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1 After studying this unit, you should be able to: 
0 define the word 'statistics' 

distinguikh between descriptive and inferential statistics 
0 describe the different functions of statistics 
0 explain the importance of statistical methods in different fields 
0 appreciate the limitations of statistical methods 
0 explain the reasons for distrust in statistics. 

1 1.1 INTRODUCTION 

Statistics is not a new discipline but is as old as the human activity itself. Its sphere of 
utility, however, has been increasing over the years. In the olden days, it was considered 
as the 'science of statecraft' and was regarded as a by-product of the adnlinistrative 
activity of the State thereby limiting its scope. The governments in those days used to 
keep records of population, birth, deaths, etc., for administrative purposes. In fact, the 
word 'statistics' seems to have been derived from the Latin word 'status' or Italian word 
'statists' or the German word 'Statistik' each of which means a political state. Statistical 
methods are now widely used in various diversified fields such as agriculture, 
economics, sociology, business management, etc. In this unit you will study the 
meaning and deflinition of statistics, distinction between descriptive and inferential 
statistics, functions of statistics, importance and limitations of statistics, and distrust of 
statistics. * 

I 
d 

~q.2 MEANING OF STATISTICS 

The word 'statisics' has be& usedin a variety of ways. Sometimes it is used in  the plural 
sense to refer to numerical statements of facts or data. On the other hand it is also used 
in the singular sense to refer to a subject of study like any other subject such as 
(mathematics, economics, etc. For inslance, when we refer to a few 'statistics' relating 
'to our country like - there are 932 females per 1,000 males in India, the per capita 
national product at current prices has increased from Rs. 246 in 1950651 to Rs. 2,596 in 
1985-86 -we are using the word statistics in the plural sense (meaning data). To  
prepare these numerical statements, one must be familiar with those methods and 
techniques which are used in data collection, organisation, presentation, analysis and 
interpretations. A study of these methods and techniques is the science of statistics. The 
use of the word statistics here is in the singular sense. In this sense the word statistics 
means statistical methods or  the science of statistics. Now let us study in detail about 
these two approaches. 



Basic statt8tid Conapts 1.2.1 Statistics Defined in ]Plural Sense 

Statistics has been dedned differently by different writers. According to Webster 
"statistics are the classified facts representing the conditions of the people in a state.. . 
specially those facts which cay be stated in numbers or any tabular or classified 
arrangement." To ~owle~'stati$tics are "numerical statements of facts in any 
department of enquiry placed in relation to each other." According to Yule and Kendall 
statistics means "quantitative data affected to a marked extent by multiplicity of 
causes." These definitions are too narrow as they confine the scope of statistics to only 
such facts or figures which either relate to the conditions of the people in a state or 
specify some characteristics of the data. 

A more comprehensive definition of statistics was given by Horace Secrist. According 
to him statistics means "aggregate of facts affected to marked extent by multiplicity of 
causes, numerically expressed, enumerated Dr estimated according to a reasonable 
standard of accuracy, collected in a systematic manner for a predetermined purpose 
and placedin relation to each other. " This qefinition is quite comprehensive and points 
out the characteristics that numerical facts (data) must possess so that they may be 
called statistics. Let us discuss about these characteristics one by one. 

a) They must be aggregate of facts: Individual and isolated figures cannot be called 
statistics. They should form a part of aggregate of facts relating t o  any particular 
field of enquiry. For example, Ram's monthly income is Rs. 2,000. This is not a 
statistical statement. However, when we say that monthly incomes of Ram, Mohan, 
and Sohan are Rs. 2,000,2,500 and Rs. 3,000 respectively, they will be called 
statistics. 

b) They are affected by multiplicity of factors: There are several factors that affect a 
phenomenon. For instance, the consumption of a household on any item would be 
affected by several factors as income, taste, education, etc. Similarly, production of 
wheat is affected by soil, seeds, rainfall, temperature, etc. The data relating to such 
phenomenon can be called statistics. But if we write the numbers one to ten along 
with their squares, then these figures though more thap one, cannot be called 
statistics. These figures are not affected by multiplicity of causes. 

c) They must be numerically expressed: To call a statement as statistics, it must be 
expressed numerically. Therefore, qualitative characteristics such as beauty, colour 
of eyes, etc., cannot be measured directly and hence, in general, they do not fall 

. under the purview of statistics. We have to quantify these characteristics before they 
become statistics. For example, in acollege we may count the number of girls having 
black eyes or blue eyes or brown eyes. 

d) They are enumerated or estimated according to a reasonable standard of accuracy: 
Statistics are either enumerated or estimated, but reasonable standards of accuracy 
must be maintained. The degree of accuracy will depend on the nature and the 
object of the study being undertaken. Suppose, as the Principal of a College you are 
interested in understanding the average level of performance of the students who 
take admission to B.Com. class. For this purpose you must collect the marks 

- obtained by the students at the senior secondary level. It may be done in two ways. 
First you can have a complete enumeration of the marks of all the students and 
derive their average. Secondly if complete enumeration is not possible due to some 

t reason, you may select a sample. On the basis of the result of the sample, you may 
thenestimate the average level of perfoqance of all students. Thus, statistics may 
be obtained by enumeration or estimation. Let us take another example to 
undeetand-the point reasonable standard of accuracy. If you are estimating .the 
total production of food crop in India the appropriate units of measurement (or the 
level of accuracy) may be lakhs of tons. But if you are reporting the total production 
of gold, the appropriate unit of measurement may be kilograms. Thus, degree of 
accuracv depends on nature and objective of the study. 

e) They must be collected in a systematic manner for a predetermined purpose: The 
dab should be collected in a systematic manner. Data collected in a haphazard 
mannek will not serve much purpose. The purpose for which data is collected, must 
be decided in advance. The purpose should be specific and well-deEned. If the 
purpose d the enquiry is not specified, either we may collqct too much or too little 
data. 



f) They must be placed in relation to each other: The f~umeiical facts should be Meanlng and scope of staiisti~~ 

if they are to be called statistics. For instance, statistics on production 
and export of an item during a year are related. What they put together are stafistics. 
~ u t  if you have three figures: 1) production of rice in India in 1986,2) number of. 
children born in USA in 1987, and 3) number of cars registered in UK in 1988. These 
figures may be facts alright, but taken together they cannot be called statistics as they 
have no relation among themselves. 

~t is, thus, clear that all statistics are numerical statements of facts but all numerical 
statements of facts are not statistics. They will be called statistics only if the above 
characteristics are present in them. 

1.2.2 Statistics Defined in Singular Sense 
1 

Numerical information must be collected, organised, presented, analysed and 
interpreted if it has to be used for making wise decisions. We require methods that help 
us in this regard. Thus, statistics, when used in the singular sense, has been defined as a 
body of methods which provides tools for data collection, analysis and interpretation. 
Here too, different writers have interpreted statistics differently. Now let us also discuss 
about some of these definitions. 

Bowley, for instance, has given a number of definitions. But none of them is 
comprehensive. They in fact point to the development of science of statistics over time. 
Some of these definitions are: 

i) Statistics may be called the science of counting. 

ii) Statistics may rightly be called the science of averages. 
iii) Statistics is the science of measurement of social organism, regarded as a whole in 

all manifestations. I 

Croxtoa and Cowden have given a simple and precise definition of statistics. According 
to them "statistics may be defined as the collection, presentation, analysis and 
interpretation of numerical data." 

The definition given by Selligrnan is equally simple but comprehensive. According to 
him "statistics is 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." 

The last two definitions are quite precise, comprehensive,and point out the scope of 
statistical methods. The science of statistics teaches us the methods and techniques 
which are required for 1) collection of data, 2) classification and tabulation of data, 
3) presentation of data, 4) analysis of data, and 5) interpretation of data. 

Thus, from the above discussion, we can conclude that the word 'statistics' may be used 
either in plural sense to refer to data or in singular sense to refer to a body of methods 
for making wise decisions in the face of uncertainty. 

1.3 DESCRIPTIVE AND INFERENTIAL STATISTICS 

'AS you know, when used in singular sense, statistics is a study of the principles and 
methods used in the collection, presentation, analysis and interpretation of data in any 
sphere of enquiry. These methods and techniques are so diverse that statisticians 
generally categorise them into two: 1) descriptive statistics, and 2) inferential statistics. 

Descriptive Statistics refer to various measures that are used to describe the 
characteristicfeatures of the data. Such measures include measures of central tendency, 
measures of dispersion, etc. Graphs, tables and charts that display data are also 
examples of descriptive statistics. Suppose the number of first year B.Corn. studentsis 
100 and you compute the average marks of these students. Here you are using 
descriptive statistics. Similarly, when you are computing the average marks of a sample 
of 25 students from the same class but without attempting any generalisation about the 
entire class, you are still using descriptive statistics. 

Inferential Statistics on the other hand refer to statistical process of drawing valid 
inferences about the characteristics of population data on the basis of sample data. The 



Basic Statistical Concepts word population in statistics does n ,'lean only hbman population. It stands for totality 
of items related to any field of study. If the teacher, in the above example, decides to 
estimate the average marks of the entire class on the basis of the sample average, we 
would say that heis using inferential statistics. It isnoteworthy that most of the time we 
use sample data to understand the features of the population data. Inferences about 
population drawn from sample measures may involve some error or discrepancy. The 
magnitude of such errors can be estimated on the basis of probability theory. 

Check Your Progress A 
1 Are the following statements statistical data? 

i) Weekly wages of 100 workers of a factory. 
ii) Height of Ram is six feet. 

iii) Mohan's weight is 70 Kgs, Sohan's height is 6.2 feet, and Ram's monthly 
income is Rs. 1,500. 

k) Sales of a company during the past 10 years. 

2 Comment on the following statements in not more than one line. 
i) Webster and Secrist defined descriptive statistics. 

ii) Definition of statistics given by Yule and knda l l  is contained in the one by 
Secrist . 

P ................................................................................................... 
iii) Qualitative data cannot be studied under . . statistics. 

........ ,........;.,...................,..,,...,....,.....*.............,..,.,..,.......,.,,... 
iv) Methods of statistics relate to collection and analysis of the data only. 

v) The definitiomof science of statistics by Bowley covers the different stagesof 
statistical methodology. 

vi) Inferential statistics is related to the study of samples. 

1.4 FUNCTIONS OF STATISTICS 

You have studied the meaning and definitions of statistics. You have also learnt the 
difference between descriptive statistics and inferential statistics. Let us now discuss 
some of the important functions of statistics: 

1 To present facts in a proper form: Statistical methods present general statementsin a 
precise and definite form. For example, you may say that in India average yield of 
cotton per hectare is 180 Kg. This statement is more precise and convincing than 
saying that the average yield of cotton in India is very low. 

2 To simplify unwieldy and complex data: Statistical methods simplify unwieldy and 
complex data to make them understandable easily. The raw data is often 
unintelligible. One cannot grasp their characteristics unless the data is classified 
according to somecommon characteristics, Suppose, you are given the weekly wages 
of 1,000 workers in a factory. You will not be in a position to draw any inference from 
the data unless they are condensed through classification such as the following: 
W ~ Y  waee~ (Re.) No. d Workers 
Below -600 100 
600-700 200 
700-800 400 
800-900 200 
Above 900 100 

Total: 



3 T~ provide tecQiques for making comparison:,The primary purpose ot statistics is to. 
facilitate a comparative study of different phenomena either over time or space, For 
instance, the estimation of national'income is not done for its own sake. But it is done 
to compare the income over time to get an idea whether the standard of living of 
people is rising or not. Suppose, as compared to  1987, the per-capitaincome in India 
has increased by 10% in 1988. On the basis of this information, we shall be inla 
position to throw some.light on the standard of living of an Indian in 1988. 

4 TO formulate policies in different fields: Statistical methods are very useful in 
formulating various policies in social, economic, and business fields. The 
~overnment, for instance, utilises vital statistical data for formulating family planning 
0 

programme. Similarly, the government utilises the information on consumer price 
indices for granting dearness allowance to its employees. 

5 To study relationship between different phenomena: Statistical measures such as 
correlation and regression are used to study relationships between variables. Such 
relationships are important for making decisions. For instance, you may find a 

/ relationship between the demand of a product and its,prices. In general, if the prices 
rise, the demand for the product is likely to decline. 

6 To forecast future values: Some of the statistical techniques are used for forecasting 
fut&e values of a variable. On the basis of sales figures of the last 10 years, a 
marketing manager can estimate the likely demand for his product during the next 
year. 

7 To measure uncertainty: With the help of probability theory, you can measure the 
chance of occurrence of uncertain event. Probability concepts are quite useful in 
decision-making. Suppose, if you are interested in estimating the chance of your 
passing the B.Com examinationt, you may get an idea about it by studying the pass 
percentages of students during the last 10 years. 

8 To test a hypothesis: Statistical methods are extremely useful in formulating and . 
testing hypotheses and for the development of new theories. For instance, a company 
is desirous of knowing the effectiveness of its new drug to control malaria. It could 
do so by using a statistical technique called ChiLsquare Test. 

9 To draw valid inferences: Statistical m e t h ~ d s  are also useful in drawing inferences 
- regarding the characteristics of the universe (population) on the basis of sample.data. 

1.5 IMPORTANCE OF STATISTICS 

In the ancient times statistics was used as the science of statecraft only. Data on a wide 
range of activities such as population, births and deaths were collected by the State for 
administrative purposes. However, in recent years, the scope of statistics has widened 
considerably to bring to its fold social and economic phenomena. The developments in 
the statistical techniques over the years also widened its scope considerably. It is no 
longer considered to  be a by-productof the administrative setup of the State but now it 
embraces practically all sciences, social, physical, and natural sciences. As a matter of 
fact, now statistics finds its applications in various diversified fields such as agriculture, 
business and industry, sociology; economics, biometry, etc. Thus, these days statistics 
finds its application in almost all spheres of human activity. 

Statistics and State 
In earlier times, the role of the State was confined to the maintenance of law and order. 
For that purpose, it used to collect data relating to manpower, crimes, income and 
wealth, etc., for formulating suitable military and fiscal policies. But the role of,State 
has enlarged considerably with the inception of the concept of Welfare State. n u s ,  
today statistical data relating to prices, productio~,  consumption, income and 
expenditure, etc., are extensively used by the governments worldover for formulating 
their economic and other policies. To raise the standards of living of its population, 
developing countries such as India are following the policy of planned economic 
development. For that purpose the government must base its decisions on correct and 
sound analysis of statistical data. For instance,/in formulating its five year plans, the 
government must have an idea about the availsbility of raw materials, capital goods, 

Mcanlng and &ope of Slatlstia 



financial resources, the distribution of population ampding to various characteristics 
such as age, sex, income, etc., to evolve various policies. 

Statistics in Economics 
Statistical analysis is immensely useful in the solution of a variety of economic problems 
such as production, consumption, distribution, etc. For example, an analysis of data on 
consumption may reveal the pattern of consumption of various commodities by 
different sections of the society. Data on prices, wages, consumption, savings and 
investment, etc., are vital in formulating various economic policies. ~ikewise,  data on 
national income and wealth are useful in formulating policies for reducing disparities of 
income. Use of statistics in economics has led to the formulation of several economic 
laws such as Engel's Law of Consumption, Law of Income Distribution, etc. Statistical 
tools of index numbers, time series analysis, regression analysis, etc., are vital in 
economic planning. For instance, the consumer price index is used for grant of dearness 
allowance (DA) or bonus to workers. Demand forecasting could also be made by using 
time series analysis. For testing various economic hypotheses, statistical data is now 
being increasingly used. 

Statistics in Business and Management 
With the growing size and increasing competition, the activities of modern business 
enterprises are becoming more complex and demanding. The separation of ownership 
and management in the case of big enterprises has resulted in the emergence of 
professional management. The success of the managerial decision-making depends 
upon the timely availability of relevant information much of which comes from 
statistical data. Statistical data has, therefore, been increasingly used in business and ' 

industry in all operations like sales, purchases, production, marketing, finance, etc. 
Statistical methods are nbw widely applied in market and production research, 
investment policies, quality control of manufactured products, economic forecasting, 
auditing and many other fields. One element common to all problems faced by 
managers is the need to take decisions under uncertainty. And statistical methods 
provide techniques to deal with such situations. It is, therefore, not surprising when 
Wallis and Roberts say that "statistics may be regarded as a body of methods for making 
wise decisions in the face of uncertainty." 

checkyour Prkgrek B 
1 Enumerate the functions of statistics. 

2 Write brief comments in one line on the following statements. 

i) Statistics only perform the function of simplifying complexities. 

.................................................................................................. 
ii) Statistics help in testing the laws of other sciences. 

.................................................................................................... 
iii) Future course of events is uncertain, so statistics can hardly be of any help in 

their study. , 

.................................................................................................. 
iv) Planning is not conceivable without statistics. 

' , 

................................................................................................... 

v) A personnel officer of a big corporation can draw a workable personnel plan 

without the knowledge of statistics. 



1.6 LIMITATIONS OF STATISTICS 

We have discussed the importance and functions of statistics. Now we shall discuss 
about (he limitations of statistics. The following are some of the limitations of statistical 
methods which should be kept in mind while using them: 

1 Statistics deals only witla the quantitative characteristics: Statistics deals with facts 
which are expressed in numerical terms. Therefore, those phenomena that cannot be 
described in numerical terms do not fall under the scope of statistics. Beauty, colour 
of eyes, intelligence, etc., are qualitative characteristics and hence cannot be studied 
directly. These characteristics can be studied only indirectly, by expressing them 
numerically after assigning particular scores. For example, we can study the level of 
intelligence of a group of persons by using intelligence juotients (1.Q's). 

2 Statistics does not deal with individuals: Since statistics deals with aggregate of facts, 
a single and isolated figure cannot be regarded as statistics. For example, the height 
of one individual is not of much relevance but the average height of a group of people 
is relevant from statistical point or view. In this context, you may recall the definition 
given by Secrist here. 

3 Statistical laws are not exact: Unlike the laws of n:~tiual sciences, statistical laws are 
not exact. They are true under certain conditions and always some chance factor is 
associated with them for being true. Therefore, conclusions based on them are only 
approximate and not exact. They callnot be applied universally. Laws of pure 
sciences likz Physics and Chemistry are universal in their application. 

4 Statistical results are true only on an average: Statistical methods reveal only the 
average behaviour of a phenomenon. The average income of employees of a 
company will, therefore, not throw much light on the income of a specific individual. 
They are therefore, useful [or studying a general appraisal of a phenomenon. 

5 Statistics is only one of the methods of studying a problem: A problem can be studied 
by several methods. Statistical methods arc only onc o l  them. Under all 
circumstances, statistical tools do not provide the best solution. Quite often it is 
necessary to consider a problem in the light of social considerations like culture, 
region, etc. Therefore, statistical conclusions need to be supplemented by other 
evidences. 

6 Statistics can be misused: The various statistical methods have their own limitations. 
If used without caution they are subject to wrong conclusions. So one of the main 
limitations of statistics is that, if put into wrong hands, it can be misused. This misuse 
can be, at times, accidental o r  intentional. Many government agencies and research 
organisations are tempted to use statistics to misrepresent the facts to prove their 
own point of view. Suppose you are told that during a year the number of car 
accidents in a city by women drivers is 10 while those committed by men drivers is 40. 
On the basis of this information, you may coriclude that wonen arcsafe drivers. If 
you conclude like that you are misinterp.r~,ting th.infbr~iiation. You must know the 
total number of drivers of both'fypes before you could arrive at a correct conclusion. 

1.7 DISTRUST OF STATISTICS 

Despite its importance and usefulness the science of statistics is looked upon with 
suspicion. Quite often it is discredited, by people who do  not know its real purpose and 
limitations. We often hear statements such as: 

"There are three types of lies: lies, damned lies, and statistics". "Statistics can prove 
anything". "Statistics cannot prove anything". "Statistics are lies of the first order". 
These are expressions of distrust in statistics. By distrust of statistics, we mean lack of 
confidence in statistical data, statistical methods and the conclusions drawn. You may 
ask, why distrust in statistics? Some of the important reasohs for distrust in statistics are 
as follows: 

Meaning and Scope of Statistics 

,1 Arguments based upon data are more convi~icing. But data can be manipulated 
according to wishes of an individual. To prove a particular point of view, sometimes 
arguments are supported by i~laccurate datl:. 



Basic Statistical Concepts 2 Even if correct figures are used, they may be incomplete and presented in such a 
manner that the reader is misled. Suppose, it has been found that the number of 
traffic accidents is lower in foggy weather than on clear weather days. It may be 
concluded that it is safer to drive in fog. The conclusion drawn is wrong. To arrive at 
a valid conclusion, we must take into account the difference between the rush of 

. tra£fic under the two weather conditions. 

3 Statistical datadoes not bear on their face the label of their quality. Sometimes even 
unintentionally inaccurate or incomplete data is used leading to faulty conclusions. 

4 The statistical tools have their own limitations. The investigator must use them with 
precaution. But sometimes these tools or methods are handled by those who have 
little or no knowledge about them. As a result, by applying wrong methods to even 
correct and complete data, faulty conclusions may be obtained. This is not the fault 
of statistical methods, but of the persons who use them. 

Wemay conclude by taking an illustration. Suppose a child cuts his finger with a knife. 
Hisparentsstarted blaming the knife. Here the fault does not lie with the knife but with 
the childwho misused the knife. It should be kept in mind that statistics neitherproves 
anything nor disproves anything. It is only a tool (i.e. a method of approach) which 
should be used with caution and by those who are knowledgeable in the subject. 

1.8 LET US SUM UP 

The word statistics can be used either plural sense or in singular senserj. When used in 
plural sense, the word statistics refers to numerical statements of facts or data. To be 
called statistics, numerical data should possess the following characteristics : 1) they 
must be aggregate of facts, 2) they must be affected by multiplicity of factors, 3) they 
must be numerically expressed, 4) they must be enumerated or estimated according to 
areasonable standard of accuracy, 5) they must be collected in a systematic manner for 
a predetermined purpose, and 6) they must be placed in relation to each other. The 
word statistics, when used in singular sense, refers to a body of knowledge which 
provides methods and techniques required for, 1) collection of data, 2) classification 
and tabulation of data, 3) presentation of data, 4) analysis of data, and5) interpretation 
of data. 

Statistical methods can be divided into: 1) descriptive statistics, and 2) inferential 
statistics. Statistical methods are helpful in: 1) presenting facts in proper form, 
2) simplifying unwieldy and complex data, 3) providing techniques for making 
comparison, 4) formulating policies in different fields, 5) studying relationships 
between different phenomena, 6) forecasting future values, 7) measuring uncertainty 
of events, 8) testing statistical hypotheses, and 9) drawing valid inferences. Statistical 
methods are useful in various fields such as state administration, economics, business 
management, etc. With the growing complexity of managing today's business, 
statistical tools are proving quite handy and useful in the decision-making process. 
However, there are limitations in using these tools. Statistics does not study qualitative 
phenomenon nor does it study individuals. Statistical laws are not exact and may be 
misused. A bliqd fold application of these tools, particularly by those who.are no fully 
conversant with them, hasresultedinlot of distrust. The science of statistics is auseful 
servant to those who understand its proper use. 

1.9 KEY WORDS 

Descriptive Statistics: Refers to methods and techniques of summarising and describing 
the characteristics of the data. 

Inferential Statistics: Refers to  those methods which are helpful in drawing inferences 
about the characteristics of the population on the basis of sample data. 

Statistical Data: Information expressed in quantitative or numerical form is called 
statistical data. All statistical data is numerical statements of facts but all numerical 
statements of facts are nor statistics. Numerical statements must possess certain 

i 
-i 



c3aracteristics in order that they may be called data. Meaning and Scope of Statistia 

Statistical Methods: A bod)' of methods and principles that are helpful in the collection, 
summarisation, description, analysis and interpretation of numerical data. 

statistics: When used in plural sense, refer to numerical statements of facts or data. 
When used in singular sense, refers to a body of methods which provides tools for data 
collection, analysis and interpretation. 

1.10 ANSWERS TO CHECK YOUR PROGRESS 

A 1 i) Yes ii) No iii) No iv) Yes 
2 i No. Their definitions related to data. 

ii) Yes. 
iii) Yes. Not directly, after quantifying them. 
iv) No. Other aspects are also there. 
v) Yes. 
vi) No. They are methods to derive population values from sample results. 

B 2 i) No. There are other functions also. 
ii) Yes. By collecting relevant data. 
iii) No. Probability theory and methods of forecasting helps. 
iv) Yes. Lots of Statistics are required. 
v) No. Statistical methods will be used. 

1.11 TERMINAL QUESTIONS 

1 "Statistics are numerical statements of facts but all facts numerically stated are not 
statistics." Comment. 

2 Define statistics and discuss the various functions of statistics. 

3 Discuss the usefulness of statistics and explain the limitations of st-atistics. 

4 What do you understand by distrust of statistics? Is the science of statistics to be 
blamed for it? 

r 
Note: These questions will help you to understand the unit better. Try to write 

answersfor them. But do not submit your answers to the university. These 
are for your practice only. 



UNIT 2 ORGANSING A STATISTICAL 
SURVEY 

I 
! 
I 

Structure I 

2.0 Objectives I 

2.1 Intrcoduction \ 
2.2 Steps in Statistical Survey 
2.3 Souirces of Statistical Data 

2.3.1 Primary Data and Secondary Data 
2.3.2 Methods of Collecting Primary Data 
2.3.3 Sources of Secondary Data 

2.4 Types of Enquiries 
2.4.1 Factors Affecting the Type of Enquiry 
2.4.2 Different Types of Enquiries 

2.5 Sampling Methods 
2.5.1 Probability Sampling Methods 
2.5.2 Non-probability Sampling Methods 

2.6 Law  of Statistical Regularity I 

2.7 Law of Inertia of Large Numbers 
2.8 Statistical Unit 

2.8.1 Features of a Good Statistical Unit 
2.8.2 Types of Units 

2.9 Degree of Accuracy 

, 
2.9.1 Significance of Reasonable Accuracy 
2.9.2 Concept of Spurious Accuracy 

2.10 Let Us Sum Up 
2.11 Key Words 
2.12 Answers to Check Your Progress 
2.13 Terminal Questions 

After studying this unit, you should be able to: 
0 describe the steps involved in a statistical survey 

distinguish between primary data and secondary data, and identify their resources 
state the salient features of different types of enquiries 
explain the law of statistical regularity and the law of inertia of large numbers 
appreciate the significance of statistical unit and the degree of accuracy. 

2.1 INTRODUCTION 

In the previous unit you learnt the meaning and scope of statistics. We have also 
discussed the importance and limitations of statistics. In this unit you will study the 
various steps in organising a statistical survey, the sources of data, different types of 
enquiries, and some laws connected with them. You will also learn certain other aspects 
like statistical units and degree of accuracy which are to be kept in mind, while 
conducting a survey. 

