitative studies.
6. Even if the extreme values are unknown, median can be calculated if

one knows the number of items.
7. It can be located graphically.

2.4.2 Demerits of Median
Following are the disadvantages of median:

1. In the case of individual observations, the values are to be arranged in
order of their size to locate median. Such an arrangement of data is
tedious if the number of items is large.
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2. If the median is multiplied by the number of items, the total value of all
the items cannot be obtained as in the case of the arithmetic average.

3. It is not suitable for further algebraic or mathematical treatment.
4. It is more affected by fluctuations of sampling.

2.4.3 Individual Series
The following steps are involved in calculating median in individual series:

1. Arrange the values in the group either in ascending order or descending
order.

2. Find out the value of the middle item by applying the following formula:

M  = Size of 
NF
HG
I
KJ

1
2  in item

where, M  =  Median
N  =  Number of items

Illustration 1
Determine the median from the following:

25, 15, 23, 40, 27, 25, 23, 25, 20

Solution:

The figures given must be arranged either in ascending order (or descending order)
of their magnitude.

Calculation of Median

Serial No. Value or size

1 15
2 20
3 23
4 23
5 25
6 25
7 25
8 27
9 40

Median= Size of 
NF
HG
I
KJ

1
2  th item

=  
10
2  = 5th item, i.e., 25



Measurement of Central
Tendency

NOTES

Self-Instructional
72 Material

Illustration 2

The table below gives the marks obtained in advanced accountancy by the students
with Roll Nos. 1 to 10 at the final chartered accountant examination.

Roll No. Marks obtained

1 43
2 48
3 65
4 57
5 31
6 60
7 37
8 48
9 78
10 59

Calculate the median.

Solution:
Calculation of Median

Serial No. Marks obtained

1 31
2 43
3 48
4 57
5 59
6 60
7 60
8 65
9 65
10 78

Median is the size of 
thN 1

2  item

= 
10 1

2 =  5.5th item

5.5 is between 5th item and 6th item
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i.e.,     
69 60

2

= 
129

2
     =  64.5

       Median marks is 64.5.

Illustration 3
In a batch of 15 students, 5 students were failed in a test. The marks of 10 students
who passed the test are: 9, 6, 7, 8, 9, 6, 8, 4, 7, 8. Find the median marks.

Solution:

Step 1: Given variable arranged in ascending order. In this problem, failed
student marks not given it assumed that any marks below 4 marks are failed.

Step 2: n = odd number
            Value (x)

2
2
3
3
3
4
6
6
7
7
8
8
8
9
9

               N = 15

Illustration 4

In a competitive examination the students who appeared for exam, 1/3rd failed and
2/3rd succeeded. The marks of successful candidates are: 38, 55, 42, 67, 66, 70
what was the median marks of all students?

Solution:
Step 1: Given variable arranged in ascending order.
Step 2: n = odd number
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                Value (x)
20     1/3rd failed students
25     assumed marks
30
38
42
55
66
67          2/3rd successful
70 students
N = 9

2.4.4 Discrete Series

Illustration 5

Calculate the median for the following data:

Size of item Frequency

4 2
6 4
8 5
10 3
12 2
14 1
16 4

Solution:

Calculation of Median

Size of item Frequency Cumulative frequency
4 2 2
6 4 6
8 5 11
10 3 14
12 2 16
14 1 17
16 4 21

Median is the size of 
thN 1

2  item
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= 
21 1

2  = 
22
2  = th11  item

8 lies between 11   So, M = 8

2.4.5 Continuous Series
The following steps are involved in calculating median in continuous series:

1. Find out the cumulative frequency.

2. Find out the median class, i.e., 
thN

2  item.

3. Find out the group or class containing the median.
4. Estimate the median applying the following formula:

M = 
N cf

l c
f

2

where, M = Median
l = Lower limit of the median class
cf = Cumulative frequency of the class preceding

    the median class
c = Size of class interval
f = Frequency of the median class

Illustration 6

Calculate the median of the following distribution:

Length (in inches) No. of units

0 – 20 1
20 – 40 14
40 – 60 35
60 – 80 85
80 – 100 90
100 – 120 15

Solution:
Calculation of Median

Length (in inches) f cf

0 – 20 1 1
20 – 40 14 15
40 – 60 35             50 (cf)
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60 – 80          85 (f) 135
80 – 100 90 225
100 – 120 15 240

M = 
N 240
2 2  = 120th item, i.e., 60 – 80 group

M = 
N cf

l c
f

2

= 
120 5060 20

85

= 
140060

85

= 60 + 16.47
= 76.47 inches

Illustration 7

Calculate the median mark from the following frequency distribution:

Marks No. of students

0 – 10 5
0 – 20 13
0 – 30 20
0 – 40 32
0 – 50 60
0 – 60 80
0 – 70 90

Solution:

Calculation of Median

Marks f cf

0 – 10 5 5
10 – 20 8 13
20 – 30 7 20
30 – 40 12         32(cf)
40 – 50        28 (f) 60
50 – 60 20 80
60 – 70 10 90
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Median is size of = 
thN item 90

2 2  = th45  item

M = 
N cf

l c
f

2

= 
45 3240 10

28

= 
1340 10
28

=  40 +  4.64 = 44.64 marks

Illustration 8
Calculate median for the following data:

Wages (x) f

1 – 5 5
6 – 10 7
11 – 15 9
16 – 20 15
21 – 25 12
26 – 30 10
31 – 35 9
36 – 40 8
41 – 45 4
46 – 50 2

Solution:

Class (x) f cf

0.5 – 5.5 5 5
5.5 – 10.5 7 12
10.5 – 15.5 9 21
15.5 – 20.5 15 36 (cf)
20.5 – 25.5 12 (f) 48
25.5 – 30.5 10 58
30.5 – 35.5 9 67
35.5 – 40.5 8 75
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40.5 – 45.5 4 79
45.5 – 50.5 2 81

N = 81

Step 1: Inclusive class convert into exclusive continuous class. For this, we require

= 1 × 
1
2  = .5

Step 2: Subtract it (0.5) for the lower limits and add it (0.5) to the upper limits
of the class given in the inclusive method, for convert in to exclusive
continuous class (1 – .5 = 0.5 and 5 + 0.5 = 5.5), i.e., exclusive class is
0.5 – 5.5 . . . and so on.

Step 3: Convert simple frequencies in to cumulative frequency.

Step 4: Determine median class. Use 
thN

2  items 81/2 = 40.5 terms. In the

order of the cumulative frequency, the 40.50th item is greater than 36
hence, the 40.5th term is present in the 48th cumulative frequency the
median class is 20.5 – 25.5. l1 = 20.5, l2 = 25.5, cf = 36 (preceding the
median class) and f = 12 (Normal frequency of median class)

Step 5: Apply formula M = 
N cf

l c
f

2

= 20.5 + 
405 36

12
.F

HG
I
KJ   5

= 20.5 + 
4 5
12
.F
HG
I
KJ  5

= 20.5 + 
225
12

.F
HG
I
KJ

= 20.5 + 1.875
M = 22.375

Calculate Median When Mid-values are Given

Illustration 9

Mid-value Frequency

115 6
125 25
135 48
145 72
155 60
165 19



Measurement of Central
Tendency

NOTES

Self-Instructional
             Material   79

Solution:

Class (x) f cf

110 – 120 6 6
120 – 130 25 31
130 – 140 48 79 (cf)
140 – 150 72 (f) 151
150 – 160 60 211
160 – 170 19 230

N = 230

Step 1: Mid-value convert into exclusive class, find the difference between two
mid-values and half of the difference should be deduct from the mid-
value to find out lower limit of the class and the same difference add to
the mid-value to get upper limit of the class, e.g., (125  115) = 10/2 =
5, (115  5) = 110 lower limit and 115 + 5 = 120 upper limit, i.e., (110

 120………)
Step 2: Simple frequencies converted into cumulative.
Step 3: Determine median class.

Step 4: Apply formula M = 
N cf

l c
f

2

   
115 79= 140 +

72
10

36= 140+ 10
72

360= 140 +
72

= 140 + 5
M = 145

Illustration 10

Mid-value Frequency

35 6
45 25
55 18
65 32
75 15
85 4
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Solution:

Class (x) f cf

30 – 40 6 6
40 – 50 25 31
50 – 60 18 49 (cf)
60 – 70 32 (f) 81
70 – 80 15 96
80 – 90 4 100

N = 100

Mid-value convert into exclusive class, e.g., (35 – 45) = 10/2 = 5,
(35 – 5 = 30 lower limit and 35 + 5 = 40 upper limit, i.e., 30 – 40………)

Median is the size of 
thN

2  = 
100

2
 = th50  item

M = 
N cf

l c
f

2

50 49= 60 + 10
32

1= 60 + 10
32  

10= 60 +
32

    = 60 + 0.3125
M = 60.315

Calculate Median When Open-end Classes are Given

Illustration 11

Less than Frequency

10 4
20 16
30 40
40 76
50 96
60 112
70 120
80 125
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Solution:

Median is the size of 
thN

2  item = 
125

2
 = th62.5  item

Value (x) Class f cf

Less than 10 0 – 10 4 4
Less than 20 10 – 20 16 – 4 = 12 16
Less than 30 20 – 30 40 – 16 = 24 40 (cf)
Less than 40 30 – 40                 76 – 40 = 36   (f) 76
Less than 50 40 – 50 96 – 76 = 20 96
Less than 60 50 – 60 112 – 96 = 16 112
Less than 70 60 – 70 120 – 112 = 8 120
Less than 80 70 – 80 125 – 120 = 5 125

 N = 125

M = 
N cf

l c
f

2

62.5 40= 30 + 10
36

22.5= 30 + 10
36

225= 30 +
36

= 30 + 6.25
= 36.25

Illustration 12

More than Frequency

10 115
20 103
30 88
40 68
50 43
60 23
70 13
80 3
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Solution:

Median is the size of 
thN

2  item = 
115

2
 = th57.5  item

Value (x) Class f cf
More than 10 10 – 20 115 – 103 = 12 12
More than 20 20 – 30 103 – 88 = 15 27
More than 30 30 – 40 88 – 68 = 20             47 (cf)
More than 40 40 – 50                  68 – 43 = 25  (f) 72
More than 50 50 – 60 43 – 23 = 20 92
More than 60 60 – 70 23 – 13 = 10 102
More than 70 70 – 80 13 – 3 = 10 112
More than 80 80-90 3 115

                      N = 115

M = 
N cf

l c
f

2

57.5 47
= 40 + 10

25

10.5= 40 + 10
25

105= 40 +
25

= 40 + 4.2
= 44.2

Ascertain Missing Frequency When Median is Given

Illustration 13
Complete the following distribution, if its median is 260 and total frequency is 150.

Size Frequency

100 – 150 12
150 – 200  –
200 – 250 40
250 – 300 50
300 – 400  –
400 – 500 5
500 – 600 2
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Solution:

Size f cf
100 – 150 12 12
150 – 200 x 12 + x
200 – 250 40                       52 + x (cf)
250 – 300 50   (f) 102 + x
300 – 400 y 102 + x + y
400 – 500 5 107 + x + y
500 – 600 2 109 + x + y

                                             N = 150

Let missing frequency be x and y.

Median is the size of 
thN

2  item = 
150

2
 = 75th  item

Median is given 260
109 + x + y = 150, ...(i)

x + y = 150 – 109
x + y = 41

M = 260 is lies between 250 – 300, Median class is 250 – 300

M = 
N cf

l c
f

2

75 (52 + x)260 = 250 + 50
50

75 52 x260 250 50
50

 10 = 23 + x
  x = 23  10
 x = 13

Substitute in (i)
109 + 13 + y = 150

y = 150 – 122
 y = 28

Therefore, missing frequencies are 13 and 28.

Illustration 14

An incomplete distribution is given below calculate missing frequency if median
height of a plant is 8.53 inches.
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Height in inches No. of plants

5.1 – 6 3
6.1 – 7 8
7.1 – 8 27
8.1 – 9  –
9.1 – 10 17
10.1 – 11 11
11.1 – 12 9

Solution:

Height in No. of cf
inches (CL) plants (f)
5.05 – 6.05 3 3
6.05 – 7.05 8 11
7.05 – 8.05 27 38
8.05 – 9.05 x 38 + x
9.05 – 10.05 17 55 + x
10.05 – 11.05 11 66 + x
11.05 – 12.05 9 75 + x

                            N = 75 + x

Median value is given 8.53 inches.

So, Median class is 8.05 – 9.05,  
2
N

 = 
75 + x

2

M = 
N cf

l c
f

2

75 + x 38
28.53 = 8.05

x
1

75 + x 38
28.53 8.05 = 1

x

75 + x0.48x 38
2
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 2  (0.48x) = 75 + x 76
0.96x = x 1
 x 0.96x = 1
0.04x = 1

 x = 
1

0.04

 x  =  25
Step 1: Given inclusive convert into exclusive (6.1 – 6 = 0.1/2 = 0.05)

Lower limit 5.1 – 0.05 = 5.05
Upper limit 6 + 0.05 = 6.05, i.e., (5.05 – 6.05 ……)

Step 2: Let missing frequency be x, sample frequency convert in to cumulative
frequency.

Illustration 15

20% of the workers in a firm, employing a total of 4000 workers, 20% earn less
than ̀  4 per hour, 880 earn from ̀  4 to 4.24 per hour, 24% earn from ̀  4.25 to
4.49 per hour, 740 earn from 4.5 to 4.74 per hour, 12% earn from ̀  4.75 to 4.99
per hour and rest earn ̀  5 or more per hour. Set up a frequency table and calculate
median.

Solution:

Median is the size of 
thN

2  item = 
4000

2  = 2000th  item

Given, inclusive class, convert in to exclusive continuous class, here no need
to convert whole inclusive in to exclusive class, only median class can convert into
exclusive. Accordingly, Median class is 4.25  4.74 (4.24  4.25 = 0.01) 1/2 ×
0.01 = 0.005 (4.25  0.005 = 4.245 lower class and 4.49 + 0.005 = 4.495
upper class).

Wages (x) No. of workers (f)      cf Formula

Less than 4
20

100  × 4000 = 800 800 M = 
N cf

l c
f

2

4  4.24                        880 1680   cf = 4.245 + 
2000 1680

960
F
HG

I
KJ

  0.25

4.25  4.49
24

100  × 4000 = 960 f 2640 = 4.245 + 
320
960
F
HG
I
KJ   0.25
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4.5  4.74                       740 3380 = 4.245 + 
80
960
F
HG
I
KJ

= 4.245 + 0833

4.75  4.99
12
100  × 4000 = 480 3860 M = 4.33

5 & over Bal Fig = 140 4000

Bal Fig (4,000 – 3,860)

Illustration 16

The marks scored by 50 students in an examination paper are given below:
30, 45, 55, 39, 25, 31, 12, 18, 21, 54, 51, 33, 43, 44, 10, 38, 19, 26, 47,
46, 33, 51, 37, 36, 42, 34, 46, 58, 17, 58, 19, 23, 26, 29, 38, 57, 36,
35, 44, 43, 27, 31, 43, 22, 31, 47, 34, 18, 15, 52.

Prepare a frequency table taking a class interval of 10 and find mean and
median.

Solution:

Median is the size of 
thN

2  item = 
50
2

 = 25 item

Marks Tally bar f cf      MV(x) fx Formula

10 – 20 1111 111 8 8 15 120 X  = 
fx

N

X  = 
1780 35.6

50

20 – 30 1111 111 8 16 cf 25 200

30 – 40 1111 1111 15 f 31 35 525 M = 
N cf

l c
f

2

1111

40 – 50 1111 1111 1 11 42 45 495 = 30 + 
25 16

50
F
HG

I
KJ 10

= 30 + 1.8
50 – 60 1111 1111 8 50 55 440 M = 31.8

111
N = 50        fx = 1780
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2.4.6 Graphical Presentation of Median
Francis Galton has suggested a method of locating median with the help of ogives
(pronounced ojive) or cumulative frequency. There are two method in which median
in which median can be presented graphically: (i) Less than ogives and (ii) More
than ogives.

(i) Less than ogives: The data is arranged in ascending order of magnitude
and the frequencies are cumulated (adding) starting from the top. Plot
classes on the horizontal (x-axis) and cumulative frequencies on the
vertical (y-axis) it starts from zero on the y-axis and the lower limit of
the lowest class interval on the x-axis, i.e., the curve is increasing towards
upward looks like “S”.

(ii) Greater than Ogive: The data are arranged in the ascending order of
magnitude and frequencies are subtracted from the top (Total frequency-
sample frequencies). Plot classes on the horizontal (x-axis) and cumulative
frequencies on the vertical (y-axis) this curve ends at zero on the y-axis
and the upper limit of the highest class interval on the x-axis, i.e., the
curve is decreasing towards down looks inverted like “S”.

Illustration 17

Convert the following distribution into more than cumulative frequency and less
than cumulative frequency and find median graphically.

Wages (x) No. of workers (f)

0 – 20 82
20 – 40 112
40 – 60 150
60 – 80 95
80 – 100 48

Solution:

Less than ogive, upper class limit should be taken

x f Upper Cumulative
limit frequency

0 – 20 82 20 82
20 – 40 112 40 82 + 112 = 194
40 – 60 150 60 194 + 150 = 344
60 – 80 95 80 344 + 95 = 439
80 – 100 48 100 439 + 48 = 487

  N = 487
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More than Ogive, Lower limit should be taken

x f Lower Cumulative
limit frequency

0 – 20 82 0 = 487
20 – 40 112 20 487 – 82 = 405
40 – 60 150 40 405 – 112 = 293
60 – 80 95 60 293 – 150 = 143
80 – 100 48 80 143 – 95 = 48

N = 487

More than ogive

In less than, upper class         In more than, lower class limit
limit should be given               should be consider

X F Class Cumulative (f) Class Cumulative (f)

0 – 20 82 20 82 0 N = 487
20 – 40 112 40 82 + 112 = 194 20 487 – 82 = 405
40 – 60 150 60 194 + 150 = 344 40 405 – 112 = 293

500

400

300

200

100

0
20 40 60 80 100

Series 1

300

200

100

0
20 40 1008060

500

400
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60 – 80 95 80 344 + 95 = 439 60 293 – 150 = 143
70 – 100 48 100 439 + 48 = 487 80 143 – 95 = 48

              N = 487

Less than and More than ogive
Verify the Median value by applying the formula:

M = 
N cf

l c
f

2

= 40 + 
243.5 194

150
 × 20

= 40 + 
495
150

.
 × 20

= 40 + 
990
150  = 40 + 6.6

= 46.6

2.5 QUARTILE

Quartiles are the portion values which divide the distribution into 4 equal parts.
The first quartile is known as lower quartile denoted by Q1 is 1/4 the value

of the series.
The second quartile denoted by Q2 is 1/2  the value of the series. It is also

called median.
The third quartile is known as upper quartile denoted by Q3 is 3/4 the value

of the series.

500

400

300

200

100

0

600

487

405

344

293

143

4 8

194

8 2

439

487

20 40 60 80 100

Less than

More than
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Formulas for computing quartiles:

Individual series Discrete series              Continuous series

Q1 = The size of Q1 = The size of           Q1 = l1 + 
N cf

f
4F
HG

I
KJ

n th1
4d i items n th1

4d i  items

Q3 = The size of Q3 = The size of           Q3 = l1 + 
3

4
( )N cf

f
F
HG

I
KJ

3 1
4

( )n thd i items 3 1
4

( )n thd i items

Merits of Quartile
1. It can be easily calculated and simple to understand.
2. It does not involve much mathematical difficulties.
3. It is not affected by extreme terms or values.

Demerits or Limitations of Quartile
1. As Q1 and Q3 are both positional measures hence are not capable of

further algebraic treatment.
2. Calculations are much more, but the result obtained is not of much

importance.
3. It is too much affected by fluctuations of samples.
4. If the values are irregular, then result is affected badly.
5.  It does not show the scatteredness around any average.

Illustration 18
Calculate first and third quartile from the following data:

Value (x) 20   25   22   28   34   32   24   26   30
Solution:

Step 1: Given variable arranged in ascending order of magnitude

Value (x)

    20 Q1 = The size of 
n thF
HG
I
KJ

1
4  items Q3 = The size of 

3 1
4

( )n thF
HG

I
KJ  items

   22 = The size of 
9 1

4
F
HG
I
KJ

th

 items = The size of 
3 9 1

4
( )F
HG

I
KJ

th

 items
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   24 = The size of  
10
4
F
HG
I
KJ

th

 items = The size of  
3 10

4
( )F
HG
I
KJ

th

 items

   25 = The size of (2.5)th items = The size of 3(2.5)th items
   26 = The 2nd + 5th (3rd item – 2nd item) = The size of 7.5th items
   28 = 22 + 5(24 – 22) = The 7nd + 5th(8rd item – 7nd item)
   30 = 22 + .5(2)   22 + 1 = 23 = 30 + .5(32 – 30) = 30 + 1 = 31
   32 Q1 = 23 Q3 = 31
   34
 n = 9

Illustration 19

Calculate the Q1 and Q3  from the following data:

Roll No. Marks

1 20
2 28
3 40
4 12
5 30
6 15
7 50

Solution:
Calculation of Quartiles:

Q1 = Size of 
NF
HG
I
KJ

1
4  th item,

Size of 
(7 )1

4  th items

= 2nd item
The size of 2nd item is 15. Hence, Q1 = 15

Q3 = Size of 3 
NF
HG
I
KJ

1
4  th item,

Size of 3 
(7 )1

4  th items

= 6th item
The size of 6th item =  40. Hence, Q3 = 40
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Illustration 20

Calculate the quartiles for the following data:

Age (years) No. of persons

20 – 25 70
25 – 30 80
30 – 35 180
35 – 40 150
40 – 45 20

Solution:

Step 1: Convert the sample frequency into cumulative frequency.

Step 2: Determine quartile class use 4
N

th item  for lower quartile 
500=

4  =

125th item, in the order of the cumulative frequency, the 125th item is greater
than 70.

Hence, the 125th item is present in the 150th cumulative frequenc. The
quartile class is 25 – 30.

1l = 25, 2l  = 30, cf = 70 (preceding the quartile class)

f = 800 (sample frequency of quartile class)

Similarly, for upper quartile class use = 
3
4
n

 item

3(500)=
4

= 3(125)
= 375th item

In the order of the cumulative frequency, the 375th item is greater than 330.
Hence, the 375th item is present in the 480 cumulative frequency the upper quartile
class is quartile class is 35 – 40, 1l = 35, 2l  = 40, cf = 330 (preceding the quartile
class) f = 150 (sample frequency of quartile class).

Age (x) f cf

     20 – 25 70 70
Q1 25 – 30 80 70 + 80 = 150
      30 – 35 180 150 + 180 = 330
Q3 35 – 40 150 330 + 150 = 480
      40 – 45 20 480 + 20 = 500

N = 500
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Lower quartile (Q1)

    1 1
4
N cf

Q l i
f

= 25 + 
125 70

80
F
HG

I
KJ 5

= 25 + 
275
80
F
HG
I
KJ

= 25 + 3.437
Q1 = 28.437

Upper quartile (Q3)

3 1

3
4
N cf

Q l i
f

= 35 + 
45

150
F
HG
I
KJ 5

= 35 + 1.5
Q3 = 36.5

Check Your Progress

3. What are the steps are involved in calculating median in continuous series?

2.6 MODE

The word “mode” is derived from the French word “1a mode” meaning fashion.
So, it can be regarded as the most fashionable item in the series or the group.

Croxtan and Cowden regard mode as “the most typical of a series of values”.
As a result, it can sum up the characteristics of a group more satisfactorily than the
arithmetic mean or median.

Mode is defined as the value of the variable which occurs most frequently
in a distribution. In other words, it is the most frequent size of item in a series.

2.6.1 Merits of Mode
The following are the merits of mode:

1. The most important advantage of mode is that it is usually on actual
value.
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2. Mode can be easily located by inspection in the case of discrete series.
3. It is not affected by extreme values.
4. It can be determined even if extreme values are not given.
5. It is easy to understand. This average is used by people in their every

day speech.

2.6.2 Demerits of Mode
The following are the demerits of mode:

1. It is not based on all the observation of the data.
2. It is not suitable for further mathematical treatment.
3. In number of cases, there will be more than one mode in the series.
4. If mode is multiplied by the number of items, the product will not be

equal to the total value of the items.
5. It will not truly represent the group if there are a small number of items

of the same size in a large group of items of different sizes.

2.6.3 Ungrouped Data
Individual Series

The mode of this series can be obtained by mere inspection. The number which
occurs most often is the mode.

Illustration 21

Locate mode in the data 7, 12, 8, 5, 9, 6, 10, 9, 4, 9, 9.

Solution:
On inspection, it is observed that the number 9 has maximum frequency, i.e.,
repeated maximum of 4 times than any other number. Therefore, mode (Z) = 9.

Discrete Series
The mode is calculated by applying grouping and analysis table:

(i) Grouping Table: Consisting of six columns including frequency column,
1st column is the frequency 2nd  and 3rd  column is the grouping two
way frequencies and 4th, 5th and 6th column is the grouping three way
frequencies.

(ii) Analysis Table: Consisting of 2 columns namely tally bar and frequency.

Steps in Calculating Mode in Discrete Series

The following steps are involved in calculating mode in discrete series:
1. Group the frequencies by two’s.
2. Leave the first frequency and group the other frequencies in two’s.
3. Leave the first two frequencies and moved the frequency in two’s.
4. Group the frequencies in threes.
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5. Leave the first frequency of the first size and add the frequencies of
other sizes in three’s.

6. Leave the first frequencies and add the frequencies of the other sizes in
threes.

7. Prepare an analysis table to know the size occurring the maximum number
of times. Find out the size, which occurs the largest number of times.
That particular size is the mode.

Step 1: Grouping two frequencies for 2nd column 8 + 12 = 20, 24 + 32 = 56,
93 + 56 = 149, 48 + 29 = 77, 24 + 32 = 56 and just leave the last one
frequency it cannot group.
Grouping 3rd column two frequencies leave the first one and start from
2nd frequency i.e., 12 + 24 = 36, 32 + 93 = 125, 56 + 48 = 104, 29 +
24 = 53, 32 + 30 = 62.
Grouping 4th column three frequencies start from beginning, i.e., 8 + 12
+ 24 = 44, 32+ 93 + 56 = 181, 48 + 29 + 24 = 101, and leave the last
two frequencies as they cannot be grouping into threes.
Grouping 5th column start from second frequency for grouping.
Grouping 6th column start from third frequencies for grouping.

Step 2: After the grouping is done, the next step is to identify the highest frequency
in each column and encircle it.

Step 3: Mark the tally bar for highest frequency against the values.
Step 4: In the analysis table identify the highest frequency, the value of mode is

corresponding to highest frequency. In case, more than one highest
frequencies then the value of mode is ill-defined.

Continuous Series

The following steps are involved in calculating mode in continuous series.
1. Find out the modal class. Modal class can be easily found out by

inspection. The group containing maximum frequency is the modal group.
Where two or more classes appear to be a modal class group, it can be
decided by grouping process and preparing an analyzed table as was
discussed in question number 2.102.

2. The actual value of mode is calculated by applying the following formula:

Z = l + 1

1 22
fm f c

fm f f

where, Z = Mode
l = Lower limit
fm = Highest frequency
f1 = Preceding value of highest frequency
f2 = Succeeding value of highest frequency
c = Size of class interval
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Illustration 22

Calculate the modal wages.

Daily wages in ` (x) No. of workers (f)

20 – 25 1
25 – 30 3
30 – 35 8
35 – 40 12
40 – 45 7
45 – 50 5

Solution:
Here, the maximum frequency is 12, corresponding to the class interval (35 – 40)
which is the modal class.

          x f

20 – 25 1
25 – 30 3

30 – 35 8 1f

35 – 40 12 mf

40 – 45 7 2f

45 – 50 5

Mode =   l + 1

1 22
m

m

f f c
f f f

12 8= 35 + 5
2(12) 8 7

4= 35 + 5
24-15

20= 35 +
9

= 35 + 2.22
=  37.22
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Mode in Inclusive Method

Illustration 23

Calculation of mode from the following data:

x f

10 – 19 5
20 – 29 12
30 – 39 22
40 – 49 25
50 – 59 14
60 – 69 10
70 – 79 8
80 – 89 4

Solution:

  x  f

10 – 19 10.5 – 19.5 5
20 – 29 20.5 – 29.5 12

20 – 29 20.5 – 29.5     22 1f

40 – 49 40.5 – 49.5      25 mf

50 – 59 50.5 – 59.5      14 2f

60 – 69 60.5 – 69.5 10
70 – 79 70.5 – 79.5  8
80 – 89 80.5 – 89.5  4

Mode =   l + 1

1 22
m

m

f f c
f f f

25 22= 39.5 +
2(25) 22 14

10

3= 39.5 + 10
50-36

30= 39.5 +
14

= 39.5 + 2.143
       Z = 41.64
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Calculation of Mode When Mid-values are Given

Illustration 24

Calculation mode from the following data:

MP  Class

120 115 – 125
130 125 – 135
140 135 – 145
150 145 – 155
160 155 – 165
170 165 – 175
180 175 – 185
190 185 – 195

Solution:

MP    Class f

120 115 – 125 5
130 125 – 135 12
140 135 – 145 32
150 145 – 155 40
160 155 – 165 20
170 165 – 175 10
180 175 – 185 9
190 185 – 195 11

Z = l + 1

1 22
m

m

f f c
f f f

40 32= 145 +
2(40) 32 20

10

8= 145 + 10
80 - 52

80= 145 +
28

 = 145 + 2.85  Z = 147.85
Midpoint can be converted into exclusive class (Class length is 130 – 120

= 10)  10/2 = 5, lower limit = 120 – 5 = 115 and upper limit = 120 + 5 = 125
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Calculate Mode When Less than and More than Classes are Given

Illustration 25

Less than Frequency

10 4
20 16
30 40
40 76
50 96
60 112
70 120
80 125

Solution:
Need to ascertain lower limit of the continuous class (LL = UL – CL) Class length
(CL) = 20 – 10 = 10, i.e., (10 – 10 = 0…………)

Value (x) Class f

Less than 10 0-10 4 4

Less than 20 10-20 16 – 4 = 12 12

Less than 30 20-30 40 – 16 = 24 24

Less than 40 l130-40l2 76 – 40 = 36 36

Less than 50 40-50 96 – 76 = 20 20

Less than 60 50-60 112 – 96 = 16 16

Less than 70 60-70 120 – 112 = 8 8

Less than 80 70-80 125 – 120 = 5 5

 Z = l + 1

1 22
m

m

f f c
f f f

36 24= 30 + 10
2(36) 24 20

12= 30 + 10
72 - 44

120= 30 +
28

= 30 + 4.285
Z = 34.285
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Illustration 26

More than Frequency

10 115
20 103
30 88
40 68
50 43
60 23
70 13
80 3

Solution:

Need to ascertain upper limit of the continuous class (UL = LL + CL) Class length
(CL) = 20 – 10 = 10 i.e., (10 + 10 = 20…………)

Value (x) Class f

More than 10 10-20 115 – 103 = 12 12

More than 20 20-30 103 – 88 = 15 15

More than 30 30-40 88 – 68 = 20 20

More than 40 l140-50l2 68 – 43 = 25 25

More than 50 50-60 43 – 23 = 20 20

More than 60 60-70 23 – 13 = 10 10

More than 70 70-80 13 – 3 = 10 10

More than 80 89-90 3 3

  Z = l + 1

1 22
m

m

f f c
f f f

25 20= 40 + 10
2(25) 20 20

5= 40 + 10
50 - 40

50= 40 +
10

= 40 + 5
Z = 45
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Empirical Relationship between Mean, Median and Mode

When mode is ill-defined, it is difficult to find the value of mode, a sort of empirical
relationship exist among the mean, median and mode in such a way that the median
lies between the mode and the mean. The mode departs (to the left, i.e., positive
skewed) 2/3 difference from the median and the mean departs (to the right, i.e.,
negatively skewed) 1/3 difference from the median. Karl Pearson’s expressed this
relationship as Z = 3M – 2 X   (when it is positive skewness).

Illustration 27
If M is 28 and AM is 29, find mode.

Solution:

Z = 3M 2X

   = 3(28)  2(29)
   = 84  78 = 26

 29 > 28 > 26

Illustration 28
M = ?
AM = 39
Z = 36.5

Solution:

Z = 3M 2X

 36.5 = 3(M)  2(39)
 36.5 = 3M  78
 –3M =  78  36.5

114.5
M =

3

M = 38.16

Illustration 29

M = 79.5

X = ?
Z = 78.1

Solution:

Z = 3M 2X

 78.1 = 3(79.5)  2X

 78.1 = 238.5 2X

 2X  = 238.5  78.1
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X  
160.4=

2

X  = 80.2

Locating Mode Graphically

Illustration 30

Draw the histogram for the following the data and locate mode graphically.

Class interval  Frequency

 0 –  50 6
50 – 100 8
100 – 150    10
150 – 200 3
200 – 250 4

Solution:

Class interval  Frequency

 0 –  50 6
50 – 100 8
100 – 150 10
150 – 200 3
200 – 250 4

10 - 8
Verify:100 + × 50

2(10) - 8 - 3

2
100 + × 50

20 - 11

12

10

8

6

4

2

0
50 100 150 200 250

6

8

10

3
4

Class Interval

Fr
eq

ue
nc

ie
s
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100100 +
9

 Z = 111.1

Illustration 31
Monthly profits of 100 shops are distributed as follows. Locate mode graphically.