2.2 STEPS IN STATISTICAL SURVEY 

When we conduct a statistical survey, there are certain steps which are to be followed 
in a sequential order, Unless we follow these steps systematically, we may not be able 
to achieve purposeful results from the survey. The important steps concerning a 
statistical survey are presented below in a sequential order: 
1 Defining the problem 
2 Determining the objective and scope 
3 Preliminaries to the collection of data 

i) Source of data 



ii) Type of enquiry 
iii) Statistical unit 
iv) Degree of accuracy 

4 Collection of data 
5 Editing of data 
6 ~lassifica'tion and tabulation of data 
7 Analysis of data 
8 Interpretation of data 
9 Writing the report 

Now let us discuss briefly about all these steps. 

1 Defining the Problem 
In any statistical survey, first of all, we have to state very clearly the problem to be 
investigated. Clear definition of the problem is of utmost importance as it is helpful to 
identify the relevant data. As you know, statistics is concerned with the aggregate of 
facts which are numerically expressed. Therefore, while defining the problem we 
should ensure the possibility of quantitative measurement. 

2 Determining the Objective and Scope 
After defining the problem, the next step is to determine the objective and scope of the 
survey. If the objective of the survey is clearly stated it serves as a guide in the collection 
of required information. If objective is stated precisely, you can also adopt a uniform 
approach to different problems which arise during the course of survey. 

Scope of survey refers to the area to be covered, the period of study, the population or 
items to be covered, the type of information to be collected, etc. All these depend on 
the problem to be investigated and the objective of the study. The accuracy of the final , 

result depends on correct assessment of all the items mentioned above. So you must 
determine the scope of the survey precisely. 

3 Preliminaries to the Collection of Data 
Before you proceed to collect the data, you should accomplish the following 
preliminaries: 

i) Source of Data: You should decide about the sources from which the data is to be 
collected. For the collection of data, there are two approaches: (1) you may collect 
the data yourself, or (2) you may take the data from published sources. The data 
collected for the first time by the investigator is known as primary data. On the 
other hand if you use the data already collected by someone else, such data is 
referred to as secondary data. You will study in detail about these two types of data 
later on in this unit. 

ii) Type of Enquiry: You should determine the type of enquiry to be conducted. There 
are different types of statistical enquiries such as census or sample, initial or 
repetitive, direct or indirect, regular or ad-hoc, confidential or non-confidential, 
official or non-official, etc. A decision about the most suitable type of enquiry for 
the proposed study should be taken keeping in view the objective and scope of 
enquiry, the party (client) interested in the enquiry, the source of data etc. You will 
study about this in detail later in this unit. 

iii) Defining the Statistical Unit: You should define the statistical unit or units in which 
the data is to be collected. The unit should be appropriate and be free from 
ambiguity. If the statistical unit is defined clearly, we can avoid the possibility oi 
collecting erroneous data. Once the statistical unit is defined, the same unit should 
be adopted throughout the investigation. You will study in detail about the 
statistical unit later in this unitt 

iv) Degree of Accuracy: You should also decide the degree of accuracy to be achieved 
in the collection of data. Absolute accuracy, even if it can be achieved, is seldom 
desired in statistical investigations. This is because it is expensive and time 
consuming without much addition to the required standard of accuracy. But, you 
should attempt to achieve a reasonable level of accuracy ,depending on the type of 
data that are being used, and the purpose of the investigation. We will discuss in 
detail about the degree of accuracy later in this unit. 

4 Collection of Data 
After completion of these preliminaries, the next step is the actual collection of data. 
There are many methods of collecting data and any one of them can be employed. A 



Bsslc Stntistlcal Concepts suitable method of data collection should be decided after considering various factors 
such as the nature of the study, objective and scope of enquiry, availability of financial 
resources, availability of time, etc. Methods of data collection will be discussed in detail 
later in this unit. 

5 Editing the Dafa 
Once the data is collected, the next step involved is the scrutiny of the collected 
information. This is known as editing of data. It is necessary because in most cases the 
collected datacontains various mistakes and errors. But at the time of editing one 
should not attempt to tamper with the data. 

6 Classification and Tabulation of Data 
The mass of collected and edited data is to be organised in the form of tables or charts 
or graphs or in a compact form called frequency distribution. This would enable us to 
find out the salient features of the data. Once the data is classified and tabulated, it 
facilitates easy comparison. 

7 Analysis of Data 
The next step is the analysis of the data through various statistical measures such as 
averages, percentages, coefficients, etc. It is not possible to compare a large number of 
raw figures but comparison is possible when it is presented in the form of a figure which 
gives overall idea of the data. There are different statistical measures which describe 
different characteristics of the data in a summary form. You will learn in detail about 
some of these methods later in this unit. Out of a long list of statistical methods for 
analysing, you should select only those measures which are suited to the purpose of the 
survey. 

8 Interpretation of Data 
After analysing the data, we have to accomplish the task of drawing inferences. This 
has to be done very carefully. Otherwise there is the danger of drawing misleading 
conclusions. It is through interpretation we can give broader meaning to survey 
findings. Relations and processes that underlie survey findings can be focused well by 
proper interpretation. 

9 Writing the Report 
The last step of a statistical survey is to write the report. The survey remains incomplete 
till the written report is presented. The purpose of survey is not well served if the 
findings are not effectively communicated to people at l a rp .  Survey results must 
invariably enter the general store of knowledge. All this explains the significance of 
writing the survey report. 

Check Your Progress A 
1 What is the purpose of conducting a statistical survey? 

............................................................................................................ 
2 List the major steps to be followed in a statistical survey. 

3 Can the following steps relating to statistical survey be accomplished by way of 
preliminaries to the collection of data? State Yes or No. 

i )  Editing of data I ..................................................................... 
........................................... .............................. ii) Type of enquiry , 

........................................................................ iii) .Degree of accuracy 
, 



iv) Analysis of data ...................................................................... Orgnnising a Statistical Survey 

v) ~abulatiorl, ...................................................................... 

2.3 SOURCES OF STATISTICAL DATA 

AS you know, after defining ihe problem, and determining the objective and scope of 
the enquiry, the next step is to decide the sources from which data is to be collected. 
you also know that, based on the source, the data may be classified into two categories: 
(1) primary data and (2) secondary data. Let us now discuss about these twocategories 
of data in detail. 

2.3.1 Primary Data and Secondary Data 
The data which is collected for the first time for your own use is known as primary data. 
m e  source happens to be primary if the data is collected for the first time by you as 
original data. On the other hand, if you are using data which has been collected, 
classified and analysed by someone else, then such data is known as secondary data. 
m e  sources of secondary data are called secondary sources. For instance, national 
income data collected by the Government in a country is primary data for that 
Government. But the same data becomes secondary for those research workers who 
use it later. We may, thus, state that primary data is in the shape of raw materials to 
which statistical methods are applied for analysis. At the same time secondary data is 
in the shape of finished products since it has already been treated in some form br the 
other by statistical methods. 

In case you have decided to collect primary data for your survey, you have to identify 
the sources from which you can collect that data. Big enquiries like population census 
involve very large number of persons to be surveyed but in case of small enquiries like 
cost of living of industrial workers in a city, the persons to be surveyed may be few. If 
you have decided to use secondary data, it is necessary for you to edit and scrutinise 
such data. Otherwise it may not have the desired level of accuracy or it may not be 
suitable or adequatefor'your purpose. If you do not edit and scrutinise the secondary 
data before you use it in your survey, the results of your investigation may not be fully 
correct. Therefore, secondary data should always be used with great caution. Bowley 
writes: It is never safe to take published statistics at their face value without knowing 
their meaning and limitations. 

2.3.2 Methods of Collecting Primary Data 

There are several methods which one can use for the collection of primary data. The 
important methods are: (i) observation, (ii) interview, (iii) quertionnaire, and 
(iv) schedulb. Let us briefly study these methods. 

i) Obsewation: In this case you have to collect the information through personal 
observation and intensive study of the phenomenon when it actually occurs. 

ii) Intewiew: The desired information is obtained by interviewing those persons who 
are supposed to have knowledge about the problem under investigation. 

iii) Questionnaire: In this method, the information is collected from various sources by 
mailing the questionnaire contairiing a list of questions relating to the problem 
under investigation. The questionnaire is mailed to the persons concerned and the 
respondents are requested to answer the questions and return the questionnaire. 

iv) Schedule: In the case of schedule method, the questionnaires are sent through 
enumerators. These enumerators help the informants in filling the answers. 

To collect the primary data any of these four methods can be used depending on the 
circumstances, and the availability of persons, funds and time. 

2.3.3 Sources of Secondary Data 

Secondary data can be collected from two sources: (1) pdlished sources, and 
(2) unpublished sources. The sources of published data are usuaUy the official 
publications of the Gove ment, governments of foreign countries, international 
bodies (e.g. United Nat iqs  Organisation, World Bank, etc.), trade associations, 



Survey chambers of commerce, banks, stock exchanges, technical and trade journals, books, 
newspapers and magazines etc. The sources of unpublished data are vaeed and such 
material may be found with scholars, research workers, labour bureaus, trade 
associations, etc. 

2.4 TYPES OF EN8 S 

While organising a statistical survey, after deciding about the source of data, you have 
to  take a decision about the type of enquiry. There are various types of enquiries sach 
as census or sample, original or repetitive, direct or indirect, and open or confidential. 
Before we discuss about these types, let us first explain the factors which affect the ' 
decision relating to type of enquiry. 

2.4.1 Factors Affecting the Type of Enquiry 

The decision regarding the type of enquiry is influenced by a number of factors. They 
are explained as follows: 

1 Objective and Scope of the Survey: This is one of the factors which determines the 
type of enquiry. For instance, the objective of your enquiry is to find out the total 
area under rice cultivation in West Bengal. In this case, the type of enquiry best 
suited would be one in which there is complete enumeration. If the objective is to find 
out the yield per hectare in West Bengal, you can take some sample plots in different 
locations and estimate the yield per hectare. In such case there is no need for 
complete enumeration. A sample survey may give fairly accurate results. Similarly, 
if the scope of the enquiry is wide (i.e., information is to be collected from large 
number of items), you go for one type of enquiry and you go for another type of 
enquiry if the scope is narrow. 

2 Who Conducts the Survey: Another factor to be considered while determining the 
type of enquiry is who conducts the statistical enquiry. The facilities for collection of 
data differ depending upon whether the survey is conducted by the State or by some 
organisation or by some individual. The State can spend more money and also can 
use compulsion to extract information. If the investigation is being conducted by an 
institution o r  organisation other than the State, they can w e  moral pressure and 
persuade people to give thenecessary information. The type of enquiry in such cases 
is bound to be of a different type. And if the survey is conducted by individuals on 
their own behalf, the enquiry would be of a still different type because the resources 
at the disposal of individuals are limited. 

3 Financial Implications: The decision about the type of enquiry is also affected by its 
financial implications. As you know money is required to conduct statistical survey. 
A survey on alarge scale requires more money than a survey on a small scale. We all 
know that the financial resources of diffqrent institutions o r  persons conducting 
surveysdiffer. A State can spend muchmore than a private institution, and a private 
institution can spend much more than an individual. Therefore, wlhle deciding about 
the type of enquiry, one has to  think about the financial resources involved in it. 

4 Sources of Data: One more factor which influences the type of enquijr is the source 
from which statistical information is obtained. If primary data has to be  collected 
(i.e., the data are to be collected originally), the type of enquiry would differ from 
the type which would be ideal if secondary data is to be gathered. This is so because 
in case of primary data we have to define various terms, units, etc., in the light of the 
objects of the enquiry. But such decisions are not needed while using secondary data. 

2.4.2 Different Types of Enquiries 

As discussed earlier, there are different types of enquiries. Let us now discuss briefly 
about each of.those methods: 

1 Census or Sample Enquiry 
You must be knowing that all the items in any field of inquiry constitute a universe or 
population. In statistics 'population' does not mean only human population. It means 
sum total of all the items which relate to a certain study. In census enquiry the whole 
group is to be surveyed while in a sample enquiry only a part of the group is studied. 



As explained earlier, a complete enumeration of all the items in the population is 
known as census enquiry. In this enquiry it can be presumed that, when all the items are 
covered, no element of chance is left and the highest accuracy is obtained. But in reality. 
this may rlot be entirely true. There is an error called 'bias' in this type of enquiry which 
will become larger and larger as the number of observations increase. Moreover, to 

' check this bias there is no other way except through aresurvey or use of sample checks.- 
Youivill learn more about bias in Unit 3. Besides, census enquiry involves a great deal 
of time, money and energy. Therefore, organising census enquiry on large scale 
becomes difficult because of the resources involved. At times, this type of enquiry is 
practically beyond the reach of individuals. Perhaps, government alone can get the 
complete enumeration carried out. Even the government adopts this type of enquiry in 
very rare cases. For instance, Government of India conducts population census once in 
a decade. Further, many a time it may not be possible to examine every item in the 
population. Sometimes it is possible to obtain reasonably accurate results by studying 
only a part of the total population.'In this case, there is no utility of census surveys. 

A? you know, in case of sample enquiry only a part of the population is studied. When 
field studies are undertaken, as discussed earlier, considerations of t'lme, cost, 
convenience, etc., lead to selection of sample survey. The basic assumption in the 
sample survey is that the sample items selected trulyrepresent the total population. The 
sample items, therefore, would enable the investigator to estimate the characteristics 
of the population without any bias and would produce valid and reliable results. The 
advantages of sample enquiry'are: 

i) A sample study is relatively less expensive as compared to  a census study and 
produces results at a relatively faster speed. 

ii) It enables more accurate measurements, as it is generally conducted by trained and 
experienced investigators. 

iii) When the population is very large, sample survey is the most suitable method of 
data collection. 

iv) Sample survey method is very suitable, when a test involves the destruction of the 
item under study. For instance, in physical sciences, you take fresh samples of 
chemicals every time. 

v) It also enables us to estimate errors due to sampling. 

In spite of these advantages of sample enquiry, we should remember that if the universe 
happens to be small, resorting to a sample survey is not useful. In fact, the decision 
about the type of enquiry (i.e. sample enquiry or census enquiry) depends upon a 
variety of factors like objective, scope, nature of enquiry, availability of resources, etc. 

2 Original or Repetitive Enquiry 
An original enquiry is one which is carried out for the first time whereas a repetitive 
survey is one which is conducted in continuation of previous surveys. In case of a 
original survey (also known as initial survey), there is freedom for adopting any method 
of data collection but in case of repetitive enquiry the old method is usually continued. 
It can only be modified to suit the new situation. However, in repetitive enquiry the 
definition of the various terms should not be altered, as this would make comparisons 
inaccurate. 

3 Confidential or Ppen Enquiry 
A confidential survey is that where the results of the survey are kept secret and are not 
made known to the general public, But in case of open enquiry the results are open to 
the general public. The modes of treatment in open and coiifidential enquiries will be 
different. Mast of the enquiries conducted by the State, private institutions and even by 
individuals are of the non-confidential type. But sometimes private bodies like 
manufacturers' associations, trade unions, etc., collect information, the details of 
which are confined only to their members and not to anybody else. 

4 Direct or Indirect Enquiry 
Direct enquiry is one where data is capable of direct quantitative measurcment. For 
instance, factors such as height, weight, income, etc., can be measured in quantitative 
terms. Indirect enquiry is one whdre direct quantitative measurement is not possible. 
For example, factors such as intelligence, efficiency, honesty, etc, cannot be measured 
quantitatively. In case of indirect enquiry we have to consider all the factors which have 
a bearing on the problem under study even though they cannot be quantitatively 
measured. But, those factors which cannot be quantified directly, should be measured 
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Basic StatCstical Concepts (quantitatively) indirectly. Forinstapce, to study intelligence of students, we may study 
the marks obtained by the concerned group of students. 

5 Regular or Ad-hoc Enquiry 
A regular enquiry is one in which data is collected at regular intervals over a period of 
time whereasin an ad-hoc enquiry, datais collected as and when necessary without any 
regularity. 

6 Official or Semi-official or Non-official Enquiry 
When survey is conducted on behalf of a government, it is an official enquiry. When the 
survey is being done by bodies enjoying government patronage, it is termed as semi- ' 

official enquiry. The enquiry conducted by private bodies or individuals is known as 
non-oMcial or private enquiry. The facilities available will differ in these; three 
enquiries. In  case of official enquiry people may be compelled to supply information. 
In a semi-official enquiry people may be requested and the information can be acquired 
with relative ease. But in a private enquiry the investigator may have to face a lot of 
difficulty, in spite of his best efforts, in collecting data. 

2.5 S LING METHODS 

As mentioned earlier, there are two types of surveys: (1) census survey where the whole 
group is to be surveyed, and (2) sample survey where a selected representative items of 
the group are studied. In the sample survey, the representative items so selected are 
referred as sampIe. The technique of selecting items for the sample is usually referred 
as sampling method. There are several sampling methods. They are generally 
categorised as: (1) probability sampling methods, and (2) non-probability sampling 
methods. 

2.5.1 Probability sampling Methods 

In the case of probability sampling method, each and every item in the population has 
a probability or chance of being included in the sample. Thus, in,this method every 
member of the population has an equal chance of selection into the sample. Under this 
probability sampling, there are various methods such as: 
1 Simple random sampling 
2 Systematic sampling 
3 Stratified sampling 
4 Cluster sampling 
5 Area sampling 
6 Multi-stage sampling 

1 Simple Random Sampling: This method is also known as chance or lottery sampling 
method. In this case each and every item in the population has an equal chance of 
inclusion in the sample and each one of the possible samples has the same probability 
of being selected. This is the most common method used when the population is a 
homogeneous group. To identify the sample unit, normally, random numbers are 
used. 

2 Systematic Sampling: Under this method, population is arranged in alphabetical, 
serial order etc. Then the sample units appearing at flxed intervals are selected. 
Thus, you may select every 14th name on a list, every 10th house on the side of a 
street and so on. Element of randomness is introduced into this method of sampling 
by using random numbers to pick up the first unit with which to start. Thus, in this 
method, the selection process starts by picking some random point in the list of . 

population, and the'units are to be selected until the desired number is secured. 1 
1 

3 Stratified Sampling: This method is generally used when population is not a 
homogeneous group. Under this method, population is divided into a number of 
homogeneous sub-populations or strata. While doing this, care should be taken to 
avoid overlapping. After stratification, the sample items are randomly selected from ' 
each stratum either on proportionate or equal basis. To understand this method 
clearly let us take an example. Suppose we want to survey the economic conditions 
of the employees of a university and its various afEiliated and constituent collegest - 



There are different categories of employees: (i) principals, professors, (ii) readers, Organislng a ~tatisttcn~ Survey 

(iii) lecturers, (iv) administrative staff, and (v) class IV staff. Each of these groups is 
more or less a homogeneous group. These five groups will, therefore, be called 
'strata'. From each of these five groups, you can randomly select a suitable size of 
sample. This method of selection is called stratified sampling. 

4 Cluster Sampling: This method involves grouping the population into heterogeneous 
groups called 'clusters' and then selecting a few of such groups (or the clusters) by 
simple random sampling method. All the items in the selected clusters are studied for 
accomplishing the survey work. Let us consider the same example discussed under 
stratified sampling method. Each of the affiliated and constituent colleges and the 

a different departments of the University have all the five categories of employees: 
(i) principals, professors, (ii) readers, (iii) lecturers, 
(iv) administrative staff, and (v) class IV staff. So from the point of economic 
conditions, employees of an institution form a heterogeneous group. Eachinstitution 
will therefore be called a 'cluster'. You select a few institutions by a simple random 
sampling method and then survey all the employees of the selected institutions. This 
method is called cluster sampling. 

I 
5 Area Sampling: This method is very close to cluster sampling. 1t is generally followed 

when the total geographical area to be covered under the survey is spread very 
widely. In this sampling method, the geographical area is first divided into anumber 
of smaller areas and then a suitable number of these smaller areas are randomly 
selected. All units of these selected small areas are then studied and examined for 
accomplishing the survey work. 

6 Multi-stage Sampling: This method is suitable for big surveys extending to a 
considerably large geographical area or the population is heterogeneous,,For 
instance, in a survey you want to select some families from all over the country. 
Under this multi-stage sampling method, the first stage may be to randomly select a 
few states. At the next stage, from each sample state.you can randomly select a few 
districts. Then at the third stage you can select a few towns from each of the selected 
districts. Finally, certain families may be randomly selected within the selected 
towns. Thus, in this method stratification is done at four stages to constitute a final 
sample. It may be noted that in this multi-stage sampling, each and every item of the 
population has a chance of being selected but this chance need not be same for all 
items. 

1 
2.5.2 Non-probability Sampling Methods 
This method involves purposive or deliberate selection of particular item(s) of the 
universe for constituting a sample. This means that if the investigator thinks that certain 
units are 'not representative'. such units may not get equal chance of being included in 
the sample. Hence the method is called non-probability sampling. The following 
methods come under this category: 

1 Convenience Sampling: When you select the sample items from the population based. 
on the ease of access, the method is called convenience sampling. For example, we 
want to collect data from the consumers of petrol. We may select a few petrol pump 
stations within our reach and then may interview the persons who buy petrol at these 
stations. This would be an example of convenience sample of petrol buyers. 

I 2 Judgment Sampling: When investigator's judgment is used for selecting sample items 

I for constituting a representative sample, we call it judgment sampling. Judgment 
sampling is generally used in case of qualitative research surveys where the purpose 
is to develop hypotheses rather than to generalise larger populations. 

3 Quota Sampling: This is another variety of non-probability sampling. Under it the 
populationis,first divided into homogeneous groups and the interviewers are simply 

1 allotted quotd to tye filled from each group. The actual selection of sample items is 
, left to the interviewers' judgment. The size of the quota for each group is usually 
" I . proportionate to the size of that group in the population. 

! As discussed above you find that there are several sampling methods. You can adopt 
any of these methods whichever is suitable for your enquiry. However, if you resort to 
random sampling, errors due to personal judgment entering into selection of items can 

, generally be eliminated. In this case sampling error can also be estimated. There are 
2 1 

I 
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B d c  SLatMul Concepts methods for estimating sampling errors which are outside the scope of this course. 
Purposive sampling is desirable when the universe is small and a known characteristic 
of it is to be studied intensively. Sample designs other than random sampling may be 
used only for reasons like convenience and low costs. Therefore, sampling methods to 
be used must be decided by taking into consideration the nature and scope of enquiry 
and other related factors like the time, money, staff, convenience, etc. 

2.6 LAW OF STATISTICAL REGUL 

The law of statistical regularity tells us that the random selection of items from the 
universe is very likely to give a representative sample. This law, thus, states that "on an 
average the sample chosen at random from the universe, will have the same composition 
and characteristic as the universe." For instance, if there are 700 boys and 300 girls in' 
a school, a random selection of 100 students would yield about 70 boys and 30 girls. ' 

Conversely, it can as well be stated that if a random selection of 100 students from a 
school reveals 70 boys and 30 girls, it is not unreasonable to conclude that, out of 1,000 
students in the school, there will be about 700 boys and 300girls. In this case, the results 
obtainedfiom the study of 100 items are applied to 1,000 items and this is precisely the 
purpose of sampling. 

This law of statistical regularity will operate when the following two conditions are 
fulfilled: 
i) The selection of items for the sample should be random. It means that every itemin 

the population/universe should have an equal chance of being included in the 
sample. 

ii) The number of items to be included in the sample should be reasonably large enough 
so that sample is sufficiently representative. 

Thus, if from the universe a moderately large sized sample is chosen at random, it is 
almost certain that on an average the sample so taken will show the same characteristics 
as that of the universe. 

2.7 LAW OF INERTIA OF LARGE NUMBERS 

Law of Inertia of Large Numbers is a corollary to the law of statistical regularity, which 
we have discussed earlier. There is a relationship between the size of a sample and its 
accuracy. The reason for this lies in the fact that in large numbers the chances of 
compensatory errors are greater. In other words, data collected from large samples bas 
a higher degree of stability than the data collected from small samples. For instance, if 
a coin is tossed 40 times, heads are expected 20 times. But in actual tossing, head may 
appear 25 times and tail only 15 times. If the coin is tossed further, a reverse situation 
may arise. ( If the coin is tossed 1,000 times, it is quite possible there are 500 heads and 
500 tails. This is so because when the number of tosses become larger and larger, 
sometimes errors (difference between actual and expected) move in the opposite 
direction thus cancelling out each other. In the above example, the larger the number 
of such tosses, the greater are the chances of one irregularity compensating the other. 
I t  is on this basis that we say that large numbers have 'inertia'. In simple words, this 
means that large numbers are more constant. The production of rice in a given district 
might show great variations year after year. But the production in the whole state would 
not vary much, because if in some districts the crop is above normal, it is just possible 
that in other districts it might be below normal. Thus, the production at the state level 
would be stable. Similarly, the rice production figures for the whole country would 
show only a small variation fiom one year to another. This very phenomenon is referred 
as the 'Inertia of Large Numbers'. 

However, from this discussion we should not infer that the law of inertia of large 
numbers does not allow any change in figures with the passage of time. All that it means 
is that there are no violent or significant fluctuations in farge numbers. The fluctuations 
in large numbers are slow and gradual. As the number of items becomes larger and 
larger, the proportionate deviation from the expected value becomes smaller and 
smaller. 



/ Check Your Progress 
1 Name a few sources for obtaining secondary data. 

2 Mention the3methods which are used for collecting primary data. 
I 

3 What is simple random sampling? What are its important advantages? 

.............................................................................................................. 

4 State whether the following sampling methods are examples of probability samples 
or npt. State Yes or No. 

ii) Stratified sampling ....................................................................... 
, 

iii) Area sampling ....................................................................... 
.................................................................... . iv) Judgment sampling .: 

5 State whether the following statements are True or False. 

i) The law of Statistical regularity presumes convenience sampling method of ,  
choosing a sample. 

ii) The law of inertia of large numbers states that large numbers are relatively 
stable. 

iii) The law of inertia of large numbers does not allow any change in figures with 
the passage of time. 

iv) Stratified sampling is used when population does not constitute 
homogeneous group of items. 

2.8 STATISTICAL UNIT 
As you kngw, while planning the statistical survey, it is essential that the unit in which 
the data is to be collected should be properly defined. Statistical unit may be defined 
as the unit in terms of which the investigator measures the variable (or counts 
attributes) selected for enumeration,' analysis.and interpretation. Proper definition 
of statistical unit is essential in order to collect relevant data. In the absence of a well 
defined unit, it is just possible that the data which should have been collected may be 
omitted and the data which should have been omitted may be collected. The task of 
defining a unit is not so easy as it may appear to be in the first instance. 

2.8.1 ~ e a & s  of a Good Statistical Unit 
While deciding the statistical unit for the enquiry, we must pay attention to the 
following requirements: 



i) The unit must be appropriate: The statistical unit must suit the purpose of the 
enquiry. F& instance, you know there are different types of prices such as retail 
price, wholesale phce, cost price etc. When you select the price unit for your 
enquiry, you should select the price suitable for the enquiry. If the retail price is 
suitable and you select the wholesale price, you get misleading results. 

ii) The unit should be specmc and unambiguoy: The unit should be defined very 
specifically and the meaning should not be ambiguous. Othenvise, the data 
collected may not be fully correct and become inaccurate. 

iii) The unit must be stable If there are fluctuations in its value, the data collected at 
different times or at different places may not be comparable. At times, the results 
may mislead. 

iv) The unit must be homogeneous: Once the statistical unit is defined, it must be 
uniform throughout the enquiry so that valid comparisons can be made on the basis 
of collected data. 

v) The unit must be simple: The statistical unit must bq simple to understand and 
complete in itself. 

2.8.2 Types of Units 

You have learnt the meaning of a statistical unit, and the characteristics of a good 
statistical unit. Now let us study about the types of statistical units. 

1 The statistical unit may be either a physical unit or an arbitrary unit. Units of 
measurements like ton, kilogram, metre, inch, pound etc., are examples of physical 
units. Such units are prevalent in common usage and do not need any explanation. In 
many studies these physical units are not suitable. For instance, you are conducting 
an enquiry on workers' wages in an industry. In this case the statistical unit to be 
defined is wage. There are different types of wages such as money wage, real wage, 
piece wage, monthly wage, and so on. In such a situation, you have to arbitrarily 
decide which wage you have to collect and give it a proper definition. 

2 The statistical units also can be categorised as (i) units of estimation or enumeration, 
and (ii) units of analysis and interpretation. , 

i) Units of enumeration are thosein terns of which the data is collected. Units of 
enumeration may be either simple units or composite units. A simple unit is 
one which Eepresents a single condition without qufications. Examples of 
such units are worker, house, ton, meter, hour, etc. A composite unit is 
formed by adding a qualifying word to a simple unit with the result that its 
scope becomes restricted and its definition becomes relatively diecult. For 
example, take the two units, 'worker' and 'skilled worker'. Here the first unit 
is a simple unit and the second unit a composite unit. In the second case we 
should know not only the meaning of worker but also that of the term 'skilled 
worker'. Other examples of composite units are machine-hour, passenger- 
mile, kilowatt-hour, and so on. 

ii) Units of analysis and hterpretation are those units which are used for 
comparison and interpretation of statistical data. They include ratios, rates, 
percentages, coefficients, etc. You will learn more about ratios, rates, 
percentages, etc. in Unit 4. 

2.9 DEGREE OF ACC CY I 

As discussed earlier in this unit, while conducting an enquiry we ha"e to decide the 
degree of accuracy to be achieved in the collection of data. While determining the 
degree of accuracy we should bear in mind two aspects: (i) the accuracy which is 
normally possible, and (ii) the degree of accuracy that is considered necessary in that 
particular investigation. It is very difficult to achieve absolute ~ c c u r ~ c y  i.e., to describe 
a phenomenon exactly as it is. We may not be able to describe the phenomenon with 
perfect accuracy either because of the imperfection of the investigator andtor because 
/ 
of the imperfection of the meas g instruments. Hence, it is futile to expect complete 
accyracy in statistical investiga k om. Even in physical sciences, where controlled 



experiments are performed, absolute accuracy cancot bc achieved. Then it is of no use Oqanlsing a ststiatical S w e s  

to talk about it in social sciences. 

---. 
2.9.1 Significance of Reasonable Accuracy 
As stated above, there is no need of absolute accuracy in statistical investigations. 
When reasonably accurate estimates are available, there is no difficulty in 
understanding or analysing a phenomenon. For instance, when we weight foodgrains in 
quintals, we do not correct the weight to a gram. It is enough if the weight is corrected 
to a kilogram. Similarly, the distance between two cities is expressed in kilometers, and 
a few meters have no significance. Even in counting also absolute accuracy is a rare 
happening. The population census requires the greatest possible degree of acc,uracy to 
count the actual number of people. But even in such a case, it is possible that some 
persons are left out while carrying out the enumeration. Similarly, accuracy in respect 
of ages in ordinary use, need not be as great as in the case of population census. It is 
sufficient for all general purposes if ages are given in completed years only. Thus, there 
is no need of absolute accuracy, only reasonable accuracy can serve the purpose. 

Now the question arises, what is reasonable accuracy? We cannot say anything 
categorically about this. The reasonable accuracy depends upon the nature and 
objective of the enquiry and the type of data required. In many cases there are 
conventional standards of accuracy. In measuring the distance between two cities a few 
metres can be left out but in the measurement of cloth even a few centimetres cannot 
be ignored. If we are weighing coal, we may ignore few grams, but we cannot do so 
while weighing gold. In statistical investigations, we may follow these conventions 
while deciding the reasonable degree of accuracy. 

The investigator should adopt those methods and units which will give him the requisite 
degree of accuracy. The accuracy of measurement depends upon two factors; (i) the 
fineness of the measuringinstruments, and (ii) the care with which it is being employed 
by the investigator. For instance, if a nrler is marked up to only centimetres, it is 
unreasonable to measure lengths correct to millimetres. In the same way, when the ages 
ofthe persons are statedin years and months in an enquiry, information down to actual 
days cannot be obtained therefrom. 

2.9.2 Concept of Spurio'us Accuracy 

You have learnt about reasonable accuracy. Now you should also study about spurious 
accuracy. You can understand the meaning of spurious accuracy by an example. Let the 
ages of five Xth class students be 16 years 7 months, 17 years 2 months, 16 years 8 
months, 15 years 9 monthq, and 15 years 10 months respectively. From these figures it 
would be obviously misleading to say that the average age of the students is 
(16+17+16+15+15)/5 = 15.8 years. The highest degree of accuracy that can be 
attained in this case is to express the average age in years, i.e., as 15 completed years. 
The degree of accuracy imputed by the figures 15.8 years is called 'spurious accuracy'. 
In expressing numerical facts it is necessary to guard against such spurious accuracy. 

Check Your Progress C. 
' 1 Distinguish between complete accuracy and reasonable accuracy. 

............................................................................................................ 

............................................................................................................ 
2 Distinguish between reasonable accuracy and spurious accuracy. 



Bn6ic Stntistical Concepts 3 Name the characteristics of a good statistical unit. 

.4 Why proper definition of statistical unit is essential? 

5 Differentiate between units of enumeration and units of analysis. 

6 State whether the following statements are True or False. 

i) Rates and percentages are categorised as units of analysis and interpretation. 

ii) 'Passenger-mile' is an example of simple unit of enumeration. 
iii) Spurious accuracy and reasonable accuracy are inter-changeable terms. 

iv) Degree of accuracy to be attained in a survey is always decided before starting 
the work of data collection. ' 

2.10 LET US SUM UP 

Statistical surveys, which are fact finding enquiries, ~oncernii~g phenomena of interest, 
are to be properly planned and executed so that their results may depict realities. In 
organising a statistical survey you have to follow several steps: (1) defining the problem, 
(2) determining the objective and scope of the survey, (3) accomplishing the 
preliminaries like deciding the sources of data, type of enquiry, statistical unit and the 
degree of accuracy desired, (4) data collection, (5) editing the data, (6) classification 
and tabulation of data, (7) analysiq of data, (8) interpretation of data, and (9) writing 
the report. 

Sources of statistical data may either be primary or secondary. If data is collected for 
the first time by the investigator as original data, such data is called primary data. The 
sources from which primary data is collected are called primary sources. When already 
collected data is used, it is secondary for the investigator. Sources of such data are 
called secondary sources. There are several metho& of collecting primary data such as 
personal observation, questionnaire, interview, schedule, etc. You must decide 'which 
method to use depending upon the nature, object and scope of the enquiry along with 
time and money constraints. There are several sources like books, reports, journals, 
newspapers, and other published sources from where secondary data can be obtained. 
They may even be obtained from unpublished sources. 

The survey can be of several types. It may either becensus survey or sample survey, In 
the former case the entire group is surveyed, but in the later case only a part of the 
group is studied. In practice, sample surveys are very popular because of several 
advantages. Qther type of enquiries can be direct or indirect, original or repetitive, 
open or confidehtial, regular or ad-hoc, and so on. While deciding about the m e  of 
enquiry to be undertaken, you have to keep several factors in mind. 

In the case of sample survey, there are various methods for the selection of the sample. 
Those methods can be broadly categorised as: (1) probability sampling methods, and 

, '(2) non-probability sampling methods. Relating to sampling, two laws are importht: 



(Iflaw of statistical regularity, and (2) law of inertia of large numbers. The law of 
statistical regularity states that, if a moderately large sized sample is taken at random 
from the universe it will, on an average, posse_ss the same characteristic as the universe. 
The law of inertia of large numbers is a corollary to the law of statistical regularity. It 
states that large numbers are relatively more stable than small numbers. Fluctuations 
in large numbers are only slow and gradual. 

Statistical unit is one in terms of which you measure the variables or count attributes 
selected for enumeration, analysis and interpretation. The statistical unit selected 
should be specific, simple, unambiguous, stable, complete and appropriate. In 
statistical sweys,  generally it is very dficult to attain absolute accuracy. Our purpose 
is well served by reasonable accuracy which to a large extent depends upon the nature 
and object of enquiry. 

2.11 KEY WORDS 

1 Census Enquiry: A complete enumeration of all items in the population. 

i Law of Inertia of Large Numbers: Statistical law which states that large groups of data 
I have a higher degree of stability than that possessed by small ones. It simply implies that 
i 
1 

there are no violent fluctuations in large numbers and they are relatively more stable. 

Law of StatisticaJRegWty: Statistical law which states that a moderately large sized 
I sample chosen at random will show on an average the same characteristics as the 

universe. 
I 

1 Population: Sum total of all items related to a study. 

, Primary Data: The original data collected for the first time by the investigator. They are 
in the shape of raw material, to which statistical methods are applied for analysis. 

Rapdom Sampbg Method: A sampling technique which gives equal chance to each and 
every items of the population for being included in the sample. 

Reasonable Accuracy: That level of accuracy which is considered necessary depending 
upon the circumstances of a piulicular investigation. 

Sample Enquiry: The study of only a few representative items selected from the 
population. 

Sampling Methods: The techniques of selecting sample items from the population. 

I 
Secondary Data. Those data which were collected by someone else earlier but are now 
being used by the investigator. They may be in published form or in unpublished form. 
They are in the shape of finished products since they have already been treated in one 
fonn or the other. 

Statistical Survey: A fact finding enquiry concerning a phenomenon, spread over a time 
period in a given area. Quantitative information is collected through the survey on 
various aspects of the phenomchoq under consideration. 

I Statistical Unit: A unit in terms of which the investigator measures the variables or 
1 counts atrributes for enumeration, analysis and interpretation. 

I 

2.12 ANSWERS TO CHECK YOUR PROGRESS - 

' A.3, i) No ii) Yes iii) Yes iv) No v) No 

B.4 i) No ii) Yes iii) Yes iv) No ' 

5 i) False ii) True iii) False iv) 'True 
C.6 i) True ii) False iii) False iv) True. 



1 What is a statistical survey? Describe the steps to be followed while organising a 
statistical survey. 

2 What preliminaries should be accomplished before the data collection work starts? 
Explain. 

3 Differentiate between the primary andsecondary data. Explain different methods of 
collecting primary data and the sources of secondary data. 

4 Why sample survey is preferred compared to census survey? Explain. 

5 What is sampling? Explain various methods of sampling? 

6 Write short note's on the following: 
i) Characteristics of a good statistical unit. 
ii) Significance of reasonable degree of accuracy in a statistical survey. 
iii) Law of Statistical Regularity. 
iv) Law of Inertia of-Large Numbers. 
v) Differentiate between Reasonable Accuracy, Absolute Accuracy and 

Spurious Accuracy. 

r 

Note: These questions will help you to understand the unit better. Try to write 
answers for them. But do not submit your answers to the university. These 
are for your practice only. 
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.O OBJECTIVES 

P er studying this unit, you should be able to: ' 

appreciate the need for accuracy, and distinguish between absolute accuracy and 
spurious accuracy 
explain the meaning a d  methods of approximation 
describe different kinds of errors in statistics 
compute errors by different methods. 

1.1 INTRODUCTION 

bu have already learnt that statistical datamust have reasonable standard of accuracy 
3d whenever we conduct a statistical survey, we have to define very clearly the degree 
1 accuracy. So the question is how to measure accuracy and how to make 
5proximation so that desired level of accuracy can' be achieved? Other aspects to be 
2pt in mind while conducting statistical surveys are the errors which creep in at v e o u s  
ages. These errors may occur due to inaccurate measurements, inappropriate 
jethods, approximations of figures, the chance factor associated with selection of 

ple units, etc. In this unit study more about the concept of accuracy. You 
the methods of approximation, h e  errors . 

from the different methods of measuring 
pors. 

I 

1.2 ACCURACY 
r 
s you know, statistical data may be obtained by counting or by measuring or by 
aking estimates. The data on cars produced may be obtained by counting the cars. 
e data on niillc powder produced'may be re'wrded by weighing the rnilk powder. But 
en government requires data on production of wheat, before the crop is harvested, 

atistician can only estimate the total production. Counting, if done properly, results 
xact numbers. But measurements and estimates on the other hand are not exact. 
example, when a truck load of @ powder is weighed on a weigh-bridge, a 

am more or less does not make a difference, Here, the weight is accurate upto a 
a pinch of powder is weighed on chemical balance in the laboratory, 
will tilt the balance. In this case, the weight is accurate upto a 

am, Thus, when articles are measured, there is a limit to the accuracy depending 
measuripg instrument used. 



2.13 TE AL QUESTIONS 

1 What is a statistical survey? Describe the steps to be followed while organising a 
statistical survey. 

2 What preliminaries should be accomplished before the data collection work starts? 
Explain. 

3 Differentiate between the primary and secondary data. Explain different methods of 
collecting primary data and the sources of secondary data. 

4 Why sample survey is preferred compared to census survey? Explain. 

5 What is sampling? Explain various methods of sampling? 

6 Write short notes on the following: 
i) Characteristics of a good statistical unit. 
ii) Significance of reasonable degree of accuracy in a statistical survey. 
iii) Law of Statistical Regularity. 
iv) Law of Inertia of Large Numbers. 
v) Differentiate between Reasonable Accuracy, Absolute Accuracy and 

Spurious Accuracy. 

Note: These questions will help you to understand the unit better. Try to write 
answers for them. But do not submit your answers to the univenity. These 
are for y o u  practice only. 
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i 
.O OBJECTIVES 

fter studying this unit, you should be able to: 
' 

appreciate the need for accuracy, and distinguish between absolute accuracy and . 
spurious accuracy 
explain the meaning md  methods of approximation 
describe different kinds of errors in statistics 
compute errors by different methods. 

,I  INTRODUCTION 

with selection of 
of accuracy. You 

1 

12 ACCURACY 

1s you know, statistical data may be obtained by counting or by measuring or by 
taking estimates. The data on cars produced may be obtained by counting the cars. 
he data on nlilk powder producedmay be recprded by weighing the milk powder. But 
hen government requires data on production of wheat, before the crop is harvested, 
atistician can only estimate the total production. Counting, if done properly, results 
1 exact numbers. But measurements and estimates on the bther hand are not exact. 
or example, when a truck load of rpik powder is weighed on a weigh-bridge, a 
ilogram more or less does not make a difference. Here, the weight is accurate upto a 
ilogram. But if a pinch of powder is weighed on chemical balanm in the laboratory, 
ien a milligram will tilt the balance. In this case, the weight is accurate upto a 
figram, Thus, when articles are measured, there is a limit to the accuracy depending 

the mehuriqg instrument used, 



Bnsic Statistical Concepts   here are various other factors which also effect the accuracy and lead to errors. You 
will read about such factors later in this unit when we discuss about the sources of 
errors. As we have discussed in the previous unit, it is very difficult to attain perfect 
accuracy. Even in physical sciences like Physics, Chemistry, etc., it is very difficult to 
achieve complete accuracy. In statistical measurement, as discussed in previous unit, 
we are content with a reasonable degree of accuracy which is decided by keeping in view 
its practical value, its use, cost of attaining it, nature and purpose of the survey, etc. In 
many cases a high degree of accuracy is not even necessary. For examples, it may be 
more meaningful to say that the population of a country is one million instead of saying 
more accurately as 1,004,601. One should not, therefore, be particular about absolute 
accuracy when it is not desirable. 

Absolute accuracy may not give the desired clarity. For instance, you are comparing the 
annual sale of polyester cloth and cotton cloth from a retail shop. I t  is better to say that 
they are in the ratio of 3:2 than to state the actual sale figure of Rs. 60,340'h the case 
of polyester and Rs. 40,105 in the case of cotton cloths. 

The extent of accuracy required will also depend upon the situation. A blacksmith 
weighing iron may not worry about grams, but a goldsmith weighing gold will try to be 
very accurate to a milligram. 

The accuracy is a relative term. Measurements which are accurate for one purpose may 
be inaccurate for another purpose. For example, in stating the population one may not 
give the exact number. But when election results are stated, the exact number of votes 
polled is very important as sometimes the victory margin may be even one vote. Thus, 
the desired level of accuracy is guided by the purpose of enquiry. 

Spurious Accuracy: When the level of accuracy is greater than its real or desired level, 
it is called spurious accuracy. In statistics claim should not be made for such an accuracy 
which does not exist. Note that spurious accuracy may be misleading also. In statistical 
treatment of data, spurious accuracy often results in greater accuracy than is warranted 
by data. Sometimes the find answer is represented with greater accuracy while the 
intermediate calculations are done with less accuracy. This also leads to spurious 
accuracy. A false appearance of extreme accuracy should be avoided. 

3.3 APPROXIMATION 

You must be aware that in several cases only approximate figures could be arrived at. 
This is especially so in the case of measurement, as it is difficult to have accurate physical 
measurement, although one can achieve the reasonable degree of precision. If 
numerous digits are included in a figure, it may confuse. Through approximation we 
can exclude the unnecessary digits and avoid any such confusion. Approximation 
enables clear grasping and facilitates calculations and comparisons. The extent to which 
approximation should be done depends upon the degree of accuracy desired in the 
data. The approximation is done by rounding off the digits. 

3.3.1 Methods of Approximation 
As stated above, approximation is done by rounding off the digits. Now the question is, 
what is rounding off? The practice of expressing large figures in a simplified form by 
dropping the last few digits is described as rounding. There are several methods of 
rounding. Let us discuss about such methods. 

i) Rounding Up: If the figures are raised.by raising them to the next full unit, it is 
called rounding up method. For example, the weight of a postal parcel is 8.9 gms. 
If the weight is to be rounded up, the parcel charges would be levied for 9 gms. 

ii) Rounding Down:,If the figures are reduced by reducing them to the next lower full 
unit, it is called rounding down. A common example is that of stating the age as of 
last birthday. If you are 19 years 10 months old, you would still state your age as of 
last birthday as 19 years. This is called rounding down. 

iii) Stating the Value of the Nearest Unit: The rules for rounding to the nearest full digit 
are as follows: 



a) When the first of the digits to be dropped is less than 5, the preceding digit 
remains unchanged. For example, the figure 2,23,490 when approximated to 
the nearest thousand makes it 2,23,000. In this case 490 is dropped as first of 
the digit to be dropped is 4 which is less than 5. 

b) When the first of the digits to be dropped is greater than five, increase the 
preceding digit by one. For example, the figure 1,42,896 when approximated 
to the nearest thousand makes it 1,43,000. Here 896is dropped and as the first 
of the digit to be dropped (i.e., 8) is more than 5, the previous digit 2 is 
increased to 3, Similarly if 1,83,503 is rounded to the nearest thousands, it will 
be 1,84,000. 

c) If the first digit to be dropped is an exact 5 (also called neutral), with only zeros 
to its right, leave the preceding digit unchanged if it is an even number; increase 
by 1, if it is a odd number. That is to say "round it so that the rounded digit is 
an even figure". For example, 2,23,500 when approximated to the nearest 
thousand, it would be 2,24,000. Similarly, a figure of 2,24,500 when 
approximated to the nearest thousand would also be 2,24,000. In the first case 
when 500 is dropped the previous digit (i.e., 3) is an odd number. So it is 
increased to 4. But in the second case,, previous digit is already an even nvmber 
(i.e., 4), hence on dropping 500 it is unchanged. However, zero is considered 
as an even digit for this purpose. 

iv) Round to "So Many Significant Figures": In a simple number or in the process of a 
computation, the digits that show the extent to which the figure is accurate are 
called significant digits. A non-zero digit is significant as the term is usually defined. 
Zeros may or may not be significant. Zeros are significant if there is a significant 
digit at some place on the right and also a significant digit on the left. In the figure 
14,005, the zeros have significance because non-zero digits are there at the left as 
well as at the right. Zeros at the extreme left of a number are not significant. For 
example, in a figure like 0,00,500, there is no value for the three zeros at the extreme 
left. The numbers 501,0.0501 and 0.000501 each have three significant digits, 
namely 5,O & 1. Zeros at the extreme right of a number are significant only 
occasionally. For example, if 17,000 is correct to unit's place, then all the five digits 
are significant. If 17,000 is accurate only to the nearest thousand, then there are 
only two significant digits I and 7, and zeros are insignificant. 

Zeros on the extreme right i.e., at the right of the decimal point without any non- 
zero digit after them, indicate the number of places to which the given number is 
correct. The value 123.00 indicates that it is correct up to two decimal places. 
Therefore, the two zeros are significant. Expressing the value to "so many 
significant places" means presenting flgures upto which the given number is 
accurate. For example, expressing the number 3.4752 to two significant figures 
means rounding off the number to first two digits, i.e., write it by dropping 752. The 
adjusted number, therefore, will be 3.5. Similarly, thenumber 2,23,490 rounded to 
four significant figures will be 2,23,500. 

Significant figures are the digits that carry real information and are free from 
inaccuracies. Study the Illustration 1 carefully. It will further clarify the rounding 
process as well as the concept of significant digits. 

Illustration 1 

w Rounded Significant Dlgits 
Numbv Number tn Rounded Number 

5,99,502 600 thousands 600 
5,99,500 6 0 0 "  600 
5,99,498 599 " 599 
5,98,500 598 " 598 
999.051 999.1 to one dedmal 9991 
999.049 999.0 to one decimal 9990 
999.150 999.2 to one decimal 9992 
999.950 1,000.0 to one decimal loo00 
0.00723 0.007 to three decimals 7 

Accuracy, Approximation 
and Errors 



Basic Stalirtlcnl Concepts Check Your Progress A 
1 What is spurious accuracy? .' 

................................................................................... i.... ..............ma..m 

2 List the methods of.approximation. 

-. .- ... 

3 What do you understand by significant digits? 

............................................................................................................ 

............................................. .............................................................. 

4 State whether the following statements are True or False. 

i) It is not possible to achieve absolute accuracy in statistical data. 
ii) ~ b ~ o 1 u t e ' ~ ~ c u r a c ~  carries the same meaning as spurious accuracy. 

. . 

iii) Rounding up yields a higher result than actual value. 

iv) '0' is never a significant digit. 
. . 

5 ~xpress  the following figures after rounding to thousand: 

i) 262500 ...................................................................... 
ii) 87634 ..................................................................... 
iii) 96215 ' ..................................................................... 
iv) 4399510 ............ ........................................................ 
V) 321501 ................ ...................................................... 

6 Express the following numbers to two significant digits. 

i) 2358 ...................................................................... 
ii) 76435 ..................................................................... 
iii) 8.901 , ..................................................................... 
iv) 0.00635 ..................................................................... 
V) ' 2.031 ....................................................................... 

3.4 ERRORS IN STATISTICS 
h 

The word 'error' has a specific meaning in statistics. It means the difference between ' 
the true value and the estimated or approximated value of an item.-IiKors are bound to 
be there, as the estimates are often based on the sample observations, and themethods 
involved also include approximation through rounding. Suppose you are interested t 
estimate the percentage (bjl weight) of nitrogen id fertiliser. The samples may be tak 
from different parts of the fertiliser mkture on different days. These samples are s 
to different laboratories and analysed by different analysts using different method 
There will be slight variatiqns in the composition of the mixture owing to day-to-d 
changes in temperature, humidity and other factors.'Some of the variations are also 
to different samples and results in sampling errors. Differences among the analysts ma 
alsp gi* rise to some errors. Moreover, there miy also be errors of measurement. 

will be termed as errors of observations. Thlis, in,experiments and surveysthere 
h;~..e several kinds of errors, namely, (i) samprig errors, (ii) an4ytical errors, and - 



(iii) errors of observations and measurements. One must hear in mind that errors are not 
mistakes arising from the compilation of data. Inaccuracy due to arithmetical 
miscalculation is not an error but simply a 'mistake'. Since statistics deals with estimated 
and/or approximated values, the errors are inevitable. These errors cannot be 
eliminated completely but there are ways to minimise them. However, mistakes can be 
eliminated completely. 

Sources of Errors 
,There are three main sources of errors in statistics. They are discussed below: 

1 Errors of origin: It is not possible to attain precision while measuring variables such 
as height, weight, distance, etc. This is due to the limitations of the measuring 
instruments. Therefore, there is ?1ways scope for difference between the 
measurement and the actual state. Several times the selection of unsuitable statistical 
units gives incorrect measurement. Another possibility is the informants giving 
incorrect answers. Biased collection of data i.e., bias of the person collecting the 
data, also causes errors. The errors so generated are called erron of origin. This type 
of error tends to increase with the number of observations. 

2 Errors of inadequacy: In any enquiry the sample should be representative of the 
population. If the size of sample is very small and the sample is not correctly 
representing the population, errors creep in. Such errors are called errors of 
inadequacy. 

3 Errors of manipulation: There may be several errors unconsciously committed by the 
- investigator in measuring, counting and classifying the objects. Such errors together 

with the errors due to approximation are termed as errors of manipulation. These 
errors increase with an increase in the number of observations. 

In any statistical investigation all these three types of eFofs prevail. 

3.4.1 Errors of Approximation 

In statistical reports, figures are usually rounded off for conveniencg. When the figures 
are rounded, the degree of accuracy (or conversely errors) can be stated in one of the 
following ways: 

1 Expressing data to the nearest thousand or hundred or whole number, For example, 
4,672.4 is approximated to the nearest thousahd i.e., 5,000 and to the nearest whole 
number i.e. 4,672: 

2 Using the signs C and - to indicate approximation in absolute terms, i.e., 5,000 f 
500. This indicates that the actual value can be 500 more or less than 5,000. 

3 Using the signs + and- to indicate proportion of error i.e., 5,000 f 0.1. This indicates 
that the actual value can be 0.1 of 5,000 i.e., 500 more or less than 5,000. 

4 Using a percentage does much the same as the third case above. For example 
5,000 rt 10% means that the error is 10% of 5,000. 

5 Expressing the level of approximation of accuracy to the significant figures. For 
example,,4,672.4 is correct to five significant figures. 

The use of symbol f is a useful way of giving the degree of approximation (or error). 
The plus and minus signs are used to denote the limits within which the error lies. The 
limits between which the actual error lies are known as possible errors. 