Profit per shop No. of
(in ` ‘000) shops

0 – 50 12
50 – 100 18
100 – 150 27
150 – 200 20
200 – 250 17
250 – 300  6

Solution:

Profit per shop No. of
(in `  ‘000) shops

0 – 50 12
50 – 100 18
100 – 150 27
150 – 200 20
200 – 250 17
250 – 300  6

                                                     Z = 128

Illustration 32
Calculate the Mean, Median and Mode for the following data. Take class intervals
as 10 – 20 . . . .

50 100 150 200150 200 250 300

12

18

27

20
17

6

3030

25

20
15

10

5

0

Fr
eq

ue
nc

ie
s

Class Intervals
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47 51 25 85 55 58 70 53 52 60
55 35 46 19 33 63 64 35 45 82
54 18 42 45 48 75 53 57 52 82
21 36 86 68 42 59 42 78 38 39
46 49 41 35 69 45 63 55 50 40

Solution:

CI Tally bars f cf Mp(x) fx
10 – 20 11 2 2 15 30
20 – 30 11 2 4 25 50
30 – 40 1111  11 7 11 35 245
40 – 50 1111  1111  111       13  (f)       24 (cf) 45 585
50 – 60 1111  1111  111 13 37 55 715
60 – 70 1111  1 6 43 65 390
70 – 80 111 3 46 75 225
80 – 90 1111 4 50 85 340

N = 50 fx = 2580

Value (x)                        Grouping Table                                Analysis Table

           Grouping two frequencies   Grouping three frequencies   Tally Bar F

F1 2 1 4 5 6 1 2
10 – 20 2
20 – 30 2 4 11 1 1

30 – 40     7  1f 9 22 111 3

40 – 50       13 mf 20 33 1111 1 6

50 – 60     13 2f 26 32 1111 5

60 – 70 6 19 22 111 3
70 – 80 3 9 13 1 1
80 – 90 4 7

The distribution with two or more highest frequency, we have applied grouping
and analysis table for find out model value or class in case of continuous series.
Here, model class is 40 – 50 at analysis table reported. Highest frequencies are
equal (i.e., two or more highest frequencies) then the distribution is bimodal or
multimodal, hence the, mode is ill-defined. Without applying grouping and analysis
table, mere finding two or more highest in the given distribution do not jump in to
conclusion that mode is ill-defined.
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Mean X Median (M) Mode (Z)

X  = 
fx

N
Median is 

thN
2 = 50/2 = 25 M = l + 1

1 22
m

m

f f c
f f f

M = 
N cf

l c
f

2 = 40 + 
13 7

2 13 7 13
F
HG

I
KJ( )   10

2580
50 = 40 + 

25 22
13   10 = 40 + 

6
26 20
F
HG

I
KJ  10

= 40 + 
11
13 10,   = 40 + 

110
13 = 40 + 

60
6
F
HG
I
KJ

= 51.6 = 40 + 8.46 = 48.46 = 40 + 10 = 50

Illustration 33

Calculation mode when mid value are given:

Mid-value Frequency

120 5
130 12
140 32
150 40
160 20
170 10
180 9
190 11

Solution:

MP Class f

120 115 – 125 5 M = l + 1

1 22
m

m

f f c
f f f

130 125 – 135 12 = 145 + 
40 32

2 40 32 20

F
HG

I
KJb g   10

140 135 – 145 32 f0 = 145 + 
8

80 52
F
HG

I
KJ  10

150 11 145 – 155 12 40 f1 = 145 + 
80
28
F
HG
I
KJ
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160 155 – 165 20 f2

170 165 – 175 10
180 175 – 185 9
190 185 – 195 11  = 145 + 2.85

M = 147.85
Midpoint can be converted into exclusive class (Class Length is 130 – 120

= 10) 10/2 = 5, lower limit = 120 – 5 = 115, upper limit = 120 + 5 = 125

Illustration 34

20% of workers in a firm employing a total of 2000 workers earn less than ̀   2
per hour, 440 earn from ̀  2 to ̀  2.24 per hour, 24 earn from ̀  2.25 to ̀  2.49 per
hour, 370 earn from ̀   2.5 to ̀   2.74 per hour, 12% earn from ̀  2.75 to ̀  2.99
and the balance ̀  3 or more. Set a frequency table and calculate model wages.

Solution:

CI f Formula

Less than 2 20/100 × 2000 400 M = l + 1

1 22
m

m

f f c
f f f

2 – 2.24 440 1f = 2.245 + 
480 440

2 480 440 370

F
HG

I
KJb g

 0.25

2.25 – 2.49 24/100 × 2000 480 mf = 2.245 +
40

960 810
F
HG

I
KJ  0.25

 = 2.245 + 
10
150
F
HG
I
KJ

2.50 – 2.74 370 2f
2.75 – 2.99 12/100 × 2000 240
3 and more (2000 – 1930) 70 = 2.245 + 0.067   = 2.312

Inclusive model class can be converted in to exclusive model class (2.24 –
2.25 = 0.01/2 = .005), l1 = 2.25 – 0.005 = 2.245 and l2 = 2.49 + .005 = 2.495

2.7 GEOMETRIC MEAN AND HARMONIC
MEAN

2.7.1 Geometric Mean
A geometric mean is a mean or average which shows the central tendency of a set
of numbers by using the product of their values. For a set of n observations, a
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geometric mean is the nth root of their product. The geometric mean (GM), for a
set of numbers 1x , 2x , … , xn is given as:

G.M. = ( 1x . 2x  … nx )1/n

Properties of the Geometric Mean
The main properties of the geometric mean are:

(a) The geometric mean is less than the arithmetic mean, G.M < AM.
(b) The product of the items remains unchanged if each item is replaced by

the geometric mean.
(c) The geometric mean of the ratio of corresponding observations in two

series is equal to the ratios of their geometric means.
(d) The geometric mean of the products of corresponding items in two series

is equal to the product of their geometric mean.

Advantages of Geometric Mean

(a) A geometric mean is based upon all the observations.
(b) It is rigidly defined.
(c) The fluctuations of the observations do not affect the geometric mean.
(d) It gives more weight to small items.

Disadvantages of Geometric Mean

(a) A geometric mean is not easily understandable by a non-mathematical
person.

(b) If any of the observations is zero, the geometric mean becomes zero.
(c) If any of the observation is negative, the geometric mean becomes

imaginary.
Calculation of Geometric Mean for Individual Series:

Formula: G.M = n
nx x x x ....... x1 2 3 4 or

G.M = Antilog
x

n
log

Illustration 35

Calculate Geometric Mean for the following data: 45, 65, 76, 89, 104, 129, 86,
216.

Solution:

x log x

45 1.653
65 1.813
76 1.881
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89 1.949
104 2.017
129 2.111
86 1.934
216 2.334

Total 15.693

G.M = Antilog
x

n
log

,

G.M = Antilog
log 15.693

8

G.M = Antilog(1.9616),
G.M = 91.54

Illustration 36
From the following data, find out Geometric Mean: 102, 23, 59, 154, 27, 6, 88.

Solution:

x log x

102 2.0086
23 1.3617
59 1.7709
154 2.1875
28 1.4472
28 0.7782
88 1.9445

Total 11.4985

G.M = Antilog
x

n
log

G.M = Antilog
log 11.4985

7

G.M = Antilog(1.6426)
G.M = 43.918

Illustration 37

A deposit of ` 1,00,000 grows at the rate of 5%, 6.2%, 6.8%  and 7% in four
subsequent years. Find the average annual growth rate.
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Solution:

Year Growth rate Value of deposit at the log x
of deposit end of the year (x)

1 5% 105 2.021189
2 6.2% 106.2 2.026125
3 6.8% 106.8 2.028571
4 7% 107 2.029384

Total 8.105269

G.M = Antilog
x

n
log

G.M = Antilog
log 8.1053

4

G.M = Antilog(2.0263)
G.M = 106.24

Hence, the average growth rate of deposit is (106.24 – 100) = 6.24%

Illustration 38

Find the average growth rate of population which in the first year grows @ 4%,
second year @ 5%, third year @ 5.5%, fourth year @ 6% and in the fifth year
@ 6.32%.

Solution:

Year Growth rate Value of deposit at the log x
of population end of the year (x)

1 4% 104 2.017033
2 5% 105 2.021189
3 5.5% 105.5 2.023252
4 6% 106 2.025306
5 6.32% 106.32 2.026615

Total 10.1134

G.M = Antilog
x

n
log

G.M = Antilog
log 10.1134

5

G.M = Antilog(2.022679)
G.M = 105.36

Hence, the average growth rate of population is (105.36 – 100) = 5.36%
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Calculation of Geometric Mean for Discrete and Continuous Series

Formula: G.M = Antilog
f x

N
log

Illustration 39
Calculate Geometric Mean for the following data:

x f

102 6
23 9
59 8
154 12
28 16
6 9
88 15
45 16
34 18
78 23

Solution:

X f log x f log x
102 6 2.0086 12.0516
23 9 1.361728 12.25555
59 8 1.770852 14.16682

154 12 2.187521 26.25025
28 16 1.447158 23.15453
6 9 0.778151 7.003361
88 15 1.944483 29.16724
45 16 1.653213 26.4514
34 18 1.531479 27.56662
78 23 1.892095 43.51818

f  = 132 f xlog  = 221.5855

G.M = Antilog
f x

N
log

G.M = Antilog
221.5855

132
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G.M = Antilog (1.678678)
G.M = 47.7175

Illustration 40

Calculate Geometric Mean for the following data:

x f

89 16
4 19
119 18
203 21
208 16
67 19
58 15
45 6
43 8
108 32

Solution:

x f log x f log x
89 16 1.94939 31.19024
4 19 0.60206 11.43914

119 18 2.075547 37.35985
203 21 2.307496 48.45742
208 16 2.318063 37.08901
67 19 1.826075 34.69542
58 15 1.763428 26.45142
45 6 1.653213 9.919275
43 8 1.633468 13.06775
108 32 2.033424 65.06956

f  = 170 f xlog  = 314.74

G.M = Antilog
f x

N
log

G.M = Antilog
314.74
170

G.M = Antilog(1.8514)  G.M = 71.025
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Illustration 41

Calculate Geometric Mean for the following distribution:

x f

0 – 10 18
10 – 20 9
20 – 30 8
30 – 40 14
40 – 50 18
50 – 60 24
60 – 70 6
70 – 80 11
80 – 90 19

Solution:

Class Interval x f log x f log x
0 – 10 5 18 0.69897 12.58146
20 – 30 15 9 1.176091 10.58482
20 – 30 25 8 1.39794 11.18352
30 – 40 35 14 1.544068 21.61695
40 – 50 45 18 1.653213 29.75783
50 – 60 55 24 1.740363 41.7687
60 – 70 65 6 1.812913 10.87748
70 – 80 75 11 1.875061 20.62567
80 – 90 85 19 1.929419 36.65896

f  = 127 f xlog
= 195.6554

G.M = Antilog
f x

N
log

G.M = Antilog
195.6554

127

G.M = Antilog(1.5406)
G.M = 34.72
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Illustration 42

Calculate Geometric Mean from the following:

Marks No. of students

0 – 10 16
10 – 20 7
20 – 30 12
30 – 40 18
40 – 50 18
50 – 60 18
60 – 70 12
70 – 80 15
80 – 90 14

Solution:

Class interval x f log x f log x
0 – 10 5 16 0.69897 11.18352
10 – 20 15 7 1.176091 8.232639
20 – 30 25 12 1.39794 16.77528
30 – 40 35 18 1.544068 27.79322
40 – 50 45 18 1.653213 29.75783
50 – 60 55 18 1.740363 31.32653
60 – 70 65 12 1.812913 21.75496
70 – 80 75 15 1.875061 28.12592
80 – 90 85 14 1.929419 27.01186

f = 130 f xlog
= 201.9618

G.M = Antilog
f x

N
log

G.M = Antilog
201.9618

130

G.M = Antilog(1.5536)
G.M = 35.77

2.7.2 Harmonic Mean
Harmonic Mean ‘HM’ between two numbers a and b is such a number that 1/HM
– 1/a = 1/b – 1/HM. Thus, if we are given these two numbers, the harmonic mean
HM = 2ab/a + b
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Properties of Harmonic Mean

(a) If all the observation taken by a variable are constants, say k, then the
harmonic mean of the observations is also k.

(b) The harmonic mean has the least value when compared to the geometric
mean and the arithmetic mean.

Advantages of Harmonic Mean

(a) A harmonic mean is rigidly defined.
(b) It is based upon all the observations.
(c) The fluctuations of the observations do not affect the harmonic mean.
(d) More weight is given to smaller items.

Disadvantages of Harmonic Mean

(a) Not easily understandable.
(b) Difficult to compute.

Calculation of Harmonic Mean for Individual Series

Formula: H = 
x

n
1

Illustration 43
Calculate the harmonic mean of 6, 8, 12 and 16.

Solution:

x x
1

6 0.167
8 0.125
12 0.083
16 0.063
Total 0.438

Therefore, H = 
x

n
1

4
0.438

= 9.1324

Illustration 44

Find out harmonic mean for the following data: 14, 16, 87, 0.06, 98, 46.
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Solution:

x x
1

14 0.0714
16 0.0625
87 0.0115
0.06 16.6667
98 0.0102
46 0.0217

Total 16.8440

Therefore, H = 
x

n
1

6
16.844

= 0.3562

Illustration 45

The profits of ABC Ltd. for the last five years are 20%, 25%, 28%, 30% and
26% respectively. Find out the average profit of the concern.

Solution:

x x
1

20 0.05
25 0.04
28 0.035714
30 0.033333
26 0.038462

Total 0.197509

Therefore, H = 
x

n
1

5
0.197509

= 25.35%
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Computation of Harmonic Mean for Discrete and Continuous Series

Formula:  H = 
N

f
x

Illustration 46

A profit earned by 100 BSE listed companies is given below. Find out the harmonic
mean.

Profits (‘000 `) No. of companies

Below 10 6
Below 20 18
Below 30 36
Below 40 44
Below 50 52
Below 60 63
Below 70 77
Below 80 84
Below 90 100

Solution:

Profits No. of Class f Mid- f
x

(‘000 ̀ ) companies Interval point (x)
Below 10 6 0 – 10 6 5 1.2
Below 20 18 20 – 30 12 15 0.8
Below 30 36 20 – 30 18 25 0.72
Below 40 44 30 – 40 8 35 0.228571
Below 50 52 40 – 50 8 45 0.177778
Below 60 63 50 – 60 11 55 0.2
Below 70 77 60 – 70 14 65 0.215385
Below 80 84 70 – 80 7 75 0.093333
Below 90 100 80 – 90 16 85 0.188235

 Total 100 3.823302

Therefore, H = 
f
x

H = 
100

3.8233

= 26.155
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Miscellaneous Problems

Illustration 47

The average rainfall in a city from Monday to Saturday is 0.3 inches. Due to heavy
rainfall on Sunday, the average rainfall from Monday to Sunday is 0.5 inches. Find
the rainfall on Sunday.

Solution:
Average rainfall from Monday to Saturday (6 days)

Rainfall = 0.3" average rain for the week 0.5"
Total rainfall for the week from Monday to Sunday 7 days (7 × 0.5") = 3.5

inches
Less: Total rainfall from Monday to Saturday 6 days (6 × 0.3") = 1.8

inches
The rainfall on Sunday is  = 1.7 inches

Illustration 48

In a class of 50 students, 10 have failed and their average mark is 2.5. The total
marks secured by the entire class were 281. Find the average marks of pass
students

Solution:
Total marks of the entire class 50 students  = 281 marks

Less: Total marks of failed students 10  (10 × 2.5)  = 25 marks
Total marks of passed students 40  = 256 marks

The average marks of pass students  
256
40  = 6.4 marks

Illustration 49
Rainfall of a month was observed and recorded as follows:

Sunday 87 mm, Monday 63 mm, Tuesday 74 mm, Wednesday 56 mm,
Thursday 62 mm, Friday 85 mm and Saturday 73 mm.

There are 5 Mondays, Tuesdays and Wednesdays and 4 Sundays,
Thursdays, Fridays and Saturdays during the month. What was the daily average
rainfall during the month?
Solution:

Days No. of Rainfall    fx Formula
Days (f) (x)” MM”

Mon 5 63 315 X  = 
fx

N
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X  =  
2193

31 X  =  70.74

Tue 5 74 370
Wed 5 56 280 The daily average rainfall during
Thu 4 62 248 the month was 70.74
Fri 4 85 340
Sat 4 73 292
Sun 4 87 348

N = 31 fx = 2193

Illustration 50
The mean height of 50 students is 5 feet 8 inches and the height of 10 students are
given below. Find the average height of the remaining students

Heights: 5’.6" 5’.2" 5’.4" 5’.0" 4’.10"
4’.8" 6’.2" 5’.8" 5’.9" 5’.3"

Solution:
Given data in both feet and inches, it should be converted into either feet or inches
here, data converted in to inches (1 feet = 12 inches).

Heights Converted into Inches
inches

5’.6" (5 × 12) + 6 66" Total students 50 average height
(5’.8") or 68"

5’.2" (5 × 12) + 2 62" Total height of all 50 students
(50 × 68") = 3400"

5’.4" (5 × 12) + 4 64" Less: Total height of 10 Students = 640"
5’.0" (5 × 12) + 0 60" Total height of 40 students =   2,760
4’.10" (4 × 12) + 10 58"
4’.8" (4 × 12) + 8 56"
6’.2" (6 × 12) + 2 74"
5’.8" (5 × 12) + 8 68"
5’.9" (5 × 12) + 9 69"
5’.3" (5 × 12) + 3 63"

The average height of remaining 40 students 
2760

40
 = 5’.9"

Illustration 51
Mr. Nanda has appeared for three test of values 20, 50 and 30 marks respectively.
In the first test, he scored 75% and in the second test, he scored 60%. In the
entire test together, he scored an aggregate of 60% marks. Find percentage of
marks in the third test.
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Solution:

First test appeared for 20 marks and he scored 75% in first test (20 × 75%) = 15
marks

Second test appeared for 50 marks and he scored 60% in second test (50
× 60%) = 30 marks

The entire tests appeared for 100 marks, the aggregate score is 60%  (100
× 60%) = 60 marks

Third test appeared for 30 marks and he scored in third test (60 – 30 + 15)
= 15 marks

Third test per cent = 
15
30  × 100 = 50%

Illustration 52

Karnataka Government decided to declare old-age monthly pension to the pension
aged 65 and above. Calculate total old age pension (OAP) payable and its average.

Age in years of 30 persons: 65, 68, 91, 93, 73, 85, 69, 73, 74, 78,
83, 93, 74, 73, 78, 69, 70, 71, 83, 84,
94, 95, 98, 99, 93, 69, 82, 84, 83, 87

Age 60 – 70 70 – 80 80 – 90 90 – 100
OAP 200 300 400 500

Solution:

OAP No. of fx Formula
Age (x) Tally Bar persons (f)

60 – 70 200 1111 5 1,000 Total old age
pension payable

70 – 80 300 1111 1111 9 2,700 = 10,900

80 – 90 400 1111 111 8 3,200 Average (X )= 
fx

N

= 10900
30 = 363.33

90 – 100 500 1111 111 8 4,000

N = 30 fx = 10,900

Illustration 53

In a factory there are 100 skilled, 250 semi-skilled and 150 unskilled workers. It
has been observed that an average a unit length of a particular fabric is woven by
a skilled worker is 3 hours, by a semi-skilled worker in 4 hours and by an unskilled
worker in 5 hours. After a training of 2 years, the semi-skilled workers are expected
to become skilled and unskilled workers to become semi-skilled. How much less
time will be required after 2 years of training for weaving the unit length of fabric
by an average worker?



Measurement of Central
Tendency

NOTES

Self-Instructional
120 Material

Solution:

Formula

Skilled N1  = 100 X1  = 3 X123  = 
N X N X N X

N N N
1 1 2 2 3 3

1 2 3

. . .

Before Semi-skilled N2  = 250 X2  = 4 X123  = 
100 3 250 4 150 5

100 250 150
( ) ( ) ( )

training Unskilled N3  = 150 X3  = 5 = 
300 1000 750

500

 = 
2050
500  = 4.1 hours

After Skilled N1  = 100 + 250 X12  = 
N X N X

N N
1 1 2 2

1 2

. .

= 350 X  = 3

training Semi-skilled N2  = 150 X2  = 4
350 3 150 4

350 150
( ) ( )

 = 
1050 600

500

1650
500  = 3.3 Hours

 The less time taken after 2 years training is (4.1 – 3.3) = 0.8 hours or (.8 × 60) =
48 minutes.

Illustration 54

Find the CI if the AM 30.1 and assumed mean is 31.5 of the following data:
Class: 7 – 14 14 – 21 21 – 28      28 – 35     35 – 42      42 – 49
f: 5 10 25 30 20 10

Solution:

Distribution

Step (x) f fdx Formula  CI
deviation

–3 5 –15 X  = A + 
fdx

N

F
H
GG

I
K
JJ , 30.1 = 31.5 + 

F
HG
I
KJ

20
100 7 – 14

–2 10 –20 30.1 – 31.5 = 
20

100
c

, –1.4 = 
20

100
c

14 – 21

–1 25 –25 Cross multiplying –1,4 × 100 = –20c 21 – 28

 0 30   0 c = 
1400

20 , c = 7 28 – 35
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 1 20  20 Lower limit = A – 
1
2 c, 31.5 – 

1
2   7 = 28 35 – 42

 2 10  20 Upper limit = A + 
1
2 c, 31.5 + 

1
2   7 = 35 42 – 49

                 N = 100 fdx = –20

Check Your Progress

4. What are the demerits of Mode?
5. Explain the various steps in calculating Mode in Discrete Series.
6. What are the properties of Harmonic Mean?

2.8 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. What are the characteristics of good average?
(a) It is rigidly defined. Its value is always definite.
(b) It is easy to calculate and easy to understand. Hence, it is very popular.
(c) It is based on all the observations; so that it becomes a good

representative.
2. What are the merits of Arithmetic Mean?

(a) It is rigidly defined. Its value is always definite.
(b) It is easy to calculate and easy to understand. Hence, it is very popular.
(c) It is based on all the observations so that it becomes a good

representative.
3. What are the steps are involved in calculating median in continuous series.

The following steps are involved in calculating median in continuous series:
(a) Find out the cumulative frequency
(b) Find out the median class, i.e. item.
(c) Find out the group or class containing the median
(d) Estimate the median applying the following formula.

4. What are the demerits of Mode?
The following are the demerits of mode:
(a) It is not based on all the observation of the data.
(b) It is not suitable for further mathematical treatment.
(c) In a number of cases, there will be more than one mode in the series.
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5. Explain the various steps in calculating Mode in Discrete Series.
The following steps are involved in calculating mode in discrete series:
(a) Group the frequencies by two’s.
(b) Leave the first frequency and group the other frequencies in two’s.
(c) Leave the first two frequencies and moved the frequency in two’s.
(d) Group the frequencies in threes.
(e) Leave the first frequency of the first size and add the frequencies of

other sizes in three’s.
(f) Leave the first frequencies and add the frequencies of the other sizes in

threes.
6. What are the properties of Harmonic Mean?

(a) If all the observation taken by a variable are constants, say k, then the
harmonic mean of the observations is also k.

(b) The harmonic mean has the least value when compared to the geometric
mean and the arithmetic mean.

2.9 SUMMARY

An average is described as a measure of central tendency as it is more or
less a central value around which various values cluster. In the world of
Croxton and Cowden “an average is a single value within the range of the
data that is used to represent all of the values in the series”.
Median is defined as the value of that item which divides the series into two
equal halves, one half contains all values less than it and the other half
containing all values greater than it. It is also defined as the “central value of
the variable”. It should be noted that the value of items should be arranged
in order of their magnitude or size to find out the median..
Consisting of six columns including frequency column, 1st column is the
frequency 2nd and 3rd column is the grouping two way frequencies and
4th, 5th and 6th column is the grouping three way frequencies.

2.10 KEY TERMS

Average: An average is a single figure which sums up the characteristics of
a whole group of figures.
Arithmetic Mean: Arithmetic mean is defined as the value obtained by
dividing the total values of all items in the series by their number.
Median: Median is a positional average. The term position refers to the
place of a value in a series the place of median in a series is such that an
equal number of items lie on either side. Therefore, it is also called a locative
average.
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Mode: Mode is defined as the value of the variable which occurs most
frequently in a distribution. In other words, it is the most frequent size of
item in a series.
Individual Series: The mode of this series can be obtained by mere
inspection. The number which occurs most often is the mode.
Geometric Mean: A geometric mean is a mean or average which shows
the central tendency of a set of numbers by using the product of their values.
For a set of n observations, a geometric mean is the nth root of their product.
Harmonic Mean: Harmonic Mean ‘HM’ between two numbers a and b
is such a number that 1/HM – 1/a = 1/b – 1/HM. Thus, if we are given
these two numbers, the harmonic mean HM = 2ab/a + b.

2.11 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define the term mean.
2. What do you mean by arithmetic mean?
3. What are the merits of arithmetic mean?
4. State the four objectives of statistical averages.
5. What are the types of statistical average?
6. Give any four requisites of a good average.
7. Write the limitations of statistical averages.
8. Define median.
9. Under what circumstances would it be appropriate to use median?

10. What do you mean by mode?

Long Answer Questions

1. What are the merits and demerits of arithmetic mean?
2. Explain merits and demerits of mean.
3. What are the merits and demerits of median?
4. Explain merits and demerits of Mode.
5. Calculate the arithmetic average of the data given below using short-cut

method.
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Roll No. Marks obtained

1 21

2 24

3 35

4 27

5 15

6 30

7 16

8 24

9 36

10 28

6. Following are the marks obtained by students of a class in statistics. Calculate
arithmetic mean.

Marks No. of students

35 8
40 5
45 12
50 9
55 6
60 7
65 15
70 8
75 10
80 6
85 9

7. Calculate the average marks from the following distribution:

Marks No. of students

0 – 5 4
5 – 10 8
10 – 15 10
15 – 20 6
20 – 25 4
25 – 30 8
30 – 35 10
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8. Calculate AM for the following data open-end class:

Marks No. of students

Below 20 15

30 23

40 30

50 37

60 48

70 66

80 72

90 90

100 100

9. Calculate the average mark scored by a student in five different subjects.
The details of the marks are given below:
Kannada – 75, English – 80, Mathematics – 85, Science – 75, Social – 60
The weight given for these subjects are:
Mathematics – 5, Science – 4, Social – 3, English – 2 and Kannada – 1

10. The mean of 10 values is 25. If one of these values is taken as 34 instead of
26, find the corrected mean.

11. The average salary paid to all the employees of a factory was ̀  25,000, the
mean annual salary paid to male and female employees are ̀  26,000 and
` 21,000 respectively. Determine the number of male and female.

12. Calculate Geometric Mean for the following data: 45, 65, 76, 89, 104,
129, 86, 216.

13. Calculate the harmonic mean of 8, 11, 15 and 18.
14. Calculate the median for the following data:

Size of item Frequency

4 3
6 5
8 4
10 6
12 3
14 2
16 5
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15. Calculate the median mark from the following frequency distribution:

Marks No. of students

0 – 10 4
0 – 20 12
0 – 30 18
0 – 40 28
0 – 50 58
0 – 60 75
0 – 70 80

16. Calculate the modal wages.

Daily wages in ` (x) No. of workers (f)

20 – 25 1
25 – 30 4
30 – 35 7
35 – 40 11
40 – 45 6
45 – 50 3

17. Calculate the mean from the following data:

X less than Frequency

10 4
20 16
30 40
40 76
50 96
60 112
70 120
80 125
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18. Calculate arithmetic mean from the following data:

Height (in cms) No. of students

0 – 10 2
10 – 20 4
20 – 30 6
30 – 40 8
40 – 50 10
50 – 60 12
60 – 70 14

19. Find the missing frequency from the following distribution if its mean is 15.25.

X Y

10 3
12 7
14 (?)
16 20
18 8
20 5

20. You are given the following incomplete information and its mean is 25. Find
out the missing frequencies.

Class interval No. of frequencies

0 – 10 5
10 – 20  –
20 – 30 15
30 – 40  –
40 – 50 5
Total 45

21. Find the median value of the following data:

Class interval f

4 – 7 12
8 – 11 23
12 – 15 40
16 – 19 65
20 – 23 17
24 – 27 3
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22. Calculate mode from the following data:

Marks below No. of students

10 4
20 6
30 24
40 45
50 67
60 86
70 96
80 99
90 100

2.12 FURTHER READING

1. N.G. Das and J.K. Das (2015), Business Mathematics and Statistics,
Tata McGraw-Hill.

2. R.S. Bhardwaj (2016), Business Statistics, Excel Books.
3. Levin, Rubin and Rastogi (2009), Statistics for Management, Pearson

Education.
4. Srivastava and Rego (2007), Statistics for Management, McGraw Hill.
5. Hazarika Padmalochan (2005), A Text Book of Business Statistics, S.

Chand.
6. Kellor and Arora (2018), Business Statistics, Cengage.
7. Dr. S.N. De (2003), Business Mathematics and Statistics, Chhaya

Prakashani.
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UNIT 3 DISPERSION AND SKEWNESS

Structure
3.0 Introduction
3.1 Objectives
3.2 Dispersion and Skewness

3.2.1 Types of Skewness
3.2.2 Measurement of Skewness

3.3 Analysis of Time Series
3.3.1 Meaning and Importance of Time Series
3.3.2 Components of Time Series
3.3.3 Decomposition of Time Series
3.3.4 Measurement of Cyclical and Irregular Fluctuations

3.4 Methods of Finding Trend
3.4.1 Graphic or Freehand Curve Method
3.4.2 Semi-average Method
3.4.3 Moving Average Methods
3.4.4 Least Squares Methods

3.5 Answers to ‘Check Your Progress’
3.6 Summary
3.7 Key Terms
3.8 Self-Assessment Questions and Exercises
3.9 Further Reading

3.0 INTRODUCTION

To study the nature of frequency distribution it is necessary to know whether the
distribution is symmetry or asymmetry, if it is an asymmetrical distribution, what
extent it is deviation from the symmetry such measures of asymmetrical distributions
are called measure of skewness. Skewness means “asymmetrical distribution”. A
distribution, is asymmetrical it may be called skewed distribution.

3.1 OBJECTIVES

After going through this unit, you will be able to:
Explain the concept of Dispersion and Skewness
Describe the importance and components of Time Series
Discuss the measurement of Long-term Trends
Examine the measurement of Cyclical and Irregular Fluctuations
Explain Internal Rate of Return and Profitability Index

3.2 DISPERSION AND SKEWNESS

To study the nature of frequency distribution, it is necessary to know whether the
distribution is symmetry or asymmetry, if it is an asymmetrical distribution, what
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extent, it is deviation from the symmetry such measures of asymmetrical distributions
are called measure of skewness. Skewness means “asymmetrical distribution”. If
a distribution is asymmetrical, it may be called skewed distribution.

3.2.1 Types of Skewness
A. Symmetrical distribution
A symmetrical distribution is one when its values are plotted on a graph it should
give bell-shaped curve of normal distribution. The frequencies are concentrated at
central value of both the sides and the value of mean, median and mode would
coincide at a point. The skewness is absent.
B. Asymmetrical distribution

1. Positive skewness: A distribution is a +ve bell when it slopes towards
the right and concentrate more on the lower values.

2. Negative skewness: A distribution is a –ve bell when it slopes towards
the left and concentrate more on the higher values.

       

Fig. 3.1: Asymmetrical Distribution

Test of Skewness: In order to ascertain whether a distribution is skewed
or not, the following test can be applied:

1. The value of Mean, Median and Mode do not coincide.
2. When the distribution are plotted on a graph, they do not give bell-

shaped curve.
3. The sum of positive deviation from the Median or Mode is not equal to

the sum of negative deviation from the Median or Mode.
4. Frequencies are not equally distributed on either side of the mode. When

skewness is absent, the above stated conditions are conversely stated.

Symmetrical Distribution

Mode

Diagram No. 1
No Skewness

Asymmetrical Distribution
Diagram No. 2

Positive Skewness
Diagram No. 3

Negative Skewness

Mean = Median = Mode
Mean < Median < Mode

Skewness is absent

Mean Median Mode

Mean > Median > Mode

+ve Skewness

Mean Median

–ve Skewness
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3.2.2 Measurement of Skewness
It can be measured in absolute term or relative term:

(i) Absolute terms: Taking the difference between mean and mode, i.e.,
SK = Z.

(ii) Relative terms: Following are the important relative measures:
1. Karl Pearson’s coefficient of skewness
2. Bowley’s coefficient of skewness
3. Kelly’s coefficient of skewness
4. Skewness based on moments

1. Karl Pearson’s Coefficient of Skewness
The coefficient of skewness is based on the difference of mean and mode divided
by standard deviation. The formula for Karl Pearson’s coefficient of skewness is:

     skp = 
Mean Mode

S drd deviationtan

or  skp = x Z2

The result would lie between 1. If the answer is zero (since mean, median
and mode are equal), then the distribution is symmetrical. If the answer is positive,
then it is called positively skewed . If it is negative, then it is called negative skewed.

The above method of measuring skewness cannot be used where the mode

is ill-defined, alternatively skp = 3 
x MF
HG

I
KJ .