Consider 5,000 f 500. The myimum possible error is 500, If a certain quantity is 
rounded off to the nearest thousand, the upper limit of the error will be rt 500 and lower 
limit will be- 500. So the error will be written as f 500. If a certain quantity is rounded 
to the nearest hundred and ten, the possible errors are f 50 and f 5 respectively. The 
maximum possible error can be estimated by looking at the method of rounding. 

3.4.2 Measurement of Errors of Approximation 

We have discussed the meaning and causes of errors in approximation. Now let us study 
various methods of measuring these errors. 

~ c c u m y ,  Approxlmstion 
a d  Errors 

' . 
I ,  Absolute Error: The' difference between 'a true value and its approximate value . 

(estimated or observed) is called absolute error. ' 



Basic Stalistical Conceots Absolute Error (AE) = x -XI 
where x is the true value, and 

x1 is the approximated value. 

Absolute error may be positive or negative. For instance, in thp case of 5,000 + 500, 
the maximum absolute error in either of the directions is 500. If the true value is 
greater than estimated value, the error is positive and if it is less than the estimated 
value, the error is negative. 

Suppose the population of a state is2,71,70,314'and of its capital is 26,39,766. When 
these figures areapproximated to the nearest lakh, the population of the state would 
be 272 lakhs and that of its capital would be 26 lakhs. In the first case approximated 
valdeis more than the true value, and in the latter case the approximatedvalue is less 
than the true value. Now we can calculate the absolute errors (AE) in these cases as 
follbws: 

For the state population 
A.E. = True Value - Approximated Value 

= 2,71,70,314 - 2,72,00,000 
= -29,686 

For state capital 
A.E. = True Value - Approximated Value 

= 26,39,766 - 26,00,000 
= 39,766. 

In these two illustrations, AE is negative in the first case and positive in the second 
case. 

2 Relative Error: The magnitude of the absolute errors of the state population 
(i.e., -29,686) and its capital (i.e., 39,766) are not very much different, though the 
state population is ten times more than its capital's. If we want to know which error 
is more significant, the absolute error is not useful. That is to say, whether an error 
of 29,686 in 272 lakhs is more significant than an error of 39,766 in 26 lakhs. To find 
out this, the error should be expressed as a fraction of true value or the approximated 
value. For this purpose, relative error is more usefbl. Therefore, the relative error 
(RE) is defined as the ratio of absolute error to the approximated or estimated value. 
This can be expressed as follows: 

Absolute Error (AE) Relative Error (RE) = 
Corresponding Approximated Value x1 

Now let us take the illustration discussed under the absolute error, and estimate the 
Relative Error in approximating the state population and capital. 

R E  in approximating aopulation = -2,91,686 +2,72,00,000 = -0.0011 
RE in approximating capital = 39,766 +26,00,000 = 0.0153 

The error in approximating the population of the capital is nearly ten times higher. , 
This is because the capital is nearly ten times lower compared to population. 

Note that the population of the state can be written as 272 lakhs - 0.0011 and 
population of the capital as 26 lakhs + 0.0153. 

3 PercentageError: When the relative errors (REs) are expressed in percentages, they 
are called percentage errors. Conversion of a relative error to a percentage error is 
easy for comprehension. 
Percentage Error (PE) = RE X 100 
For example, the percentage error (PE) in approximating the state population is 

-0.0011 x 100 = -0.11% and similarly PE of the capitalis0.0153 x 100 = 1.53%. The 
percentage error of the capital is about ten times more than that of the state 
population. Thus, relative error and the percentage error take into account the base 
of the error. For comparison purposes, therefore, relative error and percentage error 
are more meaningful than absolute error. 

IUustration 2 
Find the relative error and percentage error when 2,234.752 is rounded to the 
1 nearest two digits after decimal 
2 nearest,whole number 



3 nearest hundred 
4 nearest thousand. 

Solution: 

M d d  Reueded Maximum Relative Percentage 
R Value , Absolute Error Error 

PossibleError (Columns 3-2) (Co14 X 100) 

Nearest two digits . 2,234.75 kO.005 k0.000002 50.0002% 
after decimal - Negligible Negligible 

Nearest whole number 2.235 f 0.5 +O.O002 50.02% 

Nearest hundred 2,200 k50 k0.0227 52.27% 

Nearest thousand 2,Ooo k500 k0.25 +25% 

If you study the above illustration carefully, you can notice the following aspects: 

1 The maximum absolute error increases as the order of rounding increases, i.e., 
increasing number of digits are left out. 

2 The relative error also increases as the order of rounding increases. 

Thus, precision is reduced due to the higher order of rounding. 

3.4.3 Computation with Rounded Numbers 

While adding and subtracting with rounded figures, it is important to note that the 
answer cannot be more accurate than the least accurate figures. For example, add the 
threefigures: 1) 357,2) 574, and 3) 600 where the figure 600 is the least accurate figure 
as it is rounded to the nearest hundred. The result of adding these three figures is 1,531. 
But here the answer should be stated as only 1,500 i,e. rounded to nearest hundred. 
Any attempt to give a\ higher exactness leads to spurious accuracy. 

Similarly, while multiplying or dividing with rounded figures ensure that the answer 
doemot contain more significant figures than the minimum in the rounded figure used 
in the calculation. For example, mutiplying 2.92 by 2.6 (both rounded) gives 7.592, 
Here the answer must be in only two significant figures as 2.6 has only two significant 
figures: Therefore, the answer should be given as 7.6 only. Thus, while calculations are 
made with rounded numbers, the final result has only limited accuracy. Let us study this 
point in more detail. 

3.4.4 Effect of MathematicaL.Operations on Errors 

Errors associated with the approximated figures are affected by operations of addition, 
subtraction, multiplication and division. Let us study these points one after the other. 

Effect of Addition 
The absolute error of a sum is equal to the sum of absolute errors of its components. 
For example, add 500 (to the nearest 10) and 400 (to the nearest 100). This statement 
can be presented as below: 

This can be explained in more detail as follows: 

b m  E m  Ahsolute Maxlmum Minimum 
Error Value Value 

500 Nearest to 10 5 505 495 
400 Nearest to 100 50 450 350 

Total 55 955 845 
(= 900+55) (=!No-55) 

Note that the absolute error is f 55 (i.e., 5 + 50), the relative error is +0.061(+,55/900), 
and the percentage error is f 6.1% ( f  0.061 x 100.) 

Accuracy. Approximation 
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Basic Statistical Concepts Effect of Subtraction 
The absolute error of difference equals the sum of errors of its components. For 
example, from500 (to thenearest 10) subtract 400 (to the nearest 100). Thedifference 
500 - 400 = 100 will have the error as 5 + 50 = 55. This can be expressed as follows. 

Let us explain it in detail. Maximum error will occur when the greater figure is at the 
greatest and lower figure is at the lowest or.vice versa. Thus, the absolute error of 
difference can be calculated as follows: 

Subtraction will have 
Fimres Error Absolute Maximum Minimum - 

Error Value Value 

500 Nearest to 10 5 505 (Max) 495 (Min) 
400 Nearest to 100 50 350 (Min) 450 (Max) 

100 Total 55 155 45 
(= 100+55) (=loo-55) 

- 

The absolute error is +55 (i.e., 5+50), the relative error is kO.55 ( f  55/100), and the 
percentage error is +55% (k0.55 X 100). If you compare the errors in addition and 
subtraction, you \;rillnotice that the relative error in subtraction is much higher than in 
addition (because the base is smaller) while the absolute errors are equal. You may 
note that in both addition and subtraction, absolute error is the sum total of absolute 
errors of the components. 

Effect of Multiplication 
The relative error of a product is approximately equal to the sum of the relati.ve error( 
of its components. Multiply 500 (to the nearest 10) by 40 (to the nearest unit). Now 
absolute error in 500is +5 and the relative error is +I%. Absolute error in40 is k0.5, / 
and the relative errors is f1.25%. The multiplication of 500 and 40 is 2,000. This can! 
be presented as follows: I 

1 

I 

Here relative error +2.25% is the sumof +1% and f 1.25%. Let us explain it further. i 
The maximum value of the product will be: I 

Similarly, the minimum value of the product will be: 

(500 - 5) x (40 - 0.5) = (500 x 40) - (5 x 40) - (q.5 x 500) + (5 x 0.5) . . . . ..I.. . (b) ' 

Normally, when the errors are small the product of the two errors i.e., the term 
(5 x 0.5) in (a) and (b), is ignored as it is small. So the absolute error in 500 X 40 i.e.' 
2,000 is (5 X 40) + (0.5 x 500) which is equal to 450. This means relative esor is 450. 
2,000 = 0.0225 and the percentage error is 2.25%. 

Effect of Division I 

The relative error of a quotient is approximately equal to the sum of the relative errors 
of its components. To explain this, let us take the example discussed under 1 

multiplication and divide it. We have 500 / 40 = 12.5. Taking into account the relative 
errors, we will have as per statement: / 

This means relative error in the quotient 2.25% is the sum of two relative errors 1% an$ 
I 1.25%. To check it, we find out the smallest value and the largest value of the divisioi 

and see how much it is less or more than the division of 500 by 40 i.e. 12.5%. I [  
The smallest value of the division will be obtained when the smallest value of the I 

numerator 
I 

(i.e. 500 - 1%) is divided by the largest value of the denominator (i.e., 40 + l.s%)#j 

Now500-1% =500-5=495,and40+ 1.25% =40-1- 0.5=40.5 I 

i 



So we have the smallest value of the division as 495 s 40.5 = 12.22. The difference 
between 12.50 and 12.22 is 0.28, which is the absolute error. The relative error is 
0.28 + 12.5 X 100 = 2.24% or approximately 1% + 1.25% which is the sum of the 
relative errors in two numbers. 

Similarly, we can find out the largest value of the division and see how much it is more 
than the value 500 s 40 i.e., 12.5. This will be (500 + 5) i (40 - 0.5) - 12.5 = 505 a 
39.5 -39.5 - 12.5 = 0.28. This is also the same as the earlier difference. So the relative 
error of a quotient is approximately equal to the sum of the relative errors of its 
components. 

Check Your Progress B 
1 What are the sources of statistical errors? ' 

............................................................................................................ 

2 What are the methods of expressing errors in approximation? 

3 'state whether the following statements are True or False. 

i) Statistical errors means errors in calculation. 

ii) Rounding down yields positive errors. 
iii) There is no difference in absolute and relative error. 

iv) The total absolute error of a product is equal to the product of the absolute 
evors of its components. 

v) The relative errors of a quotient equals the sum of the relative errors of its 
components. 

4 A = 25 thousanQsa = 5 hundreds. Calculate the following and find out the extent 
of error in the resplt: 

ii) A - B .................. ; ............................................. i . . .  ...................... 
, . 

iii) AX B .....................,.,..........,.............,..,.,.......... .......................... 
..................................................... iv) A 4 B .................................... 

3.4.5 Biased and Unbiased Errors 

As you know we cannot avoid errors in statistics. Although we accept the inevitability 
of errors, it is important to know if such errors are biased or unbiased. Let us now 
discuss about these two types of errors. I 

I 

Biased Errors ' 

.When the errors are in one direction, they are called biased errors. In the case of 
these biased errors; the sum of the estimated figures will be either too large or too 
small than the sum of actual figures. 

Suppose in an exercise you have rounded downall figures. In this case a biased error 
results, because $ill the figures after rounding down would be below their true values. 
For example, 14 is rounded as 10, the figure 132 as 100, and the figure 5,396 as 5,000. 
Here the errors take place only in one direction. They are +4, +32 and +396. So the 
total error in the sum 14+132+5,396 (i.e., 5,542) when rounded by the sum of 
10+100+5,000 (i.e., 5,110) will be the sum of the errors 4+32+396=432, which is 
true as 5,5425,110. Such errors are cumulative in nature and, therefore, also known 
as rurnulative errors. These biased errors may also creep in because of the bias of 
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Basic Statistical Concepts persons or instruments involved in collection of data. For example, the respondents 
may overstate or understate facts due to personal bias. The meter rod for measuring 
cloth may be slightly smaller than actual length. Both the cakes will give rise to 
cumulative errors or biased errors. The methodlof rounding uplor rounding down 
give rise to biased errors. The rounding off to nearest digit does not give rise to biased 
errors, as in a large number of observations about half the figures may be raised up 
and the rest may be decreased. Hence the errors in the total tend to cancel out each 
other. 

Unbiased Errors 
When the errors tend to cancel each other, they are called unbiased or compensating 
errors. For example, let us find out the total error in rounding of six numbers, 21, 22, 
24,26,27 and 28 to nearest tens. The first three figures i.e. 21,22, and 24 would be 
approximated to 20 each with a total error of +7. The remaining three figures i.e. 26, 
27 and 28, would be approximated to 30 each with a total error of-9. The total error in 
the sum of all these six figures is 7 - 9 = -2 only. Thus, when errors are unbiased, in 
some cases the approximated value is less than the true value and in other cases the 
approximated value is more than the true value. Therefore, errors are positive as well 
as negative and as a result they nullify each other. The net error is negligible. The larger 
the number of items under review, the smaller will be the unbiased errors. As the 
number of observations increase, the unbiased errors have a tendency to decrease. 
Thus, to minimise the unbiased error one of the methods used is to increase the number 
of observations. Study lllustration 3 carefully. 

Illustration 3 

Actual Case (i) Case (ii)  Case (iii) 
Figures 

Unbiased Unbiased Lower Biased Upper Biased 
Rounding Absolute (000's) Absolute (000's) Absolute 

Error Error Error 

Actual absolute +432 + 1,432 -2,568 
error 
Relative error +0.847% +2.864% -4.756% 

From lllustration 3 presented above, we can conclude that: 
i) The absolute error in the case of unbiased error is lower compared to biased error. 
ii) In the case of unbiased error, the relative error is also small. It also decreases with 

an increase in the number of items. 
iii) In the case of biased errors, both the absolute and the relative errors are high. In 

fact they will increase as the number of items increases. 

3.4.6 Estimation of Biased and Unbiased Errors 

When figures are approximated, it is necessary to estimate the amount of error 
involved in that approximation. Sometimes, the exact figures are not known and 
only approximated figures are given. In such cases the actual amount of error i.e., 
difference between the actual and the approximate figure, cannot be found out. It 
can only be estimated. Take Illustration 3, and assume that the actual figures in the 
first column are not known. The questionis how to estimate the relative error in the 
total. The estimation procedure would depend on whether the errors are unbiased 
or biased. Let us now study the methods under both the situations separately. 

Estimation when the Error is Unbiased 
The absolute unbiased error in an item is in'between 0 and 500 when figures are 
rounded to the nearest thousand. In the Illustration 3, one figure i.e. 17,118 has an 
error as low as 118 and another figure i.e. 10,509 has as high as 491. In  any number 
rounded to thousand, the possible lowest error can be '0' and possible highest error 
can be 500. So the average absolute error (AAE) in any &ure can be  taken as 
7,0+500) +2 = 250. The best estimate of the unbiased absolute error in the sum of 



a number of items is given by the product of this average absolute error and the 
square root of the number of items. ÿÿ he proof of this formula is outside the scope 
of this course.) The formula is as follows: 

Absolute Error (unbiased type) = AAE x fi 
Where, AAE is Average Absolute Error 
N is Number of Items. 

By using this formula, let us now estimate the absolute error in the present example. 
Absolute Error : 250 X fl 

= 500. 

Similarly, we can also estimate the relative error with the following formula: 
Relative Error = AAE x fi s Approximated Total 

= 250 fl+ 51,000 
= 0.0098 or 0.98% 

Estimation when the Error is Biased 
An item expressed in thousands can have an error between 0 and 999. So the average 
absolute error (AAE) in biased errors is 0+999 + 2 = 499.5. The formula for estimating 
the error, when the error is biased, is presented below: 

Absolute Error (biased type) = AAE x N 

Where, AAE is Average Absolute Error 
N is Number of Items 

By using this formula, let us now estimate the absolute error in the present example. 

Absolute Error = 499.5 x 4 = 1,998. 

Similarly, wc can also estimate relative erfor with the following formula: 

Relative Error = AAE X N i Approximated Total 

Relative Error (when rounded down) = 499.5 x 4 s 50,000 = 0.0399 or 3.99% 

Relative Error (when rounded up) = 499.5 x 4 + 54,000 = 0.037 or 3.7%. 

In this example, you should note that the estimated relative and absolute errors are 
different from the actual relative and absolute errors (refer Illusiration 3) calculated 
when exact numbers (in column l') were available. This difference will be quitesmall if 
the number of items is larger. 

3.4.7 Sampling and Non-sampling Errors 

You have learnt the meaning and tbe method of estimating the biased and unbiased 
errors. Let us now discuss about samplingand non-sampling errors. 

Sampling Errors 
The errors caused by drawing inference about the population on the basis af samples 
are termed as sampling errors. The sampling errors result from the bias in the selection 
of sample units. These errors occur because the study is based on a portion of the 
population. If the whole population is taken, sampling error can be eliminated. If two 
or more sample units are taken from a population by random sampling method, their 
results need not be identical and the results of both of them may be different from the 
result of the population. This is due to the fact that the selected two sample items will 
not be identical. Thus, sampling error means precisely the difference between the 
sample result and that of the population when both the results are obtained by using the 
same procedure or method of calculation. The exact amount of sampling error will 
differ from sample to sample. The sampling errors are inevitable even if utmost care is 
taken in selecting the sample. However, it is possible to minimise the sampling erfors 
by designing the survey appropriately. 

Sampling errors are of two types: (i) biased sampling errors, and (ii) unbiased sampling 
errors. Let us now discuss about them in detail. 

1 Biased Sampling Errors: A bias may be said to exist when the values of the statistics 
obtained from the survey have a tendency to deviate only in one direction. Therefore, 
this type of error does not cancel out. These errors arise due to bias in the selection 
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ic   tati is tical Concepts of sample units, faulty collection of data, bias in analysis, etc. For example, possibility 
of biased sampling errors is more when the sample units are selected through 
deliberate sampling method instead of random sampling method. 

Further, in case of difficulties in collecting inkmation from some of the sampling 
units included in the random selection, the investigator might substitute them by 
some other units of the population. This also leads to bias if the substitute units are 
not selected randomly. Sometimes the respondents do not furnish all the information 
and if the investigator himself supplies the remaining information, this would also 
lead to bias. In some cases, the information supplied by the respondent itself may be 
biased, specially when the informant wants to conceal some facts from the 
investigator. Any consistent error in measurement will give rise to bias. Bias can also 
creep in as a result of improper data collection instruments and the incompetence of 
the investigator. Limitations of collection procedure, coding and methods of analysis 
also give rise to bias. This kind of errors tend to grow as the number of observations 
increase. Biased sampling errors are cumulative in nature. 

2 Unbiased Sampling Errors: These errors arise due to chance differences between the 
units ofpopulation included in the sample and those not included. Errors which arise 
just on account of chance are called unbiased sampling errors. They are not the result 

. of any bias. These errors do not accumulate with an increase in the number of 
observations. On the other hand these errors have a tendency to get neutralised with 
the increase in the number of observatibns. Therefore, these errors are also called 
compensating errors or non-cumulative errors. 

Thus, the total sampling errors are made of biased as well as unbiased errors. The main 
objective of the statistical method in any survey is to devise sampling schemes so that 
biased errors are eliminated as far as possible and the unbiased errors are reduced to; 
the pinimum. 

Non-sampling Errors , 
These non-sampling errors can occur in any survey, whether it be a complete , 

enumeration or sampling. Non-sampling errors include biases as well as mistakes. 
These are not chance1errors. 

Most of the factors causing bias in complete enumeration are similar to the one 
described above under sampling errors. They also include careless definition of 
population, a vague conception regarding the information sought, inefficient method 
of interview and so on. Mistakes arise as a result ofimproper coding, computations and 
processing. More specifially, non-sampling errors may arise because of one or more of 
the following reasons: 

i) Improper and ambiguous data specifications which are not consistent with the 
census or survey objectives. 

ii) Inappropriate sampling methods, incomplete quextionnaire and incorrect way of 
interviewing. 

iii) Personal bias of the investigators or informants. 

iv) Lack of trained and qualified investigators. 

v) Errors in compilation and tabulation. 

This list is not exhaustive, but it indicates some of the main possible reasons. 
b 

The sum of sampling errors and non-sampling errors is the total errors. In any survey, 
the objective is to minimise this total error. Non-sampling errors can be easily 

controlled by defining population precisely, constructing the questionnaire carefully 
and pre-testing it, training the investigators, proper checking and monitoring of every 
step carefully. But this is possible when the number of items is small. Otherwise, it will 
be very time consuming and costly. But by keeping the sample size small, the sampling 
errors increase. Hence, while planning a survey you have to be very careful in allocatini 
your limited resources viz., money, time and human resources. The allocation should 
be done in such that the sampling and non-sampling errors are minimised and thereby 
maximum level of accuracy is achieved. 

, Check Your Progress C 
: 1 Distinguish between biased errors and unbiased errors. 

. . 
........................................ ............................................................... 1 



.......................................................................................................... . . 
Differentiate between sampling and non-sampling errors. 

............................................................................................................ 
What are the causes of non-sampling errors? 

State whether the following statements are True or False. 

i) Unbiased errors are cumulative in nature. 
ii) Biased erroricreep in only when the data is approximated by rounding. 

iii) Ssmpling errors arise only in case of sample studies, 

iv) Non-sampling errors do not arise in case of a sample survey. 

v) Two samples drawn randomly from a population may not yield identical 
a results. 

Nine figures are added. What is the absolute error in the sum, if they are rounded to 
(i) nearest.000'~ and (ii) lower 00's. 

1.5 LET US SUM UP 

tatistical.data may be obtained by counting or by measuring or by estimating. When 
ems are counted exact numbers can be found out. But in measuring and estimating, 
bsolute accuracy is not possible. Even in counting, where absolute accuracy is possible, 
may not be desirable always. It may not give the desired clarity. Extent of accuracy 
equired depends on purpose of the study and the situation. Spurious accuracy, which 
nplies accuracy greater than absolute accuracy or desired accuracy, should be avoided. 
)esired level of accuracy in figures can be achieved by approximation which is done by 
ounding off. There are three methods of rounding: (i) rounding up, (ii) rounding 
own, and (iii) rounding to nearest unit. The digits which show the extent to which a 
@re is accurate are called significant digits. 

tatistical error means the difference lietween the true value and the estimated value. 
R statistical data errors are mainly of three types: (i) errors of origin, i.e., errors due , 

1 limitations of the megsuring instruments, selection of unsuitable statistical units, 
lformants giving incorrect answers, investigators' bias, etc., (ii) errors otinadequacy 
e., size of sample too small or sample not correctly representing the population, etc., 
nd (iii) error& manipvlation i.e., unintentionally committed errors in counting, 
~easuring, etc., or errors due to approximation. . . . 
1 approximating a given figure by significant digits, there will always be some errors. 
here are three ways of measuring these errors: (i) absolute errors i.e., true value 
hinus estimated value, (ii) relative errors i.e., absolute error divided by estimated 
due, and (iii) percentage errors i.e., relative error x 100. 

hen computations are done by approximate figures, errors go on increasing. The 



total absolute error in the sum or difference of two numbers is the sum of absolute 
errors of individual figures. Similarly, the total relative error in multiplying or dividing 
twonumbers is the sum of the relative errors in the individual figures. Biased errors are 
those which occur only in one direction. They are additive in nature and go on 
increasing with the increase in the number of items. 

Sampling errors are thosa ghich are caused by drawing inferences about the population 
on the basis of sample. They can be of two types: (i) biased sampling errors, i.e., errors 
due to faulty units, faulty collection of data, faulty method of analysis, etc., and 
(ii) unbiased sampling errors i.e., errors which arise due to chance difference or the 
difference between the population and the sample values. Biased sampling errors can 
be eliminated. Unbiased sampling errors cannot be eliminated, but they can be 
minimised. Non-sampling errors are those which can occur in the result of the 
population studies also. They are mostly of the nature of bias. 

3.6 KEY WORDS 

Absolute Error: The difference between the true value and. the estimated value. 

Biased Errors: When errors are in one direction. 

Non-sampling Errors: Those errors which can occur in the population studies also. 

Percentage Error: Relative error expressed as a percentage i.e., relative error x 100. 

Relative Error: The absolute error subtracted by the estimated value. 

Rounding: Expressing large figures in a simplified form by dropping the last few digits. 

Rounding Down: Reducing the figure to the next lower ftill unit. 

Rounding Up: Raising the figures to the next full unit. 

Sampling Errors: Errors caused by drawing inferences about the population on tqe 
basis of a sample. 

Significant Digits: Presenting the figures in terms of only those digits which are accurate. 
These are digits that carry real information. 

Spurious Accuracy: Accuracy which is greater than its real or desired accuracy. 

Statistical Error: Diffyence between the true value and the estimated or approximated 
value of an item. 

Unbiased Errors: Errors which tend to cancel each: other. 

3.7 ANSWERS TO CHECK YOUR PROGRESS 

A 4 i) True ii) False iii) True iv) False 

5 i) 262 thousands ii) 88 thousands iii) 96 thousands iv) 4400 thousands 
v) 322 thousands 

6 i) 23 hundreds ii) 76 thousands iii) 8.9 iv) 0.0064 v) 2.0 

B 3 i) False ii) True iii) False iv) False v) True 

4 i) 25,500 +500 ii) 24,500 +550 iii) 1,25,00,000 + 12% iv) 50 +12%. 

C 4 i) False ii) False iii) True iv) False v) True 

5 i) f fix 250 = f 750 ii) + 9 x 49.5 = rt 445.5 - 

3.8 TERMINAL QUESTIONS/EXERCISES 

Questions 
1 What are the different types of errors in statistics? Explain the factors responsible for , 

their occurrence. 
I 

2 What standard of accuracy is needed in statistical investigations? State the various 
I methods of approximation and tbeir utility in statistics. 



3 Differentiate between biased and unbiased errors. Explain the methods of estimating 
them. 

4 Write short notes gn the following: 
i) Errors of approximation 
ii) Distinguish between sampling and non-sampling errors. 
iii) Distinguish between biased and unbiased errors 
iv) Errors of approximation 

Exercises 

1 Using the rules for rounding to the nearest digit, round the following numbers first 
to four significant digits, then to three significant digits and finally to two significant 
digits. 
(i) 5.6994 (ii) 47.251 (iii) 3.0009 (iv) 0.0064251 (v) 5.34651 

2 The population of a town has been estimated at 49,000 and actual population is 
50,000. Calculate (i) absolute error, (ii) relative error, and (iii) percentage error 
Answer: i) 1,000 ii) 0.02 iii) 2% 

3 The distances of two petrol pumps from the city limit were measured as225 + 0.5 kms 
and 175 + 0.3 kms. Find out the absolute error (AE) ,and relative error (RE) in (I) 
the total distance, and in (2) the difference of two distances. 
Answer: (1) AE + 0.8, RE + 0.002; (2) f 0.8, R E  + 0.0166 

4 There are two measures: A = 375 and B = 25. Each of these two measurements are 
subject to an error of f 10%. Determine the range of absolute error and relative 
error under the following cases: 
i) The sum (A+B) 
ii) The product (A B) 
iii) The difference (A-B) 
iv) The quality A/B 
Answer: i) AE + 40 R E  +- 10; ii) AE rt 1969 R E  + 21; iii) AE rt 40 RE +- 11.4; 

iv) AE +- 3.3 RE + 22.2 

Accuracy, Approxlrnation 
nnd Errors 

5 The cost of 8 kg of sugar is Rs. 13. If the cost of 1 kgis given as Rs. 1.60 find absolute 
and percentage errors. 
Answer: AE 0.025, PE 1.5%. 

6 Find the absolute error and relative error in computing the average speed if total 
distance was rounded to 1,440 km. and the time was rounded to 70.5 hours. 
Answer: AE 0.022, RE 0.0011 

7 The sales made by the five regionaviices of a company are shown below: 

Regions Units 

13,434 North , 
South 54,682 
East , 36,482 
West 17,804 
Central 34,384 I 

I 

Approximate the above figures to the nearest thousand. Estimate the relative error 
of the total sales assuming that the actual sales values are not known. How the 
estimated relative error will change if the sale figures are approximated to the next 
thousand above the actual figure? Compare the estimated relative error with actual 
relative error. L 

Answer: 0.004. 

Note: These questions and exercises will help you to understand the unit better. 
Try to write answers for them, But do not send your answers to the 
university. These are for your practice only. 
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4.0 OBJECTIVES 

After studying this unit, you should be able to 
explain the meaning of ratios, percentages, and rates 
discuss the computational aspects involved in working out ratios, percentages, and 
rates 
describe the precautions to be taken while using ratios, percentages, and rates 
illustrate the uses of ratios, percentages and rates in business and administration 
use logarithms in computations such as multiplications, divisions, roots, etc. 

4.1 INTRODUCTION 

You have already studied about-various sources of statistical data and methods of 
collecting data. You also know about different types of errors which creep into data and 
methods of estimating such errors. Collection of reasonably accurate data alone does 
not help in drawingconclusions, as the figures do not speak for themselves. Data must 
be analysed and compared, so that meaningful and useful conclusions can be drawn. 
Quantitative data has to be condensed in a meaningful manner, so that it can be easily 
understood and interpreted. One of the common methods is to compute statistical 
derivatives. Ratios, percentages, rates, etc., are simple derivatives. These measures 
point out an existing relationship among factors and thereby help in better 
interpretation. In this unit you will learn about themeaning, purpose, computation and 
caution in use of different types of ratios, percentages and rates used in analjsing 
statistical data. You will also learn how to use logarithms in lengthy computations. 

4.2 MEANING OF VARIOUS STATISTICAL 
- 

DERNATWES ,' 

As stated earlier, to draw meaningful conclusions, the mass of data collected must be 
analysed properly. Computation of statistical derivatives is one of the common 
approaches. Under the statistical derivatives, there are three importait methods. They 
are: 1) ratibs, 2).percentages, and 3) rates. Now let us study the meaning of each ~f 
these methods. 



' 4,2.1 Ratio 

A ratio expresses the relationship between the magnitude of two quantities of the same 
kind and denotes how many times one of the quantities is contained in the other. 

The relationship between the two quantities "A" and "B" is expressed in the formof a 
ratio as A:B and is read as "A" is to "B". In the ratio A:B, the first term "A" is called 
the antecedent and t he second term "B" is called the consequent of the ratio. The ratio 
A:B may be expressed as AIB. Thus, the ratio between these two numbers "A" and 
"B" $ simply the concept of "A" being divided by "B". Though the ratio is either an 
implied division or actual division of one number by another, it is not convenient to 
represent the ratio as division. For example, if one is comparing the ratio of male 
workers to female workers in a factory, stating 550/110 would not be easy to 
comprehend. This can be stated as 550:110 or 5:l which is easier to understand. Thus, 
representation in the form of ratio also reduces the size of the number whleh facilitates 
easy comparison and quick grasp. When the two terms of a ratio are interchanged, the 
second ratio so obtained is called the inverse ratio of the first. Thus, the inverse ratio of 
A:B is B:A. For example, in a class of 80 students, there are 50 boys and 30 girls. Now 
the ratio of boys to the girls is 5:3 and the ratio of girls to the boys is3:5. Notice that 5:3 
is greater than one and 3:5 is less than one, A ratio can take a value greater than one or 
less than one or equal to one depending upon the situation. Thus, the ratio is the relation 
of one number or quantity to another, its value being expressed as the quotient of the f i s t  
divided by the second. 

But, however, the concept of ratio can be extended to three or  more numbers. Three 
or more numbers may be compared and expressed in the form of A:B:C:D, etc. For 
example, in a class of 100 law students, 70 are from commerce, 20 are from science and 
10 are from arts streams. Then the comparison of commerce, science and arts students 
can be represented as 7:2:1. As the number of categories increases, the proportion Is s 
better derivative for presentation as it will be easy and less confusing. If there are a total 
of Nitems divided into three categories-N1 items in category 1, N2 items in category 
2, and N3 items in category 3. Then the proportion of category 1,2,3, would be Nl/N, 
N2/N, N3/N respectively. In this proportion, the denominator is the total number of 
items and the numerator is the number of items in the respective category. The 
proportion wUI always be less than one and the sum of all the proprtions.wlll be one. A 
ratio can be always converted into proportions.' For example, if the ratio of male to 
female is 3:2, then the proportion of male is 31(3+2) = 0.6, and that of female is 
U(3+2) = 0.4. 

4.2.2 Percentage 

Ratios and proportions are often expressed as percentages, as relative measures can be 
visualised more concretely when expressed in percentages. The yord per cent means 
per hundred. Ratios can be converted into percentages by taking one figure as the base 
and multiplying it by 100. For example, the yield of paddy crop in 1988 and 1989 is 23 .  
To represent this in percentage, the yield of 1988 (i.e. 2) can be considered as the base. 
Then the yield of 1989 will be 312 x 100 = 150% of the yield of last year. You should 
know that the sum total of percentages will be equal to 100, only if all the categories are 
mutually exclusive and collectively exhaustive (i.e., an item belongs to only one 
category and no item from the total is left OUI). 

( 4.2.3 Rate 
Generally, when two quantities of the same kind are to be compared, the term ratio is 
used. For example, take the ratio of male and female workers in a factory. Here, both 
males and females are workers in the factory. So in this sense they are of the same kind. 
A ratio expFessed in terms of diFfe&nt units is often d e d  a rate, For example, in the 
case of per capita income, th'e numerator is the total income and the denominator is the 
total population. Other examples of rates are death rate, birth rate, accident rate, etc. 
Rate involves the concept of change. TbehQes are generally dynamic in nature and 
related to time. A rate of change is a quotient with the number representing the amount 
of change in its numerator and the denominator. 

A rate is usually standardised in relation to tfie denominator. When one number is 
' ~ v i d e d  by another related number ahd the quotient is multiplied by 1,000 the resultant 
hgure is known as rate per thoumnd. For example, if the number of deaths is divided 

- 
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Basic Statistical Concepts 'by the total population and the quotient is multiplied by 1,000, a crude death rate is 

obtained. + 

Coefficient: The rate per unit is calledcoefficient. Suppose the death rate is about 1.9% 
or 19 per thousand, themthe coefficient of death will be 0.019. If this cvefficient is 
multiplied by the total population, the total number of deaths can be obtained. 

4.3 PLTRPOSE OF STATISTICAL DEltaIVATIVES 

You have learnt the meaning of various statistical derivatives, viz., ratios, percentages, 
and rates. Now the question is: What is the purpose of computing these statistical 
derivatives? Comparison, as already stated, is the main purpose behind the 
computation of statistical derivatives. From the meanings of ratio, percentage and 
coefficient, it is very clear that all of them give a'relative picture. 

However, when one or more numbers are being compared with another number, the 
figure which is taken as the standard for comparison is known as the base. Which type 
df base should be chosen would depend upon the situation. Any derivative by itself is 
generally not meaningful for the analysis of a given problem. For instance, it is stated 
that a company earned 18% return on its investment during the current year. What - 
does this signify? You may ask whether or not this is a high rate of return. Any 
meaningful use of derivatives requires comparison with some standard yardstick so that 
their significance can be evaluated. The return of 18% can be either compared with last \ 

year's return or with another competing firm's return on investment, if they are 
comparable. 

While the derivatives are used to compare different groups, it is a common practice to 
reduce them to a common denominator and thereby the comparisons are made simple 
and more meaningful. Suppose, two business firms were started with a capital of 
Rs. 50,000 and Rs. 1,20,000 respectively. At the end of the year, the first business firm 
made a profit of Rs. 20,000 and the second business firm earned a profit of Rs. 40,000. 
It apparently shows that the second business has made double the profit of the first 
business. But by reducing them to a common denominator of 100, it can be seen that 
the first business has made a profit of 40% of the capital and the second business firm 
mad6 a profit of 33% of the capital. The impression which you gather by looking at the 
absolute numbers is reversed now. Thus, profit as a percentage of capital is really more 
meaningful. 

The derivatives are also useful in estimating the unknown quantity. For instance, the 
birth rate in a particular region is known and it can be assumed to be fairly constant over 
a period of time. If you know the total number of births, at aspecific point of time, you 
can estimate the population at that point of time. Thus, thederivatives are useful in the 
estimation of unknown quantities, over and above simplifying the data and increasing 
their comparability. 

Check Your Progress A 
1 What is a ratio? 

2 What is a percentage? 

............................................................................................................. 

............................................................................................................ 

........................................................................................................... 



3 What is a rate? ' , 

........................................................................................................ 

4 Name the different types of ratios used in statistical work. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 State whether the following statements are True or False. 
i) Ratio is always found between two quantities of same type. 
ii) Base for computing percentages is always taken as 100. 
iii) '.he ratio cannot be converted into a proportion. 
iv) The rate per unit is called coefficient. 

6 Match the items in Column A with the items in Column B. 

Column A Column B 

i) !n abusinessfirm, the sharesof Ramesh and Ranganathin capital are 2:3 a) Rate 

ii) In Ind~a, 20 personsout of 1,000 personsget heart attack b) Proportion 

iii) In acity, population of males and femalesis 0.6 : 0.4 c) Percentnge 

iv) In India, 70 persons out of hundred live in the villages. d) Ratio 

4.4 TYPES OF RATIOS 

There are several types of ratios used in statistical work. The type of ratio used is 
basically dependent on the base, When one or more numbers are being compared with 
another number, the figure with which comparisons are made is known as the base. 
Now let us study about diflerent types of ratios. 

The Distribution Ratio: It is defined as the ratio of a part to a total which includes 
that part also. Suppose in a company there are 300 females out of 1,000 workers. 
Then the distribution ratio of females to the total is 30011000 = 3:lO. This means 
30% of the total labour force is females. In this example, 1,000 workers include 300 
female workers also. The distribution ratio concept can be extended to more than 
two groups. This kind of ratio is also called total-to-parts ratio. 

h) Interpart and Interclass Ratio: A ratio of a part in a total to another part in the same 
total is called interpart ratio. Here the base is one of the two parts as basically two 
parts are compared. For instance, sex ratio of a population is an example because 
sex ratio is usually expressed as number of females per 1,000 males, and it is not 
expressed as number of females per 1,000 populajion. 

c) Time Ratio: This ratio is a measure which expresses the changes in a series of values 
arranged in a time sequence and is typically shown as percentage, Normally this is 
also known as past to present ratio. There Bre two main classes of time ratios : 
(i) those employing a fixed base period, and (ii) those employing a moving base. For 
instance you are interested in studying the production of tea in the current year. In 

. the fixed base period method you would choose a particular year, say 1980 as the base 
year and compare the current year's production with the production of 1980. In the 
moving base method the base keeps changing. For calculating current year's tea 
production, last year's tea production would be assumed as the base. For calculating 
next year's production, current year production will be used as base. Thus, for 
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Basic Statistical Concepts calculations of 1982, figures of 1981 will be used as base; for calculations of year 
1983, figures of 1982 will be taken as base and so on. Such calculations give basically 
comparisons between data corresponding to two consecutive time periods. 

d) Hybrid Ratio: A ratio between corresponding parts of different categories of data 
gives the hybrid ratio. 'Jhe numerator and the denominator will usually be in 
different units, For instance, the statement that a car is travelling at "30 miles per 
hour", involves a hybrid ratio. Here the number of miles is divided by the number 
of hours and both the units (i.e., miles and hours) are mentioned in the statement 
of the result. Other common examples of hybrid ratios are per capita income, 
output per hour or per day, persons per square kilometre, number of childrenper 
family, cost per passenger mile, investment per mile, etc. Hybrid ratios are usually 
stated as per unit base and not as percentages. This is so because the numerator and 
the denominator are of different categories in this type of ratios. In this sense hybrid 
ratios can be viewed as rates also. 

4.5 COMPUTATION OF RATIOS 

You have already studied the meaning and types of ratios. Now let us discuss about the 
important aspects to be kept in mind while computing ratios. In every statistical ratio 
one must consider three points : (1) variables to be related, (2) choice of a logical base 
or denominator, and (3) the choice of units in the denominator. Now we study these 
three points in detail. 

1 Variables to be Related: There must be a definite relationship between the numerator 
and the denominator. For instance, if you are interested in computing the earning of a 
company in thecurrent year, the current year's investment must be taken into account 
and not the investment at the time of its inception. Another example could be the 
agricultural production per acre. In this ratio, agricultural production per acre of land 
cultivated is more meaningful than agricultural production per acre to total land (which 
includes wastelands, forests, deserts, etc.). 

2 Choice ofBase: The base or denominator of a statistical ratio is always a standard with 
which the numerator is being compared. As you know, through ratio we establish 
relationship between two items. Here it is very important to decide which of the two 
items is to be used as base. In some cases choice of the base is obvious, while in other 
cases choice of the base is not obvious. However, certain generalisations, can be made 
in the choice of the base. 

i) In a comparison between a part and the whole, the whole is always the base. For 
* example, in relating the number of unemployed to total labour force, the number 

of persons in the labour force would be the denominator of the ratio. 

ii) In time comparisons between similar items (time ratios), the earlier event is taken 
as the base invariably. For example in comparing the percentage change of current 
year sales over the previous year, you should consider the previous year's sales as 
the base. 

iii) If the relation is to be studied between two variables, one of which may be 
dependent upon the other, then the independent variable is generally used as the 
base of comparison. For instance, in relating the number of accidents to total 
passenger miles, the later would generally be taken as the base of comparison. 

3 Choice of Units in the Denominator: The number of units in the denominator (i.e. 
base) may be determined by custom, conv~nience and effectiveness. We can illustrate 
some of the practices in this regard. 

a) There are several cases in which the base of a ratio is expressed as a single unit. For 
instance, per capita income, per passenger mile, production per acre, etc. 

b)' Many times ratios' are expressed in terms of percentages. For instance, the number 
of telephone lines in operation today is 150%-of the number a year ago. In this case 
the number stated as a percentage indicates how many numerator units are there for 
every hundred denominator units. It is easy to visualise treating the base in units of 
loo. 



c) Thousand, ten thousand or even a lar'ger number of units may be used in the base. Ratios. Percentages nnd Rntes 
For example, a statement like 4.5 accidents per 1,000 manhours can also be stated 
as 45 accidents per 10,000 manhours or 0.0045 accidents per manhour. 

~ollowing are some guidelines that help in determining whether one or some higher 
power of units should be used as the base. 

i) The number used as the base should be large enough so that the value of the 
numerator will apbear mainly as a whole number but should not havemore than two 
to three digits to the left of the decimal point. It is more convenient to say that there 
are 45 accidents per 10,000 manhours than to say that there are 4,500 accidents per . 
10,00,000 manhours. 

ii) The number used as the base should be smaller than the number in the original data 
corresponding to the denonlinator. For instance, there are only 12 persons in a firm 
and nine of them had cars. In this case, it is better to use the original data as the 
relationship involved is clear without reducing the data into ratio form. If you say 
that 75% of the employees use cars means the same thing, b0t it may not give clear 
impression. Here, the denominator is 100 which is higher than the actual figure i.e., 
12. 

Thus in computing statistical ratios, one must first decide which variable should go into 
the numerator, which variable should go into the denominator, and what number of 
units the denominator of the desired ratio should contain. 

4.6 APPLICATION OF RATIOS 

Ratios, rates auu coefficients are used in all types of studies. Per capita income, 
population per square kilometre, production per acre, turnover ratio, fixed assets ratio, 
intelligence quotient, freight revenue per mile, investment per mile, labour to output 
ratio, capital output ratio, etc., are examples of various popular ratios used. Details of 
some commonly used ratios are given below. These illustrations are, of course, not 
exhaustive but do serve to show the importance of ratios as a statistical measure in 
economics, business and population studies. 

1 Per capita income of our country was Rs. 3,184 in 1987-88. This can be obtained by 
dividing national income of Rs. 2,49,905 crores by the total population of 785 
millions. 

2 Some ratios for the four metropolitan cities are listed in Table 4.1.. 

Table 4.1 
Profile of Four Metropolitan Cities 

Bombay Calcutta Delhi Madras 
I 

1. Femalesper 1,000males 772 781 808 . 930 

2. Population per sq. km. ('000s) 13.7 10.8 10.6 7.5 

3. Literacy rate (76) 68.2 65.6 62.7 67.4 

4. Working population ratio (74) 34.7 30.5 32.2 28.2 

5. ' Roadaccidentsper 10,000motor vehicles 607 279 74 417 

6. per capita drinking water availability 
per day (litres) 

7. Hospital bedsper 1,000 
population (Nos.) 3.3 4.1 2.1 3.2 

fh~urce: Statistical Outline of India, 1988-89. 

Table 4.1 presents some ratios for the four metros. Now you can compare the ratios 
between the four metros. These ratios are very helpful for the economists and 
planners to make demographic studies. 

3 Among the accounting ratios, one of the well known ratios is the ratio of current 
assets to current liabilities. If the current assets of a corporation are Rs. 30 lakh and 
the current liabilities are Rs. 10 lakh, the current ratio is 3. Different standards of 



Baslc Statistlcd Concepts current ratios have been fixed for different types of industries and businesses. These 
standard current ratios are treated as guidelines for individual enterprises in these 
industries and businesses. 

4 Now-a-days the use of ratios has become very common in population studies. The 
currentpopulationgr~wth rateis worked out at 2.2%. This growth rate of population 
is determined by mortality rates, fertility rates and the age composition of the 
population. 

In 1985 the infant mortality rate (the number of deaths per 1,000 babies born) was 97 
in India. According to 1986 figures the birth rate and death rate per 1,OOOpopulation 
are 33.2 and 12.2 respectively. All these ratios are refined and hence they are called 
refined ratios. A refined ratio is one in which the numerator or the denominator or 
both are adjusted so as to exclude the extraneous factors which tend to obscure the 
direct relationship between them. For instance, ratio of labour cost in a factory to 
total cost of manufacture is a useful ratio. But the denominator contains two kinds of 
costs, namely,fixed cost and variable cost. The ratio of labour cost to total variable 
cost gives a ratio which is more valuable to the management in analysing the 
operations. A ratio may be standardised by adjusting the component parts of a ratio 
for better comparability with other ratios. The use of standardised ratios is important 
in the field of vital statistics where standardised death rates, birth rates, etc., are 
employed in comparison with different cities or'sections of the country. The 
calculations of standardised rates involve the concept of weighted average and is, 
therefore, out of scope of this unit. 

4.7 CAUTION IN THE USE OF DERIVATIVES 

Many of the errors in the use of derivatives spring from failure to express the meaning 
of derivatives correctly. Difficulties encountered in the computation and use of the . 
derivatives can be generally traced to one or more of the following causes: 

1 Confusion Regarding the Base: Suppose the price of a product has increased from 
Rs. 2,000 to Rs. 2,500 in the current year. The current price would be 125% of the 
last year's price. An alternative statement would be that price in the current year Es 
25% higher than that of last year. Such figures may be misinterpreted to mean either 
that price in current year is. 25% of last year or this year price has increased by 125%. 
Continuing the same ex~mple, suppose the price declined to Rs. 2,000 by the next 
year. This means the decline is Rs. 500 which is equal to the increase in the last year. 
late that in absolute terms the change is the same. i.e. Rs. 500. But, if we express it 

AS a per&ntage in the first case the increase was 25% and now the decrease is only 
20% (i.e., 50@in 2,500). The percentage of change in these two situations is not 
directly comparable since each percentage is computed from a different base. If an I 

attemp't to average them were made, an erroneous conclusion would easily have been ~ 
reached. For example, the average of 25% and -20% would be -t2.5%. This means, I 

on an average, over these two years prices have increased by 2.5% per year. This 
kind of computation is not correct. Actually, after the two changes the price has 
returned to the original value. Successive changes of the same absolute amount of 
500 produce a larger percentage of increase (i.e., 25%), than decrease of 20% as the 
increase is computed on the smaller base. A comparison of percentage changes 
cannot be valid without reference to their bases. 

Consider another situation where price of a commodity is Rs. 2,000 which is increased 
by 20% and then decreased by 20%. After considering this 20% increase and 20% 
decrease, the value would be Rs. 1,920 which is lower than the original value. Thus, 
successive increases and decreases of the same per cent will depress the final value 
below the starting figure. 

I 
If any value declines by 100% it results in zero value. Greater than 100% decline 
cannot occur with quantities like costs, wages, labour, etc., and if it does, it indicates 
an error. For instance, if the price of Rs. 2,000 is reduced to Rs. 800, the decline of 
Rs. 1,200 is computed as 150% of the final price. This is an incorrect statement. The 
base is not correctly chosen. A decline of 150% should ordinarily make the price 
negative, which is not true here. The percentage decrease must be calculated withhhe 
original figure as base i.e., it should he stated as "price has dropped by 60%" 



However, there a= situations where percentage decline can be more than 100. 
Consider a firm which has earned a profit of Rs. 1 lakh in one year and sustained a 
loss of 
RS. 50,000in the next year. Then the total decline in the profit would be Rs. 1,50,000 
or 150% of the original profit figure. Here there is nothing wrong because the final 
figure is negative as it is a loss. The data such as profit can assume a negative value. 
In such a situation, the percentage decline could be more than 100. 

2 Distortions Caused by Small Bases: Consider another example where incorrect 
conclusions can be drawn due to the distortions caused by small bases. Suppose firm 
A's profits increased from Rs. 1,000 to Rs. 10,000 and firm B's profits increased from 
Rs. 50 lakh to Rs. 70 lakh. In the first case the increase is to the tune of 900% and in 
the second case the increase is only 40%. There is a very high percentage of increase 
in the case of firm A. Caution is to be exercised in the interpretation of these figures. 
Obviously a conclusion that the management of firm A is more efficient cannot be 
justified. Since the percentage indicates a relative magnitude only, no inference 
should be drawn from this regarding the absolute amounts. In such a situation, a . 

correct picture can be obtained only if the absolute figures are shown. 

3 Comparisons Based on Dissimilar Situations: The data should be homogeneous for 
the computation and the use of ratios and percentages. For instance, the general 
death rate of a town or a country may be computed by dividing the number of deaths 
by total ,.dpulation and multiplying by 1,000. But this general death rate, or crude 
death rate as it is called, relates to heterogeneous masses since the death rate varies 
with age, sex composition of the population, etc. 

Consider another instance. In locality A, 500 out of 1,000 persons, suffered from 
cholera and in locality B, only 100 out of 1,000 persons areleffected. If you compare 
the ratio of the people suffered from the disease with those not suffered from the 
disease, in locality A the ratio will be 1:l and in locality B the ratio will be 1:9. From 
this ratio one could conclude that locality B is maintained more hygienically and 
people in that locality are healthier. This may not necessarily be true, as people in 
locality B might have taken inoculation against cholera. 

Consider another statement "the number of crimes committed in the city is 45% 
more during the current year as compared to last year". From this statement the 
obvious conclusion is that crimes are increasing. Such a conclusion cannot bc drawn 
if the ratio compares two dissimilar situations. Suppose, earlier there was no proper 
reporting system and a new reporting system was introduced at the beginning of the 
current year. In such a situation one cannot conclude that the crimes have increased. 
It may be due to the new reporting system as all the crimes are being reported now, 
which was not done earlier. This means that comparison is made of dissimilar 
situations. Similarly, for companies having different definitions for costs and profits, 
comparison of percentage profits and costs should not be made. Before one can draw 
significant conclusions from the comparison, it is always necessary to find out 
whether the data analysed is comparable or not. 

4 Calculations Based on Small Absolute Numbers: If the size of items is small, 
percentages may give misleading conclusions. Suppose, froin a school only five 
students appeared for SSC examination and all of them passed. Then the result is 
stated to be 100%. In this example both the base and the magnitude to which it is 
compared are small. This kind of statement gives a false impression. Therefore, 
percentages should not be used if the size of items is very small. Sometimes there may 
be a situation where the base is too small and the magnitude to be measured against 
the base is very large. In such a situation one may arrive at  a very high percentag 
figure which is not easy for comparison. For example, assume that price of a 
commodity is Rs. 10 per unit, Over a period there is a rise of Rs. 400 in this price. 
This implies prices have increased by 4,000%. This does not simplify but makes 
comprehension difficult. The statement that the bacteria in drinking water will cause 
discomfort to 0.0002% of the population, is less precise and less clearer than to say 
that about 1 :person in 500,000 will have discomfort. In this situation the base is very 
large and the numerator is extremely small. Therefore, the statement of fact is much 
clearer than converting it into ratio or percentage. 

5 Arithmetic Mistakes: Mistakes involving misplaced decimal points may lead to gross 
misinterpretations..For instance, take the statement "in the current year taxes have 
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Basic Statistical Concepts increased by 14% compared to last year". Misplacing the decimal point and stating 
that "taxes have increased by 0.14% will have a totally different implication". The 
ratio of the population of two towns'A and B was expressed as 8:l where the 
population is eight lakhs and 1.5 lakhs respectively. In fact the actual ratio is 5.3 : 1. 
Thus, arithmetical mistakes in rati'os also give an incorrect picture. 

6 Improper Averaging: Averaging the percentages deserves some discussion as it is 
incorrectly done in several situations. For instance, take the case of a bolt 

' manufacturing factory where there are three machines A,  B, and C to manufacture 
bolts. Some of the bolts produced by these machines are defective. The defective rate 
of A, B and C are 3%, 2% and 4% respectively. A simple average of these three 
percentages would yield a defective rate of 3% (i.e., 3+2+4 t 3). This may not be 
the real average defective rate, as the number of bolts produced by each machine 
may not be the same. To find appropriate averag; it is necessary to know the number 
of bolts produced by each machine. Suppose machine A produced 300 bolts, machine 
B produced 100 bolts and machine C produced 600 bolts. Now the appropriate 
average of defective bolts can be computed as follows: 

Machine Defective Bolts No. oPBolts Actual No. of 
(percentage) Produced Defective Bolts 

(Cols. 2X3+ 100) 

(1) (2) (3) (4) 

C 4 600 24 

TOTAL Lc'o'l 35 

Average rate of defective bolts = (3511000) X 100 = 3.5%. Thus, 3.5% of the bolts 
are defective. This is substantially different from simple average calculated earlier. 