Illustration 1

Calculate Karl Pearson’s coefficient of skewness for the following data:

Wages (x) No. of workers (f)

125 5
126 10
127 15
128 40
130 22
132 8
134 10
135 6
136 4
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Solution:

  Wages      No.  of   A = 130, C = 1 (dx  f)     (fdx  dx)

    (x) Workers (f)
x A

C  = dx  fdx            fdx2

125 5 –5 –25 125
126 10 –4 –40 160
127 15 –3 –45 135
128 40 –2 –80 160
130 22 0 0 0
132 8 2 16 32
134 10 4 40 160
135 6 5 30 150
136 4 6 24 144

 N = 120 fdx fdx2

= –80 = 1,066

(a) Arithmetic mean

 x = A + 
fdx
N  × c

= 130 + 
80

120  × 1

= 130 –  0.67
 = 129.33

(b) Mode

 Mode can be ascertained by mere inspection the highest frequency is 40, the
 value against the highest frequency is 128.  Z = 128

(c) Standard deviation

= 
fdx
N

fdx
N

2 2F
HG
I
KJ  × c

= 
1066
120

80
120

2F
HG
I
KJ  × 1

= 8 883 67 2. ( . )  × 1

 = 8 883 0 4489. .  × 1
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= 8 4341.  × 1

= 2.904

(d) Skewness

    skp = 
x Z

 = 
129 33 128

2 904
.

.

= 
133

2 904
.
.

= 0.458

Illustration 2

Calculate Karl Pearson’s coefficient of skewness from the following data:

Income per day (`) No. of workers

50 8
60 5
70 9
80 4
90 6
100 7
110 3
120 2

Solution:

  Income      No.  of           A = 80, C = 10  (dx  f)     (fdx  dx)

    (x) workers (f)             
x A

C  = dx       fdx            fdx2

50 8 –3 –24 72
60 5 –2 –10 20
70 9 –1 –9 9
80 4 0 0 0
90 6 1 6 6
100 7 2 14 28
110 3 3 9 27
120 2 4 8 32

N = 44 dx = 4 fdx = –6   fdx2 = 194
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(a) Arithmetic mean

x = A + 
fdx
N  × c

= 80 + 
6

44  × 10

= 80 – 1.36
= 78.64

(b) Mode

Mode can be ascertained by mere inspection the highest frequency is 9, the value
against the highest frequency is 70.  Z = 70.

(c) Standard deviation

= 
fdx
N

fdx
N

2 2F
HG
I
KJ  × c

= 
194
44

6
44

2F
HG
I
KJ  × 10

= 4 409 0136 2. ( . )  × 10

= 4 409 0 0185. .  × 10

= 4 3905.  × 10

= 2.095 × 10
= 20.95

(d) Skewness

 skp = 
x Z

= 
78 64 70

20 95
.

.

= 
8 64
20 95

.
.

= 0.4124   + ve skewness

Illustration 3

Calculate Karl Pearson’s coefficient of skewness for the following data:

Income (`) No. of employees (f)

320 8
325 9
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330 15
335 8
340 15
345 9
350 8
355 15
360 3

Solution:
The highest frequency are equal. Therefore, mode is ill-defined. Alternatively, median
ascertain for calculating skewness.

  Income No.  of A = 340, C = 5 (dx  f) (fdx  dx)

    (x)          employees (f)       cf
x A

C  = dx fdx  fdx2

320 8 8 –4 –32 128
325 9 17 –3 –27 81
330 15 32 –2 –30 60
335 8 40 –1 –8 8
340 15 55 0 0 0
345 9 64 1 9 9
350 8 72 2 16 32
355 15 87 3 45 135
360 3 90 4 12 48

N = 90 fdx = –15 fdx2 = 501

(a) Arithmetic mean

x = A + 
fdx
N  × c

= 340 + 
15

90  × 5

= 340 – .833
= 339.167

(b) Median

M = the size of 
nF
HG
I
KJ

1
2 th items

    = the size of 
90 1

2
F
HG

I
KJ  45.5th
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In the cumulative 45.5th
Item against the value is 340

 M = 340

(c) Standard deviation

= 
fdx
N

fdx
N

2 2F
HG
I
KJ  × C

= 
501
90

15
90

2F
HG
I
KJ  × 10

= 556 0166 2. .b g   5

= 556 0166 2. .b g  × 5

= 5 56 0 0275. .  × 5

= 5532.   × 5

= 2.35  × 5
= 11.76

(d) Skewness

skp = 3
x MF
HG

I
KJ

= 3
339167 340

1176
.

.
F
HG

I
KJ

=
F
HG

I
KJ

0 888
1176

.
.

= 3(– 0.07083)
= –0.2124    Skewness is negative (–ve)

Continuous Series

Illustration 4

Find Karl Pearson’s coefficient of skewness from the following data:

Wages No. of  W

0 – 10 5
10 – 20 9
20 – 30 8
30 – 40 12
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40 – 50  10
50 – 60 4
60 – 70 3
70 – 80 2

Solution:

Wage s (x) f MP (x) A = 35, C = 10 (dx  f) (fdx  dx) =

 
LL UL

2
x A

C  = dx = fdx fdx2

0 – 10 5 5 –3 –15 45
10 – 20 9 15 –2 –18 36
20 – 30 8 25 –1 –8 8
30 – 40 12 35 0 0 0
40 – 50 10 45 1 10 10
50 – 60 4 55 2 8 16
60 – 70 3 65 3 9 27
70 – 80 2 75 4 8 32

N = 53 fdx = –6 fdx2 = 174

(a) Arithmetic mean

x = A + 
fdx
N  × c

= 35 + 
6

53  × 10

= 35 – 1.132
= 33.868

(b) Mode

Modal class is 30 – 40 against the highest frequency 12

1 0
1

1 0 2

Z = 
2

f fl i
f f f

= 30 + 
12 8

2 12 8 10( )  × 10

= 30 + 
4

24 18  × 10

= 30 + 
40
6

 Z = 36.67
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(c) Standard Deviation

= 
fdx
N

fdx
N

2 2F
HG
I
KJ  × c

= 
174
53

6
53

2F
HG
I
KJ  × 10

= 3 28 0113 2. ( . )  × 10

= 3 28 0 0128. .  × 10

= 3 267.  × 10

= 18.07

(d) Skewness

skp = 
x z

= 
33 868 36 67

18 07
. .

.

= 
2 80

18 07
.
.

= – 0.155  –ve skewness

Illustration 5
Find Karl Pearson’s coefficient of skewness from the following data:

x f

10 – 19 5
20 – 29 9
30 – 39  8
40 – 49 25
50 – 59 14
60 – 69 3
70 – 79 2
80 – 89 2
90 – 99 1
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Solution:

Given inclusive continuous class converted in to exclusive continuous class first

find the limit, i.e., 
19 20

2  = 0.5 lower limit = 10 – 0.5 = 9.5, upper limit = 19 +

0.5 = 19.5….

Wages f Exclusive MP(x) A = 54.5, (dx  f) (fdx  dx)

(x) class
UL LL

2 C =10 = fdx = fdx2

x A
c = dx

10 – 19 5 9.5 – 19.5 14.5 –4 –20 80
20 – 29 9 19.5 – 29.5 24.5 –3 –27 81
30 – 39 8 29.5 – 39.5 34.5 –2 –16 32
40 – 49 24 39.5 – 49.5 44.5 –1 –24 24
50 – 59 16 49.5 – 59.5 54.5 0 0 0
60 – 69 3 59.5 – 69.5 64.5 1 3 3
70 – 79 2 69.5 – 79.5 74.5 2 4 8
80 – 89 2 79.5 – 89.5 84.5 3 6 18
90 – 99 1 89.5 – 99.5 94.5 4 4 16

N fdx fdx2

= 70 =-70 = 262

(a) Arithmetic mean

x = A + 
fdx
N  × c

= 54.5 + 
70

70  × 10

= 54.5 – 10
= 44.5

(b) Mode

Modal class is 39.5 – 49.5 against the highest frequency 24.

1 0
1

1 0 2

Z = 
2

f fl i
f f f

= 39.5 + 
24 8

2 24 8 16( )  × 10

= 39.5 + 
16

48 24  × 10
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= 39.5 + 
160
24

Z = 46.17

(c) Standard Deviation

= 
fdx
N

fdx
N

2 2F
HG
I
KJ  c

= 
262
70

70
70

2F
HG
I
KJ  × 10

= 3742 1 2. ( )  × 10

= 3 748 1.  × 10

= 2748.

= 1.657 × 10
= 16.57

(d) Skewness

skp = 
x z

= 
44 5 4617

1657
. .

.

= 
167

1657
.
.

= – 0.1007 (–ve) skewness

Illustration 6

Calculate skewness for the following data:

Marks blow No. of students

20 10
30 18
40 25
50 32
60 43
70 61
80 67
90  85
100 100
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Solution:

Less than data are given:
(i) Ascertain lower class limit of the continuous series, i.e., lower class limit

30 – 20 = 10…
(ii) Ascertain sample frequency.

Marks (x) f   Class Sample Mid(x) (dx  f) (fdx dx)

 frequency f
UL LL

2
x A

c = fdx = fdx2

Below20 10 10 – 20 10 15 –4 –40 160
“ 30 18 20 – 30 8 25 –3 –24 72
“ 40 25 30 – 40 7 35 –2 –14 28
“ 50 32 40 – 50 7 45 –1 –7 7
“ 60 43 50 – 60 11 55 0 0 0
“ 70 61 60 – 70 18 65 +1 18 18
“ 80 70 70 – 80 9 75 +2 18 36
“ 90 85 80 – 90 15 85 +3 45 135
“ 100 100 90 – 100 15 95 +4 60 240

N fdx fdx2

= 100 = 56 =  696

(a) Arithmetic Mean

x = A + 
fdx
N
F
HG
I
KJ  c

= 55 + 
56

100
F
HG
I
KJ 10

= 55 + 
560
100

= 55 + 5.6
 x  = 60.6

(b) Mode

The highest frequency is 18 against the class of 60 – 70.

1 0
1

1 0 2

Z = 
2

f fl i
f f f
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= 60 + 
18 11

2 18 11 9( )  × 10

= 60 + 
7

36 20  × 10

= 60 + 70
16

     Z = 64.375

(c) Standard Deviation

= 
fdx
N

fdx
N

2 2F
HG
I
KJ  × c

  = 
696
100

56
100

2F
HG
I
KJ  × 10

= 6 96 056 2. ( . )  × 10

= 6 96 0 3136. .  × 10

  = 6 6464.  × 10

= 25.78

(d) Skewness

skp = 
x z

= 
60 6 64 375

2578
. .

.

= 
3775
2578

.
.

= –0.1464 (–ve skewness)

Illustration 7

When central point are given (mid-value or mid-point):

Central point Frequency

15 15
25 58
35 70
45 80
55 65
65 60
75 22
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Solution:

Given mid-point converted into exclusive class:
(i) Ascertain lower and upper class limit of the continuous class, i.e., = 5

lower class limit = 15 – 5 = 10, upper class limit = 15 + 5 = 20 (10 – 20
……)

Class (x) f Central A = 45,  C = 10 (dx  f) (fdx  dx)

value (x)
x A

c = fdx = fdx2

10 – 20 15 15  –3 –45 135
20 – 30 58 25 –2 –116 232
30 – 40 70 35 –1 –70 70
40 – 50 80 45 0 0 0
50 – 60 65 55 1 65 65
60 – 70 60 65 2 120 240
70 – 80 22 75 3 66 198

N = 370  fdx = 20 fdx2 = 940

(a) Arithmetic Mean

X = A + 
fdx
N
F
HG
I
KJ  c

= 45 + 
20

370
F
HG
I
KJ 10

= 45 + 
200
370

= 45 + 0.541
= 45.541

(b) Mode

The highest frequency is 80 against the class of 40 – 50.

1 0
1

1 0 2

Z = 
2

f fl i
f f f

= 40 + 
80 70

2 80 70 65( )  × 10

= 40 + 
10

160 135  × 10
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 = 40 + 
100
25

  Z = 44

(c) Standard Deviation

= 
fdx
N

fdx
N

2 2F
HG
I
KJ  × c

= 
940
370

20
370

2F
HG
I
KJ  × 10

= 2541 0 054 2. ( . )  × 10

= 2 541 0 0029. .  × 10

= 2538.  × 10

= 15.93

(d) Skewness

skp = 
x z

= 
45541 44

15 93
.

.

= 
1541
15 93
.

.

= 0.0967

Illustration 8

Calculate Karl Pearson’s coefficient of skewness from the following data:

Marks above No. of students

0 150
10 140
20 100
30 80
40 80
50 70
60 30
70 14
80  0
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Solution:

Given more than data converted into exclusive class:
(a) Ascertain upper limit of the class, the lower limit of next class become

the upper limit of the first class …. and last upper class limit = lower limit
+  difference of the class, i.e., 80 – 70 = 10,  80 + 10 = 90.

(b) Convert cumulative into sample frequency.
(c) The highest frequency are equal, i.e., 40 highest frequency repeated

twice against the class 10 – 20 and 50 – 60, So, Mode is ill-defined
alternatively median formula applied for ascertaining skewness.

Class No. of st. c f Mid(x) A = 45 (dx  f) (fdx  dx)

   (x) converted  
UL LL

2 C = 10 = fdx  = fdx2

into  (f)     
x A

c  = dx

  0 – 10 (150 – 140) 10 10 5 –4 –40 160
10 – 20 (140 – 100) 40 50 15 –3 –120 360
20 – 30 (100 – 80) 20 70 25 –2 –40 80
30 – 40 (80 – 80) 0 70 35 –1 0 0
40 – 50 (80 – 70) 10 80 45 0 0 0
50 – 60 (70 – 30) 40 120 55 1 40 40
60 – 70 (30 – 14) 16 136 65 2 32 64
70 – 80 (14 – 0) 14 75 3 42 126
80 – 90 0 150 85 4 0 0

N = 150    fdx fdx2

= –86 = 830

(a) Arithmetic Mean

X = A + 
fdx
N
F
HG
I
KJ  c

 = 45 + 
F
HG
I
KJ

86
150  10

= 45 + 
860

150

= 45  – 5.733
= 39.267
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(b) Median

N
2  

150
2  = 75 in the cumulative 75 lies between 70 to 80 against the class is

40 – 50

1 0
1

1 0 2

Z = 
2

f fl i
f f f

= 40 + 
75 70

10  × 10

= 40 + 
5

10  × 10

 M = 45

(c) Standard Deviation

= 
fdx
N

fdx
N

2 2F
HG
I
KJ  × c

= 
830
150

86
150

2F
HG
I
KJ  × 10

= 5533 0573 2. ( . )  × 10

= 5 533 0 328. .  × 10

= 5 205.  × 10

= 22.81

(d) Skewness

skp = 3
x MF
HG

I
KJ

= 3
39 267 45

22 81
.

.
F
HG

I
KJ

= 3
F
HG

I
KJ

5733
22 81

.
.

= –0.754

Illustration 9
From the following information relating to the marks of 40 students in statistics,
find out the Karl Pearson’s coefficient of skewness. Divide the data into ten strata
having marks range of 0 – 10, 10 – 20, 20 – 30 and so on.
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30 20 18 15 10 22 25 17 41 48
56 91 73 84 75 99 08 35 69 07
00 13 21 33 44 55 66 77 88 27
96 20 40 50 60 70 80 90 38 54

Solution:

Given observation grouped into 10 classes

Classes Tally bar f Mid(x) A = 45 (dx  f) (fdx  dx)
C = 10 = fdx  = fdx2

UL LL
2

x A
c

0 – 10 111 3 5 –4 –12 48
10 – 20 1111 5 15 –3 –15 45
20 – 30 1111 1 6 25 –2 –12 24
30 – 40 1111 4 35 –1 –4 4
40 – 50 1111 4 45 0 0 0
50 – 60 1111 4 55 1 4 4
60 – 70 111 3 65 2 6 124
70 – 80 1111 4 75 3 12 36
80 – 90 111 3 85 4 12 48
90 – 100 1111 4 95 5 20 100

N fdx  fdx2

= 40 = 11 = 321

(a) Arithmetic Mean

X = A + 
fdx
N
F
HG
I
KJ  × c

= 45 + 
11
40
F
HG
I
KJ  10

= 45 + 
110
40

= 45 + 2.75
= 47.75

(b) Mode
The highest frequency is 6 against the class of 20 – 30.

1 0
1

1 0 2

Z = 
2

f fl i
f f f
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= 20 + 
6 5

2 6 5 4( )  × 10

= 20 + 
1

12 9  × 10

= 20 + 
10
3

Z = 23.33

(c) Standard Deviation

 = 
fdx
N

fdx
N

2 2F
HG
I
KJ  × c

= 
321
40

11
40

2F
HG
I
KJ  × 10

= 8 025 0 275 2. ( . )  × 10

= 8 025 0 275. .  ×10

= 775.  × 10

= 27.83

(d) Skewness

skp = 
x z

 = 
4775 2333

27 838
. .

.

= 
24 42
27 838

.
.

= 0.877

Illustration 10

Calculate Karl Pearson’s coefficient of skewness from the following information
given when its Mode is 54.

Marks No. of students

0 – 20 10
20 – 40 –
40 – 60 30
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60 – 80 –
80 – 100 14

= 94

Solution:

Step 1:  Let missing frequency be x and y
 (10 + x + 30 + y + 14) = 94
  x + y + 54 = 94
  x + y = 94 – 54
  x + y = 40    ............................ 1
Step 2: Ascertaining missing frequency with the help of Mode. Mode is

given 54 is lies between 40 – 60. Therefore, modal class is 40 – 60 the highest
frequency is 30.

1 0
1

1 0 2

Z = 
2

f fl i
f f f

54 = 40 + 
30

2 30
x
x y( )  × 20

54 = 40 + 
30
60 40

x
 × 20

54 – 40 = 
20 30

60 40
xb g

14 = 
600 20

20
x

Cross multiplying 600 – 20x = 280
–20x = 280 – 600
–20x = –320

 x = 
320
20 x = 16

Substitute x value in equation no 1. x + y = 40,
16 + y = 40,
y = 40 – 16
 y = 24

Or,  Missing frequency also ascertained by applying simultaneous equation.

     1 0
1

1 0 2

Z = 
2

f fl i
f f f
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54 = 40 + 
30

2 30
x
x y( )  × 20

54 = 40 + 
30

60
x

x y  × 20

 54 – 40 = 
20 30
60

x
x y
b g

14 = 
600 20
60

x
x y

Cross multiplying 600 – 20x = 14(60 – x – y)
600 – 20x = 840 – 14x – 14y
–20x + 14x +14y = 840 – 600
–6x + 14y = 240 equation 2

Equation No. 1 and equation no. 2 value of x and y are differ so, in order to
equalize the value of x or y equation no 1 is multiply with either 6 or 14. Here, eqn.
no. 1 is multiplied with 6 eqn. no. 1    x + y = 40 . . . . × 6

 6x + 6y = 240 .............................. 3
Now, match the eqn. 2 and eqn. no 3 either subtract or add, if the both eqn.

has same sign then subtract if both eqn. has differ sign then it would be better the
add the eqn. Here, adding the eqn.

– 6x   + 14y = 240 ................................ 2

6x   + 6y   = 240 ................................. 3
          20y = 480

y = 
480
20  = 24,

y = 24
x + y = 40
x + 24 = 40
x = 40 – 24
x = 16

Classes f Mid(x) A = 50 (dx  f) (fdx  dx)
UL LL

2 C = 20 = fdx = fdx2

x A
c

0 – 20 10 10 –2 –20 40
20 – 40 16 30 –1 –16 16
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40 – 60 30 50 0 0 0
60 – 80 24 70 1 24 24
80 – 100 14 90 2 28 56

N = 94 fdx = 16 fdx2 = 136

(a) Arithmetic Mean

X = A + 
fdx
N
F
HG
I
KJ  c

= 50 + 
16
94
F
HG
I
KJ 20

= 50 + 
320
94

= 50 + 3.404
= 53.404

(b) Mode
Already given Z = 54

(c) Standard Deviation

= 
fdx
N

fdx
N

2 2F
HG
I
KJ  × c

= 
136
94

16
94

2F
HG
I
KJ  × 20

= 1446 01702 2. ( . )  × 20

= 1 446 0 0289. .  × 20

= 1171.  × 20  = 23.80

(d) Skewness

skp = 
x z

= 
53 404 54
23 8084

.
.

= 
0596

23 8084
.

.

= –0.025
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Illustration 11

In a certain distribution, the following results were established:
Mean = 45, Median = 48 and skp = –0.4
Find standard deviation.

Solution:

skp = 3
x MF
HG

I
KJ

–0.4 = 
45 48F
HG

I
KJ

–0.4 = 
F
HG
I
KJ

3

–0.4 = 
9

 = 
9

0 4.  = 22.5

Illustration 12
In a certain distribution, the following results were established

X  = 25, Z = 20, CV = 40%

Find skp.

Solution:

First, calculate standard deviation and ascertain skp.

CV = x  × 100

 40 = 25  × 100

40(25) = 100

= 
1000
100

 = 10

skp = 
x z

= 
25 20

10  = 
5

10

= 0.5
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Illustration 13

Calculate coefficient of skewness if fx = 350, n = 10, Median = 38, variance
= 49.

Solution:

First, calculate Arithmetic mean and then standard deviation and ascertain skp.

X = 
fx
n

= 
350
10   = 35

= Variance

= 49   = 7

skp = 
x MF
HG

I
KJ

= 3
35 38

7
F
HG

I
KJ

= 3
F
HG
I
KJ

3
7

= 
9

7

= –1.2857

Illustration 14
In a certain distribution, the following results were established.

skp = 0.35,  SD = 2.5, AM = 28  Z = ?

Solution:

skp = 
x z

0.35  =
28

25
Z

.

0.875 = 28 – Z
Z = 28 – 0.875
Z = 27.125
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Check Your Progress

1. Mention the name of different types of skewness.
2. What are the different types of skewness?

3.3 ANALYSIS OF TIME SERIES

The analysis of time series consists of a description of a component movement
present. To motivate procedures involved in such description, following figure
which refers to an ideal time series.

(i)  Long term trend (i)  Long term trend and

cyclical movement

(i)  Long term trend 

cyclical and seasonal movement

movement

Fig. 3.2:  Analysis of Time Series

Fig. 3.2(i) shows a graph of a long term or secular trend line. Fig. 3.2(ii)
shows this long term trend line with a superimposed cyclical movement. Fig. 3.2(iii)
shows a superposition of a seasonal movement on the graph of Fig. 3.2(ii).

The ideas presented above provide us with a possible technique for analysis
time series. So, assume that the time series variable Y is a assume that the time
series variable Y is a product of the variables, T, C, S and I which produce
respectively the trend, cyclical, seasonal and irregular movements.

Uses of Time Series

The uses of time series is of well significance to the economist, scientist, sociologist,
biologist, researcher and businessman etc. The following uses are:

(i) Long term trend (ii) Long term trend and
cyclical movement

(iii) Long term trend movement
cyclical seasonal
movement
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(i) It helps to understand past behaviour.
(ii) It helps in evaluating current accomplishment.
(iii) It helps in planning future operations.
(iv) It also helps in comparing the actual performance.
(v) It helps to study the factor which influence the changes in economic

activities and predict the future variations in them with certain limitations.

3.3.1 Meaning and Importance of Time Series
The observed values of the variable studied, such as the price of a commodity are
results of various influences. Discovering and measuring the effects of these
influences are the primary purposes of a time series analysis. Although the effects
cannot always be determined exactly, it has been made over a sufficiently long
period.

Time series analysis is done primarily for the purpose of making forecasts
for future and also for the purpose of evaluating past performances. An economist
or a business man is very naturally interested in estimating the future figure of
national income, population, prices and wages, etc. So, the success or failure of a
businessman depends to a large extent on the accuracy of this future forecasts.

Meaning of Time Series

Time series analysis are basic to understanding past behaviour, evaluating current
accomplishments, planning for future operations and comparing different time series.
Thus, a series of successive observations of the same phenomenon over a period
of time are called “time series”.

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

According to Kenny and Keeping, “A set of data depending on the time is
called time series”.

According to Morris Hamburg, “A time series is a set of statistical
observations arranged in chronological order”.

According to Croxton and Cowden, “A time series consists of data arranged
chronologically.”

According to Spiegel, “A time series is a set of observations taken at specified
time, usually at ‘equal intervals’. Mathematically, a time series is defined by the
values y1, y2 ...... of a variable Y (temperature, closing price of share, etc.) at the
time t1, t2 .... Thus, Y is a function of t, symbolised by y = F(t).”

According to Ya-Lun-Chou, “A time series may be defined as a collection
of magnetite belonging to different time periods, of some variable or different time
periods, of some variable or composite of variables, such as production of steel,
per capita income, gross national product, price of tobacco or index of industrial
production.”
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3.3.2 Components of Time Series

Graphs of Time Series
A time series involving a variable Y is represented pictorially by constructing a
graph of Y vs. t. The graph of T professional of the India during the years.
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Fig. 3.3: IT professional of India

 Source: Department of IT

Components of Time Series

Characteristic movement of time series may be classified into four main types,
often called components of a time series. The components of a time series are the
various elements which can be separated from the observed data. The components
of time series are classified as under:

Components

of 

time serices

Long term 

or

Secular movement

Irregular

or

Ramdom movement

Seasonal movement

or

Seasonal variation

Cydical movement

or

Cyclical variations

Fig. 3.4: Components of Time Series
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Long-term or Secular Movements

The secular trend is the basic long–term tendency, of a particular activity to grow
or to decline. It indicates the presence of factors that persist for a considerable
duration factors such as population changes, technological improvements, price
level fluctuations or various conditions that are peculiar to individual industries or
establishments. Thus, the tendency of data to grow or decline over a long period
is technically called secular movement or simple trend. For example in India, the
sales of car is showing an increasing trend and sales of black and white TV is
showing declining trend.

“The secular trend is that characteristic of a time series which extends
consistently throughout the entire period of time under consideration”.

– Henry L. Alder

Cyclical Movements or Cyclical Variations

It refers to the long term swing about a trend line or curve. These cycles, as they
are sometimes called, may or may not be periodic, i.e., they may or may not
follow exactly similar patterns after equal intervals of time. In business and economic
activities, movements are considered cyclical only if they recur after time intervals
of more than a year. An important example of cyclical movements are the so-
called business cycles representing intervals of prosperity, recession, depression
and recovery.

“Up and down movements which are different from seasonal fluctuations, in
that they extend over longer period of time–usually two or more years.”

– Linclon L. Choo

Seasonal Movements or Seasonal Variations

Seasonal variations in general refer to annual periodicity in business as economic
theory, the ideas involved can be extended to include periodicity over any interval
of time such as daily, hourly, weekly, etc., depending on the type of data available.

Although the word “seasonal” might seem to imply connection with the
seasons of the year, the term means to include any kind of variation which is of a
periodic nature, and whose repeating cycle are of relatively short duration. Seasonal
variations are the result of such seasonal factors as climatic conditions, holidays,
business operations or human habits. A time series giving the number of visitors
per hour at a Bank would show a seasonal variation since noon hours and pay
days are always busy periods. The borrowing of books at college libraries shows
seasonal variations, there is a surprising increase before each examination period
and a sharp declne thereafter.

“Seasonal variations are variations that occur in regular sequence at specific
intervals of time”. – Edward B. Roessler

Irregular or Random Movements

Its refer to the sporadic motions of time series due to chance events such as
floods, strikes, elections, fires, earthquakes, unusual weather, etc. Random
variations in a time series are variations which cannot be accounted for by the
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secular trend, seasonal movements or cyclical fluctuations. So, it is ordinarily
assumed that such events produces variations lasting only short time, it is
conceivable that they may be so intense as to result in new cyclical or other
movements.

“Random or erratic variations are variations which occur in a completely
unpredictable fashion”. – Henry L. Alder
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Fig. 3.5: Irregular or Random Movements

3.3.3 Decomposition of Time Series
Plotting time series data is an important first step in analyzing their various
components. Beyond that, however, we need a more formal means for identifying
and removing characteristics such as a trend or seasonal variation. As discussed in
lecture, the decomposition model reduces a time series into 3 components: trend,
seasonal effects, and random errors. In turn, we aim to model the random errors
as some form of stationary process.

Let’s begin with a simple, additive decomposition model for a time series xt.
xt = mt + st + et  (4.1)
where, at time xt,  mt is the trend, st is the seasonal effect, and et is a random

error that we generally assume to have zero-mean and to be correlated over time.
Thus, by estimating and subtracting both {mt} and {st} from {xt}, we hope to
have a time series of stationary residuals {et}.

3.3.4 Measurement of Cyclical and Irregular
Fluctuations

Illustration 1

Using the method of Freehand, determine the trend of the following data:
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Year Production (in tons)

1998 42
1999 44
2000 48
2001 42
2002 46
2003 50
2004 48
2005 52

Solution:
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Trend line

Actual data

Fig. 3.6:  Measurement of Cyclical and Irregular Fluctuations

3.4 METHODS OF FINDING TREND

Estimation of trend values can be achieved in several methods:
(i) Graphic or Freehand Curve Method
(ii) Semi-average Method
(iii) Moving Average Method
(iv) Least Square Method

3.4.1 Graphic or Freehand Curve Method
Which consists of fitting a trend line or curve simply by looking at the graph, can
be used to estimated trend.

The time is shown on the horizontal axis and the value of the variable on the
vertical axis. The fitting of the trend may be straight line or a curved line and it may
be done freehand by scale rules, spline, string or French curves of different shapes.
Smooth out irregularities by drawing a free hand curve through the scatter points.
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Merits:

(i) A freehand trend fitting enables an understanding of the character of
time series.

(ii) These are its flexibility and simplicity.
(iii) This method only used to describe all types of trends – linear and

non-linear.

Demerits:

(i) This is depending too much on individual judgment.
(ii) It does not involveany complex mathematical techniques.
(iii) It does not enable us to measure trend in precise quantitative terms.
(iv) Different trend curves could be obtained by different persons for the

same data. It is highly subjective.

3.4.2 Semi-average Method
The method is used only when the trend is linear or almost linear. For non-linear
trends this method is not applicable. It is used for the calculation of averages, and
averages are affected by extreme values. Thus, if there is some very large value or
very small value in the time series, that extreme value should either be omitted or
this method should not be applied.

Merits:

(i) It is simple and easy to understand.
(ii) It can be compared with the moving average of the least squares

method of measuring trend.
(iii) This method is objectivity in the sense that it does not depend of the

personal judgment.
(iv) It is also applicable where the trend is linear or approximately linear.

Demerits:

(i) This method is based on the assumption that there is a linear trend
which may not be true.

(ii) It is not suitable when time period represented by average is small.
(iii) The use of arithmetic mean for obtaining semi–average may be

questioned because of limitation of the method.

Illustration 2

Using the semi-average method, determine the trend of the following data:

Year Production

1998 48
1999 42
2000 60



Dispersion and Skewness

NOTES

Self-Instructional
             Material   161

2001 54
2002 38
2003 66
2004 70
2005 66

Solution:

The number of observations are even, i.e., 8. The two middle parts will be 1997
to 2001 and 2002 to 2006.

Year Actual value 4 years total Semi-average
and average value

1888 48

1999 42
48 42 60 54

4
204
4 51 ...... .... x1

2000 60
2001 54

2002 38
38 66 70 66

4
240
4 60 ......  x2

2003 66
2004 70
2005 66

Here, the value 51 is plotted against the middle of the first four years, i.e.,
1998-2001 and the value 60 is plotted against the middle of the last four years,
i.e., 2002-2005. So, both the points are joined by a straight line as under:
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Illustration 3

Calculate trend values from the following data by the method of semi-average:

Year Sales

1996 30
1997 35
1998 39
1999 24
2000 42
2001 36
2002 27
2003 45
2004 40
2005 42

Solution:

Year Sales Averages Annual Trend value
changes

1996 30 29.2
1997 35 30

1998 39
170

5
34 30.8

1999 24 31.6
2000 42 0.8 32.4
2001 36 33.2
2002 27 .... 34
2003 45 34.8
2004 40 35.6
2005 42 36.4

Let us have two periods of 5 years each 1996 to 2000 and 2001 to 2005.
The averages for the two periods are:

30 35 39 24 42
5

170
5

34 1.......... x

and
36 27 45 40 42

5
190

5
38 2.......... x

The increase of two averages is 38 – 34 = 4 which takes place in 5 years.
Therefore, annual change is .... = 0.8
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“Graph showing Sales with Trend line”
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Illustration 4

Draw a trend by the method of semi–average from the following data:

Year Sales (‘000 units)

1998 195
1999 100
2000 104
2001 90
2002 95
2003 102
2004 110
2005 116

Also predict the sales for the year 2003 from the graph.

Solution:

Year Sales(x) Semi-average

1998 195

1999 100
489
4

 = 122.25 ....... x1

2000 104
2001 90
2002 95
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2003 102
423
4 .... = 105.75 ..... x2

2004 110
2005 116

Graph showing sales “000”units
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2003 Sales = 108,00 units

3.4.3 Moving Average Methods
By using moving averages of appropriate orders, cyclical, seasonal and irregular
patterns may be eliminated thus leaving only the trend movement. Here, trend
values can be obtained by employing arithmetic means of the series except at the
two ends of the series. So, moving average consists of a series of arithmetic means
calculated from overlapping groups of successive values of a time series. Moving
average based on values covering a fixed time interval, called moving average
period. It is shown against the centre of the period.

The moving average for period ‘t’ is a series of successive averages of
values at a time, starting with 1st, 2nd and 3rd to ‘t’ terms. Here, the first average
is the mean of the 1st to ‘t’ terms, the second is the mean of the ‘t’ terms from 2nd
to (t + 1)th terms and third is the men of the 3rd to (t + 2)th terms and so on.

Hence, the time series values X1, X2, X3 ..... for different time periods, the
moving average of period ‘t’ is given by:

1st value moving average =  
1
t  (X1 + X2 + .... Xt),

2nd value moving average = 
1
t  (X2 + X3 + ...... Xt + 1) and

3rd value moving average = 
1
t (X3 + X4 + ..... Xt + 2)



Dispersion and Skewness

NOTES

Self-Instructional
             Material   165

(a) Odd Period: When the period is odd, if the period ‘t’ of the moving
average is odd the successive value of the moving averages are placed
against the middle value of concerned group of items. If t = 5, the first
moving average value is placed against the middle period i.e. third value
and the second moving average value is placed against the time period
four and so on.

(b) Even Period: When the period is even, it the period ‘t’ of moving
average is even there are two middle periods and the moving average
value is placed between the two middle terms of the time intervals. In
the particular period t = 4, the first moving average is placed against the
middle of second and third values, the second moving average is placed
in between third and fourth values and so on.

For odd: In the below table (a) have considered 5 years moving averages.

Year Data 5-year 5-year
moving total moving average

1995 50.0
1996 36.5
1997 43.0 212.9 42.6
1998 44.5 201.0 40.2
1999 38.9 197.1 39.4
2000 38.1 192.8 39.6
2001 32.6 190.0 38.0
2002 38.7 192.2 38.4
2003 41.7 187.9 37.6
2004 41.1
2005 33.8

Here, the first moving total 219.9 of column 3 is the sum of the 1st through
5th entries of column 2. The second moving total 201.0 is the sum of the 2nd
through 6th entries in column 2, etc.

In practice, after obtaining the first moving total 212.9, the second moving
total is easily obtained by subtracting 50.0 (1st entry of column 2), the result being
201.0. Succeeding moving totals are obtained similarly. Dividing each moving total
by 5 yields the required moving average.

In the below table ... have considered 4 years moving averages.
For even:

Year Data 4-year 4-year
moving total moving total

1995 50.0
1996 36.5
1997 43.0 174.0 43.5
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1998 44.5 162.9 40.7
1999 38.9 164.5 41.1
2000 38.1 154.1 38.5
2001 32.6 148.3 37.1
2002 38.7 151.1 37.8
2003 41.7 154.1 38.5
2004 41.1 155.3 38.8
2005 33.8

Here, the 4-year moving totals are obtained as in past (a), except that 4
entries of column 2 are added instead of 5. Note that the moving totals are centred
between successive years, unlike part (a). This is always the case when an even
number of years is taken in the moving average. If we consider that 1996, for
example, stands for July 1, 1996, the first 4 year moving total is centred at Jan 1,
1997 or Dec. 31, 1996. The 4 year moving averages are obtained by dividing the
4 year moving totals by 4.

Merits:

(i) It is very simple to understand and easy to calculate as compared to
other methods.

(ii) It can be used in all facts of time series analysis, for the measurement
of trends as well as in connection with seasonal cyclical irregular
components.

(iii) It calculate is simple because no higher degree mathematical
calculations.

(iv) It considers all the values in the series. The extreme values are included
in the process of determining averages.

(v) It is a objective method. No personal judgment like freehand method.

Demerits:

(i) In this method, that data at the beginning and end of a series are lost.
(ii) It may generate cycles or other movements which were not present in

the original data.
(iii) It is strongly affected by extreme values of items. They are said to be

sensitive to....  movement in the data.
(iv) It does not establish functional relationship between the period and

the value of variables.
(v) It cannot determine irregular variations completely.

Illustration 5
Find trend values by three-yearly moving average method.
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Year Production (’000 in unit)

1999 112
2000 138
2001 146
2002 154
2003 170
2004 183
2005 190

Solution:

I II III IV V
Year Production Column of 3-year 3-year

differences moving total moving average

1999 112

2000 138 154 – 112 = 42 .....396
396

3  = 132

2001 146 170 – 138 = 32 ..... 438
438

3  = 146

2002 154 183 – 146 = 37 .... 470
470

3  = 157

2003 170 190 – 154 = 36 ..... 507
507

3
 = 169

2004 183 .... 543
543

3
 = 181

2005 190
The total production of first three years is (112 + 138 + 146 = 396). This

total is placed in column (IV) of three-yearly moving total before the middle year
2000 and in column (V) the three-year moving average 396/3 = 132 is placed
before the year 2000 as shown in the above table. And find the second moving
total we find the difference of the production of a year 2002 and 1999 which is
(154 – 112 = 42). This is written in column (III) in front of the year 2000 and the
second moving total is (396 + 42 = 438). In such a way, it can be complete
columns (III) and (IV) of the above table.

Illustration 6

Find trend values from the following data using three-yearly moving averages and
show the trend line on the graph.
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Year Price (`) Year Price (`)

1994 52 2000 75
1995 65 2001 70
1996 58 2002 64
1997 63 2003 78
1998 66 2004 80
1999 72 2005 73

Solution:
Computation of Trend Values

Year Price (`) 3-yearly 3-yearly
 moving total moving average

1994 52 –
1995 65 175 58.33
1996 58 186 62.00
1997 63 187 62.33
1998 66 201 67.00
1999 72 213 71.00
2000 75 217 72.33
2001 70 209 69.67
2002 64 212 70.67
2003 78 222 74.00
2004 80 231 77.00
2005 73 –
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Illustration 7

Using a 3-yearly moving averages determine the trend values.

Year Production (in ’000 units)

1995 21
1996 22
1997 23
1998 24
1999 25
2000 26
2001 27
2002 26

Solution:

Years Production 3-yearly 3-yearly
(in 000 units) moving total moving average

1995 21 – –
1996 22 66 22
1997 23 69 23
1998 24 72 24
1999 25 75 25
2000 26 78 26
2001 27 79 26.33
2002 26 – –

Graphical representation
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Illustration 8

Find the four-yearly moving averages for the following data:

Year Values

1991 30.1
1992 45.4
1993 39.3
1994 41.4
1995 42.2
1996 46.4
1997 46.6
1998 49.2

Solution:

Year Values 4-yearly 4-yearly Central
moving total moving average value

1991 30.1
1992 45.4

156.2 39.05
1993 39.3 40.56

168.3 42.07
1994 41.4 42.195

169.3 42.32
1995 42.2 43.235

176.6 44.15
1996 46.4 45.125

184.4 46.1
1997 46.6
1998 49.2

Illustration 9

Using four-yearly moving averages determine the trend values and also plot the
original and trend values on a graph.

Year Production Year Production
(1000 units) (1000 units)

1994 75 2000 96
1985 62 2001 128
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1996 76 2002 116
1997 78 2003 76
1998 94 2004 102
1999 84 2005 168

Solution:

Year Production 4-yearly 4-yearly Centred Year
moving moving total
average average

1994 75
1995 62 291 72.75 75.125 1996
1996 76 310 77.50 80.25 1997
1997 78 332 83.00 85.50 1998
1998 94 352 88.00 94.25 1999
1999 84 402 100.50 103.25 2000
2000 96 424 106.00 105.00 2001
2001 128 416 104.00 104.75 2002
2002 116 422 105.50 110.50 2003
2003 76 462 115.50
2004 102
2005 168

Graph showing production and trend value for the years 1994-2005
Scale: OX= 1 cm = 1 year, OY = 1 cm = 1000 units.
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Illustration 10

Calculate the trend values by five-yearly moving average method and plot the
same on a graph from the following:

Year Sales (’000 units)

1995 36
1996 42
1997 54
1998 72
1999 66
2000 60
2001 48
2002 75
2003 78
2004 102
2005 93

Computation of Trend Values

Year Sales 5-year 5-year
moving total moving total

1995 36 –
1996 42 –
1997 54 270 54
1998 72 294 58.8
1999 66 300 60
2000 60 321 64.2
2001 48 327 65.4
2002 75 363 72.5
2003 78 396 79.2
2004 102 –
2005 93 –
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Graph showing sales of units for 11 years and 5-yearly trend lines
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3.4.4 Least Squares Methods
A definition of the term, line of best fit, should give a unique line. Let us proceed by
considering, for each value of X, the absolute value |Y – Yc| of the difference between
the actual a value and the estimated Y value (see below figure). This difference
represents the error committed by using the estimated Y value instead of the actual
value. One way to determine the line of best fit might be to find that line for which
the sum of these errors for all the given values of X, i.e., å |Y – Yc |, has the smallest
possible value. However, the procedure, while yielding a unique line, leads to
mathematical difficulties customarily associated with the occurrence of absolute
values. A better method and one which accomplishes the same aims, defines the
line in such a way that å (Y – Yc)

2 has the smallest value. This method, called the
method of least squares, is the one most generally used in statistics for obtaining
the line of best fit.

Y

O
X

X2 X3 X4X1

Y

Y

Ye

Ye

|Y–Ye|

|Y–Ye|

Fig. 3.7: Least Squares Methods
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The trend line, which is a “best fit” to a scatter diagram of n points, its
employ a theorem from elementary mathematics.

From the below figure, the equation of any no-vertical line can be written in
the form

Y = a + bx,
where, a is the Y-intercept

    and b is the slope of the line.
The slope is given b = tan , where  is the angle measured from the

positive X-axis to the line and is positive or negative as  is obtuse.

X

Y

O

a

Fig. 3.8: Graph showing of Straight line Y-intercept ‘a’ and Angle of Inclination ‘a’

To obtain the constants values of ‘a’ and ‘b’. The following two secondary
equation:

na + b x = Y ...(i)
a x + b  x2 = XY ...(ii)
Here, x represents the number of years or any period for which the data is

given.
Mid-point in time is taken as the origin, so that negative values in the first

half of the series balance out the positive values in the second half, i.e., x = 0.
The period indicating the higher values can be reduced to the minimum

symbolically as under:

Year (Y) Deviation (x) Year (y) Deviation (x)

1999 –3 1998 –7
2000 –2 1999 –5
2001 –1 2000 –3
2002 0 2001 –1
2003 +1 2002 +1
2004 +2 2003 +3
2005 +3 2004 +5

2005 +7
So, x = 0 as the Deviation are calculated from the mean. The sum of

deviations of the actual value from the computed values is equal to zero.
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Here,     Y = Actual values
   Yc = na and xy = b x2

So, the value of ‘a’ and ‘b’ determined as:

a  = 
y

n ;

b  = 
xy
x2

Finally, the trend line, the line of ‘best fit’ will be drawn under the least
squares method. It is the line from which the sum of the squares of the items,
measured parallel to the Y-axis, is the least.

So, equation is represented by:
Y   = a + bx

Least Square Method for Trend Values
Yc  = a + bx

a  = 
y

n

b  = 
xy
x2

Here, x   =  Independent variable (Deviation)
y =  Dependent variable on x
a =  The ‘y’ intercept
b =  Indicate slope and signifies the changes in ‘x’ constant
n =  Number of observations
xy =  Product of x and y
x 2 =  Square of x
Sy =  Sum of ‘y’ values
Dxy =  Sum of the product of x and y values
Sx2 =  Sum of square value of x

Merits:

(i) It is objective method which does not variations in the results.
(ii) It is very easy calculation because no higher degree calculation.
(iii) It determines the trend values and also reflects light on the seasonal,

cyclical and irregular variations.
(iv) Since it is based on an algebraic method of calculating the trend, it is

free from any bias, subjectivity does not enter into it.
(v) It is a flexible method, the trend values calculated any period and

answer should be accurate.
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Demerits:

(i) This method is in appropriate for a very short series and is unnecessary
for a long one.

(ii) It does not establish functional relationship between the period (x)
and the values of variable ‘y’.

(iii) It is a tedious method and involves more calculations compared to the
methods discussed earlier.

(iv) It can estimate a value only immediate future and not for distant future.

Illustration 11

Fit a straight line trend by the method of least squares, tabulate the trend values
and show the values on a graph form the following figure of production of sugar
factory:

Year Production (’000 tons)

1999 80
2000 90
2001 92
2002 83
2003 94
2004 99
2005   92

Solution:
Computation of trend values

Year Production x x2 xy Trend values (Yc)

1999 80 –3 9 –240 90 + 2 (–3) = 84
2000 90 –2 4 –180 90 + 2 (–2) = 86
2001 92 –1 1 –92 90 + 2 (–1) = 88
2002 83 0 0    0 90 + 2 (0) = 90
2003 94 +1 1 94 90 + 2 (+1) = 92
2004 99 +2 4 198 90 + 2 (+2) = 94
2005 92 +3 9 276 90 + 2 (+3) = 96

n = 7 y = 630 x = 0   x2 = 28 xy = 56

The straight line equation, Yc = a + bx

Here,   a = 
y

n
b xy

x
630
7

90
56
28

2  and  
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Graph showing production for the year 1999 to 2005
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Illustration 12

Fit a straight line trend to the following data taking X as the independent variable
and prove (Y – Yc) = 0.

X Y

2000 1
2001 1.8
2002 3.3
2003 4.5
2004 6.3
2005 10

Solution:
Calculation of Trend value by the method of least squares

Year y x x2 xy Trend value
Yc = a + bx

2000 1 –5 25 –5 0.223
2001 1.8 –3 9 –5.4 1.927
2002 3.3 –1 1 –3.3 3.631
2003 4.5 +1 1 4.5 5.335
2004 6.3 +3 9 18.9 7.037
2005 10 +5 25 50 8.743

y = 26.9 x = 0 x2 = 70 xy = 57.7
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We know, trend value Yc = a + bx

     a = 
y

n
26 9

6
4 483. .

     b = 
xy
x2

59 7
70

0 852. .

For the year Yc = a + bx
2000 = 4.483 + 0.852 (–5) = 0.223
2001 = 4.483 + 0.852 (–3) = 1.927
2002 = 4.483 + 0.852 (–1) = 3.631
2003 = 4.483 + 0.852 (+1) = 5.335
2004 = 4.483 + 0.852 (+3) = 7.037
2005 = 4.483 + 0.852 (+5) = 8.743

Illustration 13

Below are given the annual production (in thousand tons) of a fertiliser factory:

Year Production

1992 70
1993 75
1994 90
1995 91
1996 95
1997 98
1998 100

(i) Fit a straight line trend by the method of least squares and tabulate the
trend values.

(ii) Estimate the likely production for the year 2000.

Solution:

Year y x (x2)  (xy) Yc = a + bx

1992 70 –3 9 – 210 73.31
1993 75 –2 4 – 150 78.35
1994 90 –1 1 – 90 83.39
1995 91 0 0 0 88.43
1996 95 1 1 95 93.43
1997 98 2 4 196 98.51
1998 100 3 9 300 103.55

n = 7 y = 619 x2 = 28 xy =  141
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We know, Trend value, Yc = a + bx

a = 
y

n

and b = 
xy
x2

a = 
619

7 = 88.43

b = 
141
28  = 5.04

 For the year Yc = a + bx
1992 = 88.43 + 5.04 (–3) = + 73.31
1993 = 88.43 + 5.04 (–2) = + 78.35
1994 = 88.43 + 5.04 (–1) = + 83.39
1995 = 88.43 + 5.04 (0) = + 88.43
1996 = 88.43 + 5.04 (1) = 93.47
1997 = 88.43 + 5.04 (2) = + 98.51
1998 = 88.43 + 5.04 (3) = 103.55

(ii) The likely production for the year 2000
Y2000 = 88.43 + 5.04 (5) = 113.63 thousand tons

Illustration 14

Find the following table:
(i) Fit a straight line trend by the method of least squares.
(ii) Calculate the trend values.

Year Production (in ‘000 tons)

1990 12
1991 10
1992 14
1993 11
1994 13
1995 15
1996 16

Solution:

Year y x (x2)  (xy) Yc

1990 12 –3 9 –36 10.75
1991 10 –2 4 –20 11.5
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1992 14 –1 1 –14 12.25
1993 11 0 0 0 13
1994 13 1 1 13 13.75
1995 15 2 4 30 14.5
1996 16 3 9 48 15.25

n = 7 y = 91 x2 = 28 xy = 21

Straight line trend:

a = 
y

n

and b = 
xy
x2

a 
91
7

13

b 21
28

0 75.

For the year Yc = a + bx
1990 = 13 + 0.75 (–3) = 10.75
1991 = 13 + 0.75 (–2) = 11.5
1992 = 13 + 0.75 (–1) = 12.25
1993 = 13 + 0.75 (0) = 13
1994 = 13 + 0.75 (1) = 13.75
1995 = 13 + 0.75 (2) = 14.5
1996 = 13 + 0.75 (3) = 15.25

Illustration 15

The following figures represent the Annual sales of M/s. Suman Roy Company:
(a) Find the trend values for each year, by adopting the method of least

squares.
(b) Estimate the Annual sales for the next five years.

Year Sales in lakhs

1996 46
1997 50
1998 40
1999 70
2000 60
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Solution:

Year Sales Deviation Square of Derivation & Trend Value
y x Deviation (x2) sales (xy) Yc

1996 46 –2 4 –92 43.6
1997 50 –1 1 –50 48.4
1998 40 0 0 0 53.2
1999 70 1 1 70 58
2000 60 2 4 120 62.8

n = 5 y = 266 x = 0 x2 = 10 xy = 48

Yc  = a + bx 2x

xy
band

n
y

a

10
48

b;
5

266
a ;

a = 53.2 and b = 4.8
For the year Yc = a + bx

1996 = 53.2 + 4.8 (–2) = 43.6
1997 = 53.2 + 4.8 (–1) = 48.4
1998 = 53.2 + 4.8 (0) = 53.2
1999 = 53.2 + 4.8 (1) = 58
2000 = 53.2 + 4.8 (2) = 62.8
2001 = 53.2 + 4.8 (3) = 67.6
2002 = 53.2 + 4.8 (4) = 72.4
2003 = 53.2 + 4.8 (5) = 77.2
2004 = 53.2 + 4.8 (6) = 82
2005 = 53.2 + 4.8 (7) = 86.8

Illustration 16

Calculate the trend values by applying least squares method.

Year Sales (` crores)

1996 20
1997 23
1998 22
1999 25
2000 26
2001 29
2002 30

Estimate the likely sales for 2006.
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Solution:

Year Sales x x2 xy Trend Value
(Yc = a+bx)

1996 20 –3 9 –60 20.08
1997 23 –2 4 –46 21.72
1998 22 –1 1 –22 23.36
1999 25 0 0 0 25
2000 26 1 1 26 26.64
2001 29 2 4 58 28.28
2002 30 3 9 90 29.92

n = 7 y = 175 x = 0 x2 = 28 xy = 46

We know, Trend Value, Yc = a + bx

a = n
y

b = 2x

xy

a = 7
175

b = 28
46

  = 25
  = 1.64

For the year, Yc = a + bx
1996 = 25 + 1.64(–3) = 20.08
1997 = 25 + 1.64(–2) = 21.72
1998 = 25 + 1.64(–1) = 23.36
1999 = 25 + 1.64(0) = 25
2000 = 25 + 1.64(1) = 26.64
2001 = 25 + 1.64(2) = 28.28
2002 = 25 + 1.64(3) = 29.92
2006 is Yc = a + bx = 25 + 1.64(7) = 36.48

Illustration 17

Determine the trend values by the method of least squares from the following data
Show the actual time and trend line on graph.
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Year Values

1999 75
2000 67
2001 68
2002 65
2003 50
2004 54
2005 41

Solution:

Year (y) (x) (x2) Square of Trend value
Value Deviation  deviation xy Yc

1999 75 –3 9 –225 75.63
2000 67 –2 4 –134 70.42
2001 68 –1 1 –68 65.21
2002 65 0 0 0 60
2003 50 1 1 50 54.79
2004 54 2 4 108 49.58
2005 41 3 9 123 44.37

N = 7  y = 420     x = 0       x2 = 28     xy = –146   Yc = 420

where, Yc = a + bx

a = N
y  = 7

420  = 60

b = 2x

xy
 = 28

146  = –5.21

For the year, Yc = a + bx
1999 = 60 + (–5.21) (–3) = 75.63
2000 = 60 + (–5.21) (–2) = 70.42
2001 = 60 + (–5.21) (–1) = 65.21
2002 = 60 + (–5.21) (0) = 60
2003 = 60 + (–5.21) (+1) = 54.79
2004 = 60 + (–5.21) (2) = 49.58
2005 = 60 + (–5.21) (3) = 44.37

Illustration 18

Fit a straight line trend under least square method to the following data and plot
the trend values on a graph. Estimate the production for the year 2007.
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Year Production (in million tons)

2000 30
2001 48
2002 40
2003 78
2004 84
2005 80
2006 88

Solution:

Year Production (y) x x2    xy Trend Value
    Yc = a + bx

2000 30 –3 9 –90 33.79
2001 48 –2 4 –96 43.86
2002 40 –1 1 –40 53.93
2003 78 0 0 0 64
2004 84 1 1 84 74.07
2005 80 2 4 160 84.14
2006 88 3 9 264 94.21

n = 7 y = 448 x = 0    x2 = 28     xy = 282

 Trend Value, Yc = a + bx

where, a = n
y ,  b = 2x

xy

 a  = 7
448   b = 28

282

  = 64     = 10.07
For the year, Yc = a + bx

2000 = 64 + 10.07(–3) = 64 – 30.21 = 33.79
2001 = 64 + 10.07(–2) = 64 – 20.14 = 43.86
2002 = 64 + 10.07(–1) = 64 – 10.07 = 53.93
2003 = 64 + 10.07(0) = 64 – 0 = 64
2004 = 64 + 10.07(1) = 64 + 10.07 = 74.07
2005 = 64 + 10.07(2) = 64 + 20.14 = 84.14
2006 = 64 + 10.07(3) = 64 + 30.21 = 94.21
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Illustration 19

For the following table:
(a) Fit a straight line trend by the method of least squares
(b) Show the trend line on a graph
(c) Estimate the income for the year 2010

Year Income (` 000)

2000 300
2001 700
2002 600
2003 800
2004 900
2005 700
2006 1,000

Solution:

Fitting a straight line trend by method of least square

Year Income (y) x x2 xy

2000 300 –3 9 –900
2001 700 –2 4 –1,400
2002 600 –1 1 –600
2003 800 0 0 0
2004 900 1 1 900
2005 700 2 4 1,400
2006 1,000 3 9 3,000

y = 5,000 x = 0 x2 = 28 xy = 2,400

Y = a + bx  x = 0

28.714
7
000,5

N
Y

a

71.85
28
400,2

x

XY
b

2

Y = 714.28 + 85.71 X
For year 2010, X = 7
Y = 714.28 + (85.71 × 7)

 = 714.28 + 599.97
 = 1314.25
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Trend Value for the Year
2000
Y = 714.28 + 85.71 × (–3)

 = 8714.28 –257.13 = 457.15
2001
Y = 714.28 + 85.71 × (–2)

 = 714.28  = 542.86
2002
Y = 714.28 + 85.71× (–1)

 = 714.28 – 85.71 = 628.57
2003
Y = 714.38 + 85.71 × (0)

 = 714.28 + 0  = 714.28
2004
Y = 714.28 + 8571 × 1

 = 714.28 + 85.71 = 799.99
2005
Y = 714.28 + 85.71 × 2

 = 714.28+171.42 = 885.7
2006
Y = 714.28 + 85.71 × 3

 = 714.28 + 257.13 = 971.41
Showing trend line on a graph
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Illustration 20

The following are the annual profits in thousands of rupees in a certain business.
Fit a straight line trend to these figures by the method of least squares.

Year Profit (in `)

1991 60
1992 72
1993 65
1994 75
1995 85
1996 80
1997 95

Solution:

Year Production Deviation Square of Production Trend value
y x Deviation (x2)  Deviation (xy) Yc

1991 60 –3 9 –180 60.895
1992 72 –2 4 –44 65.93
1993 65 –1 1 –65 70.965
1994 75 0 0 0 76
1995 85 1 1 85 81.035
1996 80 2 4 160 86.07
1997 95 3 9 285 91.105

n = 7 y = 532 x = 0 x2 = 28 xy = 141

We know, Trend value, Yc = a + bx

2x

xy
band

n
y

a

a =  
y

n
532

7
76

b = 
xy
x2

141
28

5 035.

For the year, Yc = a + bx
1991 = 76 + 5.035(–3) = 60.895
1992 = 76 + 5.035(–2) = 65.93
1993 = 76 + 5.035(–1) = 70.965
1994 = 76 + 5.035(0) = 76
1995 = 76 + 5.035(1) = 81.035
1996 = 76 + 5.035(2) = 86.07
1997 = 76 + 5.035(3) = 91.105
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Illustration 21

Fit a straight line tend by the method of least square to the following data:

Year Value (`)

1994 300
1995 700
1996 600
1997 800
1998 900
1999 1000

Solution:

Year Values Deviation Square of Values Trend value
y x Deviation (x2) Deviation (xy) Yc

1994 300 –5 25 –1500 409.57
1995 700 –3 9 –2100 532.41
1996 600 –1 1 –600 655.25
1997 800 +1 1 800 778.09
1998 900 + 3 9 2700 900.93
1999 1000 +5 25 5000 1023.77

n = 6 y = 4300 x = 0 x2 = 70 xy = 4300

We know, Trend value, Yc = a + bx

2x

xy
band

n
y

a

a = 
y

n
4300

6
716 67.

b = 
xy
x2

4300
70

6142.

For the year, Yc = a + bx
1994 = 716.67 + 61.42(–5) = 409.57

For the year 1995 = 716.67 + 61.42(–3) = 532.41
For the year 1996 = 716.67 + 61.42(–1) = 655.25
For the year 1997 = 716.67 + 61.42(1) = 778.09
For the year 1998 = 716.67 + 61.42(3) = 900.93
For the year 1999 = 716.67 + 61.42(5) = 1023.77

Illustration 22

Fit a straight line trend by the method of least squares:
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Year Production (in million tons)

1993 38
1994 40
1995 65
1996 69
1997 72
1998 60
1999 87
2000 95

Solution:

Year Production Deviation Square of Production Trend value
y x Deviation (x2) Deviation (xy) Yc

1993 38 –7 49 –266 39.85
1994 40 –5 25 –200 47.25
1995 65 –3 9 –195 54.65
1996 69 –1 1 –69 62.05
1997 72 +1 1 72 69.45
1998 60 +3 9 180 76.85
1999 87 +5 25 435 84.25
2000 95 +7 49 665 91.65

n = 8 y = 526 x = 0 x2 = 168 xy = 622

We know, Trend value, Yc = a + bx

2x

xy
band

n
y

a

a =  
y

n
526

8
65 75.

b =  xy
x2

622
168

37.

Yc = a + bx
For the year 1993 = 65.75 + 3.7(–7) = 39.85
For the year 1994 = 65.75 + 3.7(–5) = 47.25
For the year 1995 = 65.75 + 3.7(–3) = 54.65
For the year 1996 = 65.75 + 3.7(–1) = 62.05
For the year 1997 = 65.75 + 3.7(1) = 69.45
For the year 1998 = 65.75 + 3.7(3) = 76.85
For the year 1999 = 65.75 + 3.7(5) = 84.25
For the year 2000 = 65.75 + 3.7(7) = 91.65
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Illustration 23

With the help of the following data, calculate the trend values by the method of
least squares and estimate the sales for the year 2005.

Year                   Sales (000 Units)

1996 100
1997 105
1998 109
1999 96
2000 102
2001 108

Solution:

Year Sales Deviation Square of Production Trend Value
 (y) (x) deviation Sales and

Yc = a + bx
(x2)deviation

1996 100 –5 25 –500 103.3 + 0.26(–5) = 102.00
1997 105 –3 9 –315 103.3 + 0.26(–3) = 102.52
1998 109 –1 1 –109 103.3 + 0.26(–1) = 103.04
1999  96 1 1 96 103.3 + 0.26(+1) = 103.56
2000 102 3 9  306      103.3 + 0.26(3) = 104.08
2001 108 5 25 540 103.3 + 0.26 (5) = 104.60

n y   x  x2 xy
= 6 =620 = 0 = 70 = 18

We know, Trend value Yc = a + bx

Here, a = N
Y  and

b = 2x

xy

a = 6
620 =  103.3 and

b = 70
18  = 0.26

Sales for the year 2005 =  103.3 + 0.26 (13)
=  103.3 + 3.38 = 106.68

Illustration 24
Fit a straight line by method of least squares from the data given below:

Find the trend values and predict the sales for the year 2000 also show the
trend values on a graph.
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Year Values

1990  15
1991  18
1992  20
1993  30
1994   39
1995   40
1996   44
1997  50

Solution:

Year         Sales (y) x x2 xy Trend value
Yc = a + bx

1990 15 –3.5 12.25 –52.5 13.555
1991 18 –2.5 6.25 –45.0 18.825
1992 20 –1.5 2.25 –30.0 24.095
1993 30 –0.5 0.25 –15.0 29.365
1994 39 +0.5 0.25 19 34.645
1995 40 +1.5 2.25 60 39.905
1996 44 +2.5 6.25 110 45.175
1997 50 +3.5 12.25 175 50.445

n = 8 y = 256      x = 0         x2 = 42    xy = 221.5

Yc = a + bx

a = N
y  = 8

256  = 32  and b = 2x

xy
 = 

42
5.221  = 5.27

Sales for the year 2000 = 32 + 5.27(6.5) = 66.255

(13.555)
(18.825)

(24.095)

(29.365)

(34.635)

(39.905)

(45.175)
(50.445)

y

x
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Check Your Progress

3. What are the uses of Time Series?
4. State the various methods of finding trend.
5. What are the merits of Semi-average Method?
6. What are the merits of Least Square Method?

3.5 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Mention the name of different types of skewness.
(a) Symmetrical distribution
(b) Asymmetrical distribution

2. What are the  different types of skewness?
(a) Positive skewness: A distribution is a +ve bell when it slopes towards

the right and concentrate more on the lower values.
(b) Negative skewness: A distribution is a –ve bell when it slopes towards

the left and concentrate more on the higher values.
3. What are the uses of Time Series?

The uses of time series is of well significance to the economist, scientist,
sociologist, biologist, researcher, businessman, etc. The following uses are:
(a) It helps to understand past behaviour.
(b) It helps in evaluating current accomplishment.
(c) It helps in planning future operations.

4. State the various methods of finding trend.
Estimation of trend values can be achieved in several methods:
(a) Graphic or Freehand Curve Method
(b) Semi-average Method
(c) Moving Average Method
(d) Least Square Method

5. What are the merits of Semi-average Method?
(a) It is simple and easy to understand.
(b) It can be compared with the moving average of the least squares method

of measuring trend.
(c) This method is objectivity in the sense that it does not depend of the

personal judgment.
6. What are the merits of least square method?

(i) It is objective method which does not variations in the results.
(ii) It is very easy calculation because no higher degree calculation.
(iii) It determines the trend values and also reflects light on the seasonal,

cyclical and irregular variations.
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3.6 SUMMARY

A symmetrical distribution is one when its values are plotted on a graph it
should give bell-shaped curve of normal distribution, the frequencies are
concentrated at central value of both the sides and the value of mean, median
and mode would coincide at a point  the skewness is absent.
The analysis of time series consists of a description of a component movement
present. To motivate procedures involved in such description, following
figure which refers to an ideal time series.
Time series analysis is done primarily for the purpose of making forecasts
for future and also for the purpose of evaluating past performances. An
economist or a business man is very naturally interested in estimating the
future figure of national income, population, prices and wages, etc. So, the
success or failure of a businessman depends to a large extent on the accuracy
of this future forecasts.
A time series giving the number of visitors per hour at a Bank would show
a seasonal variations since noon hours and pay days are always busy
periods. The borrowing of books at college libraries shows seasonal
variations, there is a surprising increase before each examination period
and a sharp decline there after.

3.7 KEY TERMS

Skewness: Skewness means “asymmetrical distribution”. A distribution, is
asymmetrical it may be called skewed distribution.
Positive Skewness: A distribution is a +ve bell when it slopes towards the
right and concentrate more on the lower values.
Negative Skewness: A distribution is a –ve bell when it slopes towards
the left and concentrate more on the higher values.
Time Series: A time series consists of statistical data which are collected,
recorded or observed over successive increments.
Seasonal Variations: Seasonal variations are variations that occur in regular
sequence at specific intervals of time.
Moving Average: Moving average consists of a series of arithmetic means
calculated from overlapping groups of successive values of a time series.
Moving average based on values covering a fixed time interval, called moving
average period. It is shown against the centre of the period.

3.8 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What is skewness?
2. State any four test of skewness
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3. In a negative skewed distribution, which averages are the maximum and the
least?

4. State the nature of symmetry: (i) when Median is greater than mean and
(ii) when Mean is greater than Median

5. In a positive skewed distribution, which averages are the maximum and the
least?

6. In a certain distribution, the following result were established: Mean = 50,
med = 48 and skp = –0.6. Find SD.

7. In a certain distribution, the following result were established: Mean = 59,
Z = 53 and SD = 12.86. Ffind skp.

8. In a certain distribution, the following result were established: Mean = 89,
SD = 10.86 and skp = 0.86. Find mode.

9. What are the measures of skewness?
10. Define time series.
11. What is time series?
12. Name the components of time series?
13. What do you mean by analysis of Time series?
14. What is Secular Trend?
15. What is Seasonal variation?
16. What is Cyclical variation?
17. What Irregular variation?
18. Mention any three merits of the least squares method
19. What are the uses of analysis of time series?
20. Mention any two methods of measuring trend values.

Long Answer Questions
1. For a moderately skewed distribution, AM = 160; Z = 157 and SD = 50.

Find: (i) coefficient of variation, (ii) Pearson’s coefficient of skewness and
(iii) Median.

2. If the three quartiles of the distribution are respectively 14, 21, 26, find:
(i) quartile deviation, (ii) the coefficient of QD and (iii) Bowley’s coefficient
of skewness.