From the above discussion it is evident that calculation of ratio and percentage must be 
done carefully, sb that meaningful conclusions can be drawn. Whenever possible, the 
data from which these ratios are derived should also be given so that the reader can 
verify the relationship, and can detect the errors to make his own interpretation. 

Check Your Progress B I 
- 

1 List the guidelines to be followed in selecting denominator for calculating ratios. 

............................................................................................................. 
2 List the causes which usually give rise to wrong interpretation of statistical 

derivatives. 

3 state whether the following statements are True or False. 

i) In time comparisony usually earlier event is taken as the base: 

ii) The number usedas the base for calculating a ratio has no relation to the size 
of figures to be compared. 

iii) While comparing two figures of percentages it is not necessary to know the 
actual value of the denominators on which two figures are based. 

iv) You cannot draw sound conclusions unless the method of analysing data is 
suitable to the purpose. 



v) Statistical derivations cannot be used to estimate unknown quantities. 

vi) The distribution ratio compares one part of the total with another part. 
vii) To find time ratios it is not always necessary to use fixed base. 

viii) Hybrid ratios are usually stated in percentage form. 

Ratios. Percentage and Hates 

L i e  ratios and percentages, logarithms also help us in making relative studies. 
Logarithms are very helpful, paiticularly in mathematical calculations. Multiplication, 
division, and finding roots and powers of large numbers can be done very easily with 
the help of logarithms. 

4.8.1 The Meaning of Logarithms 

Consider two numbers 4 and 16. They can be related to each other by the equation 
42 = 16. The exponent 2 is the logarithm of 16 to the base 4 and it is written as log, 16 
= 2. It should be clear from this example that the logarithm is nothing but the power to 
which a base (4) must be raised to attain a particular number (16). 

In general if Y = bt, then t = log, Y which indicates that log of Y (logby) is the power 
to which the base b must be raised in order to attain the value Y. , 

The following properties of logarithm must be remembered: 

1 A negative number and zero cannot possess a logarithm. 

2 Logarithm of unity with respect to a non-zero finite number base is zero for 1 = 3"' 
, therefore log3 1 = 0. 

3 Logarithm of any number with respect to the same number as base is unit (log3 

3 = 1 as3 l=  3). 

The base of the logarithm need not be restricted to any particular number. But in actual 
applications two numbers are chosen as bases i.e., number 13 and number 'e7. When 
the base is 10, the logarithm is known as common logarithm symbolized by log!, or 
simply 'log'; With the Napier's constant 'e' (whose value is 2.71828), the loganthm is 
referred to as a natural logarithm and is denoted by $In9. 

In analytical work, natural logarithms are more useful than common logarithms. In this 
unit, the emphasis is on the usage of logarithms for computational purposes. Common 
logarithms are frequently used in computationalwork. So we now discuss how they arc 
used in mathematical calculations. 

log,, 1000 = 3 (because 103 = 1000) 

log,, 100 = 2 (because lo2 = 100) 

log,, 10 = 1 (because 10' = 10) 

loglo 1 = 0 (because 100 = 1) 

log,, 0.1 = - 1 (because 10-I  = 0.1) 

log,, 0.01 = - 2 (because 1e2 = 0.01) 

From the above, it should be clear that the common logarithm of a number between 10 
and 100 must be between 1 and 2, and the common logarithm of a number between 1 
and 10 must be a positive fraction. Suppose, a number N is greater than 10 but less than 
100 i.e., it has two digits. Then log N is between 1 and 2 i.e., 1 + a, where 1 is the 
integral part and 'a' is the fractional part. The fractional part is always denoted by a 
decimal point. If Nwere more than 100 and less than 1,000 then the logarithm of N will 
be 2 + b, where 2 is the integral part and 'b' the fractional part. That means that for a 
three digit number, integral p& is 2 in logarithm. Continuing this arguments, when a 
nn-mber b greater t b  1 md contab 'n* digits in Its integral part, the integral part of 
Its clwman logarithm ie 51. 

NOW suppose the number N has a value between 1 and 0.1 say 0.8, then its logarithm 
will be between 0 and -1 i.e., it can be taken as -1 + c where: 'c7 is a positive fraction. 
Similarly, if the number N is between 0.1 and 0.01 say 0.03, then its logarithm whl be 



Basic SLatisUcal Concepts between -1 and -2 i.e., if can be taken as -2 + d where 'd' is a positive fraction. 
Continuing further, if the number N is between 0.01 and 0.001 say 0.004 then its 
logarithmwill be between -2 and-3 i.e., it can be taken as-3 + f where 'f is apositive 
fraction. So, we notice that here the integral part ofthe logarithm is negative m d  is one 
more than the number of zeros after the decimal and before the significant digits of the 
number 'N'. 

Continuing this argument, when a number is less than '1' and has 'x' zeros after the 
decimal place and before the first significant figure, the integral part of logarithm will 
be negative and one more than the number of zeros i.e., -(x +. 1). 

The integral part of a common logarithm is called characteristic and the fractional part 
is called mantissa. Note that the characteristics can be zero, positive or negative, but 
the mantissa is always positive. 

4.8.2 Finding the Log Value of a Number 

The procedure to find the log value of a number involves three major steps. They are: 
1) finding characteristic, 2) finding mantissa, and 3) finding anti-logarithm. Now let us 
discuss these three steps in detail. 

1. Finding Characteristic: In the first stage, we have to find out the characteristic. As 
discussed earlier, if the digits in the number are more than one, the cllaracteristic 
will be one less than the number of digits to the left of the decimal place. For 
example, the characteristic of 415.42 is 2, as the number of digits to the left of the 
decimal place is 3. Similarly, characteristic of 17.23 is 1 and 7.23 is 0. 

In the case of thenumbcrs which are less thanone, the characteristicis equal to one 
more than the number of zeros after the decimal point and before any significant 
digit. Thus, characteristic of 0.98 is -1,0.098 is -2,0.00908is -3 so on and so forth. 

2. Finding Mantissa: To find out the mantissa of a number, you have to use logarithm 
table. Logarithm tables are presented at the end of this unit. For example, you want 
to find mantissa of the number 3451. First you have to look at the log tables at the 
row corresponding to 34 (the first two digits of the given number) and the column 
corresponding to 5 (the third digit of the given number). The mantissa is 5378. Now 
look at the mean difference columii 1 (the fourth digit in the given number) in the 
same row. The value is 1. Add this 1 to 5378 to obtain 5379. So, for the number 3451, 
the mantissa part is 0.5379. You already know that the characteristic is 3 for this 
number. So the log 3451 is 3.5379. 

Note that mantissa is always positive. It is not affected by the position of the decimal 
point. That is to say, the mantissa of 245,24.5,2.45,0.245,0.0245,0.00245,0.000245 
would be the same. Looking at the table, it can be seen that the mantissa value of 
245 is 0.3892. The characteristic of a number can be decided upon by looking at the 
digits in that number itself and themantissa can be obtained from the table using the 
first four significant digits. Look at the following table and observe how the 
characteristic is changing without a change in the mantissa value. 

Number 
2450.0 
245.0 
24.5 
2.45 
0.245 
0.0245 
0.00245 

Log Value 
2.3892 
3.3892 
1.3892 
0.3892 
i.3892 
12.3892 
13.3892 

Note: For some log values, you can find a bar over the characteristic. Putting bar 
over the characteristic indicates that the part where the bar appeared is 
negative and mantissa (the decimal part) is positive. 

3 Finding Anti Logarithms: As you know the logarithm tables give the value of 
'mantissa in the logarithms of anumber. Whereas the antilog tablesgive the value of 
the number whose log value is known. Suppose in the above example, log value 
3.3892 is known. We are now interested in finding out the corresponding actual 
number whose log value is 3.3892 i.e., the number 2450. Here, we can say that the 



antilog of 3.3892 is 2450. Now let us learn how this antilog value is found from antilog 
tables. 

In order to find the antilog of 3.3892, first consider only the mantissa part i.e., .3892. , 
Look at the antilog tables at the row corresponding to .38 and column corresponding 
to 9. The number is 2449. Look at the mean diffcrence column at 2in the same row, 
and the value is 1. By adding 1 to 2449, the digits in the antilog value will be 2450. 
The next task is to decide t'he decimal position. In the log value of 3.3892 the 
characteristic is 3. So according to rules discussid earlier, there should be four digits 
in the antilog number. Therefore, place a decimal value after four digits. That means, 
2450.0 is the original value. To find the number corresponding to log 2.3892, the 
digits in antilog value obtained from the table will have to be the same as in the earlier 
case. Only the position of decimal point will change, which will have to be decided 
by the characteristic. In this case, characteristic is 3. So according to rules given 
earlier, the antilog must be less than '1' and there must be one zeroafterthe decimal 
and before the first significant digit in the result. Thus antilog 2.3892 would be0.0245. 

4.8.3 Coanaputation by Logarithms 

We have discussed how to find log and antilog values. Now let us study how to use 
logarithms in different types of computations. Logarithms are normally used for 
multiplicntion, division, and finding the power and the root of a number. The 
calculations are based on a set of rules. Now let us study how it is done. 

1 To Multiply Numbers: Find out the logarithms of the numbers to be multiplied, add 
them together and find out the antilog of the sum. 

Thus a x b = Antilog (log a + log b) 
I l ~ i s  is based on the rule: log a x b = log a + log b. 

Illustration 1 

Multiply 84.5 by 32.8 

Step I Find log of 84.5 and 32.8 
log 84.5 = 1.9269 
log 32.8 = 1.5159 

Step 11 Add two log values 
log 84.5 + log 32.8 = 1;9269 + 1.5159 = 3.4428 

Step 111 Find the antilog of 3.4428 
Antilog of 3.4428 = 2772.0 
.'. 84.5 x 32.8 = 2772 

Note: If we multiply84.5 x 32.8 directly, we get 2771.6. Logarithmtablesgive 
figures only with 4 significant digits. Hence, the result obtained by 
logarithms is 2771.6 converted to 4 significant digits i.e., 2772. 

Illustration 2 
Multiply 59.3 by 0.0892 
Following the same steps as in Illustration 1 
log 59.3 = 1.7731 
log 0,0892 = 2.9504 

Adding log values, the value will be 0.7235 

Note that the value carried forward from adding mantissa is '1'. So when adding 
characteristic, '2' positives and '2' negatives get cancelled. Therefore, the resultant 
characteristic of the sum will be '0'. The sign of the characteristic must be taken into 
account while adding the characteristics. 

Now Antilog 0.7235 = 5.290 
.'. 59.3 X 0.0892 = 5.290 (4 significant digits only) 

2 To Divide: To divide one number by another, find out the log of the numerator and 
of the denominator. Then subtract the log of denominator from the log of numerator. 
Find the antilog of the difference, which will be the required answer, 

a - = antilog (log a - log b) 
b 

Ratlos, Percentages end Rates 
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a 

This is based on the rule log - = log a - log b 
b 

Illustration 3 

Divide 1465.2 by 18.6 

Step I Find log of 1465.2 and 18.6 
log 1465.2 = 3.1659 
log 18.6 = 1.2695 

Step I1 Subtract log of 18.6 from log of 1465.2 
i.e., 3.1659- 1.2695 = 1.8964. 

Step IH Find the antilog of 1 A964 
antilog 1.8964 = 78.77 
:'. 1465.3 + 18.6 = 78.77 

Divide 0.009 by 0.045 

Following the same steps in Illustration 3 
log (0.009) = 3.9542 
log (0.045) = 2.6532 
3.9542-2.6532 = i.301 
Antilog (i.301) = 0.2000 
. '. 0.009 t 0.045 = 0.2000 

3 To Raise a Number to a Power: In order to raise a number to a power, multiply the 
log value of the number by the exponent of the power and find out the antilog. That 
is an = Antilog (n x log a) 

This is based on the rule log an = n X log a. 

Illustration 5 

Find (0.4)3 

Step I Find the log of the base that is 0.4 
log 0.4 = 1.6021 

Step I1 Multiply log value by the value to which it is to be raised i.e., i .6021 X 3 = 
2.8063 

Note that mantissa multiplied by 3 will have 1 to carry forward which is positive. 
Multiplying the characteristic by 3 will result in negative 3, so sum of -3 + 1 = -2 or 2. 
Step I n  Find the antilog of the result i.e., 2.8063 

,Antilog 2.8063 = 0.0640 
.:. (0.4)3 = 0.0640 

4 To Find the Root of a Number: To get the root of a number, divide the log of thy 
number by the index of the root and find out the antilog. That is 

log a n f i =  all" = antilog- 
n 

This is based on the same rule as under (iii), which can also be written as 

Illustration 6 
Find the value of 4 m  

Step I Find the log value of 85.6 
i.e., log 85.6 = 1.9325 

.- 

Step I1 Divide the log value of 85.6 by 4 as we are interested in finding the fourth root. 
1.9325 t 4 = 0.4831 

Step III Find the antilog of 0.4831 
antilog 0.4831 = 3.042 
.:. 4 m  = 3.042 



Illustration 7 
Find the value of 6- 
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&llowing the lame steps of the above Illustration 
log 0.008561= 3.9325 

To divide 3.9325 by 6, you have to write j.9325 as 6 + 3.9325 because in 3.9325 
characteristic 3 which is negative when divided by 6 does not give an integer but gives 
-0.5. If the division has to be a logarithm of a number, the integral part may be negative 
but decimal part must be positive. 

Now Antilog i.6554 = 0.4523 

... 6-6 = 0.4523 

Illustration 8 

Simplify J m  
Let 11s assume the final answer as X. 

~ a k i n ~  logarithms of both sides 

= M log 89.727 (BY rule log an = n log a) 
0.00406 X 6584 

= lh log (log 1.764 x 89.727- log 0.00406 X 6584) 
a (By rule log - = log a - log b) 
b 

= M [log 1.764 + log 89.727- (log 0.00406 + log 6584)l 
((BY rule log a X b = log a + log b) 

= 1h [0.2465 + 1.9529-('3.6085 + 3.8162)] 

Note: Logarithm tables can be read upto 4 significant digits only. But 89.727 has 5 
digits. So it will be first changed to 4 significant digits i.e., 8973 and then the 
tables will be consulted. Simplifying the above expression. 

Log X = 1h (0.7747) = 0.3874. (Taking only 4 significant digits) 
:. X = Antilog 0.3874 

= 2.440 
:. The given expression has a value of 2.440. 

IUustration 9 
Find the value of 1hl0 

Let X = lhlO. Proceeding as in Illustration 8, 

Log X = log 'h1° 
= log 1 - log 21° 
= log 1-1Olog2 
= 0 - 10 (0.3010) 
= -3.010 

Note: 1 While consulting the logarithm tables for finding the mantissa for '2', we will 
have to takeit as 2.00 or tables e l l  be consulted for 200. 

2 We havelog X= -3.010. This means both the integral part '3' and decimal part 
'.010' are negative. If -3.010 has to be a logarithm of some number X, then 
decimal part (i.e,, mantissa) must be positive. So we rewrite-3.010 by adding 
and subtracting 1 in such a way that decimal part becomes positive. 



Bosic Statistical Concepts Now log X = -3.010 
=-3.010 + 1- 1  
=-3-.010+ 1- 1  
=- 3- 1 + 1-.010 
= -4 + .990 
= z.990 

.'. X = antilog -7.990 
= 0.0009772 

While consulting the antilog tables, we looked up for the mantissa 0.900 which has only 
3 significant digits. So, the result obtained must also have accuracy upto 3 significant 
digits only. 

Hence '/21° = 0.0009772 

Others Uses of Logarithms 
The logarithms are very useful in statistical calculations. Logarithms are used in 
studying the proportionate changes. For example, 10 to 100 has the same degree of 
relative change as 100 to 1000. In both cases, figures become 10 times. This can be very 
easily seen from logarithms. The logsof 10 is 1 and that of 100 is 2. So the change in 
logarithms is from 1 to 2. Similarly, change from 100 to 1000 results in change of 2 to 3 
in log values. Increase from 1 to 2 is same as increase from 2 to 3. Thus, when changes 
in logarithms are equal, thisindicates that the relative changes in original numbers are 
identical. The concepts of logarithms are also used in graphs to show the rate of growth, 
comparison of series having different magnitudes or unlike units, comparing 
fluctuations within the same series, checking ratios, percentage changes, etc. The 
details of the use of logarithms in graphical presentation is out of scope of this any 
course. 

Check Your Progress C 
1 Add the following: 

i) 1.8346 and 2.6213 

ii) 3.1680 and 2.9431 

............................................................................................................ 
2 Find the value of the following: 

i) 2.2163 -3.8304 

ii) 3.1694 -2.4560 

iii) 0.3483 - 2.8631 

iv) 0.1294 - i .0643 

3 Simplify the following. Write your result in a form so that it can be taken as the 
logarithm of a certain number. 

i) 8x i . 4631  

ii) 2.162'513 

iii) -8.864 

iv) 0 - 2.4831 



......................................................................................... :.................* 
4 Find the value of the following using logarithms. 

i) 3.45 X 138.034 

ii),O.O83X0.0048 .. 

iii) 183.4513.56 

iv) 0.013611.26 

v) (3.14)5 

......................... ................................................................................... 
............................................................................................................ 

5 Obtain the value of the following with the help of logarithms. 

4.9 LET US SUM lLTP 

To draw meaningful and useful conclusions, collected data must be analysed in terms 
of statistical derivatives such as ratios, percentages, rates, etc. A ratio expresses the 
relationship between the magnitude oftwo quantities, It is generally stated as A:B or 
AIB. If number of categories increases, proportion is a better defivative to use. 
Proportion is the ratio of anyone category to the total of all the categories. Ratios and 
proportions are often expressed as percentages also. A ratio calculated from two : different kinds of data (i.e., one in numerator and the other in denominator) is called 
rate. A rate is usually expressed as per 1,000, per 100, etc. When the rate is expressed 
per unit, it is called c'oeficient, The main purpose of calculating these derivatives is to 
facilitate comparisons. They are also useful in estimating the unknown quantities of the 
data pertaining to either numerator or denominator. 

There are several kinds of ratios, viz., Distribution Ratio, Interpart and Interclass 
Ratio, Time Ratio and Hybrid Ratio. .Time Ratio can be calculated in h o  ways; 1) by 
using fixed base or 2) by using moving base. Hybrid Ratio is calculated between 
correspdnding parts of different categories of data. They are usually stated as per unit 
and not as per cent. In this sense they can be viewed as rates also. In calculating of these 
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Bnsic Statistleal Concepts ratios, the denominator or the base is always a standard with which the numerator is 
being compared. In time comparison earlier event is commonly taken as base. The 
number of denominator units used as base is determined by common practice, 
convenience and effectiveness. This number should be large enough so that value of 
numerator comes out in whole number having not more than two to three digits. ~t 
should also be smaller than thesize of the original data to be taken in the denominator. 

Misinterpretation or misuse of ratios, percentages, etc., is generally due to the 
following reasons: 1) confusion regarding the base, 2) distortion caused by small bases, 
3) comparison of ratios reflecting dissimilar situations, 4) mistakes in computation, 
5) calculations based on small absolute numbers, and 6) improper procedure of 
averaging. One must take care of these problems while computing statistical derivatives 
and drawing conclusions. 

Logarithms are very helpful in mathematical calculations. Logarithms of a number 'Y' 
to the base 'b' is defined as the power to which base is raised to give rise to the given 
number. If Y = bt then logbY = t. Logarithms to base10 are called common logarithms 
and they are used in calculations. The integral part in the logarithm is called 
characteristic and the-decimal part is called mantissa. Characteristics can be positive or 
negative and can be found by just looking at the number of digits to the left of decimal 
or when the number is less than 'I1, by counting the number of zeros-akter the decimal 
and before the first significant digit. Mantissa is always positive and can be found with 
the help of log tables. Antilogarithm of a number 't7 is equal to 10'. It is determined with 
the help of antilog tables. Calculations with the help of.logarithms are made with the 
help of three rules. 

1 l o g a x b = l o g a + l o g b  

2 log alb : log a - log b 

4.14) KEY WORDS 

Characteristic of Logarithm: It is the integral part of a common logarithm. 

Common Logarithm: When the base of the logarithm calculation is 10, it is called 
common logarithm. 

Distributive Ratio: Ratio of a part to total which includes that part. It is the same as 
proportion. 

#Hybrid Ratio: A ratio between corresponding parts of different categories of data. It is 
similar to rate. 

Logarithm: Logarithm of a given number (logy) is the power to which a given base (say 
'b') is raised to attain the given number. If y = bt then t = log,y. 

Mantissa of a Logarithm: The decimal part in the value of a common loghthm. 

Percentage: Gives the magnitude of the numerator when denominator of a ratio 
becomes 100. 

Proportion: The ratio of the number of items in one category to the total number of . 
items in all categories. 

1 

Rate: A ratio in which when numerator and denominatorare exprtssed in different 
units. 

Ratio: Expresses the relationship between the magnitude of two quantities of the same 
kind and denotes how many times one of the quantities is contained in the other. 

Time Ratio: Generally shown in percentages, expresses the change in a series of values 
relating to different time periods. 

- 

4.11 ANSWERS TO CHECK YOUR PROGRESS 

A 5 (i) False (ii) True (iii) False (iv) True 
6 (i) d (ii) a (iii) b (iv) c 



B 3 (i) True (ii) False (iii) False (iv) True (v) False (vi) False (vii) True (vjii) False 

C 1 (i)2.4559 (ii)4.1111 
2 (i) 4.3859 (ii) 6.7134 (iii) 3.4852 (iv) 1.0651 
3 (i) 5.7048 (ii) 1.3875 (iii) 9.136 (iv) 1.5169 
4 (i) 476.2 (ii) 0.0004 (iii) 51.53 (iv) 0.011 (v) 305.2 
.5 (i) 1.263 (ii) 0.5903 

Questions 
1 Explain the meaning and purpose of ratios, percentages and rates. 

2 Explain the factors which lead to the misinterpretation of statistical derivatives. 

3 What are the various types of ratios? Explain the factors to be kept in mind while 
computing the ratios. 

Exercises 
1 Year-wise number of births in a hospital are given. Compute the following: 

a) Percentage of males and females every year. 
b) Time ratios using i) fixed base approach (1982), and ii) moving base. 

Year Males Females 

2 One is interested in comparing the sales of three TV brands viz., X, Y, Z in a town 
during the last month. Four retailers who deal in these three brands are identified and 
their sales figures are as follows: 

No. of TV sets sold 
Retaller 

Brand X Brand Y Brand Z 

Retailer 1 4 3 1 

Retailer 2 8 4 3 

Retailer 3 8 6 1 

Retailer 4 10 7 0 

Calculate the following: 
a) The distribution ratio and percentage number of X brand sets to the total number 
' of W s  sold. 
b) The distribution ratio and percentage of the number of X and Y brands together to 

the total sales. 
c) The interclass ratio of the number of X TVs to the number of Y TVs sold. 
d) The interclass ratio of the number of X plus Y TVs to Z W s .  

Answer: a) 0,545 ; 54.55% 
b) 0.909 ; 90.91% 
G) 3:2 
d) 10:l 

3 Mr. A is a new salesman in a business firm and Mr. B is an experienced salesman in 
the same firm. Mr. A increased his sales in the second month by more than 50% over 
his first month's sales. In the same period, Mr. B's sales increased by 5%. Does this 
prove that Mr. A is a better salesman than Mr. B? Explain. 

I 
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i Basic Statistical Concepts 4 What refinement is desirable in the denominator of each of these ratio's: 
a) Employees killed in a bus accident to the total number of employees of 

railways. 
b) The number of unemployed in a community to the total number of persons in 

the community. 
c) The number of students passing the B.A. degree to the total number of 

students in the city. 
d) The number of measles cases in the town to the town population. 

5 Given the following information about the credit societies in two different states, 
compute different ratios to enable interpretation of the data. What are your findings? 

State No. of No. of Loans given dudng Ute year 
Societies Members 

(in Oo@) Number (000s) Amount (O(lOs) 

6 Find the value of the following using logarithms: 

ii) 32 i v176.5 x 60 

iii) (34.1)5.1 

Answer: (i) 120.7 (ii) 0.9874 (iii) 6,56,60,000 

7 Find the value of r when 

r ( 1 + - ) 5 = 2  
100 

Answer: 14.9 

Note: These questions and exercises will help you to understand the unit better. 
Try to write answers for them. But do not send them for assessment to the 
university. They are for your practice only. 
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5.0 OBJECTIVES " 

After studying this unit, you should be able to : 
describe the factors affecting choice of data 
explain the problem5 of collecting primary data 
narrate the different methods of collecting primary data 
state the sources of secondary data 
explain the precautions to be taken while using secondary data, and 
describe the advantages and disadvantages of using secondary data. 

5.1 INTRODUCTION 

In Unit 2 we have briefly discussed the meaning of primary and secondary data, different 
methods of collecting primary d a t ~  and thegources of obtaining secondary data. In this unit 
we will discuss in detail the various factors determining the choice of dita, the problems in 
collecting primary data, and different methods of collecting primary data. You will also study 
the merits and limitations of secondary data, sources of secondary data, and the precautions 
one should observe in using secondary data. 

5.2 FACTORS AFFECTING CHOICE OF DATA 

As you know, statistical data can be categorised as primary and secondary data. Primary data 
refers to the data collected for the first time by the investigator as original data. Primary data 
are generally in the shape of raw material to which statistical methods have to be applied for 
analysis, If the investigator collects data which has been collected and p r o d  by someone 
else also, such data is referred to as secondary data. Secondary data is generally in the shape of 
finished product since it has already been treated in some form or the other. When you plan a 
statistical survey, you have to indicate whether you should collect primary or seoonclary data. 
This is a basic qukstion which must be settled in advance before you 8taR data collection. The 
choice of data depends on several factors which are stated below : 
1) Object of the enquiry 
2) Scope qf the enquiry 
3) Financial resourca 
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4) Time factor 
5) Status of the investigating agency 
6) Human resources 
7) Availability of secondary data 
8) Degree of accuracy desired 

1) Object of the Enquiry : This is the most important factor affecting the choice of data. You 
should collect the data which can serve the object of the enquiry. The object will indicate 
the type of information required for the survey. If the objective of the study is served by the 
primary data, you have to go for primary data. 

2) Scope of the Enquiry : Scope refers to the coverage of the survey with regard to the type 
of information, the subject matter, geographical area covered, etc. If the information to be 
obtained happens to be quite comprehensive and basic, the primary data would prove to 
be more suitable. 

3) Financial Resources : Finance, in fact, is a big constraint in statistical survey and you have 
to act within this limitation. The availability of funds determines, to a large extent, the type 
of data to be used in an investigation. In most of the cases, collection of primary data 

'requires more funds than the secondary data. When funds are very limited, we usually go 
for secondary data. If adequate finance is available, then we can plan for collecting primary 
data. 

4) Time Factor : The required time for the collection of primary data and secondary data 
should also be considered in deciding whether to select primary data or to use secondary 
data. Collection of' primary data requires relatively more time than the collection of 
secondary data. If there is sufficient time for the accomplishment of the investigation, we 
may use primary data. But if the time is a constraint, then we should consider secondary 
data. The time factor. thus, affects the type'of data to be collected for the survey. 

5) Status of the Investigating Agency : This is another important factor in making choice of 
data to be collected. Much depends upon whether the investigating agency is the 
Government or some public organisation/institution or an individual. In the first case one 
can think of collecting primary data onca large scale. However, for individuals, it is very 
difficult to collect primary data on a large scale. For an individual it is economical and 
practically feasible to use secondary data. Public organisations or institutions may also take- 
up field surveys for obtaining relevant information but that may not be the case with 
private organisations. The Government or the public institutions can afford to spend more 
money and employ adequate number of trained and competent staff for the collection of 
primary data. But individuals or private organisations have lots of constraints in this regard. 

6) Human Resources : Availability of human resources also affects our choice concerning 
the data. As you know, for collecting primary data you require more persons. If you have 
competent and well trained staff you can easily organise field surveys and may collect 
primary data. If you do not have enough human resources, you can plan to use secondary 
data for your investigation. 

7) Availability of Secondary Data : Secondary data can be made use of only if they are 
available. If the secondary data are not available or if they are not adequate or not suitable, 
there is no alternative except to collect primary data. 

8) Degree of Accuracy Desired : The choice of data alp0 depends upon the degree of 
accuracy desired. Before making the choice of data, we have to decide on the degree of 
accuracy desired. If the secondary data attain the same degree of accuracy as desired in the 
present investigation, you can use secondary data. Otherwise it is advisable to plan for 
collecting primary data that fulfil the requirement of the desired level of accuracy. 

Among all the factors discussed above, no single factor can form the basis of our choice for 
data. Keeping all the factors in view, a decision has to be taken whether to use primary or 
secondary' data. 

5.3 PROBLEMS IN COLLECTING PRIMARY DATA 

We have discussed various factors which influence the decision relating to the choice of data. 
Now, let us discuss the problems involved in the collection ofbprimary data. In fact, the 
problems in collecting primary data are different from the problems we face when we collect 



secondary data. When you go for primary data, you generally confront the following problems: 

1) When you decide to collect primary data, you have to plan the field work quite 
comprehensive!y. This is necessary because the quality of result of an enquiry depends, to a 
large extent, on the preparations made before starting the data collection. Various steps in ' planning the enquiry were already discussed in Unit 2. 

I 

2) TO collect the primary data, the unit in terms of which the data have to be gathered must 
' be very clearly and unambiguously stated. The unit must possess the entire characteristics of 

a good statistical unit. Properly defined unit is a prerequisite for smooth collection of 
primary data. 

3) The problem concerning the technique of data collection is also to be looked into. As you 
know, ttiere are two techniques of data collection : (i) Census method, and (ii) sample 
method. The former method requires the collection of information from all the units in the 
population whereas the latter method obtains information from only a part of the universe. 
The investigator must decide which technique he will use. The choice would depend upon 
the availability of resources, the time factor, nature and scope of enquiry and similar other 
factors. In case of sampling technique, the sampling design has to be carefully specified. 

4) Developing the frame is another problem which has to be set prior to the collection of 
data. '~rame; refers to a list, map or other specification of the units which constitute the 
available information relating to the population designated for a particular enquiry. Data 
can be collected easily if a suitable frame already exists. Otherwise a suitable frame has to 
be developed before embarking on the collection of data. 

5 )  Before collecting priniary data it is necessary to decide on tht; degree of accuracy desired. 
As you know, a reasonable level of accuracy is desired in all statistical enquiries. The 
desired level of accuracy is to be determined keeping in view the object and purpose of 
enquiry. 

6) Designing the forms for the collection of data is another problem in the context of 
collecting primary data. Careful attention should be given to the des!gning of various forms 
(viz., questionnaire, schedule, etc.) that will be used. They should be designed in such a , 

way that required infdnnation can be collected thrpugh them. Before the commencement 
of data collection, thk forms should be pre-tested, in order to examine their effectiveness. If 
someshortcoming$are identified in the pre-testing, the same should be eradicated before 
finalising the instrument i.e., the form. 

7) The selection, training and ~u'~ervision of the field staff is more important for the collection 
of primary data than is necessary in the case of secondary data. Since the success of survey 
depends upon the field staff, it is essential ihat they are propefly selected, thoroughly 

. trained and their work closely supervised. The enumerators selected should be honest, 
intelligent and hard working. They should be able to elicit the needed information from the 
respondents. 

8) Then comes the problem of exercising control over the quality of field work. Occasional 
field checks should be made to  ensure that the interviewers are doing their assigned job 
sincerely and efficiently. A careful watch should be kept for unanticipated factors in orders 
to keep the data collection work as much realistic as possible. In other words, steps should 
be taken to ensure that the data collection work. is under control so that the information . 
collected is in accordance with the pre-defined standard of accuracy. The collected data 
should be checked for omissions, inconsistencies, and other errors before they are passed on 

, for further processing. 
\ 

9) In spite of the best effart, the problem of non-response F a y  remain. Some suitable 
" 

method(s) should be designed to.tackle this problem. One method of tackling the problem 
' 

. of non-response is to make a list of non-respondents and take a small sample of them and 
efforts can be made for securing response with the help of experts. But in any case , enumerators should not be allowed to substitute for anyone who is not considered to be a 

1 good respondent. Otherwise the bias would creep in the collected information. Proper 
I organisation has to be set up so that the data collection work proceeds smoothly. This 

problem is more serious particularly in big enquiries or investigations. You must 
judiciously select the method(s) of data collection (like observation, questionnaire, 
schedule, interview, etc.) which may prove appropriate for your study. Of course, while 
making a choice of the method to be used, you should pay attention to the nature and 
object of enquiry, availability of funds, the time factor and precision required, 

Collection of Datn 
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Check Your Progress A 
1) Differentiate between primary and secondary data. 

2) List the factors that affect the choice of data to be used in an investigation. 

.................................................................................................................................................................. 
....................................................... .......................................................................................................... 

................................................................................................................................................................. 
....................................................................................................................... ........................................ 

3) Mention five problems with which the investigator is generally contronted while collecting 
primary data. 

4) State whether the following statements are True or False. 

i) It r~kes  more time to collect secondary data compared to primary data. 
I 

ii) National income data collected by the Government is a secondary data in the hands 
of a researcher who uses it for his study. 

iii) Any single fac;or, considered in isolation, should not form the basis of our choice of 
data. 

iv) There is no difference in the problems confronted by the investigator whether he 
collects primary data for himself or uses secondary data. 

v) Secondary data should be used after it has been ensured that it is reliable, adequate 
and suitable. 

vi) The problem of developing a suitable frame arises while using secondary data. 

vii) The problem of selection, training and supervision of the field staff arises whenever 
we collect primary data irrespective of the method we use for ,the purpose. 

viii) Problem of non-response is a major problem in case of secondary data. 

5.4 METHODS OF COLLECTING PRIMARY DATA 
I 

There are many methods for the collection of primary data and any one of them can be 
employed depending upon the nature of the survey. In Unit 2 you studied in brief about these 
methods. Now let us study about them in more detail. 

5.4.1 Observation 
Observation is a systematic viewing, coupled with consideration of the seen phenomena. The 
Concise Oxford Dictionary defines obsewation as accurate watching and noting of phenomena 
as they occur in nature with regard to cause and effect or mutual relations. The required 
infohation is obtained directly through observation rather than through the reports of others. 
In the case of behaviour one finds out what the individual does, rather than what the 
individual says he does. If the informants are unable to provide the information or can' give 
only very in exact answer, questioning is not useful and observation is the only way to proceed. 
For instance, when you are studying the Oehaviour of small children who cannot speak, you 
can collect the information by abserving the children under different circumstances. You 



should remember that all phenomena are not open to observation. Even if a phenomenon is CoUection of ~ a t q  

open to observation, it may not find a ready observer at hand. 

Observation may be participant observation or non-participant observation. In Participant 
Observation Method the observer joins in the daily life of the group or organisation he is 
studying. He watches what happens to the members of the community and how they behave. 
He also engages in conversation with them to find out their reactions to, and interpretations of, 
the events that have occurred. In the Non-Participant Observation Method in order to . 

collect information the observer will not join the group or organisation he is studying but will 
watch it from outside. 

Merits : This method has the following advantages : 
.I) This is the best suitable method when the informants are unable to provide information or 

can give in exact information. 

2) This method provides first hand information and provides deeper insights into the problem. 
Therefore, this is useful for intensive studies. 

Limitations : This method suffers from the following limitations : 

1) In many cases, you cannot predict when the events occur. So a phenomenon which is open 
to observation may not find a ready observer at hand. 

2) The observer should be very objective in interpreting the events he has observed. 
Otherwise, the bias of the observer may creep into the results. 

3) This is not suitable for largk scale extensive studies. 

4) The presence of the observer may influence the behaviour he is observing. In such cases he 
may not get the actual information. 

5.4.2 Personal Interviewing 
Under this method data are collected by the ihvestigator himself through interviews. Therefore, 
the enquiry is intensive rather than extensive. Under this method the investigator meets the 
informants personally, asks them questions pertaining to enquiry and collects the desired 
information. Thus, if a person wants to collect data on the wages of workers of the National 
Ball Bearing Company, he would go to the factory site of this company, contact the workers 
and collect the relevant information. Thus, this method is generally used in small size surveys 
confined to a small locality. 

Interviews can be formal or informal. In Fonnal Interviewingset questions are asked and thc 
answers are recorded in astandardisedform. This is the practice in large scale interviews 
where a number of investigators are assigned to the job of interviewing. In a formal interview, 
the interviewer's bias is minimised. This type of interview is most suitable when you know 
very clearly what type of information you require for your survey. In the case of Informal 
Interviewing, the investigator may not have a set of questions but have only a number of key 
points around which to build the interview. The interviewer is at liberty to vary the sequence 
of questions, to explain their meaning, to add additional ones and even to change the wording. 
Informal interviews are preferred in the case of an explorative survey where you are not sure 
about the type of data you collect. 

Merits : The major advantages of this method are as follows : 

1) The response of the persons interviewed is more encouraging as most people are willing to 
supply information when approached personally. 

2) The information obtained is likely to be more accurate because the doubt of any of the 
informants can be cleared by the investigator himself. 

3) Additional information about the personal characteristics of informants which are helpful 
in interpreting the results later on may as well be collected. 

Limitations : The limitations of this method are as follows : 

1) Major limitations of this method'are t k  subjective factors or the biases of the investigator 
coming in either consciously or unconsciously. 

2) It is a costly and time consuming method especially when the number of perso-ns to be 
interviewed is large and they are spread over a wide area. So, this is not suitable for big 
surveys. 
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- 
Under this method the invtstigator appoints local agents or correspondents in diiferent places 
of the field of en~uiry and the relevant information is obtained through them. These 
corresDondents and transmit the information to the office of the investigator. 
~ e w s p a ~ e r  agencies generally adopt this method. This method is also used by various 
departments of the Government in cases where regular information is to be collected from a 
relatively wide area. In case of making crop estimates or for obtaining regular infomation 
regarding prices of different commodities for the preparation of price index this method is 

used. 

Merits : The chief merit of this method is that it is comparatively cheap and also gives 
approximately good results. The method is equally appropriate for extensive enquiries. 

Limitations : The danger of entering personal bias of the correspondents in the reports 
submitted by them at more or less regular intervals is, however, great in this method. Thus, it 
6 necessary that the correspondents or the agents appointed for the purpose must be selected 
very carefully and trained properly. 

5.4.4 Questionnaire 
Collection of data through quest~onnaires is the most popular method for collecting primary 
data. A questionnaire is'a List of questions pertaining to the enquiry. Under this method a 
questionnaire is sent to various informants with a request to answer the questions and return ; 
the questionnaire. The questionnaire is mailed to the respondents who are expected to read thq 
questions and record their response in the space meant for the purpose on the questionnaire 
itself. The respondents have to answer the questions on their own. This method is extensively , 
employed in various economic and bus~ncss surveys. 

Merits : The clerits of this method are as under : 
I 

1) This method is very economical particularly when the universe is large and spread 
I 

geographically on a vast area. 
a .  

2) Since the answers happen to be in the respondent's own words, he/she is free from the bias' 
of the interviewer. 

3) Respondents can take their own time to answer the questions. So they give well thought 
out answers. 

4) Respondents that are at remote places and are not easily approachable can also be reached 
conveniently . 

5) Large samples can be covered and thus the results can be more dependable and reliable. 

Limitations : This method also suffers from the following limitations : 

1) Sometimes the respondents do not bother to return the questionnaires. So there is the 
problem of low rate of return of the duly filled in questionnaires. And also bias due to non- 
response cannot often be determined. 

2) Questionnaires can be circulated only among the respondents who are educated and 
cooperative. . 

b. 
3) Once the questidnnairesare sent to the respondents, the investigator cannot change or 

modify the questions for individual respondents. 

4) There is no flexibility because of the difficulty of amending the approach once the 
questionnaires have been despatched. 

5) There is also the possibility of ambiguous replies or omissiol~ of replies to certain questions. 
Interpretation of omissions is difficult. 

6) It is difficult to know whether willing respondents'are truly representative. 

7) This method is likely to be the slowest of all, because the respondents take their own time 
to return the filled in questionnaires. 

Before sending them to the respondents, it is advisable to conducl n 'Pilot Survey' for pre- 
testing it. Pi!ot Survey is in fact the replica and rehearsal of the main survey. From the 
experience gained in this sort of sbrvey, changes can'be made in the questionnaire for the final 
collection of data. The pre-testing'is necessary particularly in case of a big enquiry. 

- 



Features of a Good Questionnaire : In order to make the questionnaire more effective, it 
must be very carefully drafted. The' form and tone of the questionnaire must be designed so as 
to bring in the personal element which is lost in the mailed questionnaire. The following are 
the qualities of a good questionnaire : 
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1) It should be short and simple. 

2) Questions should proceed in logical sequence starting with easy questions and then moving 
on to more difficult ones. Personal questions should generally be avoided or may be left to 

I the end. 
I 

3) Questions may be dichotomous (yes or no type), or multiple choice. Open ended questions 
are dificult to analyse and should be avoided to the extent possible. 

I 4) In order to ensure the reliability of respondent there should be some control questions. 
* 

1 They introduce a cross-check to see whether the information collected is correct or not. 

I 5) Adequate space for answers should be provided in the questionnaire itself. There should 
always be provision for indications of uncertainty e.g., "do not know", "no preference". 

; and so on. 

, 6 )  Layout and design of the questionnaire should also be attractive so that it may attract the 
attention of the respondents. 

5.4.5 Schedule 

This method of data collection is similar to that of the questionnaire. The schedule is also a 
proforma containing a set of questions. The'difference between the questionnaire and the 
schedule is that the schedule is being filled in by the enumerators who are specially appointed 
for the purpose. These enumerators go to respondents with the schedules and ask them the 
questions from the schedule in the order they are listed. The enumerator records the replies in 
the space meant for the same in the schedule itself. In certain situations, schedules are handed 
over to respondents and the enumerators help the respondents in recording the answers. 
Enumerators explain .the objectives of the investigation and also remove the difficulties which 
the respondent may feel in understanding the implications of a particular question(s) or the 
definition or concept of difficult terms. Thus, the essential difference between the questionnaire 
and schedule is that the former (i.e., questionnaire) is sent to the informants by post and in the 
latter case the enumerators carry the schedule personally to informants and fill them in their 
own handwriting. This method is usually adopted in investigations conducted by governmental 
agencies or by some big organisations. For instance, population census all over the world is 
conducted through this method. 

Data collection through schedules requires enumerators for filling up schedules and as such 
they should be very carefully selected. They should be trained to perform their job well. They 
should be intelligent and must possess the capacity of cross-examination in order to find out 
the fact. Above all, they should be honest, sincere, hard working and should have the patience 
and perseverance. In drafting the schedules, all points stated for a good questionnaire, 
must as well be observed. 

Merits : The main advantages of this method are as follows : 

1) It can be adopted in those cases where informants are illiterate. 

2) The problem of non-response is avoided as the enumerators go personally to obtain the 
information. 

3) The method is very useful in extensive enquiries and can lead to fairly reliable results. 

4) The identity of the respondent is known which is not always clear in case of a 
questionnaire. 

I 

I Limitations : This method has the following limitations : 

1) This method is very expensive as enumerators are generally paid persons. Money also has 
to be spent in training them. 

2)' Another limitation is that if the investigator is not good in interviewing, most of the 
information collected by him may be unreliable. 

1 3) Since the investigator is present when the respondent is giving the answers, the respondent 
: may not give answers to some personal questions freely. 
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As discussed above, there are several methods for the collection of primary data. You have to 
choose the best suitable method for your study. You must make your choice of method very 
judiciously so that the method chosen will be quite appropriate and effective. For this purpose, 
you should consider (i) nature, scope and object of enquiry, (ii) availability of funds, (iii) the 
time factor, (iv) the precision required, (v) other relevant factors as stated in Section 5.2 above. 

But you should always remember that each method of data collection has its own advantages 
and limitations and nane of them is suitable in all situations. For instance, the observation 
method is suitable for intensive field surveys to be conducted when the incident is really 
happening. The interview method is considered suitable in cases where indirect sources of 
information are required to be tapped because direct observation is not possible. Information 
through local reports and correspondents is considered a suitable method when information is 
to be obtained at regular intervals from a relatively wide area. The questionnaire method is 
appropriate in extensive enquiries where informants are spread over a wide area. This method, 
however, can be adopted only when the respondents are educated and capable of filling in their 
responses themselves. Data collection through schedules is suitable in casc of extensive 
enquiries spread over a wide area wherein informants may not always be literate. This 
method, however, requires lot of funds, relatively more time and a team of dedicated 
enumerators. Due to its high rate of response this method is usually adopted b y  the 
Government in extensive enquiries such as the population census. 

In case funds are available and more information is desired, personal interview method can 
easily be adopted provided the enquiry is confined to a limited area. In case there is sufficient 
time and limited funds the questionnaire method will be more suitable. Where a wide 
geo4raphic area is to be covered, the use of questionnaires supplemented by personal interview 
will yield more reliable results. In short, the most desirable approach while making a choice of 

I 
method depends on the nature of the particular problem and on the time and resources 
(financial as well as human) available along with the desired degree of accuracy. Above all I 

I 
those, much depends upon the ability and experience of the investigator. In this context 
A.L. Bowley's remark "in collection of statistical data commonsense is the chief requisite and 
experience is the chief teacher", is quite appropriate. I 

Check Your Progress B I 
1) Differentiate between an interview and a schedule. 

I 

................................................................. 

2) Distinguish bctween a questionnaire and a schedule. 

3) Distinguish between an observation and a interview. 



4) Name the appropriate method of primary data collectior. under each one of the following 
situations : . 

Situation Appropriate Method 

i) Intensive survey is to be conducted when the incident ........................................... 
is really happening. 

ii) When the information is to be obtained at regular ........................................... 
intervals over a wide area. 

iii) In extensive enquiries where literate informants are ........................................... 
spread over a wide area and you have enough time. 

iv). When time is ample, funds are limited, much informa- ........................................... 
tion is to be gathered, area to be covered is wide 
consisting of literate persons. 

v) When time is ample, funds are available area is wide, ........................................... 
all persons may not be literate, team of sincere and 
honest enumerators is available. 

6 

5.5 SOURCES OF SECONDARY DATA 

We have discussed various problems and methods for the collection of primary data. Now let 
us discuss the secondary data. In case you decide to collect secondary data, you have to look 
into various sources from where you can obtain it. Themurce from which you actually collect 
the data depends upon the nature of the problem. The sources of secondary data can broadly 
be classified into two categories : i) pubished, and ii) unpublished sources. Let US discuss these 
two sources in detail. 

5.5.1 Published Sources 
Data is published and made available to all the interested parties. Usual sources of pubiished 
data are the following : 

1) Reports and official publications of the central and state governments. 

2) Various publications of foreign governments or of international bodies and their subsidiary 
organisations such as the World Bank, International Monetary Fund, United Nations 
Organisation, etc. 

3) Semi-official publications of various local bodies such as municipal corporations, district 
boards, etc. 

4) Private publications, such as : 

' i) Technical and trade journals such as Commerce, Capital, etc. 
ii) Publications of professional bodies like the Institute of Chartered Accountants of 

India, Institute of Company Secretaries, Institute of Bankers, etc. 
iii) Publications of trade and industry organisations like the Federation of Indian 

Chambers of Commerce, Stock Exchanges, etc. 
iv) Annual reports of banks and joint stock companies. 
v) Reports prepared by research scholars, universities, economists, etc. 
vi) Public records and statistics, historical documents and other sources of published 

information such as books, magazines, newspapers, etc. 

5.5.2 Unpublished Sources 
All statistical material is not necessarily available in published form. There are various sources 
of unpublished data which can also be used wherever necessary. Unpublished data may 
generally be found in diaries, letters, unpublished biographies and autobiographies. 
Unpublished datii may also be available with scholars and research workers, trade associations, 
labour bureau and other public/private organisations and individuals. . .  
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Thus, there is a vast amount of information available both in published and unpublished 
sources which constitute the basis for several statistical studies. The investigator may use one 
or more sources suitable for his project. 

5.6 PRECAUTIONS IN USING SECONDARY DATA 

As you know, the secondary data has been collected and analysed by someone else. Therefore, 
while using it you should be very careful. You have to study the data carefully because it may 
be unsuitable or may be inadequate in the context of your study. It is never safe to take 
published statistics at their face value without knowing their meaning and limitations. You 
should always keep in mind the following precautions before using secondary data : 

1) Reliability of Data : Secondary'data should only be utilised if they are found reliable. The 
reliability can be tested by examining the following aspects : 

i) Who collected the data? 
ii) What were the sources of data? 
iii) Were they collected in a proper manner? 
iv) At what time were they collected? 
V) Was the compiled biased? 
vi) What level of accuracy was desired? Was it achieved? 

If the collecting agency happens to be some government institution or international 
organisation or other competent authority, the secondary data can be taken as more reliable 
compared to the data collected by individuals or by some private organisation that is not well 
reputed. Secondary data collected from published sources of,govemment departments and 
corporations established under the Act of Parliament, and international institutions are reliable. 

2) Suitability of Data : The data which may be suitable in one enquiry may not necessarily 
be suitable in another enquiry. S o  you should examine whether the data is suitable for your 
study or not. If the available'data is found to be unsuitable, it should not be used. So, you 
must carefully scrutinise the definition of vaf ous terms and units of data collected. 
Similarly, the object, scope and tlature of the original enquiry must also be studied. If these 
aspects are not found sound, the data will not be suitable for the relevant enquiry and 
should not be used. For example, you are conducting a survey on wage levels including 
allowances of workers. If the secondary data is available or!y on basic wages, such data is 
not suitable for the present enquiry. 

3) Adequacy of Data : Adequacy of the data has to be judged in the light of the 
requirements of the &wey and the geographical area covered by the available secondary 
data. For example, if our object is to study the wage rate of workers in cotton textile 
industry of India and the published reports provide the data on wage rates of workers in all 
industries together, then the data would not serve the purpose. The question of adequacy 
may also be considered in the light of thetime period for which the data are available. For 
example, for studying price trends we may require data for the last 20 years but the 
secondary data is available for the last 4 years only. Here the available data would be 
inadequate and would not serve our object. Similarly, if the level of accuracy achieved in a 
given data is found inadequate for the purpose of a relevant enquiry, such data should not 
be used by the investigator. . 

Thus, we should,use given.secondary data if it is reliable, suitable and adequate. If secondary 
data is.available from authentic sources and also suitable and adequate for the 
particular study, it will not be economical to spend time, energy and money in organising field 1 

survey for collecting primary data. Thus, if the suitable secondary data is available, as 
discussed above$ should be utilised with due precaution. 

5.7 ADVANTAGES AND DISADVANTAGES OF ' 

SECONDARY DATA 

There are certain advantages and disadvantages in using the secondary data. Let us now 
discuss them. 



Advantages 
1) ~t is much more economical to use secondary data as we do not need to spend money on 

printing data collection forms, and hiring large numbers of enumerators. 

2) Secondary data, if available, can be obtained more quickly compared to primary data. 
Secondary data can be collected in a few days whereas it may take months to complete 
field work for obtaining primary data. As such the investigation may be accomplished in 
lesser time with the help of secondary data. 

3) Secondary data facilitates the work of individual investigator or research organisation when 
they .find it impossible to collect primary data with regard to several subjects. Census data, 
national income data, etc., cannot be collected by an individual but they can be easily 
obtained from government publications. 

4) The worldwide data concerning diverse phenomena like world trade, industry, population, 
health, etc., are usually obtainable through secondary sources published by international 
agencies like United Nations Organisation, World Bank, International Monetary Fund. etc. 

5) At time, there may be lots of usable information in the already available data which can 
well be utilised by the investigator and he can even have new insights concerning the 
problems he is studying. 

6) Most statistical analysis in practice rest upon secondary data since they are readily available 
in many cases in diverse fields. We use primary data only when secondary data do not 
provide an adequate basis for analysis. 

Disadvantages 

1) Secondary data is very risky and is to be used only when their reliability, suitability and 
adequacy have been ensured. If this is not done, the results of the investigation may not be 
fully correct. 

2) It is difficult to find secondary data which exactly fit the needs of your investigation. 

3) There is also the problem of finding secondary data which is sufficiently accurate. Due to 
bias, inadequate size of mmple, errors of ldefinition, etc., the secondary data may be 
erroneous. 

4) Many times, secondary data are not available and in such situations we have to 
compulsorily collect primary data. 

Check Your Progress C 
1) Write names of five published sources of secondary data. 

................................................................................................................................................................. 
2) What are the basic factors to be kept in mind while using the secondary data. 

................................................................................................................................................................. 
3) State whether each of the following statements is 'True or False. 

i) Using secondary data is always economical than using primary data. 

ii) Secondary data is always available in published sources. 

iii) Secondary data when used witl~out verifying the suitability, reliability and adequacy 

may not yield correct results. 

iv) Secondary data which is not published is not reliable. 

Collection of Data 



Collection, ClassiRcalion and 
Presentation of Data 5.8 LET US SUM UP 

Statistical data can be either primary data or secondary data. Primary data means the data 
which is collected for the first time as original data. Secondary data,refers to the data collected 
and processed by someone else earlier and is being used now in the present enquiry. Important 
factors which affect the choice of data are : 1) object and scope of enquiry, 2) financial 
resources, 3) the time factor, 4) status of the investigator, 5) human resources, 6 )  precision 
required, and 7) availability of secondary data. 