3. Find the Pearson’s coefficient of skewness of a frequency distribution of
the number of children in 100 families:

No. of children in a family No. of families

0 11
1 22
2 31
3 24
4 10
5 2
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4. Find the Bowley’s coefficient of skewness for the following data:

Daily wages No. of workers

40 4

50 6

65 12

70 8

85 7

95 3

5. Find the Bowley’s coefficient of skewness for the following data:

Mid-value Frequency

15 30
20 28
25 25
30 24
35 20
40 21

6. Find the Karl Pearson’s coefficient of skewness for the following data:

Measurement Frequency

11 3

12 9

13 6

14 4

15 3

16 2

7. Find trend values from the following data using three-yearly moving averages:

Year Price (`) Year Price (`)

2006 52 2012 75

2007 65 2013 70

2008 58 2014 64

2009 63 2015 78

2010 66 2016 80

2011 72 2017 73
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8. Fit a straight line trend by the method of least squares and obtain the trend
value for the following data:

Year Sales in lakhs

2011 24
2012 20
2013 28
2014 22
2015 26
2016 30
2017 32

9. From the data given below, find out the trend values for each of the 5 years
using the method of least square and estimate the annual sales for the year
2019.

Year Sales in lakhs

2013 50
2014 62
2015 70
2016 48
2017 80

10. Export sales of a company for the last 5 years are: 1997 – ` 16 crores;
1998 – ̀  19 crores; 1999 – ̀  21 crores; 2000 – ̀  23 crores; 2001 – ̀  20
crores. Project trend of export sales of the next 5 years by the method of
least square.

11. The following figures represent the Annual sales of M/s S. Khan Company:
(a) Find the trend values for each year, by adopting the method of least

squares.
(b) Estimate the Annual sales for the next five years.

Year Sales in lakhs

1996 46
1997 50
1998 40
1999 70
2000 60
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12. Calculate the trend values by applying least squares method.

Year Sales (` crores)

1996  20
1997  23
1998  22
1999  25
2000  26
2001  29
2002  30

Estimate the likely sales for 2006.
13. Given below are the production of a factory:

Year Production (’000 tons)

1992 80
1993 90
1994 92
1995 83
1996 94
1997 99
1998 92

Fit a straight line trend.
14. Determine the trend values by the method of least squares from the following

data Show the actual time and trend line on graph:

Year Values

1999 75
2000 67
2001 68
2002 65
2003 50
2004 54
2005 41

15.  Find the following table:
(i) Fit a straight line trend by the method of least squares.
(ii) Calculate the trend values.
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Year Production
(in ‘000 tons)

1990 12
1991 10

1992 14

1993 11

1994 13

1995 15

1996 16

16. Fit a straight line trend to the data given below by the method of least
squares:

Year Output (` crore)

1989 672

1990 824

1991 968

1992 1205

1993 1464

1994 1758

3.9 FURTHER READING

1. R.S. Bhardwaj (2016), Business Statistics, Excel Books.
2. Levin, Rubin and Rastogi (2009), Statistics for Management, Pearson

Education.
3. Srivastava and Rego (2007), Statistics for Management, McGraw Hill.
4. Hazarika Padmalochan (2005), A Text Book of Business Statistics,

S. Chand.
5. Kellor and Arora (2018), Business Statistics, Cengage.
6. R.K. Ghosh and S. Saha (2004), Business Mathematics and Statistics,

New Central Book Agency (P) Ltd.
7. Dr. Priyotosh Khan (2008), Elementary Business Mathematics and

Statistics, Elegant Publication.
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UNIT 4 CORRELATION

Structure
4.0 Introduction
4.1 Objectives
4.2 Meaning, Definitions and Uses of Correlation
4.3 Advantages and Disadvantages of Correlation
4.4 Types and Degree of Correlation
4.5 Methods of Correlation
4.6 Coefficient of Determination
4.7 Probable Error
4.8 Rank Correlation
4.9 Regression Analysis

4.10 Difference between Correlation and Regression
4.11 Linear Regression
4.12 Regression Equations
4.13 Answers to ‘Check Your Progress’
4.14 Summary
4.15 Key Terms
4.16 Self-Assessment Questions and Exercises
4.17 Further Reading

4.0 INTRODUCTION

Francis Galton was the first person to measure correlation, originally termed “co-
relation,” which actually makes sense considering you’re studying the relationship
between a couple of different variables. In Co-Relations and Their Measurement,
he said “The statures of kinsmen are co-related variables; thus, the stature of the
father is correlated to that of the adult son,..and so on; but the index of co-relation
… is different in the different cases.” It’s worth noting though that Galton mentioned
in his paper that he had borrowed the term from biology, where “Co-relation and
correlation of structure” was being used but until the time of his paper it hadn’t
been properly defined.

In 1892, British statistician Francis Ysidro Edgeworth published a paper
called “Correlated Averages,” Philosophical Magazine, 5th Series, 34, 190-204
where he used the term “Coefficient of Correlation.” It wasn’t until 1896 that
British mathematician Karl Pearson used “Coefficient of Correlation” in two papers:
Contributions to the Mathematical Theory of Evolution and Mathematical
Contributions to the Theory of Evolution. III. Regression, Heredity and Panmixia.

Correlation is a bivariate analysis that measures the strengths of association
between two variables.  In statistics, the value of the correlation coefficient varies
between +1 and –1. When the value of the correlation coefficient lies around ± 1,
then it is said to be a perfect degree of association between the two variables. As
the correlation coefficient value goes towards 0, the relationship between the two
variables will be weaker.  The goal of a correlation analysis is to see whether two
measurement variables co-vary and to quantify the strength of the relationship
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between the variables. Correlational analysis and research is useful in providing
links between variables that can further be investigated, however as correlation
does not infer cause, this type of research can also be affected by mediating factors,
making it lack internal validity.

4.1 OBJECTIVES

After going through this unit, you will be able to:
Explain the concept, types and degrees of Correlation
Describe Regression Analysis
Discuss the difference between Correlation and Regression
Examine Linear Regression and Regression Equations

4.2 MEANING, DEFINITIONS AND USES OF
CORRELATION

Meaning of Correlation

Correlation is a statistical measure that indicates the extent to which two or more
variables fluctuate together. A positive correlation indicates the extent to which
those variables increase or decrease in parallel; a negative correlation indicates
the extent to which one variable increases as the other decreases.

Definitions of Correlation

According to W.I. King, “Correlation means that between two series or groups of
data there exists some causal connections.” At another place, he says, “If it is
proved true that in a large number of instances two variables tend always to fluctuate
in the same or in opposite directions, we consider that the fact is established and
that a relationship exists. The relationship is called correlation.”

According to E. Davenport, “the whole subject of correlation refers to that
interrelation between separate characters by which they tend, in some degree at
least, to move together.”

According to Prof. Boddington, “Whenever some definite connection exists
between the two or more groups, classes or series of data, there is said to be
correlation.”

According to Croxton and Cowden, “When the relationship is of quantitative
nature, the appropriate statistical tool for discovering and measuring the relationship
and expressing it in a brief formula is known as correlation.”

Tippett states that “the effect of correlation is to reduce the range of
uncertainty of our prediction.”

In the words L.R. Conner “if two or more quantities vary in sympathy so
that movements in one tend to be accompanied by corresponding movement in
the other then they are said to be correlated.”
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The statistical technique which deals with the association between two or
more variables is known as correlation analysis.

A.M. Tuttle defines correlation analysis as the co-variation between two or
more variables.

Uses of Correlation

There are three main uses for correlation and regression:
1. It is used to test hypotheses about cause-and-effect relationships. In

this case, the experimenter determines the values of the X-variable and
sees whether variation in X causes variation in Y. For example, giving
people different amounts of a drug and measuring their blood pressure.

2. The second main use for correlation and regression is to see whether
two variables are associated, without necessarily inferring a cause-and-
effect relationship. In this case, neither variable is determined by the
experimenter; both are naturally variable. If an association is found, the
inference is that variation in X may cause variation in Y or variation in Y
may cause variation in X, or variation in some other factor may affect
both X and Y.

3. The third common use of linear regression is estimating the value of one
variable corresponding to a particular value of the other variable.

4.3 ADVANTAGES AND DISADVANTAGES OF
CORRELATION

Advantages of Correlation
1. Correlation research allows researchers to collect much more data than

experiments.
2. Correlation research is that it opens up a great deal of further research

to other scholars.
3. It allows researchers to determine the strength and direction of a

relationship so that later studies can narrow the findings down and if
possible, determine causation experimentally.

4. Gain quantitative data which can be easily analyzed.
5. No manipulation of behaviour is required.
6. The correlation coefficient can readily quantify observational data.

Disadvantages of Correlation

1. Correlation research only uncovers a relationship; it cannot provide a
conclusive reason for why there is a relationship.

2. A correlative finding does not reveal which variable influences the other.
For example, finding that wealth correlates highly with education doesn't
explain whether having wealth leads to more education or whether
education leads to more wealth.



Correlation

NOTES

Self-Instructional
202 Material

3. Reasons for either can be assumed, but until more research is done,
causation cannot be determined.

4. Here, a third, unknown variable might be causing both. For instance,
living in the City of Bangalore can lead to both wealth and education.

4.4 TYPES AND DEGREE OF CORRELATION

Types of Correlation

I. On the Basis of Direction

1. Positive Correlation

The correlation is said to be positive correlation if the values of two variables
changing with same direction.

Example: Production expenses and sales, height and weight, water
consumption and temperature, study time and grades, etc.

2. Negative Correlation

The correlation is said to be negative correlation when the values of variables
change with opposite direction.

Example: Price and Quantity demanded, alcohol consumption and driving
ability, etc.

Direction of the Correlation
Positive relationship – Variables change in the same direction.
As X is increasing – Y is increasing.
As X is decreasing – Y is decreasing.
Example: As height increases, so does weight.
Negative relationship – Variables change in opposite directions.
As X is increasing – Y is decreasing.
As X is decreasing – Y is increasing.
Example: As TV time increases, grades decrease.

3. Partial Correlation

In partial correlation, more than two variables are recognized but only two variables
influence each other, the effect of other influencing variable is kept constant. In the
above example, if we limit our correlation analysis of yield and rainfall keeping
fertilizer variable as constant to becomes a problem of partial correlation.

II. On the Basis of Number of Sets

1. Simple Correlation

When only two variables are studied, it is a case of simple correlation.
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2. Multiple Correlation

When more than three variables are studied, it is known as multiple correlation.
For example, when we study the relationship between the yield of rice per acre
and both the amount of rainfall and the amount of fertilizer used, it is a case of
multiple correlation.

III. On the Basis of Change

1. Linear Correlation
Correlation is said to be linear when the amount of change in one variable tends to
bear a constant ratio to the amount of change in the other. The graph of the variables
having a linear relationship will form a straight line.

Examples:
X = 1, 2, 3, 4, 5, 6, 7, 8,
Y = 5, 7, 9, 11, 13, 15, 17, 19,
Y = 3 + 2x

2. Non-linear Correlation

The correlation would be non-linear if the amount of change in one variable does
not bear a constant ratio to the amount of change in the other variable.

X Y

1 7
2 14
3 21
4 28
5 35

Methods of Determining Correlation

The various methods of studying correlation are as follows:
1. Scatter Diagram
2. Karl Pearson’s Coefficient of Correlation
3. Rank Correlation

4.5 METHODS OF CORRELATION

Scatter Diagram

Scatter Diagram is a graph of observed plotted points where each points represents
the values of X and Y as a coordinate. It portrays the relationship between these
two variables graphically.
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Sl. No. Maths Statistics

1 55 60
2 70 65
3 35 50
4 40 60
5 65 75
6 40 70
7 60 50
8 20 40
9 30 60
10 50 30
11 10 30
12 20 10

Advantages of Scatter Diagram

1. It is a very simple and non-mathematical method.
2. It is not influenced by the size of extreme item.
3. First step in investing the relationship between two variables.

Disadvantage of Scatter Diagram

1. It cannot be adopted the exact degree of correlation.

Karl Pearson’s Coefficient of Correlation

Karl Pearson’s Coefficient of Correlation denoted by ‘r’ (–1 = r = +1). The
coefficient of correlation ‘r’ measure the degree of linear relationship between
two variables say x and y.

Degree of Correlation is expressed by a value of coefficient. Direction of
change is indicated by sign (–ve) or (+ve).
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When deviation taken from mean: r = 
xy

x y2 2

When deviation taken from actual mean: r = 
n
yy

n
xx

n
yxxy

2
2

2
2 )()(

))((

Interpretation of Correlation Coefficient (r)
The value of correlation coefficient ‘r’ ranges from –1 to +1:

(a) If r = +1, then the correlation between the two variables is said to be
perfect and positive.

(b) If r = -1, then the correlation between the two variables is said to be
perfect and negative.

(c) If r = 0, then there exists no correlation between the variables.

Properties of Correlation Coefficient (r)
(a) The correlation coefficient lies between –1 and +1 symbolically (–1  r

 1).
(b) The correlation coefficient is independent of the change of origin and

scale.
(c) The coefficient of correlation is the geometric mean of two regression

coefficient. r = bxy * byx.

(d) If  one regression coefficient is (+ve) and other regression coefficient is
also (+ve), then correlation coefficient is (+ve).

4.6 COEFFICIENT OF DETERMINATION

The convenient way of interpreting the value of correlation coefficient is to use of
square of coefficient of correlation which is called Coefficient of Determination.

The Coefficient of Determination = 2r .
Suppose: r = 0.9,

2r  = 0.81 this would mean that 81% of the variation in the dependent
variable has been explained by the independent variable.

The maximum value of 2r  is 1 because it is possible to explain all of the
variation in y but it is not possible to explain more than all of it.

Coefficient of Determination = Explained variation/Total variation.
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Merits of Karl Pearson’s Coefficient of Correlation

1. This method indicates the presence or absence of correlation between
two variables and gives the exact degree of their correlation.

2. To ascertain the direction of the correlation positive or negative.
3. This method has many algebraic properties for which the calculation of

coefficient of correlation and other related factors are made easy.

Demerits of Karl Pearson’s Coefficient of Correlation

1. It is more difficult to calculate than other methods of calculations.
2. It is much affected by the values of the extreme items.
3. It is very much likely to be misinterpreted in case of homogeneous data.

Procedure for Computing the Correlation Coefficient

1. Calculate the mean of the two series ‘x’ and ‘y’.
2. Calculate the deviations ‘x’ and ‘y’ in two series from their respective

mean.
3. Square each deviation of ‘x’ and ‘y’ then obtain the sum of the squared

deviation, i.e., x2  and y2

4. Multiply each deviation under x with each deviation under y and obtain
the product of ‘xy’.

5. Then obtain the sum of the product of x, y, i.e., xy
6. Substitute the value in the formula.

Check Your Progress

1. What are the advantages of Correlation?
2. Explain the different types of correlation on the basis of Number of Sets.

4.7 PROBABLE ERROR

Probable error of Coefficient of Correlation gives us the two limits within which
the coefficient of correlation of Series selected at random from the same universe
is likely to fall. The formula for the probable error of r is as follows:

0 6745
1 2

.
r

N

where, r = Coefficient of Correlation
N = Number of pairs of observations
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Significance of Probable Error

Probable error is useful in the following interpretation:
1. If the value of ‘N’ is less than the probable error, there is no evidence of

correlation, i.e., the value of ‘r’ is not at all significant.
2. If the value of ‘r’ is more than 6 times the probable error, the Coefficient

of Correlation is practically certain, i.e., the value of ‘r’ is significant.
3. By adding and subtracting the value of probable error from the coefficient

of correlation, we get respectively the upper and lower limits within
which coefficient of correlation in the population can be expected to be.
Symbolically,

P  =  r  ± P.E.
where,  (rho) denotes correlation in the population.

Conditions Necessary for the Use of Probable Error

The measure of probable error can be properly used only when the following
three conditions exist:

1. The data must approximate a normal frequency curve, i.e., bell-shaped
curve.

2. The statistical measure for which the P.E. is computed must have been
calculated from a sample.

3. The sample must have been selected in an unbiased manner and the
individual items must be independent.

Illustration 1

If r = 0.6 and N = 64 of a distribution, find out the probable error.

Solution:

PE = 0 6745
1 2

.
r

N

= 0 6745
1 0 6

64

2
.

( . )

= 0.6745 × 0.08
= 0.05

Illustration 2

Given the following, calculate the value of N: r = 0.61 P.E = 0.1312.

Solution:

P.E. =  0 6745
1 2

.
r

N
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0.1312 = 
1-(0.61)2

N

0.1312 × N  = 0.6745 × 1 – (0.61)2

0.1312 × N  = 0.4236

N   = 
0 4236
0 1312
.
.

N    = 3.2280

N 2   = (3.2280)2

  N     = 10.42

Illustration 3

For a given distribution, the value of correlation is 0.64 and its probable error is
0.13274. Find the number of items in the series.

Solution:

P.E. = 0.6745 × n
r21

Given,
PE = 0.13274
Correlation (r) = 0.64
n = ?

PE = 0.6745 × n
).( 26401

0.13274 = n
)4096.01(6745.0

 n  = 0.13274

= 0.6745 × 0.5904

 n  = 
13274.0
3982.0

 n  = 2.999

 n = 9 (Approx)

I. Direct Method

Type 1: This method is used when given variables are small in magnitude.
Type 2: It is direct formula to find r. This formula can effectively be used

where X and Y are not in fractions. The formula is:
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 r  = 
xy

x y2 2

Illustration 4

The following data relate to age of employees and the number of days they were
reported sick in a month:

Age Sick days

30 1
32 0
35 2
40 5
48 2
50 4
52 6
55 5
57 7
61 8

Calculate Karl Pearson’s Coefficient of Correlation.

Solution:

Calculation of Karl Pearson’s Coefficient of Correlation

Age X – x x2 Sick days Y – y y2 xy
X x Y y

30  –16 256 1  –3 9  +48
32  –14 196 0  –4 16  +56
35  –11 121 2  –2 4  +22
40  –6 36 5  +1 1  –6
48  +2 4 2  –2 4  –4
50  +4 16 4 0 0 0
52  +6 36 6  +2 4  +12
55  +9 81 5  +1 1  +9
57  +11 121 7  +3 9  +33
61  +15 225 8  +4 16  +60

x = 460   x2 y y2 xy
= 1092 = 40 = 64 = 230
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x = 
460
10

46

y = 
40
10

4

r = 
xy

x y2 2

230 230
0.87

263.361092 64

There is a high degree of positive correlation between age and number of
days reported sick.

Illustration 5

Calculate Karl Pearson’s coefficient of correlation from the following data:

Marks in Economics Marks in Banking

48 45
35 20
17 40
23 25
47 45

Solution:

Calculation of Coefficient of Correlation

X X – 34 x2 Y Y – 35 y2 xy
x y

48  +14 196 45  +10 100  +140
35  +1 1 20  –15 225  –15
17  –17 289 40  +5 25  –85
23  –11 121 25  –10 100  +110
47  +13 169 45  +10 100  +130

X = 170 x2 Y y2 xy
= 776  = 175 = 550 = 280

x = 
X

N

 = 
170

5
 = 34
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y = 
Y

N

= 
175

5
 = 35

r = 
xy

x y2 2

=  
280

776 550

= 
280

653299
0 429

.
.

Illustration 6

Compute Karl Pearson’s Coefficient of Correlation from the following data:

Marks in Accountancy Marks in English

77 35
54 58
27 60
52 40
14 50
35 40
90 35
25 56
56 34
60 42

Solution:

Calculation of Karl Pearson’s Coefficient of Correlation

X X – 49 x2 Y Y – 45 y2 xy
x y

77  +28 784 35  –10 100  –280
54  +5 25 58  +13 169  +65
27  –22 484 60  +15 225  –330
52  +3 9 40  –5 25  –15
14  –35 1,225 50  +5 25  –175
35  –14 196 40  –5 25  +70
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90  +41 1,681 35  –10 100  –410
25  –24 576 56  +11 121  –264
56  +7 49 34  –11 121  –77
60  +11 121 42  –3 9  –33

X = 490 x2 Y y2   xy =
= 5,150 = 450 = 920 –1,449

r  = 
xy

x y2 2

   = 
1449

5150 920
0 666.

Illustration 7
Making use of the data summarized below, calculate the coefficient of correlation.

A1 A2

10 9
6 4
9 6
10 9
12 11
13 13
11 8
9 4

Solution:
Calculation of Coefficient of Correlation

X x – 10 x2 Y y – 8 y2 x y
x y

10 0 0 9  +1 1 0
6  –4 16 4  –4 16 16
9  –1 1 6  –2 4 2
10 0 0 9  +1 1 0
12  +2 4 11  +3 9 6
13  +3 9 13  +5 25 15
11  +1 1 8 0 0 0
9  –1 1 4  –4 16 4

X = 80 x2 Y y2 xy
= 32 = 64 = 72 = 43
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x = 
X

N

= 
80
8

 = 10

y = 
Y

N

 = 
64
8

 = 8

r = 
xy

x y2 2

=  
43

32 72

=  
43

2304
43
48

0 896.

Illustration 8

The following table gives indices of industrial production of registered unemployed.
Calculate the value of the coefficient of correlation.

Indices of Production Number unemployed

100 15
102 12
104 13
107 11
105 12
112 12
103 19
99 26

Solution:

Calculation of Karl Pearson’s Coefficient of Correlation

X X – 104 x2 Y Y – 15 y2 xy
x

100  –4 16 15 0 0 0
102  –2 4 12  –3 9  +6
104 0 0 13  –2 4 0
107  +3 9 11  –4 16  –12
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105  +1 1 12  –3 9  –3
112  +8 64 12  –3 9  –24
103  –1 1 19  +4 16  –4
99  –5 25 26  +11 121  –55

X = 832 x2 Y y2 xy =
= 120 = 120 = 184 –92

x = 
X

N

= 
832
8

 = 104

y = 
Y

N

= 
120

8  = 15

r = 
xy

x y2 2

 =  
92

120 184
0 619.

Illustration 9

Find out Karl Pearson’s Coefficient of Correlation from the following data of
marks obtained by Ten Students in a class test.

Marks in Economics Marks in Accountancy

45 35
70 90
65 70
30 40
90 95
40 40
50 60
75 80
85 80
60 50
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Solution:

Calculation of Coefficient of Correlation

X X – 61 x2 Y Y – 64 y2 xy

45  –16 256 35  –29 841 464
70 9 81 90 26 676 234
65 4 16 70 6 36 24
30  –31 961 40  –24 576 744
90 29 841 95 31 961 899
40  –21 441 40  –24 576 504
50  –11 121 60  –4 16 44
75 14 196 80 16 256 224
85 24 576 80 16 256 384
60  –1 1 50  –14 196 14

X = 610 x2 Y y2 xy
= 3,490 = 640 = 4,390 = 3,535

x = 
X

N

= 
610
10

 = 61

y = 
Y

N

= 
640
10  = 64

r = 
xy

x y2 2

= 
3535

3490 4390

= 
3535 0.9031

3914.22

II. Shortcut Method

In case the mean is a whole number, above method is simple. But when the mean
is in fractions, shortcut method is used. In this method, the deviations are calculated
from assumed mean and the following formula is applied.
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 r = 2 2
2 2

( dx)( dy)dxdy
n

( dx) ( dy)dx dy
n n

where,
x = Sum of deviations of X series from its assumed mean,

i.e.,  (X – AAx)
y = Sum of deviations of Y series from its assumed mean,

i.e., (X –Ay)

x2 = Sum of squared deviations of X series from its assumed
mean, i.e., (X – AAx)2

y2  =Sum of squared deviations of Y series from its assumed
mean, i.e., (X – AAy)2

xy = Sum of products of deviations of X and Y series from
their respective assumed means xy = (X –Ax) and
(Y – Ay)

N = Number of pairs

Illustration 10
From the following data of six commodities, calculate Karl Pearson’s Coefficient
of correlation between sales and price per kg sold.

Commodities Sales (kgs) Total Price

Rice 100 8000
Wheat 120 10,000
Sugar 150 13,000
Gram 100 10,000
Oil 160 19,200
Ghee 170 30,940

Solution:

In order to simplify the calculations, the sales column is divided by 10 and price
column is divided by 1000.

Calculate of Coefficient of Correlation

X dx = X – 15 dx2 Ydy = Y – 15 dy2 dxdy

10  –5 25 8  –7 49 39
12  –3 9 10  –5 25 15
15 0 0 13  –2 4 0
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10  –5 25 10  –5 25 25
16  +1 1 19.2 4.2 17.64 4.2
17  +2 30.94 15.94 15.94 254.08 31.88

dx = dx2 dy dy2 dxdy
–10 = 64 = 1.14 = 374.72 = 111.8

r = 2 2
2 2

( dx)( dy)dxdy
n

( dx) ( dy)dx dy
n n

=  
11108 10 114

6

64 10
6

374 72 114
6

2 2

. ( )( . )

( ) . ( . )

= 112 98
4733 37450

.
.

=  
112 98
13314

10 84
.
.

.

As there is a high positive correlation between sales and total price, it means
when Sales is high, the total Price will also be high.

Illustration 11
From the data given below, compute Karl Pearson’s coefficient of correlation.

X series Y series

Number of items 15 15
 of deviation from arithmetic mean 25 18
 of Square deviation from arithmetic mean 136 138

Summation of products of deviations from the arithmetic means of X and Y
= 122.

Solution:
x = 25
x2 = 136
xy = 122
y = 18
y2 = 138

n = 15
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 r = 
n
yy

n
xx

n
yxxy

2
2

2
2 )()(

))((

= 
15

)18(138
15

)25(136

15
18x25122

22

= 6.2113866.41136
30122

 = 67.104
92

)78.10)(71.9(
92

 = 0.8789
 Karl Pearson’s coefficient of correlation is 0.8789

Illustration 12
Calculate Karl Pearson’s coefficient of correlation for the following data regarding
price and demand of a certain commodity.

Price (in `) Demand (in ’000 units)

21 20
22 19
23 19
24 17
25 17
26 16
27 16
28 15
29 14

Solution:

Price (X) dx = X – A dx2 Demand  dy=(Y – A) dy2 dxdy
A = 25 (Y)   A = 17

21 –4 16 20 3 9 –12
22 –3 9 19 2 4 –6
23 –2 4 19 2 4 –4
24 –1 1 17 0 0 0
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25 0 0 17 0 0 0
26 1 1 16 –1 1 –1
27 2 4 16 –1 1 –2
28 3 9 15 –2 4 –6
29 4 16 14 –3 9 –12

dx = 0 60 dy = 0 32

 Karl Pearson’s coefficient correlation

r = 2 2
2 2

( dx)( dy)dxdy
n

( dx) ( dy)dx dy
n n

  = 
032060

043

 = 32x60
43

= 
1920

43

 = 
81.43

43

 = –0.981

Illustration 13

Calculate Karl Pearson’s coefficient of correlation between percentage of pass
and failures from the following data. Also obtain probable error:

No. of students No. of students passed

80 48
60 30
90 45
70 56
50 45
40 30
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Solution:

% of pass % of fail x=X – A x2 y = Y – A y2 x y
(X) (Y)  A = 50  A = 50

60 40 10 100 –10 100 –100
50 50 0 0 0 0 0
50 50 0 0 0 0 0
80 20 30 900 –30 900 –900
90 10 40 1,600 –40 1,600 –1,600
75 25 25 625 –25 625 –625

405 195 105 3,225 –105 3,225 –3,225

X  = 6
405

 = 67.5

Y  = 6
195

 = 32.5

r = 2222 )()

..

yyNxxN
yxxyN

= 22 )105()225,3(6)105()225,3(6

)105)(105()225,3(6

= 025,11350,19025,11350,19
025,11350,19

= 2)325,8(

325,8

= 325,8
325,8

  = –1

PE = 0.6745 n
r21

= 
6

)1(16745.0 2

= 
6

0x6745.0

 = 0
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4.8 RANK CORRELATION

When statistical series in which the variables under study are not capable of
quantitative measurement but can be arranged in serial order, in such situation,
Pearson’s correlation coefficient cannot be used. In such case, Spearman’s Rank
correlation can be used.

This is a measure of correlation which is used when quantitative measures
for certain factors such as evaluation of leadership ability, judgement of female
beauty, etc. cannot be fixed, but the individual in the group can be arranged in
order thereby obtaining for each individual a number indicating his or her rank in
the group. It is obtained by applying the following formula:

rn = 1 – 
2

3

6 d
n n

 or   
2

2
61
( 1)

d
n n

where, r = Rank correlation
d = Difference of rank between paired items in two series
n = Total number of observations

Features of Spearman’s Rank Correlation

The features of Spearman’s rank correlation are as follows:
1. The sum of the differences of ranks between two variables shall be

zero, i.e.,  d = 0.

2. Spearman’s Correlation coefficient is distribution-free or non-parametric
because no strict assumptions are made about the form of population
from which sample observations are drawn.

3. The Spearman’s Correlation Coefficient is nothing but Karl Pearson’s
Correlation Coefficient between the ranks. Hence, it can be interpreted
in the same manner as Karl Pearson’s correlation coefficient.

How is rank correlation calculated in case of equal ranks?

When equal ranks are assigned to some entries an adjustment in the usual formula
for calculating the rank coefficient of correlation is made. The adjustment consists
of adding 1/12 (m2 – m) to the value of 2d , where ‘m’ stands for the number of
items whose ranks are common. If there are more than one such group of items
with common rank, this value is added as many times, the number of such groups.
The formula can be written as:

rn = 1
6 1

12
1

12
2 3 3

3

RST
UVWd m m m m

N N

( ) ( )
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Interpretation of Rank Correlation Coefficient (R)

(a) The value of rank correlation coefficient, R ranges from –1 to +1.
(b) If R = +1, then there is complete agreement in the order of the ranks

and the ranks are in the same direction.
(c) If R = –1, then there is complete agreement in the order of the ranks

and the ranks are in the opposite direction.
(d) If R = 0, then there is no correlation.

Procedure for Computing Rank Correlation Coefficient (R)

(a) Problems where actual rank are given:

(i) Calculate the difference ‘D’ of two ranks, i.e., 1 2R R .

(ii) Square the difference and calculate the sum of the difference, i.e., 2d
(iii) Substitute the values obtained in the formula.

(b) Problems where ranks are not given:

If the ranks are not given, then assign ranks to the data series. The lowest value in
the series can be assigned rank 1 or the highest value in the series can be assigned
rank 1 to follow the same scheme of ranking for the other series. Then calculate
the rank correlation coefficient in similar way as the ranks are given.

Merits of Spearman’s Rank Correlation
The advantages of rank correlation are as follows:

(a) This method is simpler to understand and easier to apply compared to
Karl Pearson’s correlation method.

(b) This method is useful where we can give the ranks and not the actual
data.

(c) This method is to use where the initial data in the form of ranks.

Limitation Spearman’s Correlation

The disadvantages of rank correlation are as follows:
(a) Cannot be used for finding out correlation in a grouped frequency

distribution.
(b) This method should be applied where N exceeds 30.

Illustration 1

From the following data calculate coefficient of rank correlation between X and Y.

X Y

36 50
56 35
20 70
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65 25
42 58
33 75
44 60
50 45
15 80
60 38

Solution:
Calculation of Coefficient of Rank Correlation

X R1 Y R2 d = R1 – R2 d2

36 7 50 6 1 1
56 3 35 9 –6 36
20 9 70 3 6 36
65 1 25 10 –9 81
42 6 58 5 1 1
33 8 75 2 6 36
44 5 60 4 1 1
50 4 45 7 –3 9
15 10 80 1 9 81
60 2 38 8 –6 36

d = 0 d2  = 318

Rk = 1 – 
2

3

6 d
n n

= 1 – 3

6 318
(10) 10

= 1 – 
1908

1000 10

= 1 – 
1908
990

= 1 – 1.92727
= –0.92727 or –0.93
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Illustration 2

For the following data, calculate the coefficient of rank correlation:

X Y

80 123
91 135
99 154
71 110
61 105
81 134
70 121
59 106

Solution:

X Y Rank Rank d = x – y d 2

for x for y

80 123 4 4 0 0
91 135 2 2 0 0
99 154 1 1 0 0
71 110 5 6 –1 1
61 105 7 8 –1 1
81 134 3 3 0 0
70 121 6 5 1 1
59 106 8 7 1 1

n = 4

r = 1 – 
2

2
6
( 1)

d
n n

= 1 – 2
6(4)

8(8 1)

= 1 – 
24

8(63)

= 1 – 
24

504

= 1 – 0.0476
r = 0.9524



Correlation

NOTES

Self-Instructional
             Material   225

Illustration 3

Calculate coefficient of rank correlation from the following data:

X Y

60 73
34 32
40 34
50 40
45 45
41 33
22 12
43 30
42 36

Solution:
Computation of Rank Correlation Coefficient

X Y R1 R2 d = R1 – R2 d2

60 75 1 1 0 0
34 32 8 7 1 1
40 34 7 5 2 4
50 40 2 3 –1 1
45 45 3 2 1 1
41 33 6 6 0 0
22 12 9 9 0 0
43 30 4 8 –4 16
42 36 5 4 1 1

d2 = 24

r = 
2

3
1 6 d

n n

= 3

6 24 1441 1
7209 9

= 1 – 02 = 0.8

Illustration 4

Ten competitors in a beauty contest are ranked by two judges in the following
order:
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Judge I Judge II

1 4
5 8
4 7
8 6
9 5
6 9
10 10
7 3
3 2
2 1

Calculate coefficient of rank correlation between judges I and II.

Solution:

 Judge 1 Judge 2 d1
2
1d

r1              r2    (r1 – r2)

1 4 –3 9
5 8 –3 9
4 7 –3 9
8 6 2 4
9 5 4 16
6 9 –3 9
10 10 0 0
7 3 4 16
3 2 1 1
2 1 1 1

74

Rank correlation between J1 and J2

r1 = 
2
1

2

6
1

( 1)
d

n n

2

6(74)1
10(10 1)

4441 1 0.4484
990

r1 = 0.5515
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Illustration 5

Ten competitors in a beauty contest are ranked by three judges in the following
order:

Judge 1 Judge 2 Judge 3

1 4 6
5 8 7
4 7 8
8 6 1
9 5 5
6 9 10
10 10 9
7 3 2
3 2 3
2 1 4

Use the rank correlation coefficient to discuss which pair of judges have the
nearest approach.

Solution:

Judge 1 Judge2 Judge3 d1
2
1d d2

2
2d d3

2
3d

  r1  r2  r3 (r1–r2) (r2–r3) (r3–r1)

1 4 6 –3 9 –2 4 5 25
5 8 7 –3 9 1 1 2 4
4 7 8 –3 9 –1 1 4 16
8 6 1 2 4 5 25 –7 49
9 5 5 4 16 0 0 –4 16
6 9 10 –3 9 –1 1 4 16
10 10 9 0 0 1 1 –1 1
7 3 2 4 16 1 1 –5 25
3 2 3 1 1 –1 1 0 0
2 1 4 1 1 –3 9 2 4

74 44 156

Rank correlation between J1 and J2

r1 = 
2
1

2

6
1

( 1)
d

n n
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2

6(74)1
10(10 1)

4441 1 0.4484
990

r1 = 0.5515
Rank correlation between J2 and J3

r2 = 
2
2

2

6
1

( 1)
d

n n

6(44)
1

10(99)

2641 1 0.2667
990

r2 = 0.7334
Rank correlation between J3 and J1

r3 = 
2
3

2

6
1

( 1)
d

n n

6(156)1
990

9361 1 0.9454
990

r3 = 0.0546

Since r2 is maximum, i.e., 0.7334, we conclude that the Judge 2 and Judge
3 have the nearest approach.

Illustration 6
Calculate the coefficient of rank correlation for the following data of marks obtained
by 9 students in Accountancy and Statistics at an Examination.

Marks in Accountancy Marks in Statistics

80 30
55 8
60 17
36 13
60 25
25 12
90 13
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15 2
60 5

Solution:

Marks in Marks in Rank Rank d = d 2

Accountancy Statistics Rx Ry Rx – Ry
(X) (Y)

80 30 2 1 1 1
55 8 6 7 –1 1
60 17 4 3 1 1
36 13 7 4.5 2.5 6.25
60 25 4 2 2 4
25 12 8 6 2 4
90 13 1 4.5 –3.5 12.25
15 2 9 9 0 0
60 5 4 8 –4 16

d2 = 45.5

Rank correlation coefficient =

nn

12
)mm(

12
)mm(

d6

1r
3

3
2

3
1

2

s

99

12
)22(

12
)33(

5.456

1
3

33

Where
m no of timeseach

Valuerepeats
n totalno of values

.

.

=  1
6 5 2 05

729 9
1

6
720

(45. . ) (48)

= 1 – 0.4/rs =  0.6

Illustration 7

Calculate the rank correlation between the length of service and order of merit
from the following data:
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Employee Years of service Order of merits
(Efficiency)

A 5 6
B 2 12
C 10 1
D 8 9
E 6 8
F 4 5
G 12 2
H 2 10
I 7 3
J 5 7
K 9 4
L 8 11

Solution:
Years of service should be ranked, whereas the order of merit not.

Yrs of Service X Rx Merit Ry Rx – Ry = d d2

5 8.5 6 +2.5 6.25
2 11.5 12 –0.5 0.25
10 2 1 +1 1
8 4.5 9 –4.5 20.25
6 7 8 –1 1.00
4 10 5 5 25.00
12 1 2 –1 1
2 11.5 10 +1.5 2.25
7 6 3 3 9
5 8.5 7 1.5 2.25
9 3 4 –1 1
8 4.5 11 –6.5 42.25

   d = 0 d2 = 111.5

Tied Ranks – (I) In X series: (a) 8th and 9th, (b) 11th and 12th and (c) 4th
and 5th.
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2 3 3 3

3

1 1 1
6[ (2 2) (2 2) (2 2)]

12 12 121s

d
r

n n

3
6[111.5 0.5 0.5 0.5]

1
12 12

  
6(113)1
1716

= 
6781

1716
= 1 – 0.395 = 0.605

Check Your Progress

3. Explain the properties of Correlation Coefficient.
4. What are the merits of Karl Pearson’s Coefficient of Correlation?
5. How is rank correlation calculated in case of equal ranks?

4.9 REGRESSION ANALYSIS

The term regression analysis refers to the methods by which estimates are made of
the values of a variable from a knowledge of the values of one or more other
variables and to the measurement of the errors involved in this estimation process.

 Regression analysis is mathematical measure of average relationship between
two or more variables. It is a statistical tool used in prediction of value of unknown
variable from known variable. It is a very powerful tool in the field of statistical
analysis in predicting the value of one variable, given the value of another variable,
when those variables are related to each other.

Regression

Regression is the measure of the average relationship between two or more variables
in terms of the original units of the data.

Assumptions in Regression Analysis

(a) Existence of actual linear relationship.
(b) The regression analysis is used to estimate the values within the range

for which it is valid.
(c) The relationship between the dependent and independent variables

remains the same till the regression equation is calculated.
(d) The dependent variable takes any random value but the values of the

independent variables are fixed.
(e) In regression, we have only one dependent variable in our estimating

equation. However, we can use more than one independent variable.
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4.10 DIFFERENCE BETWEEN CORRELATION
AND REGRESSION

Correlation
1. Correlation describes as a statistical measure that determines the

association or correlationship between two variables.
2. There are two variables, and their relationship is understood and

measured.
3. The relationship between the two variables is analyzed.
4. The relationship between two variables (say ‘x’ and ‘y’) is the same if it

is expressed as ‘x is related to y’ or ‘y is related to x’.
5. Correlation between two variables can be expressed through a single

point on a graph, visually.
6. It is a numerical value that tells about the strength of the relation between

two variables.

Regression

1. Regression depicts how an independent variable serves to be numerically
related to any dependent variable.

2. Two variables are represented as ‘dependent’ and ‘independent’
variables, and the dependent variable is predicted.

3. This concept tells about how one variable affects the other and tries to
predict the dependant variable.

4. There is a significant difference when we say ‘x depends on y’ and ‘y
depends on x’. This is because the independent and dependent variables
change.

5. A line or a curve is fitted to the given data, and the line or the curve is
extrapolated to predict the data and make sure the line or the curve fits
the data on the graph.

6. It predicts one variable based on the independent variables. (This
predicted value can be continuous or discrete, depending on the type of
regression) by fitting a straight line to the data.

4.11 LINEAR REGRESSION

Linear regression is a basic and commonly used type of predictive analysis.  The
overall idea of regression is to examine two things: (1) does a set of predictor
variables do a good job in predicting an outcome (dependent) variable?  (2) Which
variables in particular are significant predictors of the outcome variable, and in
what way do they – indicated by the magnitude and sign of the beta estimates –
impact the outcome variable? These regression estimates are used to explain the
relationship between one dependent variable and one or more independent
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variables. The simplest form of the regression equation with one dependent and
one independent variable is defined by the formula y = c + b*x, where y = estimated
dependent variable score, c = constant, b = regression coefficient, and x = score
on the independent variable.

Steps to Implement Simple Linear Regression

1. Analyze data (analyze scatter plot for linearity).
2. Get sample data for model building.
3. Then design a model that explains the data.
4. And use the same developed model on the whole population to make

predictions.

Types of Linear Regression

1. Simple linear regression

1 dependent variable (interval or ratio), 1 independent variable (interval or ratio
or dichotomous)

2. Multiple linear regression

1 dependent variable (interval or ratio), 2+ independent variables (interval or ratio
or dichotomous)

3. Logistic regression

1 dependent variable (dichotomous), 2+ independent variable(s) (interval or ratio
or dichotomous)

4. Ordinal regression

1 dependent variable (ordinal), 1+ independent variable(s) (nominal or
dichotomous)

5. Multinomial regression
1 dependent variable (nominal), 1+ independent variable(s) (interval or ratio or
dichotomous)

6. Discriminant analysis

1 dependent variable (nominal), 1+ independent variable(s) (interval or ratio)

4.12 REGRESSION EQUATIONS

Regression equations are algebraic expressions of the regression lines. Since there
are two regression lines, there are two regression equations – the regression
equation of X on Y is used to describe the variations in the values of X for given
changes in Y and the regression equation of Y on X is used to describe the variation
in the values of Y for given changes in X.
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1. Regression Equation

Regression equations are algebraic expressions of the regression lines. Since there
are two regression lines, there are two regression equations – the regression
equation of X on Y is used to describe the variations in the values of X for given
changes in Y and the regression equation of Y on X is used to describe the variation
in the values of Y for given changes in X.

The Two Regression Equations

The two regression equations are as follows:

(a) Regression equation of X on Y

x

y

X x r (Y y)

The values of a and b obtained by solving the two simultaneous equation
y = Na + b x
xy = a x + b x2

(b) Regression equation of X on Y

( )y y  = r x xy

x
( )

The values of a and b are obtained by solving the two simultaneous equations
x = Na + b y
y = a y + b y2

2. Regression Lines

Regression Line refers to describe the average relationship between the two
variables, say X and Y. It reveals mean value of X for given value of Y. The
equation of regression line is known as “Regression Equation”.

For example:
Obtain the two regression equation line from the following:

Series X Series Y
Mean 20      25
Variance 4       9
Coefficient of correlation = 0.75

The regression equation of X on Y is:

x

y

X x r (Y y)

(X – 20) = 
20.75 Y 25
3

X – 20 = 0.50 (Y – 25)
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X = 0.50Y – 12.5 + 20

             X = 0.50Y + 7.5 ...(i)
The regression equation of Y on X is

( )y y  = r x xy

x
( )

(y – 25) = 0 75
3
2

20. ( )x

(y – 25) = 1.125x (x – 20)
(y – 25) = 1.125x – 22.5
 y = 1.125x – 22.5 + 25

         y = 1.125x + 2.5 ...(ii)

Regression Lines Signify

The further the two regression lines from each other, the lesser is the degree of
correlation and the nearer the two regression lines to each other, the higher is the
degree of correlation. If the variables are independent, r is zero and the lines of
regression right angles, i.e., parallel to ox and oy.

For two variables X and Y, there are always two lines of regression –
Regression line of X on Y:
Gives the best estimate for the value of X for any specific given values of Y
X = a + bY
a = X-intercept
b = Slope of the line
X = Dependent variable
Y = Independent variable
For two variables X and Y, there are always two lines of regression.
Regression line of Y on X:
Gives the best estimate for the value of Y for any specific given values of X
Y = a + bX
a = Y-intercept
b = Slope of the line
Y = Dependent variable
 X = Independent variable

3. Regression Coefficient

The rate of change of variable for unit change in the other variable is called the
regression coefficient of former on the latter. Since there are two regression lines,
there are two regression coefficients. The rate of change of X for unit change in Y
is called regression coefficient of X on Y. It is the coefficient of Y in the regression
equation. When it is in the form of X = n + bY, it is denoted by bxy.
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Regression coefficient value can be ascertained directly with the help of
bxy and byx

Regression Coefficient of X on Y is denoted by:

bxy = r
x
y     or

22

.xy n x y
bxy

y n y

Similarly, regression coefficient of Y on X is denoted by:

byx = r x
y    or

22

.xy n x y
byx

x n x

Properties of the Regression Coefficients

(i) The coefficient of correlation is geometric mean of the two regression
coefficients.

r byx bxy

(ii) If byx is positive, then bxy should also be positive and vice versa.
(iii) If one regression coefficient is greater than one, the other must be less

than one.
(iv) The coefficient of correlation will have the same sign as that our

regression coefficient.
(v) Arithmetic mean of byx and bxy is equal to or greater than coefficient

of correlation. byx + bxy/2  r.  Regression coefficient are independent
of origin but not of scale.

Utilities of Regression Analysis

(i) Regression analysis is used in all those fields where two or more related
variables are having the tendency to go back to the average.

(ii) It predicts the values of dependent variables from the known values
of independent variables.

(iii) It is used in statistical estimation of demand curve, supply curve,
production function, cost function, consumption function, etc.

(iv) To study correlation with the help of regression.

Standard Error of Estimate

Standard error of estimate is the measure of variation around the computed
regression line.
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Standard error of estimate (SE) of Y measures the variability of the observed
values of Y around the regression line.

Standard error of estimate gives us a measure about the line of regression of
the scatter of the observations about the line of regression.

Standard error of estimate of Y on X is: SE of Y on X (SExy) = 
2(Y - Ye)

N

where, Y = Observed value of Y
Ye = Estimated values from the estimated equation that correspond

to each y value
e = The error term (Y – Ye)
n = Number of observation in sample.

The convenient formula: (SExy) = 
2

2
y a y b yx

n

where, X = Value of independent variable.
Y = Value of dependent variable.
a = Y intercept.
b = Slope of estimating equation.
n = Number of data point.

Regression Coefficient of X on Y: The regression coefficient of X on
Y is represented by the symbol bxy that measures the change in X for
the unit change in Y. Symbolically, it can be represented as:

bxyX x Y y
byx

=  

The bxy can be obtained by using the following formula when the
deviations are taken from the actual means of X and Y
When the deviations are obtained from the assumed mean, the following
formula is used:

( )X x  = r y yx

y
( )

Regression Coefficient of Y on X: The symbol byx is used to measures
the change in Y corresponding to the unit change in X. Symbolically, it
can be represented as:

byxY y X x
bxy

=  

In case, the deviations are taken from the actual means; the following
formula is used.

The byx can be calculated by using the following formula when the deviations
are taken from the assumed means:
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( )Y y  = ( )y

x
r X x

The Regression coefficient is also called as a slope coefficient because it
determines the slope of the line, i.e., the change in the independent variable for the
unit change in the independent variable.

Illustration 1

Compute two regression coefficient when r = 0.8, x = 5 and y = 7.

Solution:

bxy = 
x

y

r

= 0 8
5
7

.  = 0.57

byx = 
y

x

r

= 0 8
7
5

112. .

Illustration 2

Calculate two regression coefficient when r = –0.99, x = 10 and y = 12.

Solution:

bxy = 
x

y

r

= 0 99
10
12

.  = –0.825

byx = 
y

x

r

= 0 99
12
10

.  =  –1.188

Illustration 3
bxy = 0.8, byx = 0.6. Find ‘r’.

Solution:

r = bxy byx

= 0 8 0 6. .

=  +0.692
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Illustration 4

State the relationship between correlation coefficient of two variables and their
regression coefficient of two variables and their regression coefficients.

Solution:
Regression Coefficient of X on Y

bxy =  
x

y

r

Regression Coefficient of Y on X

byx = 
y

x

r

= bxy byx

= r r
y

y

x

1

= r r2

r = bxy byx

It can be said that correlation coefficient is the geometric mean of regression
coefficients.

Illustration 5

Obtain the two regression equations from the following:
Series X Series Y

Mean 20      25
Variance 4       9
Coefficient of correlation = 0.75

Solution:
The regression equation of X on Y is:

x

y

X x r (Y y)

(X  20) = 
20.75 25
3

Y

(X  20) 0.50 ( 25)Y

(X  20) = 0.50Y – 12.5
X = 0.50Y + 20 – 12.5

                          X = 0.50Y + 7.5 ...(i)
The regression equation of Y on X is:

( ) y

x
Y y r X x



Correlation

NOTES

Self-Instructional
240 Material

(Y – 25) = 
30.75 ( 20)
2

X ;

(Y – 25) = 1.125X (X – 20)
(Y – 25) = 1.125X – 22.5;
Y = 1.125X – 22.5 + 25

              Y = 1.125X + 2.5 ...(ii)

Illustration 6

Given the following information: x = 65, y = 67, x = 25, Variance of y = 12.25
and r = 0.8, obtain: (i) the two regression lines and (ii) the estimate of X when Y
= 70 and Y when X = 58.

Solution:
Regression equation of Y on X

( ) y

x
Y y r X x

 Y – 67 = 
3.50.8 ( 65)
25

X

Y – 67 = 0.112 (X – 65)
Y – 67 = 0.112X – 7.28
Y = 0.112X + 67 – 7.28

     = 0.112X + 59.72 ...(i)
Regression equation of X on Y

x

y

X x r (Y y)

25X  65 0.8 ( 67)
3.5

Y

X – 65 = 5.714 (Y – 67)
 X – 65 = 5.7y – 382.9
X = 5.75 – 382.9 + 65

      = 5.714Y – 317.84 ...(ii)
Calculation of X, when Y = 70
X = 5.714Y – 317.84
X = 5.714(70) – 317.84
X = 399.98 – 317.84 = 82.14
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Calculation of Y, when X = 58
Y = 0.112X + 59.72

= (0.112  58) + 59.72
= 6.496 + 59.72 = 66.216

Illustration 7

Karl Pearson’s coefficient of correlation between the ages of brothers and sisters
in a community was found to be 0.8. Average age of the brothers was 25 and that
of sisters 22 years. Their standard deviations were 4 and 5 respectively. Find:

1. The expected age of brother, when sister’s age is 12 years
2. The expected age of sister, when brother’s age is 33 years

Solution:

Let X variable represent brother’s age and Y variable represent sister’s age.
Regression equation of X on Y

x

y

X x r (Y y)

4 25 0.8 ( 22)
5

X Y

X – 25 = 0.64Y – 14.08
X = 0.64Y – 14.08 + 25
X = 0.64Y + 10.92 ...(i)

Calculation of brothers age when sisters age is 12
X = 0.64  12 + 10.92  = 18.6 years
Regression equation of Y on X

( ) y

x
Y y r X x

(Y – 22) = 
50.8 ( 25)
4

X

Y – 22 = (X – 25)
Y = X – 25 + 22
Y = X – 3
The age of sister when the brother age is 33.
y = 33 – 3 = 30 years

Illustration 8
You are given the following information about different media of advertisement
and sales.
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Different Media of Advertisement  Sales
 (` in lakhs) (` in lakhs)

Mean 10     90
Standard Deviation 3     12
Correlation Coefficient is –0.8.
(a) Calculate two regression lines.
(b) Find the likely turnover when advertisement expenditure is ̀  20 lakhs.
(c) What should be the advertisement expenditure, if the company wants to

attain a sales target of ̀  140 lakhs?

Solution:

We assume Series X to represent advertisement expenses and Series Y sales.
Regression equation x on y

x x  = r y yx

y
( )

x – 10 = –0 8
3

12
90. ( )y

x – 10 = –0.2 (y – 90)
x – 10 = – 0.2y + 18
x = –0.2y + 18 + 10

x = –0.2y + 28 ...(i)
Calculation of advertisement expenses for a sales target of ̀  140 lakhs.

x = (–0.2  140) + 28
= –28 + 28 = 0

The advertisement expenses will be zero for a sales target of ̀  140 lakhs.
Regression equation of y on x

( )y y  = r x xy

x
( )

 y – 90 = 0 8
12
3

10. ( )x

y – 90 = –3.2 (x – 10)
y – 90 = –3.2x + 32
y = –3.2x + 32 + 90

  y = –3.2x + 122 ...(ii)



Correlation

NOTES

Self-Instructional
             Material   243

Calculation of sales when advertisement expenses is ̀  20 lakhs
y = (–3.2 × 20) + 122

= –64 + 122 = ` 58 lakhs
Sales will be ̀  58 lakhs when advertisement expenses is ̀  20 lakhs.

Illustration 9

The following results for height and weight of 100 mean were calculated as:
Mean Weight = 150 lbs  SD = 20 lbs
Mean Height = 68 lbs  SD = 2.5”
Coefficient of correlation 0.6
Find an estimate of:

(i) Weight of a man whose height is 5 feet
(ii) Height of a man whole weight is 200 lbs.

Solution:
x variable is assumed to be representative weight and y variable the height

Regression equation of x on y:

x x  = r y yx

y
( )

 x – 150 = 0 6
20
25

68.
.

( )y

 x – 150 = 4.8y – 326.4
x = 4.8y – 326.4 + 150

    x = 4.8y – 176.4 ...(i)
When y = 5 feet  × 12 cms (12 cms = 1 feet) = 60 cms:

x = (4.8 × 60) – 176.4
   = 111.6 1bs

Regression equation of y on x:

y y  = r x xy

x
( )

 y – 68 = 0 6
25
20

150.
.

( )x

 y – 68 = 0.075x – 11.25
 y = 0.075x – 11.25 + 68

       y = 0.075x + 56.75 ...(ii)
When x = 200, the value of y:
          y = (0.075 × 200) + 56.75

= 71.75
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Illustration 10
Given the following data, estimate

 X      Y
Mean 18    100

Standard Deviation 14      20

Coefficient of y correlation =  +0.8
1. The value of y when x = 70
2. The value of x when y = 90
3. If two regression coefficients are 0.8 and 0.6, what would be the value

of the coefficient of correlation?

Solution:

Regression line x on y:

( )x x  = r y yx

y
( )

x – 18 = 0 8
14
20

100. ( )y

x – 18 = 0.56y – 56
x = 0.56y – 38
Given, y = 90, x would be:

x = 0.56 × 90 – 38
= 12.4

Regression equation of y on x:

( y y ) = r x xy ( )

 y – 100 = 0 8
20
14

18. ( )x

y – 100 = 1.14 – 20.57
 y = 1.14 – 79.48
Given the value of x = 70, y will be

y = 1.14 × 70 + 79.48
= 159.28

Calculation of coefficient of correlation:

r = bxy byx

= 0 8 0 6. .  = + 0.6928
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Illustration 11

To study the relationship between expenses on accommodation ‘X’ and expenditure
on food and entertainment ‘Y’ on enquiry into 50 families gave the following results:

x = 8500
y = 9600,
x = 60,
y = 20,

r = +0.6
Estimate the expenditure on food and entertainment when expenditure on

accommodation is ̀  200.

Solution:

Let Series X represent expenditure on accommodation and Series Y entertainment

x  = 
8500 170

50
x

N

y  = 
9600 192

50
y

N

Regression equation of y on x:

( )y y  = r x xy

x
( )

 (y – 192) = 0 6
20
60

170. ( )x

y – 192 = 0.2x – 34
           y = 0.2x – 34 + 192

             y = 0.2x + 158 ...(i)
Given, x = 200, y = ?

y = (0.2 × 200) + 158
= 40 + 158 = 198

Illustration 12

Given the following information: x  = 65, y  = 67, x = 25, variance of y = 12.25
and r = 0.8, obtain:

1. The two regression lines
2. The value of x, then y = 70 and y when x = 58.

Solution:

Regression equation x on y:

( )x x  = r y yx

y
( )
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2565 0.8 ( 67)
3.5

  x y

x – 65 = 0 8
25

12 25
67.

.
( ) y ;

x – 65 = 5.7 (y – 67)
  x = 5.7     y – 382 ...(i)

Given, y = 70, the value of x
x = (5.7 × 70) – 382

= 399 – 382 = 17
Regression equation of y on x:

y y  = r x xy

x




( ) ;

y – 67 = 0 8
35
25

65.
.

( )x 

y – 67 = 0.112(x – 65);
y – 67 = 0.112x – 7.28;

  y = 0.112x + 59.72 ...(ii)
Given, x = 58, the value of y

y = (0.112 × 58) + 59.72
 y = 6.49 + 59.72 = 66.21

Illustration 13
You are given the following information about Advertisement and Sales of a
Company

Mean 10 90
Variance 9 16
Correlation coefficient = 0.8

(i) Calculate the two regression lines.
(ii) Find the likely sales when advertising expenses are ̀  15 lakhs.
(iii) What should be the advertisement expenses if the company wants to

attain a sales target of ̀  190 lakhs?

Solution:

Regression equation of x on y:

( )x x  = r y yx

y




( ) ;
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x – 10 = 0 8
3
4

90. ( )y

x – 10 = 0.6(y – 90)

x – 10 = 0.6y – 54
   x = 0.6y – 44 ...(i)

The advertisement expenses for sales target of ̀  190 lakhs will be
x = (0.6  190) – 44

= 114 – 44   = ` 70 lakhs
Regression equation of y on x:

( )y y  = r x xy

x
( )

y – 90 = 0 8
4
3

10. ( )x

x – 90 = 1.067(x – 10)
x – 90 = 1.067x – 10.67
x = 1.067x + 90 – 10.67

  y = 1.067x + 79.33 ...(ii)
Sales when advertising expenses is ̀  15 lakhs

y = (1.067  15) + 79.33 = ` 95.33 lakhs

Illustration 14
Obtain the two regression equations by taking deviations from actual mean of
Series X and Series Y:

X 2 4 6 8 10
Y 5 7 9 8 11

Solution:

Calculation of Regression Equations

X X – 6 = x x2 Y Y – 8 = y y2 xy

2  –4 16 5  –3 9 12
4  –2 4 7  –1 1 2
6 0 0 9 1 1 0
8 2 4 8 0 0 0
10 4 16 11 3 9 12

X = 30 x2 = 40 Y = 40 y2 = 20 xy = 26
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x  =
x

N
30
5

6

y =  
y

N
40
5

8

Regression equation of x on y:

( )x x  = b y y( )

b = 
xy
y2    = 

26
20

13.

(x – 6) = 1.3 (y – 8)
x – 6 = 1.3y – 10.4
x = 1.3y –10.41 – 6

  x = 1.3y – 4.4 ...(i)
Regression equation of y on x:

( )y y  = b x x( )

b = 
xy
x2   = 

26
40

0 65.

(y – 8)  = 0.65 (x – 6)
y – 8 = 0.65x – 3.9

 y = 0.65x + 4.1 ...(ii)

Illustration 15

Find the regression equation from the following and estimate the yield for rainfall
of 10 inches:

Rainfall (inches) Yield (Tons)

1 1
2 3
3 2
4 5
5 5
6 7
7 6
8 9
9 8
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Solution:

Calculation of Regression Equations

X dx = X – 5 dx2 Ydy = Y – 5 dy2 dxdy

1  –4 16 1  –4 16 16
2  –3 9 3  –2 4 6
3  –2 4 2  –3 9 6
4  –1 1 5 0 0 0
5 0 0 5 0 0 0
6 1 1 7 2 4 2
7 2 4 6 1 1 2
8 3 9 9 4 16 12
9 4 16 8 3 9 12

X = 45 dx dx2 Y dy dy2 dxdy
= 0 = 60 = 46 = +1 = 59 =56

Regression equation x on y:

x x  = b y y( )

b = 
N dxdy dx dx

N dy dy
( )( )

( )2 2

= 2

9 56 0 1

9 59 (1)

= 
504
530

0 9509.

x = 
x

N
45
9

5

y = 
y

N
46
9

511.

(x – 5) = 0.9509 (y – 5.11)
x – 5 = 0.9509y – 4.8593
x = 09509y – 4.8593 + 5

               x = 0.9509y + 0.1406 ...(i)
Regression equation of y on x:

y y  = b x x( )

b = 
N dxdy dx dy

N dx dx
( )( )

( )2 2
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= 2

9 56 0 1

9 60 (0)

= 
504
540

0 9333.

(y – 5.11) = 0.9333(x – 5)
y – 5.11 = 0.9333x – 4.6666
y – 5.11 + 4.6666 = 0.9333x

              y = 0.9333x + 0.4433 ...(ii)

Illustration 16
From the following data, obtain the two regression equations:

Sales Purchases

91 71
97 75
108 69
121 97
67 70
124 91
51 39
73 61
111 80
57 47

Also find correlation coefficient between sales and purchases.

Solution:

Calculation of Regression Equations

X X –90  =  dx dx2 Y  Y – 70 = dy dy2 dxdy

91 1 1 71 1 1 1
97 7 49 75 5 25 35
108 18 324 69 –1 1 –18
121 31 961 97 27 729 837
67 –23 529 70 0 0 0
124 34 1156 91 21 441 714
51 –39 1521 39 –31 961 1209
73 –17 289 61 –9 81 153
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111 21 441 80 10 100 210
57 –33 1089 47 –23 529 759

X = 900 dx2 Y dy2 dxdy
=6360 = 700 =2868 =3900

x  = 
x

N
900
10

90

y  = 
700
10

70

Regression equation x on y:

x x  = b y y( )

b = 
N dxdy dx dy

N dy dy
( )( )

( )2 2

= 
10 3900 0 0
10 2868 2(0)

= 
39000
28680

13598.

x – 90 = 1.3598 (y – 70)
x – 90 = 1.3598y – 95.186
x – 90 + 95.186 = 1.3598y

  x = 1.359y – 5.186 ...(i)
Regression equation of y on x:

y y  = b x x( )

b = 
N dxdy dx dy

N dx dx
( )( )

( )2 2

= 2

10 3900 0 0

10 6360 (0)

= 
39000 0.16132
63600

y – 70 = 0.16132 (x – 90)
y – 70 = 0.16132x – 55.1886
y – 70 + 55.1886 = 0.16132x

   y = 0.16132x + 14.812 ...(ii)

r = byx bxy

= 1.3598 0.16132

= +0.4583
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Illustration 17

The following figures relate to advertising expenditure and sales.

Advertisement expenses (in lakhs) Sales (in crores)

60 10
62 11
65 13
70 15
73 16
75 19
71 14

Estimate:
(a) Sales for advertising expenditure of ̀  90 lakhs
(b) Advertising expenditure for a sales target of ̀  25 crores.

Solution:

Calculation of Regression Equations

X dx = X – 65 dx2 Y dy = Y – 15 dy2 dxdy

60  –5 25 10  –5 25 25
62  –3 9 11  –4 16 12
65 0 0 13  –2 4 0
70 5 25 15 0 0 0
73 8 64 16 1 1 8
75 10 100 19 4 16 40
71 6 36 14  –1 1  –6

X = 476 dx = 21 dx2 Y dy dy2 dxdy
=259 = 98 = -7 = 63 = 79

x  =
x

N
476

7
68

y  = 
y

N
98
7

14

Regression equation of x on y:

x x  = b y y( )

b = 
N dxdy dx dy

N dy dy
( )( )

( )2 2
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= 2

7 79 (21) ( 7)

7 63 ( 7)

= 
700
392

17857.

x – 68 = 1.7857 (y – 14)
x – 68 = 1.7857y – 24.9999
x – 68 + 24.9999 = 1.7857

  x = 1.7857y + 43.0001 ...(i)
Advertisement expenses for a sales target of ̀  25 crores

x = (1.7857) × 25 + 43
= 87.64 Lakhs

Regression equation of y on x:

y y  = b x x( )

  b = 
N dxdy dx dy

N dx dx
( )( )

( )2 2

=  
7 79 21 7
7 259 2(21)

= 
700

1372
0 5102.

(y – 14) = 0.5102 (x – 68)
y – 14 + 34.6936 = 0.5102x

              y = 0.5102 x – 20.6936 ...(ii)
When sales for advertising expenses of ̀  90 lakhs,
y = (0.5102 × 90) – 20.6936
y = 25.2244

Illustration 18
Find the regression equations for the following data and also product the average
value of y when x is 9:

X Y

3 3
6 2
5 3
4 5
7 3
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2 6
8 6
1 4

Solution:

Calculation of Regression Equations

X dx = X – 4 dx2 Y dy = Y – 4 dy2 dxdy

3  –1 1 3  –1 1    1
6 2 4 2  –2 4  –4
5 1 1 3  –1 1  –1
4 0 0 5 1 1    0
7 3 9 3  –1 1  –3
2  –2 4 6 2 4  –4
8 4 16 6 2 4 8
1  –3 9 4 0 0 0

Y = 36 dx = 4 dx2 Y dy dy2 dxdy
= 44 = 32 = 0 = 16 = –3

x  = 
x

N
36
8

4 5.

y  = 
y

N
32
8

4

Regression equation of x on y:

x  = b y y( )

b = 
N dxdy dx dy

N dy dy
( )( )

( )2 2

2

8 3(4)(0)
8 16 (0)

24
128

 = -0.1875

x – 4.5 = – 0.1875 (y – 4)
x – 4.5 = – 0.1875y + 0.75
x = –0.1875y + 0.75 + 4.5

  x = –0.1875y + 5.25 ...(ii)
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Regression equation of y on x:

y y  = b x x( )

b = 
B dxdy dx dy

N dx dx
( )( )

( )2 2

= 
8 3 4 0
8 44 2(4)

= 
24
336

0 07143.

(y – 4) = –0.07143 (x – 45)
y – 4 = –0.07143x + 0.3214

  y = –0.07143x + 4.3214 ...(ii)
Calculation of y when x = 9:

y = (–0.07143 × 9) + 4.3214
= 3.6785

Illustration 19

Following data relate to years of service in a factory of seven persons in a specialized
field and their monthly income:

Years of service Income (Hundred ̀ )

11 7
7 5
9 3
5 2
8 6
6 4
10 8

Find the two regression equations and also estimate the income of a persons
with 52 years of service.

Solution:

Calculation of Regression Equation

X dx = X – 8 dx2 Y dy = Y – 5 dy2 dxdy

11 3 9 7 2 4 6
7  –1 1 5 0 0 0
9 1 1 3  –2 4  –2
5  –3 9 2  –3 9 9
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8 0 0 6 1 1 0
6  –2 4 4  –1 1 2
10 2 4 8 3 9 6

 X = 56 4  x2 Y 0  y2  dxdy
= 28 = 35 = 28 = 21

x  = 


 
x

N
56
7

8

y  = 


 
y

N
35
7

5

Regression equation of x on y:

x x  = b y y( )

b  = 



 

xy
y2

21
28

0 75.

x – 8 = 0.75 (y – 5)
x – 8 = 0.75y – 3.75

  x  =  0.75y + 4.25 ...(i)
Regression equation of y on x:

y y  = b x x( )

b = 




xy
x2  = 

21
28

0 75 .

 y – 5 = 0.75 (x – 8)
y – 5 = 0.75x – 6

              y = 0.75x – 1 ...(ii)
Calculation of y when x = 12

y = (0.75 × 12) – 1   9 – 1 =  8

Illustration 20
The following table shows the exports of New Cotton and the imports of
manufactured goods into India for 7 years:

Exports (in crores of `) Imports (in crores of `)

42 56
44 49
58 53
55 58
89 67
98 76
60 58
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Obtain the two regression equations and estimate the imports when exports
in a particular year were to the value of ̀  70 crores.

Solution:
‘X’ series represents Export and ‘Y’ series represents Import

Calculation of Regression Equations

X dx = X – 60 dx2 Y dy = Y – 60 dy2 dxdy

42  –18 324 56  –4 16 72
44  –16 256 49  –11 121 176
58  –2 4 53  –7 49 14
55  –5 25 58  –2 4 10
89 29 841 67 7 49 203
98 38 1444 76 16 256 608
60 0 0 58  –2 4 0

X = 446 dx2 Y dy dy2 dxdy
= 2894 = 417 = –3 = 499 = 1083

x  = 
x

N
446
7

63714.

y  = 
y

N
417
7

59571.

Regression equation of x on y:

x x  = bxy (y – y )

bxy = N dxdy dx dy
N dy dy

( )( )
( )2 2

= 
7 1083 26 3

7 499 3 2( )

= 
7581 78

3484

= 
7659
3484

21983.

(x – 63.714) = 2.1983 (y – 59.571)
x – 63.714 = 2.1983y – 130.9549

  x = 2.1983y – 67.2409 ...(i)
Regression equation of y on x:

y y  = byx x x( )

byx = 
N dxdy dx dy

N dx dx
( )( )

( )2 2
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= 
7 1083 26 3
7 2894 2(26)

= 
7659
19582

0 3911.

y – 59.571  = 0.3911(x – 63.714)
y – 59.571  = 0.3911x – 24.9185

  y = 0.3911x + 34.6525 ...(ii)
Calculate of y when x = 70

y = (0.3911 × 70) + 34.6525
= ` 62.0295 crores

Check Your Progress

6. What are the assumptions in Regression Analysis?
7. What are properties of the regression coefficient?

4.13 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. What are the advantages of Correlation?
(a) Correlation research allows researchers to collect much more data than

experiments.
(b) Correlation research is that it opens up a great deal of further research

to other scholars.
(c) It allows researchers to determine the strength and direction of a

relationship so that later studies can narrow the findings down and if
possible, determine causation experimentally.

2. Explain the different types of correlation on the basis of Number of Sets.
(a) Simple Correlation: When only two variables are studied, it is a case

of simple correlation.
(b) Multiple Correlation: When more than three variables are studied, it

is known as multiple correlation. For example, when we study the
relationship between the yield of rice per acre and both the amount of
rainfall and the amount of fertilizer used, it is a case of multiple correlation.

3. Explain the properties of correlation coefficient.
(a) The correlation coefficient lies between –1 and +1 symbolically (–1  r

 1).
(b) The correlation coefficient is independent of the change of origin and

scale.
(c) The coefficient of correlation is the geometric mean of two regression

coefficient. r = bxy * byx.
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4. What are the merits of Karl Pearson’s Coefficient of Correlation?
(a) This method indicates the presence or absence of correlation between

two variables and gives the exact degree of their correlation.
(b) To ascertain the direction of the correlation positive or negative.

5. How is rank correlation calculated in case of equal ranks?
When equal ranks are assigned to some entries an adjustment in the usual
formula for calculating the rank coefficient of correlation is made. The
adjustment consists of adding 1/12 (m2 – m) to the value of 2d , where
‘m’ stands for the number of items whose ranks are common. If there are
more than one such group of items with common rank, this value is added
as many times, the number of such groups. The formula can be written as:

6. What are the assumptions in Regression Analysis?
(a) Existence of actual linear relationship.
(b) The regression analysis is used to estimate the values within the range

for which it is valid.
(c) The relationship between the dependent and independent variables

remains the same till the regression equation is calculated.
(d) The dependent variable takes any random value but the values of the

independent variables are fixed.
7. What are properties of the regression coefficient?

(a) The coefficient of correlation is geometric mean of the two regression
coefficients.

(b) If byx is positive, then bxy should also be positive and vice versa.
(c) If one regression coefficient is greater than one, the other must be less

than one.

4.14 SUMMARY

Correlation is a statistical measure that indicates the extent to which two or
more variables fluctuate together. A positive correlation indicates the extent
to which those variables increase or decrease in parallel; a negative correlation
indicates the extent to which one variable increases as the other decreases.
In partial correlation, more than two variables are recognized but only two
variables influence each other, the effect of other influencing variable is kept
constant. In the above example, if we limit our correlation analysis of yield
and rainfall keeping fertilizer variable as constant to becomes a problem of
partial correlation.
This is a measure of correlation which is used when quantitative measures
for certain factors such as evaluation of leadership ability, judgement of
female beauty, etc. cannot be fixed, but the individual in the group can be
arranged in order thereby obtaining for each individual a number indicating
his or her rank in the group. If the ranks are not given, then need to assign
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ranks to the data series. The lowest value in the series can be assigned rank
1 or the highest value in the series can be assigned rank 1 to follow the
same scheme of ranking for the other series. Then calculate the rank
correlation coefficient in similar way as the ranks are given.
Regression equations are algebraic expressions of the regression lines. Since
there are two regression lines, there are two regression equations – the
regression equation of X on Y is used to describe the variations in the values
of X for given changes in Y and the regression equation of Y on X is used to
describe the variation in the values of Y for given changes in X.

4.15 KEY TERMS

Correlation: Correlation means that between two series or groups of data
there exists some causal connections.
Positive Correlation: The correlation is said to be positive correlation if
the values of two variables changing with same direction.
Negative Correlation: The correlation is said to be negative correlation
when the values of variables change with opposite direction.
Partial Correlation: In partial correlation, more than two variables are
recognised but only two variables influence each other, the effect of other
influencing variable is kept constant.
Linear Correlation: Correlation is said to be linear when the amount of
change in one variable tends to bear a constant ratio to the amount of change
in the other.
Karl Pearson’s Coefficient of Correlation: Karl Pearson’s Coefficient
of Correlation denoted by ‘r’ (–1 = r = +1). The coefficient of correlation
‘r’ measure the degree of linear relationship between two variables say x
and y.
Regression: Regression is the measure of the average relationship between
two or more variables in terms of the original units of the data.
Regression Coefficient: The rate of change of variable for unit change in
the other variable is called the regression coefficient of former on the latter.
Since there are two regression lines, there are two regression coefficients.
The rate of change of X for unit change in Y is called regression coefficient
of X on Y. It is the coefficient of Y in the regression equation.

4.16 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What is correlation?
2. What is a linear correlation?
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3. What is negative correlation?
4. What is meant by perfect correlation?
5. What do you mean by coefficient of correlation?
6. Mention the uses of correlation.
7. What is a ‘scatter diagram’?
8. State the assumptions of Karl Pearson’s coefficient of correlation.
9. Define ‘Rank-correlation’.

10. How do we measure the reliability of correlation?
11. What is a probable error?
12. What is the uses of probable error?
13. Define the term regression.
14. What are the regression lines?
15. What is regression coefficient?
16. Mention the two regression coefficients.
17. Explain the properties of regression coefficients with examples.

Long Answer Questions

1. Find the probable error when number of items are 5 and correlation is 0.7
for a given distribution.

2. State the assumptions of Karl Pearson’s Coefficient Correlation.
3. What is rank correlation?
4. What is a ‘Scatter Diagram’?
5. Write down the Spearman’s Rank Coefficient Correlation Formula and

Importance.
6. Define Rank Correlation Coefficient.
7. Explain types of correlation.
8. Explain the properties of regression coefficients with examples.
9. What are the utilities of regression analysis?

10. If, r = 0.6 and N = 64 of a distribution, find the probable error.
11. If n = 8 and d2 = 4, find ‘rs’.
12. Calculate the coefficient of correlation by concurrent deviations method:

Number of pairs of observation = 10
13. Find probable error if correlation = 0.448, n = 9.
14. Calculate the correlation coefficient between the variables X and Y from

the following figures:
x = 118 x2 = 556 xy = 368
y = 93 y2 = 309 n = 30

15. From the following data on six cities, calculate the coefficient of correlation
between density of population and death rate.
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City A B C D E F

Density of population: 200 500 400 700 600 300
Population (’000): 30 90 40 42 72 24
No. of deaths: 300 1440 560 840 1224 312

16. Find the most probable value of Y if X is 70 and the most probable value
of X when Y is 90, given that:

X series Y series

Mean 18 100
Standard deviation 14 20

Coefficient of correlation between ‘X’ and ‘Y’ is 0.8.
17. Obtain the rank coefficient of correlation from the following data:

Prize of Tea (`) Prize of Coffee (`)

75 120
88 134
95 150
70 115
60 110
80 140
81 142
50 100

18. Marks scored by 6 participants in a beauty contest assigned by two judges
are given below:

Marks assigned by Judge 1 Marks assigned by Judge 2

30 28
36 38
47 49
48 46
32 30
28 26

Calculate rank correlation after assigning rank.
19. Ten participants in a beauty contest were ranked by three judges in the

following order.
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Judge 1 Judge 2 Judge 3

8 4 10
1 7 3
2 10 2
10 1 9
3 2 4
7 9 8
5 6 7
9 8 5
4 5 6
6 3 1

Using rank correlation determine which pair of judges have the nearest
approach to common tastes in beauty.

20. If bxy = 1.2 and byx = 0.8, obtain r.
21. If bxy = –0.36 and byx = –1.38, obtain r.

22. If two regression coefficients are 1.2 and 0.8, find correlation through
regression coefficient.

23. Calculate two regression coefficient when r = 0.8, x = 5 and y = 7.

24. If xy = 270, 1 = 11.2, 2 = 36.9 and n = 8, find r..
25. If bxy = 1.36 and byx = 0.6132, find r.

26. If bxy = 0.8 and byx = 0.6, find ‘r’.

27. Calculate the two regression coefficients when r = 0.8, x = 5 and  y = 7.

28. Obtain the two regression equations from the following data and estimate
the value of X when Y = 50 and the value of Y when X = 45.

X Y

40 38
50 60
38 55
60 70
65 60
50 48
35 30
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29. The following table gives the age and blood pressure with help of
regression equations find the age at blood pressure 120 and blood
pressure at the age of 45.

Age Blood pressure

56 147
40 125
36 118
47 128
49 145
42 143
60 155
72 160
63 149
55 150
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UNIT 5 INDEX NUMBER
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5.10 Self-Assessment Questions and Exercises
5.11 Further Reading

5.0 INTRODUCTION

Index numbers are commonly used statistical device for measuring the combined
fluctuations in a group related variables. If we wish to compare the price level of
consumer items today with that prevalent ten years ago, we are not interested in
comparing the prices of only one item, but in comparing some sort of average
price levels. We may wish to compare the present agricultural production or industrial
production with that at the time of independence. Here again, we have to consider
all items of production and each item may have undergone a different fractional
increase or even a decrease. How do we obtain a composite measure? This
composite measure is provided by index numbers which may be defined as a
device for combining the variations that have come in group of related variables
over a period of time, with a view to obtain a figure that represents the ‘net’ result
of the change in the constitute variables.

Index numbers may be classified in terms of the variables that they are
intended to measure. In business, different groups of variables in the measurement
of which index number techniques are commonly used are: (i) price, (ii) quantity,
(iii) value and (iv) business activity.

Thus, we have index of wholesale prices, index of consumer prices, index
of industrial output, index of value of exports and index of business activity, etc.
Here we shall be mainly interested in index numbers of prices showing changes
with respect to time, although methods described can be applied to other cases.
In general, the present level of prices is compared with the level of prices in the
past. The present period is called the current period and some period in the past is
called base year.

Index numbers are used as an indicator of general economic behaviour. The
quantity and value indices of input and output used to determine, the general trend
in business just as a barometer is used to measure atmospheric pressure. Index
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numbers of business activity are used to feel the pulse of the economy. For this
reason index numbers are called economic barometer.

5.1 OBJECTIVES

After going through this unit, you will be able to:
Explain the meaning and concept of Index Number
Describe characteristics of Index Number
Discuss the importance and uses Index Number
Examine diagrammatic and graphic presentation of Data

5.2 MEANING AND CONCEPT OF INDEX
NUMBER

Index numbers are statistical measures designed to show changes in a variable or
group of related variables with respect to time, geographic location or other
characteristics such as income, profession, etc. A collection of index numbers for
different years, locations, etc. is sometimes called an index series.

An index number is a statistical measure to show the changes of any variable
such as prices, production and many others with respect to time.

According to Ronold, “Index numbers are quantitative measures of growth
of prices, production, inventory and other quantities of economic interest.”

Uses of Index Numbers
The uses of index numbers are as follows:

1. It helps in framing suitable economic and business policies.
2. It reveals trend and tendencies relating to business.
3. It is important in forecasting further economic activity.
4. It is very useful in deflating original data, i.e., to adjust the original data

price changes.

Limitations of Index Numbers

1. Index numbers are based on a sample, it is not possible to take into
account each and every item in the construction of the index.

2. It is difficult to take into account changes in the quality of products. But
very often it is not possible and it makes comparison over long period
less reliable.

3. A large number of methods are available for constructing index numbers.
These methods give different results.

4. Index numbers can also be misused in such manner so as to draw the
desired conclusions.
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“Index numbers are specialized averages.” – Comment

Index numbers are used for purpose of comparison in situations where two or
more series are expressed in different units or the series are composed of different
types of items. For example, While constructing a consumer price index the various
items are divided into broad heads, viz.: (i) Food, (ii) Clothing, (iii) Fuel and Lighting.
(iv) House Rent and (v) Miscellaneous. These items are expressed in different
units. Thus under the head “Food”, wheat and rice may be quoted per quintal,
ghee per kg, etc. Similarly, cloth may be measured in terms of meters. An average
of all these items expressed in different units is obtained by using the technique of
index numbers. Hence, index numbers are called specialized averages.

“Index numbers are called economic barometers.” – Comment

Index numbers are used as an indicator of general economic behaviour. The quantity
and value indices of input and output used to determine the general trend in business
just as a barometer is used to measure atmospheric pressure. Index numbers of
business activity are used to feel the pulse of the economy. For this reason, index
numbers are called economic barometers.

5.3 CONSTRUCTION OF INDEX NUMBERS

5.3.1 Types of Index Numbers
Index numbers are classified in terms of what they measure. Accordingly, from the
point of view of business and economics, index numbers are classified as:

1. Simple Index Numbers
2. Price Index Numbers
3. Quantity Index Numbers
4. Composite Index Numbers

1. Simple Index Numbers
A simple index number is a number that measures a relative change in a single
variable with respect to a base. These types of index numbers are constructed
from a single item only.

2. Price Index Numbers
Price index numbers measure the relative changes in prices of a commodity between
two periods. Prices can be either retail or wholesale. Price index numbers are
useful to comprehend and interpret varying economic and business conditions
over time.

3. Quantity Index Numbers

These types of index numbers are considered to measure changes in the physical
quantity of goods produced, consumed or sold of an item or a group of items.
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4. Composite Index Numbers

A composite index number is a number that measures an average relative changes
in a group of relative variables with respect to a base. A composite index number
is built from changes in a number of different items.

5.3.2 Steps in Construction of Index Number

1. The purpose of index

Before constructing an index number, it is necessary to define precisely the purpose
for which they are to be constructed. A single index cannot fulfill all the purposes.
Index Numbers are specialized tools which are more efficient and useful when
properly used. If the purpose is not clear, the data used may be unsuitable and the
indices obtained may be misleading. If it is desired to construct a Cost of Living
Index Number of labour class, then only those item will be included, which are
required by the labour class.

2. Selection of the items

The list of commodities included in the Index numbers is called the ‘Regimen’.
Because it may not be possible to include all the items, it becomes necessary to
decide what items are to be included. Only those items should be selected which
are representative of the data, e.g., in a Consumer Price Index for working class,
items like scooters, cars, refrigerators, cosmetics, etc. find no place. There is no
hard and fast rule regarding the inclusion of number of commodities while
constructing Index Numbers. The number of commodities should be such as to
permit the influence of the inertia of large numbers. At the same time, the numbers
should not be so large as to make the work of computation uneconomical and
even difficult. The number of commodities should therefore be reasonable. The
following points should be considered while selecting the items to be included in
the Index:

(i) The items should be representative.
(ii) The items should be of a standard quality.
(iii) Non-tangible items should be excluded.
(iv) The items should be reasonable in number.

3. Price quotations

It is neither possible non-necessary to collect prices of the commodities from all
markets in the country where it is dealt with, we should take a sample of the
markets. Selection must be made of the representative places and persons. These
places should be well known for trading these commodities.

It is necessary to select a reliable agency from where price quotations are
obtained.

4. Selection of the base period

In the construction of Index Numbers, the selection of the base period is very
important step since the base period serves as a reference period and the prices
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for a given period are expressed as percentages of those for the base year, it is
therefore necessary that:

(i) The base period should be normal.
(ii) It should not be too far in the past.
There are two methods by which base period can be selected: (i) Fixed

base method and (ii) Chain base method.
Fixed Base Method: According to this, any year is taken as a base. Prices

during the year are taken equal to 100 and the prices of other years are shown as
percentages of those prices of the base year. Thus, if indices for 2013, 2014,
2015 and 2016 are calculated with 2012 as base year, such indices will be called
as fixed base indices.

Chain Base Method: According to this method, relatives of each year are
calculated on the basis of the prices of the preceding year. The Chain base index
numbers are called as Link Relatives, e.g., if index numbers are constructed for
2012, 2013, 2014, 2015 and 2016, then for 2012, 2013 will be the base and for
2014, 2013, will be the base and so on.

5. The choice of an average

An index number is a technique of ‘averaging’ all the changes in the group of series
over a period of time, the main problem is to select an average which may be able
to summaries the change in the component series adequately. Median, Mode and
Harmonic Mean are never used in the construction of index numbers. A choice
has to be made between the Arithmetic Mean and the Geometric Mean. Merits
and demerits of the two are then to be compared. Theoretically, GM is superior to
the AM in many respects but due to difficulty in its computation, it is not widely
used for this purpose.

6. Selection of appropriate weights

The term weight refers to the relative importance of the different items in the
construction of index numbers. All items are not of equal importance and hence it
is necessary to find out some suitable methods by which the varying importance of
the different items is taken into account. The system of weighting depends upon
the purpose of index numbers, but they ought to reflect the relative importance of
the commodities in the regimen. The system may be either arbitrary or rational.
The weightage may be according to either:

(i) The value of quantity produced.
(ii) The value of quantity consumed.
(iii) The value or quantity sold or put to sale.
There two methods of assigning weights:
(i) Implicit and
(ii) Explicit.
Implicit: Under this method, the commodity to which greater importance

has to be given is repeated a number of times, i.e., a number of varieties of such
commodities are included in the index numbers as separate items.
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Explicit: In this case, the weights are explicitly assigned to commodities.
Only one kind of a commodity is included in the construction of index numbers but
its price relative is multiplied by the figure of weights assigned to it. There has to be
some logic in assigning such type of weights.

Some Notations:
Base Year: Year from which comparisons are made (Subscript 0)
Current Year: Year under consideration (Subscript 1)

5.4 METHODS OF CONSTRUCTION OF INDEX
NUMBER

The various methods of constructing index numbers are as follows:

Methods of Construction of Index Number

Price Relative Method

The price of each item in the current year is expressed as a percentage of price in
base year. This is called price relative and expressed as following formula:

 
Pr ice in the given year

Pr iceRelative 100
Pr ice in the base year

Aggregate Method

In simple average of relative method, the current year price is expressed as a price
relative of the base year price. These price relatives are then averaged to get the
index number. The average used could be arithmetic mean, geometric mean or
even median.

Simple Aggregative Method
Under this method, the total of the current year prices for various commodities is
divided by the total of the base year and the quotient is multiplied by 100.

Limitations of Simple Aggregative Method

There are two limitations of simple aggregative method:
(i) The units used in the price or quantity quotations can expect a big

influence on the value of the index.
(ii) No consideration is given to the relative importance of the commodities.

Steps in constructing index numbers under simple aggregative method

The following steps are involved in constructing index numbers under Simple
aggregative method:

1. Add the current year prices for various commodities. This is represented
by p1.

2. Add the base year prices for the same commodities. This is represented
by p0.
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3. Divided 1p  by 0p  and multiply the quotient by 100. The following
formula is applicable:

01P =  
p
p

1

0
100  (using arithmetic mean)

01
log pP Anti log
n  (using geometric mean)

Illustration 1

From the following data, construct on index for 2018, taking as base 2007.

Commodity Price in 2017 Price in 2018

A 50 70
B 40 60
C 80 90
D 110 120
E 20 20

Solution:

Construction of Price Index

Commodity Price in 2017 Price in 2018

0p 1p

A 50 70
B 40 60
C 80 90
D 110 120
E 20 20

0p  = 300 1p  = 360

P01 = 
p
p

1

0
100

= 
360
300

100 120

Illustration 2

From the following data, construct an index for 2018 taking 2017 as base.
Commodity Price in 2017 Price in 2018

Rice 90 105
Wheat 70 85
Tea 40 55
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Coffee 20 60
Sugar 60 70

Solution:
Construction of Price Index

Commodity Price in 2017 Price in 2018

Rice 90 105
Wheat 70 85
Tea 40 55
Coffee 20 60
Sugar 60 70

p0 = 280 p1 = 375

Here,

P01 = 1

0

p
p   ×  100

= 
375
280

 × 100 = 133.92

Illustration 3

From the following data, calculate index number using price relative methods.

Commodity Price in 2017 Price in 2018

A 100 140
B 80 120
C 160 180
D 220 240
E 40 40

Solution:

Construction of Index Number by Price Relative Method

Commodity Price in 2017 Price in 2018 Price relative P
(p0) (p1) = (p1/p0 × 100)

A 100 140 140
B 80 120 150
C 160 180 112.5
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D 220 240 109
E 40 40 100

N = 5 0p  = 600 1p  = 720 P = 611.5

Here,

1

0
01

100
P = 

p
p

N

   = 
611.5

5
   = 122.3

Simple Average Price Relatives Method

Under this method, calculate first the price relatives for the various items included
in the index and then average the price relatives by using any of the measures of
the central value, i.e., A.M., the median, the mode, the geometric mean or the
harmonic mean.

Merits of Simple Average Price Relative Method

The merits of simple average price relative method are as follows:
(i) Extreme items do not influence the index. Equal importance is given to

all the items.
(ii) The index is not influenced by the units in which prices are quoted or by

the absolute lived individual prices. Relatives are pure numbers and are,
therefore, divorced from the original units. Consequently, index numbers
computed by the relatives method would be the same regardless of the
way in which prices are quoted.

Limitations of Simple Average Price Relative Method

The limitations of simple average price relative method are as follows:
(i) Difficulty is faced with regard to the selection of an appropriate average.

Arithmetic average is not considered popular because it has an upward
bias. The use of geometric mean involves difficulties in computations.

(ii) The relatives are assumed to have equal importance. This is again, a
kind of concealed weighting system that is highly objectionable since
economically some relatives are more important than others.

Steps in Simple Average of Price Relatives Method

The following steps are involved under simple average of price relatives method:
(i) Calculate the price relatives is calculated by dividing current year’s price

by the base year’s price and multiply, the quotient by 100. It is expressed
in the form of formula:

P = 
1

0

100
p
p
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(ii) Calculate the average of the price relatives is so calculated above. The
following formula is used:

 P01 = 
P

N
(using arithmetic mean)

P01 =
log pAnti log
n

 (using geometric mean)

where ‘n’ stands for number of items (commodities) whose price relatives
are thus averaged.

Illustration 4
Compute the price index number for the following data using simple average of
price relatives by arithmetic mean and geometric mean.

Commodity A B C D E

Price in 2017 10 20 5 2 7
Price in 2018 16 21 6 3 14

Solution:

Commodity Price in Price in Price Relatives P logp

2017 (P0) 2018 (P1)
1

0

100
p
p

A 10 16 16/10 × 100 = 160 2.2041
B 20 21 21/20 × 100 = 105 2.0212
C 5 6 6/5 × 100 = 120 2.0792
D 2 3 3/2 × 100 = 150 2.1961
E 7 14 14/7 × 100 = 200 2.3110

P = 735         logp = 10.7816

Using Arithmetic Mean:

 Price Index Number = 
P
n

= 
735

5

= 147
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Using Geometric Mean:

Price Index Number = 
log pAnti log
n

= 
10.7816

Anti log
5

= Antilog 2.1563
= 143.3

Hence, the price index number for the above data using simple average of
price relatives by arithmetic mean is ̀  147 and geometric mean 143.3.

Illustration 5

From the following data, calculate index numbers using price relative method:

Commodity Price in 2015 Price in 2016

M 50 70
N 40 60
O 80 90
P 110 120
Q 20 20

Solution:
Construction of Index Number using Price Relative Method

Commodity Price in Price in Price
2015 2016 relatives P

p0 p1 = 
p
p

1

0
100

M 50 70 140
N 40 60 150
O 80 90 112.5
P 110 120 109.1
Q 20 20 100.0

P = 611.6

p01 = 
P
n

= 
6116

5
120 9

.
.
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Weighted Aggregative Method

Under this method, the total of the current year prices for various commodities is
divided by the total of the base year and the quotient is multiplied by 100.

Weighted Average Price Relative Method

Under this method, calculate first the price relatives for the various items included
in the index and then average the price relatives by using any of the measures of
the central value, i.e., A.M., the median, the mode, the geometric mean or the
harmonic mean.

Merits of Weighted Average Price Relative Method

1. When different index numbers are constructed by the average of relatives
method, all of which have the same base, they can be combined to form
a new index.

2. When an index is computed by selecting one item from each of the
many sub-groups of items. The values of each sub-group may be used
as weights. Then only the method of weighted average of relative is
appropriate.

3. When a new commodity is introduced to replace the one formerly used,
the relative for the new item may be replaced to the relative for the old
one, using the former value weights.

Steps in Weighted Average Price Relative Method

The following steps are involved in constructing index numbers under weighted
average relative method:

(i) Express each item of the period for which the index number is being
calculated as a percentage of the same item in the base period.

(ii) Multiply the percentages as obtained in step (1) for each item by the
weight which has been assigned to that item.

(iii) Add the results obtained from the several multiplications carried out in
step (2).

(iv) Divide the sum obtained in step (3) by the sum of the weights used. The
result is the index number. The following formula is used:

01
PVP
V

 (using arithmetic mean)

01
(log P)VP Anti log

V  (using geometric mean)

where, P = Price relatives

V = Value weights, i.e., 0p 0q

Illustration 6
Calculate weighted average price relative index method from the following data:
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Commodity Quantity Price in Price in
year 2017 year 2018

A 12 10 16
B 10 20 25
C 20 5 8
D 1 7 14

Solution:

Computation of Weighted Average Price Relative Index Number

Commodity  Quantity                  Price P = V PV

0q 0p 1p ( 0p / 1p ) ( 0q 0p )

A 12 10 16 160 120 19,200
B 10 20 25 125 200 25,000
C 20 5 8 160 100 16,000
D 1 7 14 200 7 14,000

427 74,200

Weighted average price relative index number = 
74,200 173.77%

427
PV
V

Illustration 7
From the following data, compute price index by using weighted average of price
relatives method using: (i) Arithmetic mean and (ii) Geometric mean to show the
difference between the two results.

Commodity Base year Base year Current yearCurrent year
Price (`) Quantity Price (`) Quantity

Wheat 2 per kg. 5 kg. 3 per kg. 10
Milk 1 per litres 2 litres 2 per litres 2
Eggs 3 per dozen 1 dozen 4 per dozen 3

Solution:
(i) Index number using weighted arithmetic mean of price relatives.

Commodity p0 q0 p1 V     P = 1

0

p
100

p PV

Wheat 2 5 3 10 150 1,500
Milk 1 2 2 2 200 400
Eggs 3 1 4 3 400/3 400

     V = 15 PV= 2,300
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P01 = 
PV
V

   = 
2300
15

   = 153.33

(ii) Index Number using weighted geometric mean of price relatives.

Commodity p0 q0 p1 V = p0 q0 P= 1

0

p
100

p log P PV

Wheat 2 5 3 10 150 2.1760 21.761
Milk 1 2 2 2 200 2.3010 4.602
Eggs 3 1 4 3 400/3 2.1249 6.374

V = 15 PV = 32.737

P01 = Antilog
(logP)V

V

= Antilog
32.737

15

= Antilog 2.1824
= 152.1

Weighted Aggregate Method

The various methods of weighted aggregate methods are as follows:
1. Laspeyre’s method
2. Paasche’s method
3. Fisher’s ideal method

1. Laspeyre’s Method

The following steps are involved in the construction of index numbers under
Laspeyre’s method:

1. Multiply the current year prices (p1) of various commodities with base
year weights (q0) and obtain p1q0.

2. Multiply the base year prices (p0) of various commodities with base
year weight (q0) and obtain p0q0.

3. Divide p1q0 by p0q0 and multiply the quotient by 100. The following
formula is used:

P01 = 1 1

0 1

100
p q
p q
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2. Paasche’s Method
Under this method of calculating price index number, the quantities of the current
year are used as weights as compared to base year quantities used by Laspeyre.

Steps of construction index according to Paasche’s method are:
1. Multiply current year prices of various commodities with current year

weights and obtain p1q1.

2. Multiply the base year prices of various commodities with current year
weights and obtain p0q1.

3. Divide p1qo by p0q1 and multiply the quotient by 100. The following
formula is used:

P01 = 
p q
p q

1 0

0 0
100

3. Fisher’s ideal Method

Laspeyre has used base year quantities as weights, whereas Paasche has used
current year quantities as weights for the computation of index number of prices.
Prof. Irving Fisher’s suggested that both the current year quantities and the base
year quantities should be used but geometric mean of the two be calculated and
that figure should be the index number. Symbolically,

01P  = 
p q
p q

p q
p q

1 0

0 0

1 1

0 1
100

The above formula is called ideal because of the following reasons:
(a) It is based on the geometric mean which is theoretically considered to

be the best average for constructing index numbers.
(b) It takes into account both current year as well as base year prices and

quantities.
(c) It satisfies both the Time Reversal Test as well as the Factor Reversal

Test.
(d) It is free from bias.

Time Reversal Test

According to Prof. Fisher, the formula for calculating an index number should be
such that it gives the same ratio between one point of time and the other, no matter
which of the two times is taken as the base. In other words, when the data for any
two years are treated by the same method, but with the base reversed, the two
index numbers should be reciprocals of each other.

Considering Fisher’s ideal formula:

P01 = 
p q
p q

p q
p q

1 0

0 0

1 1

0 0

Changing time, i.e., 0 to 1 and 1 to 0.
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10P    = 
p q
p q

p q
p q

0 1

1 1

0 0

1 0

P01 × P10 = 
p q
p q

p q
p q

p q
p q

p q
p q

1 0

0 0

1 1

0 1

0 1

1 1

0 0

1 0

  = 1   = 1

Since P01  P10 = 1, Fisher’s ideal index satisfies the test.

Factor Reversal Test
It says that the product of a price index and the quantity index should be equal to
value index. In the words of Fisher, just as each formula should permit the
interchange of the two times without giving inconsistent results similarly it should
permit interchanging the prices and quantities without giving inconsistent results
which means two results multiplied together should give the true value ratio. The
test says that the change in price multiplied by change in quantity should be equal
to total change in value.

The factor reversal test is satisfied only by Fisher’s ideal Index.

P01 = 
p q
p q

p q
p q

1 0

0 0

1 1

0 1

Changing p to q and q to p,

Q01 = 0 1 1 1

0 0 1 0

p q p q
p q p q

P01 Q01 = 1 0 0 11 1 1 1

0 0 0 1 0 0 1 0

p q p qp q p q
p q p q p q p q

     = 
( )

( )

p q
p q

1 1
2

0 0
2

     = 
p q
p q

1 1

0 0

Since P01  Q01 = 
p q
p q

1 1

0 0
, the factor reversal test is satisfied by the Fisher’ss

ideal index.

Illustration 8

The following data related to the prices and quantities of four commodities in the
years 2017 and 2018. Construct the following index numbers of price for the year
2018 by using 2017 as the base year:

(i) Laspeyre’s Index
(ii) Paasche’s Index
(iii) Fisher’s Ideal Index
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Commodity                                2017            2018
Price Quantity Price Quantity

A 5 100 6 150
B 4 80 5 100
C 2.5 60 5 72
D 12.0 30 9 33

Solution:

Commodities    2017     2018
PriceQuantity Price Quantity

p0 q0 p1 q1 p1q0 p0q0 p1q1 p0q1

A 5 100 6 150 600 500 900 750
B 4 80 5 100 400 320 500 400
C 2.5 60 5 72 300 150 360 180
D 12.0 30 9 33 270 360 297 396

p1q0 p0q0 p1q1 p 0q 1
=1,570 =1,330 =2,057 =1,726

(i) Laspeyre’s Index: P01 = 1 0

0 0

p q
p q  × 100

= 
1570
1330

 × 100

= 118.05

(ii) Paasche’s Index: P01 = 1 1

0 1

p q
p q  × 100

= 
2057
1726

 × 100

= 119.18

(iii) Fisher’s Ideal Index: P0 = 1 0 1 1

0 0 0 1

p q p q
p q p q  × 100

= 
1570 2057
1330 1726

 × 100

= 1.18045 1.19178 × 100

= 1.4068367 × 100

= 1.1861014 × 100
= 118.61
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Illustration 9

Calculate Fisher’s Ideal Index Numbers from the following details:

Items Price Quantity
2017 2018 2017 2018

A 16 40 100 120
B 4 12 30 20
C 2 4 40 50
D 4 10 20 16
E 2 10 80 60

Solution:
Construction of Index Numbers

Items p0 q0 p1 q1 p1 q0 p0 q0 p1 q1 p0q1

A 16 100 40 120 4000 1600 4800 1920
B 4 30 12 20 360 120 240 80
C 2 40 4 50 160 80 200 100
D 4 20 10 16 200 80 160 64
E 2 80 10 60 800 160 600 120

p q1 0
5520

p q0 0
2043

p q1 1
6000

p q0 1
2284

Fisher’s Ideal Index:

P01 = 
p q
p q

p q
p q

1 0

0 0

1 1

0 1
100

= 
5520
2043

6000
2284

100

= 266.163

Illustration 10
Compute by Fisher’s formula the Quantity Index Number from the data given
below:

                                                                   2016 2017
Articles Price Total Price Total

value  value

Wheat 5 50 4 48
Rice 8 48 7 49
Tea 6 18 5 20
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Solution:

Fisher’s Quantity Index is = 
1 0 1 1

0 0 0 1

q p q p
q p q p  × 100

Here, we are given the values of p0 and p1. The values would be:

q0 (for 2016) = 
Total value

Price

or
50
5

 = 10

48
8

 = 6

18
6  = 3

q1  (for 2017) = 
Total value

Price

or
48
4

 = 12

49
7

 = 7

20
5  = 4

Articles p0 q0 p1 q1 q1 p0 q0p0 q1p1 q0p1

Wheat 5 10 4 12 60 50 48 40
Rice 8 6 7 7 56 48 49 42
Tea 6 3 5 4 24 18 20 15

q1p0 q0p0 q1p1 q0p1
= 140 = 116 =117 = 97

Fisher’s Quantity Index = 
140 117
116 97

 × 100

= 1.2065 × 100

= 
16380

100
11.252

1.4557 100 120.65
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Illustration 16

Compute Fisher’s Ideal Index and show that it satisfies the reversibility tests.

Item                             Base Year            Current Year
Value Quantity Value Price

A 300 150 480 4
B 50 10 90 6
C 48 12 50 5
D 120 60 100 2
E 60 20 105 3.5

Solution:

Construction of Fisher’s Ideal Index

Item p0 q0 p1 q1 p1q0 p0q0 p1q1 p0q1

A 2 150 4 120 600 300 480 240
B 5 10 6 15 60 50 90 75
C 4 12 5 10 60 48 50 40
D 2 60 2 50 120 120 100 100
E 3 20 3.5 30 70 60 105 90

p1q0 p0q0 p1q1 p0q1
= 910 = 578 = 825  = 545

P01 = 1 0 1 1

0 0 0 1

p q p q
p q p q  × 100

= 
910 825
578 545

 × 100

= 
750750

100
315010

=  1.5437 × 100 =  154.37
Time Reversal Test = P01 × P10 = 1

P01 x P10 = 1 0 0 1 0 01 1

0 0 0 1 1 1 1 0

p q p q p qp q
p q p q p q p q

= 
910 825 545 578
578 545 825 910

= 1   = 1
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Factor Reversal Test = P01 × Q01 = 1 1

0 0

p q
p q

= 1 0 0 11 1 1 1

0 0 0 1 0 0 1 0

p q p qp q p q
p q p q p q p q  = 1 1

0 0

p q
p q

= 
910 825 545 825
578 545 578 910

= 
2

2

825

578

= 
825
578

= 1 1

0 0

p q
p q

Check Your Progress

1. What are the uses of index numbers?
2. What are the limitations of simple aggregative method?
3. What are the steps in weighted average price relative method?

5.5 COST OF LIVING INDEX

Consumer Price Index Number/Cost of Living Price Index Number
The consumer price index numbers represent the average change over time in the
price paid by the ultimate consumer of a specified quantity of goods and services.
The consumer price index helps us in determining the effect of rise and fall in
prices on different classes of consumers living in different areas.

Utility of Consumer Price Index Number
The utility of consumer price index are as follows:

1. The most common use of these indices is in wage negotiations and wage
contracts. Automatic adjustments in wage or dearness allowance component
of wages are governed in many countries by such indices.

2. At government level, the index numbers are used for wage policy, price
policy, rent control, taxation, etc.

3. The index numbers are also used to measure changing purchasing power of
the currency real income, etc.

4. Index numbers are also used for analyzing markets for particular kind of
goods and services.
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Steps in the Construction of Consumer Price Index

The following are the steps involved in the construction of consumer price index:
1. Decision about the class of people for whom the index is meant.
2. Conducting family budget enquiry.
3. Obtaining price quotations.
4. Choosing the right method of constructing index numbers.

Under aggregate expenditure method, the aggregate expenditure of the
current year is divided by the aggregate expenditure of the base year and the
quotient is multiplied by 100. Expressed in the form of formula:

Common Price Index = 
p q
p q

1 0

0 0
100

Methods of Constructing Cost of Living Index Numbers
The two methods of constructing cost of living index numbers are as follows:

1. Aggregate expenditure method
2. Family budget method

Steps in the Construction of Cost of Living Index Number under
Aggregate Expenditure Method

In this method, the base year quantity ( 0q ), for varies commodities consumed by

a particulars class of people are taken as weighted CPIAEM is = 0 1

0 0

p q
p q

Note this method is similar to Laspayre’s method.

Steps to Construct Family Budget Method

Under this method, the price relatives of each commodity are obtained and these
price relatives are multiplied by the value of weight for each item and the product
is divided by the sum of the weights. Expressed in the form of formula:

Cost of living index   = 
PV
V

where,

P = 
p
p

1

0
100  for each item.

V = Values of weights, i.e., p0q0

Illustration 12

Construct the consumer price index number for 2004 on the basis of 2005 from
the following data using:

(i) The aggregate expenditure method and
(ii) Family budget method
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Commodity Qty consumed Units Prices Prices
 in 2004 in 2004 in 2005

A 6 Quintals Quintals 5.75 6.0
B 6 Quintals Quintals 5.00 8.0
C 1 Quintals Quintals 6.00 9.0
D 6 Quintals Quintals 8.00 10.0
E 4 kg kg 2.00 1.50
F 1 Quintals Quintals 20.0 15.00

Solution:
Aggregate Expenditure Method

Commodity Qty Units po p1 p1qo p oq o
Consumed (qo)

A 6 Quintals Qtl 5.75 6 36 34.50
B 6 Quintals Qtl 5.00 8 48 30.00
C 1 Quintals Qtl 6.00 9 9 6.00
D 6 Quintals Qtl 8.00 10 60 48.00
E 4 kg kg 2.00 1.50 6 8.00
F 1 Quintals Qtl 20.00 15 15 20.00

p1q0 p 0q 0
=174 =146.5

P01 = 
p q
p q

1 0

0 0
100

= 
174

1465
100 118 77

.
.

Family Budget Method

Commodity Qty Unit p0 p1  P= p
p

1

0
100 V = p0 q0 V

Consumed

A 6 Qtl Qtl 5.75 6 104.34 34.50 3,600
B 6 Qtl Qtl 5.00 8 160 30 4,800
C 1 Qtl Qtl 6.00 9 150 6 900
D 6 Qtl Qtl 8.00 10 125 48 6,000
E 4 kg Kg 2.00 1.5 75 8 600
F 1 Qtl Qtl20.00 15 75 20 1,500

V PV
= 146.5 =17,400
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P01 = 
17400

118.77
146.5

PV
V

Illustration 13
Following information relating to workers in on industrial town is given below:

Items of PI in 2017 Proportion of
Consumption (2015 Sales = 100) expenditure on the item

Food 220 50%
Clothing 150 10%
Lighting 140 10%
Housing 240 15%
Miscellaneous 200 15%

Average salary per month in 2015 was ̀  1400. What should be the average
salary per employee per month in 2017 in that town, so that the standard of living
of the worker does not fall below the 2015 level?

Solution:

Construction of Index Numbers

Items of Consumption P V PV

Food 220 50 11000
Clothing 150 10 1500
Lighting 140 10 1400
Housing 240 15 3600
Miscellaneous 200 15 3000

V = 100
PV = 20,500

P01 = 
20,500

100
PV
V

= 205
The required salary is calculated by using the following formula:

= 
2017
2015

Index for
Index for  × Salary in 2015

= 
205
100

 × 1400

= ` 2,870
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In order to compensate the increased expenses, the worker should get
` 1,470 more to maintain the same standard of living (2,870 – 1,400).

Illustration 14
In 2004, the average price of a commodity was 20% more than in 2003, but 20%
less than in 2002 and it was 50% more than in 2005. Reduce the data to price
relatives:

(i) Using 2003 as base
(ii) With 2002-2003 as base average

Solution:
(i) Let us suppose that the price in 2004 is 100, then

Price in 2003 = 
100
120

 × 100

= 83.3

Price in 2004 = 
100
80

 × 100

= 125.0

Price in 2005 = 
100
150  × 100

= 66.7
Now, price relatives with 2003 as base would be:

For 2002 = 
125
83.3  × 100

= 150

For 2003 = 
83.3 100
83.3

= 100

For 2004 = 
100
83.3

 × 100

= 120

For 2005 = 
66.7
83.3

 × 100

= 80

(iii) Average price of 2002 and 2003 = 
125 83.3

2

= 104.15
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 If 104.15 taken as the base average, the price relatives would be:

For 2002 = 
125

104.15
 × 100

= 120

For 2003 = 
83.3

104.15  × 100

= 80

For 2004 = 
100

104.15
 × 100

= 96

For 2005 = 
66.7

104.15
 × 100

= 64

Illustration 15

The data below shows the percentage increase in prices of selected food items
and the weights attached to each of them. Calculate the index numbers for the
food group.

Food Items Weights Percentage
increase in price

Rice 33 180
Wheat 11 202
Dal 8 115
Ghee 5 212
Oil 5 175
Spices 3 517
Milk 7 260
Fish 9 426
Vegetables 9 332
Refreshments 10 279

Using the above food index information given below, calculate the cost of living
index number.

Group Index Weights

Food  340 60
Clothing 310 5
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Lighting 220 8
Rent 150 9
Miscellaneous expenses 300 18

Solution:

In this problem, percentage increase of various items are given. Therefore, in order
to get the index, we have to add 100 each to all percentage values.

Construction of Food Index Numbers

Food Item Weight (V) Index (P) PV

Rice 33 280 9240
Wheat 11 302 3322
Dal 8 215 1720
Ghee 5 312 1560
Oil 5 275 1375
Spices 3 617 1851
Milk 7 360 2520
Fish 9 526 4734
Vegetables 9 432 3888
Refreshments 10 379 3790

V = 100
PV = 34000

Food Index = 
PV
V

34000 340
100

Construction of Cost of Living Index

Group Index (P) Weight (V) PV

Food 340 60 20400
Clothing 310 5 1550
Fuel and Light 220 8 1760
Rent and Rates 150 9 1350
Miscellaneous Expenses 300 18 5400

V = 100
PV = 30460
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Price Index = 
30460
100

PV
V

= 304.60

Illustration 16
The following are the Group Index Numbers and group weights of an average
family’s budget. Construct Consumer Price Index.

Group Index No. Weights

Food 152 48
Fuel and Lighting 110 6
Clothing 130 8
House Rent 100 12
Miscellaneous 90 15

Solution:

Computation of Consumer Price Index

Group (V) Weights Index (P) PV

Food 48 152 7,296
Fuel and Lighting  6 110  660
Clothing  8 130 1,040
House Rent 12 100 1,200
Miscellaneous 15  90 1,350

V = 89 PV = 11,546

Consumer Price Index = 
PV
V

= 
11546

89

= 129.73

Illustration 17

Calculate the current cost of living index number from the information given below
by: (1) Aggregate expenditure method and (2) Family budget method.

Commodities                Quantity Unit Prices
                consumed in Base Year Base Year Current Year

A 5 Quintals Qtl 1100 1375
B 1 Quintal Qtl 1500 1800
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C 2 Quintals Qtl 400 600
D 4 Kgs Kg 150 200
E 20 Quintals Kg 80 160
F 40 Meters Mt 80 160
G 10 Quintals Qtl 200 250
H 1 Unit Unit 2000 2500

Solution:

Consumption of Index Number under Aggregate Expenditure Method

Commo-Qty. Consumed Unit p0 p1 p0q0 p1q.0
dities in base year q0

A 5 Qtl   Qtl 1100 1375 5500 6875
B 1 Qtl   Qtl 1500 1800 1500 1800
C 2 Qtl   Qtl 400 600 800 1200
D 4 Kg   Kg 150 200 600 800
E 20 Kg   Kg 80 160 1600 3200
F 40 mts   Mt 80 160 3200 6400
G 10 Qtl Qtl 200 250 2000 2500
H 1  Unit Unit 2000 2500 2000 2500

p0q0 p1q0
=17200 =25275

Index Numbers = 1 0

0 0

p q
p q  × 100

= 
25275
17200

 × 100

= 146.94
Construction of Index Numbers by Family Budget Method

Com- Qty Consumed Unit p0 p1 P= 1

0

p
p V = p0q0 P V

modityin base year q0  × 100

A 5 Qtl Qtl 1100 1375 125 5500 687500
B 1 Qtl Qtl 1500 1800 120 1500 180000
C 2 Qtl Qtl 400 600 150 800 120000
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D 4 Kgs Kg 150 200 133 600 79800
E 20 Kgs Kg 80 160 200 1600 320000
F 40 Mts Mt 80 160 200 3200 640000
G 10 Qtl Qtl 200 250 125 2000 250000
H 1 Unit Unit 2000 2500 125 2000 250000

V P V
= 17200 = 2527300

Index Number = 
PV
V

2527300
17200

= 146.93

Illustration 18
Construct Consumer Price index number for the following data by Aggregate
expenditure method:

Commodities Unit Qty Consumed       Price Per Unit
 in 2017 2017 2018

A Quintal 5 Quintal 1200 1800
B Kg 25 Kgs 20 25
C Litre 20 Litres 20 30
D Meter 25 Meters 50 45
E Unit 20 Units 100 200

Solution:

Construction of Index Numbers under Aggregate Expenditure Method.

Commodities Unit q0 p0 p1 p0q0 p1q0

A Quintals 5 1200 1800 6000 9000
B Kg 25 20 25 500 625
C Litre 20 20 30 400 600
D Meter 25 50 45 1250 1125
E Unit 20 100 200 2000 4000

p0q0 p1q0
=10150 =15350

Index Numbers = 1 0

0 0

p q
p q  × 100
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= 
15350
10150  × 100

= 1.5123 × 100 = 151.23

Illustration 19
Construct the cost of living index number from the following group data:

Groups Weights Group Index Number
for given year

Food 47 247
Fuel and Lighting 7 293
Clothing 8 289
House Rent 13 100
Miscellaneous 14 236

Solution:
Computation of Cost of Living Index Number

Group Group Index Weights PV

Food 247 47 11,609
Fuel and Lighting 293 7 2,051
Clothing 289 8 2,312
House Rent 100 13 1,300
Miscellaneous 236 14 3,304

V = 89
PV = 20,576

Cost of Living Index Number = 
PV
V

20576
89

= 231.19

5.6 DIAGRAMMATIC AND GRAPHIC
PRESENTATION OF DATA

Diagrams
One of the most convincing and appealing ways in which statistical results may be
represented is through graphs and diagrams.

Types of diagrams: one-dimensional and two-dimensional diagrams,
percentage bar diagrams and pie diagrams.
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Importance/Functions/Utilities of Diagrams and Graphs

Diagrams and graphs are extremely used because of the following reasons:
(i) Diagrams and Graphs attract to the eye.
(ii) They have more memorizing effect.
(iii) It facilitates for easy comparison of data from one period to another.
(iv) Diagrams and graphs give bird’s eye view of entire data. Therefore, it

conveys meaning very quickly.

Difference between Diagrams and Graphs
(i) Diagrams are prepared in a plain paper whereas Graphs should be

prepared in graph paper
(ii) Diagrams are more attractive than graphs.
(iii) It conveys meaning very quickly whereas Graphs suited for presenting

time series and frequency distribution.

Types of Diagrams
For the sake of convenience and simplicity, diagrams may be divided under the
following heads:

I. One-dimensional diagram
II. Two-dimensional diagram

I. One-dimensional Diagram (Bar Diagram)
Only length of the bar is taken into account but not the width. In other words, bar
is a thick line whose width is shown merely, but length of the bar is taken into
account is called one-dimensional diagram.

Types of Bar Diagram

1. Simple Bar Diagram
2. Subdivided Bar Diagram
3. Multiple Bar Diagram
4. Percentage Bar Diagram
5. Deviation Bar Charts

1. Simple Bar Diagram
It represents only one variable. Since these are of the same width and vary only in
lengths (heights), it becomes very easy for comparative study. Simple bar diagrams
are very popular in practice. A bar chart can be either vertical or horizontal; for
example sales, production, population figures, etc. for various years may be shown
by simple bar charts.

Illustration 1

The following table gives the birth rate per thousand of different countries over a
certain period of time:
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Country India Germany UK New Zealand Sweden China
Birth rate 33 16 20 30 15 40

Solution:

Comparing the size of bars, China’s birth rate is the highest, next India,
while Germany and Sweden equal in the lowest positions.

Illustration 2

Represent the data by using a simple bar diagram.

Countries Production of Rice (000’s tons)

A 38
B 42
C 29
D 28
E 18
F 11

Solution:
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2. Subdivided Bar Diagram

In a subdivided bar diagram, each bar representing the magnitude of given value is
further subdivided into various components. Each component occupies a part of
the bar proportional to its share in the total.

Illustration 3

Present the following data in a subdivided bar diagram.

Year/Faculty   Science Humanities    Commerce

2014-2015 240 560 220
2015-2016 280 610 280

Illustration 4

The number of students in University X during 2008 to 2011 are as follows:
Represent the data by a similar diagram.

    Year   Arts Commerce   Science  Total

2008-2009 20,000    10,000    5,000 35,000
2009-2010 26,000      9,000    7,000 42,000
2010-2011 31,000      9,500    7,500 48,000

2014-15 2015-16
X

Y

1400

1200

1000

800

600

400

200

Com

Hum
Sci

Scale: 1 cm = 200
Index
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Illustration 5

The following table shows the result of BBM students for the last 3 years: Represent
the data by subdivided bar diagram.

Year Class I Class II Failed Total

2000 600 1600 1200 3400
2001 700 2100 1500 4300
2002 600 2600 1600 4800

Solution:

2000 2001 2002

Ist Class
IInd Class

Failed
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0
0

1
5
0
0

6
0
0

1
6
0
0

1
2
0
0

6
0
0

2
6
0
0

1
6
0
0

3400

4300

4800

Subdivided bar diagrams showing the results of BBM students
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3. Multiple Bar Diagram

In a multiple bar diagram, two or more set of related data are represented the
components are shown as separate adjoining bars. The height of each bar
represents the actual value of the component. The components are shown by
different shades or colours.

Illustration 6

The table below gives data relating to the exports and imports of a certain country
X (` in lakhs) during the four years ending in 2007-2011. Represent the data by a
suitable diagram:

Year Export Import

2007-2008 319 250
2008-2009 339 263
2009-2010 345 258
2010-2011 308 206

Solution:

Illustration 7

Construct a suitable bar diagram for the following data of number of students in
two different colleges in different faculties.

College Arts Science Commerce Total

A 1200 800 600 2600
B 700 500 600 1800
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A multiple bar diagram showing numbers of students in two different
colleges in different departments

Illustration 8

Read the following data of results of II Sem. BBM Statistics Examination of
Bangalore University held in May 2006, 2007 and 2008 in a multiple bar diagram:

Year I Class I Class III Class Failed

2006 100 300 500 300
2007 120 400 600 280
2008 100 500 700 300

Solution:

4. Percentage Bar Diagram
In percentage bar diagram, the length of the entire bar kept equal to 100 (Hundred).
Various segment of each bar may change and represent percentage on an
aggregate.

0
100
200
300
400
500
600
700

2006 2007 2008

Ist Class
IInd Class
IIIrd Class
Failed
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Illustration 9

Represent the following population of city ‘A’ by a percentage diagrams:

Years Men Women Children

1995 45% 35% 20%
1996 44% 34% 22%
1997 48% 36% 16%

Solution:

1995 1996 1997

Children
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Men
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4
5
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Percentage diagrams showing the composition of population

5. Deviation Bar Charts
Deviation bars are used to represent net quantities – excess or deficit, i.e., net
profit, net loss, net exports or imports, etc. Such bars have both positive and
negative values. Positive values lie above the base line and negative values lie
below it.

Illustration 10

Following are the figures relating to exports and imports for six years. Represent
the information by deviation bars.

Years Exports Imports Balance
(` in lakhs) (`  in lakhs)  of payment

(`  in lakhs)

1999 25 5 +20
2000 70 20 +50
2001 70 110 –40
2002 90 50 +40
2003 100 130 –30
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Solution:

Diagram showing balance of payment (in lakhs ̀  ) for five years
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II. Two-dimensional Diagram

In two-dimensional diagram, both length and width are taken into account. Two-
dimensional diagrams are also called surface diagram or area diagram. The important
types of diagram are: (i) Rectangles, (ii) Pie diagrams or chart, (iii) Squares and
(iv) Circles.
1. Rectangles
In this method, both length and width should be considered for representing the
data in the diagram. The data may be presented in the given value or it may be
converted in the form of per cent and subdivide the length into various components.
Illustration 11

Present the following data by a rectangular diagram:

Particulars Commodity ‘A’ Commodity ‘B’

Price per unit ` 10 ` 12
Quantity sold 20 units 24 units
Cost of raw materials ` 100  ` 120
Other expenses ` 60 ` 96
Profit ` 40 ` 72

Solution:

Particulars Commodity ‘A’      Commodity ‘B’

Cost of raw materials 100 5 20
100

120 5 24
120

Other expenses 60 3 20
60

96 4 24
96

Profit 40 2 20
40

72 3 24
72

Width of the bar is quantity sold 20:24  2:2.4
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Rectangular diagram showing cost and profit per unit of two
commodities
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Illustration 12

Draw Rectangular co-ordinate system graph when Y = +2.5 and X = +4
Solution:
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2. Pie Chart/Diagram

A pie diagram is a circular diagram which is a circle (pie) divided by the radii, into
sectors (like slices of a cake or pie). The area of a sector is proportional to the
size of each component.

Step 1: Various components values can be transposed into corresponding
degree on the circle. So angle of sector at the center corresponding to a component
= Components/Total*360°.

Step 2:  Draw circle of appropriate size with a compass. The size of radius
depends upon the available space and other factors. If two data are given, the size
of radius should be obtained on the basis of square root.

`

` 2
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Step 3:  The sectors of the circle (i.e., of a pie diagram) are ordered from
largest to the smallest for easier interpretation of the data and they must be drawn
in the counter-clockwise direction.

Uses: A pie diagram is useful when we want to show relative positions
(proportions) of the figures which make the total. It is also useful when the
components are many in number.

Illustration 13

A rupee spent on ‘Khadi’ is distributed as follows:
Farmer –   20 paise
Spinner –   30 paise
Weaver –   25 paise
Dyer –   10 paise
Agent –   15 paise

Total – 100 paise

Present the data in the form of a pie diagram.

Solution:

Farmer – 20 paise 72°
Spinner – 30 paise 108°
Weaver – 25 paise 90°
Dyer – 10 paise 36°
Agent – 15 paise 54°
Total – 100 paise 360°

Farmer

Spinner

Wearer

Dyer

Agent

Pie diagram showing the expense towards ‘Khadi’ production

Illustration 14
Draw the pie diagram for the following data:
Food 12.9%
Clothing 12.5%
Oil 27.2%
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Ghee 15.4%
Transport 15.9%
Social Service 16.1%

Solution:

Items Amount of Percentage      Conversion into Degrees

Food 12.9% 12.9 × 360 / 100 = 46.44°
Clothing 12.5% 12.5 × 360 / 100 = 45.0°
Oil 27.2% 27.2 × 360 / 100 = 97.92°
Ghee 15.4% 15.4 × 360 / 100 = 55.44°
Transport 15.9% 15.9 × 360 / 100 = 57.24°
Social Service 16.1% 16.1 × 360 / 100 = 57.96°

Pie Diagram

Food
13%

Clothing
13%

Oil
27%

Ghee
15%

Transport
16%

Social 
service

16%

Illustration 15

Per capital incomes of three countries are given below:

Country Per capital income (in `)

Japan 7,744
Singapore 5,929
Australia 4,356

Represent the data by means of circular diagrams.
Solution:

Let us find the square roots of the per capita of income figures to know the radii of
three circles as under.

Country P.C. Income (`) Square Roots Radii

Japan 7,744 88 4
Singapore 5,929 77 3.5
Australia 4,356 66 3
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4 cm*

3 cm*

3.5 cm*

Singapure
Rs. 5,929

Japan
Rs. 7,774

Australia
Rs. 4,356

* Symbolic scale

Circle diagrams showing per capita income of three countries

Check Your Progress

4. What are the steps in the construction of consumer price index?
5. What are the functions of Diagrams and Graphs?
6. What are the difference between Diagrams and Graphs.

5.7 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. What are the uses of index numbers?
The uses of index numbers are as follows:
(a) It helps in framing suitable economic and business policies.
(b) It reveals trend and tendencies relating to business.
(c) It is important in forecasting further economic activity.

2. What are the limitations of simple aggregative method?
There are two limitations of simple aggregative method:
(a) The units used in the price or quantity quotations can expect a big

influence on the value of the index.
(b) No consideration is given to the relative importance of the commodities.

3. What are the steps in weighted average price relative method?
The following steps are involved in constructing index numbers under
weighted average relative method:
(a) Express each item of the period for which the index number is being

calculated as a percentage of the same item in the base period.
(b) Multiply the percentages as obtained in step (1) for each item by the

weight which has been assigned to that item.
(c) Add the results obtained from the several multiplications carried out in

step (2).
(d) Divide the sum obtained in step (3) by the Sum of the weights used. The

result is the index number.

` `

`
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4. What are the steps in the construction of consumer price index?
The following are the steps involved in the construction of consumer price
index:
(a) Decision about the class of people for whom the index is meant.
(b) Conducting family budget enquiry.
(c) Obtaining price quotations.
(d) Choosing the right method of constructing index numbers.

5. What are the functions of Diagrams and Graphs?
Diagrams and graphs are extremely used because of the following reasons:
(i) Diagrams and Graphs attract to the eye.
(ii) They have more memorizing effect.
(iii) It facilitates for easy comparison of data from one period to another.

6. What are the difference between Diagrams and Graphs.
(i) Diagrams are prepared in a plain paper whereas Graphs should be

prepared in graph paper
(ii) Diagrams are more attractive than Graphs.
(iii) It conveys meaning very quickly, whereas Graphs suited for presenting

time series and frequency distribution.

5.8 SUMMARY

Index numbers may be classified in terms of the variables that they are
intended to measure. In business, different groups of variables in the
measurement of which index number techniques are commonly used are:
(i) price, (ii) quantity, (iii) value and (iv) business activity.
Index numbers are commonly used statistical device for measuring the
combined fluctuations in a group related variables. If we wish to compare
the price level of consumer items today with that prevalent ten years ago,
we are not interested in comparing the prices of only one item, but in
comparing some sort of average price levels.
Index numbers are statistical measures designed to show changes in a variable
or group of related variables with respect to time, geographic location or
other characteristics such as income, profession, etc.
A composite index number is a number that measures an average relative
changes in a group of relative variables with respect to a base. A composite
index number is built from changes in a number of different items.
In simple average of relative method, the current year price is expressed as
a price relative of the base year price. These price relatives are then averaged
to get the index number. The average used could be arithmetic mean,
geometric mean or even median.
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Laspeyre has used base year quantities as weights, whereas Paasche has
used current year quantities as weights for the computation of index number
of prices. Prof. Irving Fisher’s suggested that both the current year quantities
and the base year quantities should be used but geometric mean of the two
be calculated and that figure should be the index number.
Only length of the bar is taken into account but not the width. In other
wards bar is a thick line whose width is shown merely, but length of the bar
is taken into account is called one-dimensional diagram.
Two-dimensional diagram both length and width are taken into account.
Two dimensional diagrams also called surface diagram or area diagram.
The important types of diagram are: (i) Rectangles, (ii) Pie diagrams or
charts, (iii) Squares and (iv) Circles.
Pie Diagram:  A pie diagram is a circular diagram which is a circle divided
by the radii, into sectors. The area of a sector is proportional to the size of
each component.

5.9 KEY TERMS

Index Numbers: Index numbers are commonly used statistical device for
measuring the combined fluctuations in a group related variables.
Simple Index Numbers: A simple index number is a number that measures
a relative change in a single variable with respect to a base. These types of
Index numbers are constructed from a single item only.
Price Index Numbers: Price index numbers measure the relative changes
in prices of a commodity between two periods. Prices can be either retail
or wholesale. Price index numbers are useful to comprehend and interpret
varying economic and business conditions over time.
Quantity Index Numbers: These types of index numbers are considered
to measure changes in the physical quantity of goods produced, consumed
or sold of an item or a group of items.
Deviation Bar Charts: Deviation bars are used to represent net quantities
– excess or deficit, i.e., net profit, net loss, net exports or imports, etc.
Rectangles: The data may be presented in the given value or it may be
converted in the form of percent and subdivide the length into various
components.
Pie Chart/Diagram: A pie diagram is a circular diagram which is a circle
(pie) divided by the radii into sectors. The area of a sector is proportional
to the size of each component.
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5.10 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What do you mean by diagrams?
2. Write the types of diagram on the bases of dimension.
3. Classify bar diagrams clearly.
4. Write the types of diagrams on the bases of view.
5. What are the limitations of bar diagrams?
6. Give any four general rules for constructing diagrams.
7. Define line diagrams.
8. Define simple bar diagrams.
9. Give the meaning of two dimensions diagrams.

10. What is Pie chart?
11. What is a Pie chart? Under what circumstances it is used?
12. What do you mean by index Number?
13. What are the purposes for which the Index numbers are computed?
14. What do you mean by Consumer Price Index Number?
15. What is a current year?
16. What is a base year?
17. What are the steps involving in the construction of Index number?
18. State the various method of constructing Index number?
19. Define simple index number.
20. State the limitations of simple aggregative method.
21. State the uses of Index number.
22. What do you mean by implicit weighting?
23. State the various method of weighted aggregative Index number.
24. Why Fisher’s method is called as an ideal index?
25. What do you mean by Fisher’s ideal index?
26. What are the uses of Consumer’s Price Index?
27. What do you mean by unit test?
28. What do you mean by Consumer Price Index Number?
29. What purpose does cost of living index number serve?

Long Answer Questions

1. State the uses of Index number.
2. Why are Index numbers called economic barometers?
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3. State the different types of Index number.
4. Mention the methods of measuring consumer price index.
5. From the following data, construct an index for 2016 taking 2017 as base.

Commodity Price in 2016 Price in 2017

Rice 180 210
Wheat 140 170
Tea 80 110
Coffee 40 120
Sugar 120 140

6. From the data given below, construct an index number by chain base method:
Price of a commodity from 2012 to 2017

2012 2013 2014 2015 2016 2017
100 120 124 130 140 156

7. Construct the Weighted Price index from the following data:

Materials Units Quantity         Prices during
required required 2004 2005

Cement 100 1b 500 1b 5.0 8.0
Timber Cft 4000 cft 9.5 14.2
Steel Sheets Cwc 50 cwt 34.0 42.0
Bricks Per 100 20000 12.0 24.0

8. The percentage expenses on different commodities consumed by the middle
class families of a certain city and the group index numbers on 1982 as
compared with the sale year 1981 are as follows:

Commodities Percentage expenses      Index

Food 45 410
Rent 15 150
Clothing 12 343
Fuel and lighting 8 248
Miscellaneous expenses 20 285

Calculate the consumer Price index for the year 1982. Mr ‘X’ was getting
` 240 as wages in the Sale year. State how much he should get to maintain
his former standard of living?
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9. Following information relating to workers in an industrial town is given below:

Items of Consumer Price Index Proportion of
Consumption in 1985  Expenditure in
(1980 Sale = 100) the item

Food, drinks and tobacco 225 50%
Clothing 180 10%
Fuel and lighting 150 15%
Housing 200 15%
Miscellaneous expenses 180 10%

Average Wages per month in 1980 was ̀  750. What should be the average
wages per worker per month in 1985 in that town so that the standard of
living of the workers do not fall below the 1980 level?

10. Represent the following data by using line diagram.
Profits (  ̀in lakhs):  5 10 15 20 25 30 35
No. of firms: 80 20   80 25 70 55 10

11. Represent the data by using a simple bar diagram.
Countries:   A B C D E F
Production of
Rice (000’s tons):  38 42 29 28 18 11

12. The production of a cement factory for five consecutive years in million
tons is shown below. Draw bar diagram.

Year: 2011 2012 2013 2014 2015
Production:  20  24  27  30  25
(in million tons)
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