. There are several problems in the collection of primary data. Important among them are : The 
problem of defining the unit of data collection, the problem concerning the technique of 
collection, the problem of developing the frame, the problem of deciding the degree of 
accuracy, the problem of designing questionnaire/schedule, selection and training of 
enumerators, the problem of tackling non-response, the problem of control of the field work 
and other administrative aspects. ' 

There are several methods of collecting the primary data viz., observation, interview, 
information from correspondents and local reports, questionnaire and schedules. Each of these 
methods has its own merits and limitations. As such no one method is appropriate in all- 
situations. The investigator must make a choice of one Qr the other method as per the needs of 
the situation after taking into consideration the object and nature of enquiry, availability of 
funds, the time factor and the precision required. 

Secondary data may be obtained from both published and unpublished sources. Secondary 
data should always be used with precautian. It should be used after ensuring reliability, 
suitabiiity and adequacy, otherwise it may result in misleading conclusions. Secondary data . 
have certain advantages and disadvantages. 

- - 

5.9 KEY WORDS 

Enumerators : Persons u 5  go to respondents and gather information from them through pre- 
designed schedules. 

Interview : A method of collecting primary data by meeting the informants personally and 
asking them questions. 

Non-response : Problem of not getting the questionnaire duly filled in by the informants, 

Observation : A method of collecting the information by observation when the incident is h 

actually happening. 

pilot Survey : Replica and rehearsal of the main survey. The cxperiet~ce gained through the 
pilot 'survey is made use of in finalking the questionnaire. I 

Primary Data : Data thai is.collected for the first time as original data. 

Pubfished Sources : Sources which contain published statistical information. 

Questionnaire : An jnstrument.for collection of primary data containing a list of questions 
pertaining to enquiry, generally sent by post to informants and the respondent himself writes 
the answers. 

Schedule : An instrument for'the collection of primary data which contains a set of questions 
to be filled in by the enumerators who arespecially appointed for the purpose. 

Secondary Data : Data which were collected and processed by someone else but are being 
used in the present enquiry. 

5.10 ANSWERS TO CHECK YOUR PROGRESS 

A) 4) i) Fasle ii) True iii) True iv) False v ) ' ~ r u e  vi) False vii) False viii) False. 



B) 4) i) Observation 
ii) Through correspondents and local reports 
iii) Questionnaire 
iv) Questionnaire 
v) Schedule 

C) 3) i) False ii) False iii) True iv) False 

5.11 TERMINAL QUESTIONS 

1) Diffeientiate between primary and secondary data. Describe the factors that affect the 
choice of data to be used in an investigation. 

2) Dacribe the problems that are usually confronted by th'e investigator when he decides to 
collect primary data. 

3) Explain various methods of collecting primary data and also narrate their merits and 
demerits. 

4) "It is never safe to use secondary data without proper scrutinisation" explain. 

5) What are the sources of secondary data? Explain the advantagei and disadvantages of 
using secondary data. 

Note : These questions will help you to understand the unit better. Try to write answers for 
them. But do not'submit your answers to the University. These are for your practice 
on1 y. 

Collection of Data 
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6.0 OBJECTIVES 

After studying this unit, you should be able to : 
explain the meaning of classification 
state the objectives and methods of classification 
describe varlous terms relating to frequency distribution; and 

0 construct frequer,cj: distribution. 

6.1 INTRODUCTION 

You have learnt about various sources and methods of collecting primary data and secondary 
data. As the collected data is in the raw form, you cannot interpret it and draw useful 
conclusions. Therefore, to draw meaningful conclusions on the basis of collected data, it is 
essential to present it  in summarised and simple form. Classification of data helps us in 
presenting the mass of data in summarised and simple form. In this unit you will learn the 
meaning, objectives and different methods of classification. You will also learn about different 
kinds of frequency distributions and the method of constructing them. 

6.2 MEANING OF CLASSIFICATION 

Classification means arranging the mass of data into different classes or groups on the basis of 
their similarities and resemblances. All similar items of data are put in one class and all 
dissimilar itams of data are put in different classes. Statistical data is classified according to its 
characteristics. For example, if we have collected data regarding the number of students 
admitted to a university in a year, the students can be classified on the basis of sex. In this case, 
all male students will be put in one class and all female students will be put in another class. 
The students can also be classified on the basis of age, marks, marital status, height, etc. The 
set of characteristics we choose for the classification of the data depends upon the objective of 
the study. For example, if we want to study the religions mix of the students, we classify the 
students on the basis of religion. 

- 
6.3 OBJECTIVES OF CLASSIFICATION 

Classification helps in achieving the following objectives : 

1) It helps in presenting the mass of data in a concise and simple form. 



2 )  It divides the mass of data on the basis of similarities snd resemblances so as to enable 
comparison. 

Clsssification of Data 

3) It is a process of presenting raw data in a systematic manner enabling us to draw 
meaningful conclusions. 

4) It provides a basis for tabulation and analysis of data. 

5) It provides us a meaningful pattern in the data and enables us to identify the possible 
characteristics in the data. 

6.4 METHODS OF CLASSHFHCATEON 

You have studied the meaning and objectives of classification. Now let us study the methods 
of classification. Broadly, there are two methods of classification : i) classification according to 
attributes, and ii) classification according to variables. 

6.4.1 Classification According to Attributes 

An attribute is a qualitative characteristic which cannot be expressed numerically. Only the 
presence or absence of an attribute can be known. For example. intelligence, religion, caste, 
sex, etc., are attributes. You cannot quantify these cl~aracteristics. When classification is to be 
done on the basis of attributes, groups are differentiated either by the presence or absence of 
the attribute (e.g. male and female) or by its differing qualities. The qualities of an attribute 
can easily be differentiated by means of some natural line of demarcation. Based on this 
natural difference, we can determine the group into which a particular item is placed. For 
instance, if we select colour of hair as the basis of classification, there will be a group of 
brown haired people and another group of black haired people. There are two types of 
classification based on attributes. 

1) Simple Classification : In simple classification the data is classified on the basis of only 
one attribute. The data classified on the basis of sex will be an example of simple 
classification. It can be shown as under : 

2) Manifold Classificatiorn : Pn this classification the data is classified on Lhe basis of more 
than one attribute. For example, the data relating to the number of students in a university 
can be classified on the basis of their sex and marital status as shown below : 

Students 

6.4.2 Classiflcatioal According to Variables 

Variables refer to quantifiable dnatacte;is~.icc; (16 d:tii: snd :311 bi: exprcsscd bumerialiy. 
Exnu~plcs of variable are wages, age, ileight, weight, marks, distance, etc. As YOU know, all 
fllese variables c:hn be expressed in quantitative terms. In this form of classi!ica,tion, Ihe ala1.a is 



Colleciion, L.le~slfieation m d  shown in the form of a frequency distribution. A frequency distribution is a tabular 
Presentation of Data presentation that generally organises data into classes, and shows the number of 

observations (frequencies) falling into each of these classes. Based on the number of 
var'abla used, there are three categories of frequency distribution : 1) un'-variate frequency 
distribution, 2) bi-variate'f equency distribution, and 3). multivariate frequency distribution. 

1) Uni-variate Frequency Distribution : ?'he frequency distribution with one variable is 
called a uni-variate frequency distribution. For example, the students in a class may be 
classified on the basis of marks obained by them. This is pres -11ted in Illustration 1. 

An example of ~ni:variate Frequency Distribution. 

Marks ~n Statistic. No. of Students 

Total 100 

The following ;.oints should be noted about the frequency distribution in Illustration 1. 

1) The marks in statistics have been div'ded into vario~s classes of 0-10, 14 -20, 20-30, 
etc. 

2) l'he first class 0-10 marks signifies that the students secur'ng 0 marks or above but less 
than 10 marks will be put in this class. Similarly, the class 10-20 denotes that the 
students securing 10 marks or above but less than 20 wi 1 be placed in this cl&. 

3) The students falling into these classes have been put in the respeche classes, which 
means that there are 15 students in the class 0-10,25 students in the class 10-20 and so 
on. The nurr ber of students falling in a particular class is known as the frequency of 
that class. 

2) Bi-variate Frequency Distribution : The frequency distribution with one variable is 
called bi-variate frequency distribution. The uni-variate frequency distribution given in 
Illustrafion 1 shovs only the marks of [he studeltts in statistics. If a frequemy distribution 
shows two variabies i.e., marks in statistics and age, it is known as bi variate freq ency 
distribution. J ook at Illustration 2 for an example of bi-variate frequency distribution. 

Illustration 2 

An example of Bi-variate Frequency Distribution. 

Marks i I Number of Students with the Age 
Statistics (in Years on Last Birthday) 

I8 years 19 years 20 years 21 ears Tota: 

40-50 - 1 9 0 - 

Total 5 20 45 30 1130 

The following points should be noted about the bi-variate distribution presented i 1 Illustration 
2 : 

1) The marks in statistics have been divided as 0-10, 10-20, 20-30, etc., whereas age in 
years-on the last birthday has been taken as 18 years, 19 years, 20 years, etc. 



2) The students securing 0 marks or above but less than 10 marks and 18 years of age 
have been put against 0-10/18 years. This number is 1. Similarly, the number of 
students falling in 0-10 class but with 19,20 and 21 years of age are 4, 8, and 2 
respectively. The total number of students with 18 years of age is five among which 
one person is placed 0-10 marks class and the remaining four in 10-20 marks class. 

3) Multi-variate Frequency Distribution : The frequency & distribution with more than 
two variables is called multivariate frequency distribution. For example, the students in a 
class may be classified on the basis of marks, age and sex. Now let us take the example 
presented in Illustration 2 and further classify the students based on sex. Study Illustration 
3 carefully and examine how it is done. 

Illustration 3 

Example of Multi-variate Frequency Distribution. 

Marks in Number of Students with the Age 
Statistics (in Years on Last Birthday) 

18 years 19 years 20 years 21 years 22 years Total 

Male Fem. M F M F M F M F M F 

Total 3 2 10 10 21 24 18 7' 3 2 55 45 

L 

Check Your Progress A 

1) What is classification? 

..,...... ................................................................................. 
2) What are the objectives of classification? 

3) What is the distinction between simple classification and manifold classification based on 
attributes'? 

4) Distinguish between classification according to attributes and classification according to 
variables? 

ClassiRcation of Dafa 



Collection, Classification and 5) What is the distinction between uni-variate and bi-variate frequency distributions? 
Presentation of Data i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 

6) State whether the following statements are True or False. 

i) Classification of data means arranging the data in different classes on the basis of 
similarities and resemblances. 

ii) Classification helps in presenting the mass of data in concise and simple form. 

iii) No comparison is possible with the help of classified data. 

iv) The data classified on'the basis of sex and age is an example of simple classification. 1 
v) A frequency distribution is a tabular presentation that generally organises data into t ~ 

classes and shows the observations falling into each of these classes. 1 

vi) A bi-variate frequency distribution shows the distribution based on two variables. 

7) From among the words given in the brackets, select the appropriate word and fill in the 
blank. 

i) Attribute refers to . . . . . . . . . . . . . . . . . . . . . . . .  aspect of data. (quantitative/quaIitative) I 
I 

ii) The classification of the students of a university on the basis of their height is an 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  example of classification according to (attribute/variable) i 

iii) The classification of the students of a university on the basis of their religion is an 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  example of classification according to (attributehariable) 

iv) A frequency distribution prepared on the basis of weight of persons is an example of 
.................. frequency distribution. (uni-variate/bi-variate) 

V) A frequency distribution prepared on the basis of eze, weight and height is an example 
. . . .  . . . . . . . . . . . . .  of : frequency distribution. (bi-variate/multi-variate) 

- -- - 

6.5 TERMS RELATING TO FREQUENCY 
DISTRIBUTION 

After studying the meaning and methods of frequency distribution, we should now discuss 
about the terms relating to frequency dislribution. There are several terms relating to frequency 
distribution. It is essential for us to understand them first. 

1) Discrete and Continuous Variables : A discrete variable is one which can take only 
isolaled values or it appears by limited gredations. Normally, it does not carry any 
fractional value. Usually it is the result of counting something. The examples of discrete 
variable are the number of workers in a factory, number of machines in a factory, number 
of children in a family, number of accidents on a particular day, etc. A discrete variable is 
also called a discontinuous variable. 

On the other hand a continuous variable is capable of assuming any fractional value 
within a specified range of values. It is the result of measuring something. The examples of 
continuous variables are weight of the students of a class, income of the employees of an 
organisation, age of the residents of a city, etc. 

A frequency distribution prepared for discrete variables is called a discrete distribution 
whereas a frequency distribution prepared for continuous variables is known as 
continuous distribution. The two types of distribution are shown in Jllustration 4 and 
Illustration 5. 



I Illustration 4 

I An example of Discrete Frequency Distribution. 

Clsssification oi Data 

No. of Goals Scored No. of Matches 
in a Hockey Match 

I 4 & above 2 

Total 50 

Illustration 5 

I An example of Continuous Frequency Distribution. 

Height of Students (in Crns.) No. of Students 

Total 50 

In Illustration 4, the variable of number of goals scored in a hockey match is 
discrete variable. Similarly, in Illustration 5, the variable of height of students is a 
continuous variable. However, it should not be inferred from the above 
illustrations that a frequency distribution with class intervals can only be prepared 
for continuous variables. In fact, frequency distribution with class intervals can 
also be prepared for discrete variables as shown in Illustration 6. 

1 Illustration 6 
An example of Frequency Distribution with Class Intervals for 
Discrete Variables. 

No. of Students No. of Working 
Present in a Class Days in the Year 

Total 250 

In Illustration 6 the variable on number of students present in a class is a discrete 
variable. But it is presented here with class intervals like a continuous variable. 
Such distributions are discrete in nature. They look like continuous distributions 
in presentation, 

2) Class-lipits : Every class or class interval has two limits : 

. 1) lower limit and 2) upper limit. The smallest possible measurement in a class is known 
as lower limit whereas the highest possible measurement is known as the upper Udt, 
Study the Illustration 6 carefully. In the frequency distribution presented in this 
illustration, the class limits of the first class i.e., 10-14, are 10 and 14. The smallest 

I possible measurement for this class is 10 whereas the largest possible measurement 
is 14. Similarly, the lower and the upper limits for the second class i.e., 15-19, are 

I 15 and 19 respectively. 



coktion, clasdficatlon and 
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3) Mid-point of a Class Interval : The mid-point of a class interval is the point lying half- 
way between the lower limit and the upper limit. Symbolically, it can be expressed as 
follows : 

Whereas, L is the lower limit of the class interval 
U is the upper limit of the class interval 

In other words, the mid-point is obtained by adding the lower limit and upper limit of a 
class and then dividing it by two. The mid-points of the various classes in the example on 
marks in statistics have been calculated in Illustration 7. 

Illustration 7 

Calculation of Mid-points of Class Intervals. 

- 

Marks in Statistics No. of Students Mid-point of a class Interval I 

4) Magnitude of a Class Interval : The magnitude of a class interval means the difference I 
between the upper limit and lower limit of a class interval. Look at Illustration 8 carefully 
and study how the magnitude of the various class intervals has been calculated. 

I 
I 
I 

I 

Illustration 8 1 

1 

Calculation of Magnitude of Class Intervals. 1 

I 
' Marks in Statistics No. of Students Magnitude of Class Intervals 

15 10.1 = 10 I 0-10 I 

In lllustration 8 presented above, you must have noticed that the magnitude of the various 
class intervals is equal. But it is not always necessary that the magnitude of different classes 
in.a distribution must be equal. We may have a distribution with unequal magnitude for 
different classes. 

5) Frequency of a Class : The number of observations falling into the limits of a class is 
called the frequency of that class. Study lllustration 8 presented above. The frequencies 
for the first class interval,(i.e., 0-10) is 15. Similarljl, the frequency for the second class 
interval (i.e. 10-20) is 25. This implies that 15 students are falling into the limits of the first class , 
interval, 25 students into the limits of the second class interval and so on. 

I 
1 

6) Number and Width of Classes : It is not pssible to lay down any hard and fast rule j 
regarding the number and width of classes. The number of classes should neither be very 
large nor too small. Sturges has suggested a fopula for determining the number of classes. i 

I 

According to him : 

K = 1 + 3.3 log N, 
I 

I 
where, N = Number of items to be classified 

K = Number of classes ordinarily to be used 



Due to other reasons if it is not possible to take the number of classes as K, then usually 
the number of classes may be between K - 2 to K + 2. For. example, if N = 500, we can 
calculate the value of K as follows : 

K = 1 + 3.3 log N 
= 1 + 3.3 log (500) 
= 1 + 3.3 (2.6990) 

' = 1 + 8.9067 
= 9.9067 
= 10 

So the number of classes for 500 items may be 10 or we can go for any number falling in 
between K - 2 and K + 2, i.e., anywhere between8 to 12. However, this formula only 
provides a guideline. At the time of determining the number of classes, it is also essential to 
take 'into account the decision regarding the width of the classes. As stated earlier, it is not 
necessary that the width of the various class intervals should be the same. If, however, the 
width of the various classes is kept equal, it provides a sound basis for comparison of data. 

7) Open-end Distributions : An open-end distribution is one in which one or two classes 
lack one class limit. It is possible that the first class interval may not have the lower limit 
and the last class interval may not have the upper limit in a frequency distribution. Such a 
distribution is known as an open-end distribution. Look at the Illustration 9 carefully for 
the example of an open-end distribution. 

Illustration 9 ' ' 

Example of an Open-end Distribution. 

Marks in Statistics No. of Students 

Less than 10 15 

40 and'above 

Total 

In lllustration 9 presented above, the first class interval is presented as 'less than 10'. In 
this case there is no lower limit. Similarly, there is no upper limit for the last class interval 
as 'it is stated as '40 and above'. The open-end distribution creates certain problems such as 
the calculation of mid-point and computations based on mid-point. 

8) Exclusive and Inclusive Frequency Distribution : The frequency distribution can be 
either exclusive distribution or inclusive distribution. In an exclusive frequency distribution, 
the upper limit of a given class interval is excluded from that class interval and is taken as 
the lower limit of the next class interval. Such a distribution has overlapping class limits. In 
an inclusive distribution, the upper limit of a particular class is included in that class 
interval. Such a distribution has non-overlapping class limits. The examples of exclusive 
and inclusive distributions are given in Illustrations 10 and I I .  

Illustration 10 

. ~ n  ex\ample of Exclusive Frequency Distribution. 

Marks in Statistics No. of Students 

, 10-20 25 

20-30 30 

30-40 20 

40-50 - .  10 

Total 100 

CLassiaeatioa of Data 
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Illustration 11 

An example of an Inclusive Frequency Distribution. 

Marks in Statistics No. of Students 

10-19 25 

20-29 30 

30-39 20 

40-49 10 

Total 100 

In exclusive distribution presented in Illustration 10, in case of the first class interval (0-10) the 
upper limit (i.e., 10) will be excluded from this class interval and will be taken as the lower 
limit of the next class interval (i.e. 10-20). Therefore, the meaning assigned to the first class 
interval will be 0 and below 10, second class interval is 10 and below 20, and so on. However, 
in inclusive distribution presented in Illustration 11, the upper limit (i.e. 9) of the first class 
interval (i.e., 0-9) will be included in the first class interval itself. In fact, both the lower .and 
upper limits of'a class are included in the same class interval. 

In the inclusive method of presenting the class intervals, it is not possible to classify items 
having values between the upper and lower limits of two consecutive class intervals. For 
example, in the inclusive distribution given in Illustration 11, items with values 9.3, 9.5, 9.9, 
19.1, 19.4, etc. cannot be classified in any of the classes. There is no such difficulty in exclusive 
method of presenting the class intervals. Therefore, the distributions are generally expressed in I 

exclusive form. However, it is a common practice to  use exclusive method for continuous 
variables and inclusive method for discrete variables. i 

9) Class Boundaries or Real Limits of a Class, Interval : Measurements relating to 
continuous variables are always recorded correct upto a reasonable degree of accuracy. 
When height of a person is recorded as 160 cm., it means that the actual height of the 
person may be anywhere between 159.5 cm and 160.5 cm. If such data (recorded in . 
integral values only) is classified by using inclusive type class intervals e.g., 155-159, 160- 
164, 165-169, etc., then the group 160-164 will include all persons with actual height 
between 159.5 cm and 164.5 cm. The limits 159.5 and 164.5 are called the lower and the 
upper class boundaries or real limits of the inclusive class interval 160-164. The lower and 
upper class limits of this class are oniy 160 and 164, the figures used in writing the class 
interval. Thus, lower class boundary of any inclusive type class interval is 0.5 less than its 
lower class limit and upper class boundary is 0.5 higher than the upper class limit. 

Conversion of class limits to real limits is necessary when continuous variables recorded in 
discrete form are classified by using inclusive type class intervals. You will come across 
with such situations at the time of analysis of data discussed in Units I 1 and 12. 

10) Cumulative Frequency Distribution : The cumulative frequency distribution shows 
cumulative frequencies and not the actual frequencies for the various classes. The 
cumulative frequency of the first class interval is the same as its actual frequency. The 
cumulative frequency of the second class interval is obtained by adding the frequency of 
the first class interval and the frequency of the second class interval. Similarly, the 
cumulative frequencies'of the various other class intervals are determined. .Look at 
Illustration 12 carefully and study how the frequency distribution is converted into 
cumulative frequency distribution. 

Illustration 12 
Calculation of Cumulative Frequency ~btributian. 

I -- 
Marks in Statistics No. of Students Cumulative Frequency 

(Frequency) 
. -- 

0-10 15 15 

10-20 " 25 25+15 = 40 

20-30 30 30 + 40 = 70 

30-40 20 20 + 70 = 90 

40-50 10 10 t,90 = 100 



A cumulative frequency distribution can be expressed as shown in Illustration 13. 

Illustration 13. 

Presentation of Cumulative Frequency Distribution. 

Marks in Statistics No. of Students 
(Cumulative Frequency) 

Less than 10 15 

Less than 20 40 . 
Less than 30 70 

Less than 40 90 

Less than 50 100 

A cumulative frequency distribution can either be a "less than" cumulative frequency 
distribution or a "more than" cumulative frequency distribution. The frequency 
distribution presented in Illustration 13 is an example of a "less than" cumulative 
frequency distribution. In this type of distribution, the cumulative frequencies are in 
ascending order. 

In a more than cumulative frequency distribution, the frequency of the last class interval is 
taken as the cun~ulative frequency of that class. The cumulative frequency of the class 
before the last class interval is obtained by adding the frequency of that class to the 
cumulative frequency of the succeeding class interval. In this type of distribution the 
cumulative frequencies are in descending order. Look at Illustration 14 carefully and study 
how a "more than" cumulative frequency distribution is calculated. 

Illustration 14 

calculation of "More Than" Frequency Distribution. 

-', 

Marks in Statistics No. of Students Cumulative Frequency 
(Frequency) 

0-1 0 1 5 '  15 + 85 = 100 

10-20 25 25 + 60 = 85 

The "more than" frequency distribution can also be expressed as shown in Illustration 15. 

Illustration 15 

Presentation of "More Than" Frequency Distribution 

Marks in Statistics No. of Students 
(Cumulative Requency) 

. . 
More than 0 100 

More than 10 85 

More than 20 . 60 . 
More than 30 I 30 

More than 40 i 10 

You should note that "less than" cumulative frequencies are related to the uppr limits of 
the class intervals and "more than" cumulative frequencies are related to lower limits of 
the class intervals. 



- -- - 

collection,  cation and Check Your Progress B 
Presentation of Data 1) Distinguish between a discrete variable and a continuous variable. 

......................................................................................... 

........................................................................................ 

2) What is the magnitude of a class interval? 

......................................................................................... 

......................................................................................... 

3) What is the mid-point of a class interval? 

4) What is the frequency of a class interval? 

5) What is an open-end distribution? . 

................................................................................. 

........................................................................................ 

6) ~istinguish between exclusive and inclusive frequency distributions. 

.......................................................................................... 

7) Distinguish, between "less than" and."more than" cumulative frequency'distributions. 
I 
I 

I ............................................................................................ 

8) State whether the following statements are True or False. I 

i) A discrete variable can be measured. 

ii) A discrete variable carries a fractional value. 

iii) A continuous variable can take a fractional value. 

iv) The smallest possible measurement in a class is known as the upper limit. 
I 

v) The mid-value of a class-interval is half way between the lower limit aad upper limit 
' I 

I 

of a class. 

vi) The magnitude of a class is the difference between the upper and lower limits. 
I 

vii) The number of observations falling into the limits of a class is called the frequency of, 
the class. 

I 

viii)The number of classes in a class interval can be either large or small. I I 

I 

ix) The open-end distribution creates problems in the calculation of mid-point. 
I 

x) In a "more than" cumulative frequency distribution, the cumulative frequencies are in 
ascending order. 

I 



9) Fill in the blanks with the appropriate word given in the brackets. 

...................... . i) A continuous variable is the result of (counting/measurement) 

ii) Height of the students of a class is an example of. ..... variable. (continuous/discrete) 

iii) The number of runs scored in a cricket match is an example of.  ............ variable. 
(discrete/continuous) 

............ iv) It is not always necessary that the magnitude of different classes must be 
(equalhnequal) 

v) In an open-end frequency distribution, the first class interval lacks ...... class limit@). 
(one/two) 

.............................. vi) In an'inclusive frequency distributioh, class limits are 
(overlapping/non-overlapping) 

1 

vii) In inclusive frequency distribution, the upper limit of a class is, .......... in that class. 
(included/excluded) 

viii) The "less than" cumulative frequency distribution has cumulative frequencies 
in ................................................... order. (ascending/descending) 

6.6 FORMATION OF A FREQUENCY DISTRIBUTION 

You have studied various terms relating to frequency distribution. Now let us study the 
detailed procedure relating to the formation of frequency distribution. 

6.6.1 Data Array 

In the process of the formation of a frequency distribution, data array is the first step. Data 
array is an orderly arrangement of data either ih ascending order or in descending order. 
The data array is useful as it gives us information about the range of data and throws some 
light on the nature of the data. However, the data array is very useful when the number of 
observations is not very large. In case of a very large number of observations, the data array 
will be very unwieldy. Study Illustration 16 carefully and understand how data array is 
prepared. 

Illustration 16 

Array the following data relating to the marks secured in statistics by the students of a class. 

Solution 
The marks secured in statistics by the students of a class can be presented in the ascending 
order as follows : 

39 36 9 14 17 23 28 31 48 44 

40 36 9 15 18 26 29 33 48 45 

40 36 10 16 20 26 29 33 48 45 

43 39 13 17 21 27 30 35 49 47 

From the data array prepared in Illustration 16, we c& clearly understand the minimum and 
the maximum marks secured'by the students in statistics. 

6.6.2 Steps in Constructing a Frequency Distribution 
As stated earlier, the data array becomes unwieldy when the number of observations is very 
large. In such cases frequency distribution is constructed to condense the size of the data. The 
following steps are necessary before constructing a frequency distribution. 



C o k t i o n ,  Classification and i) Formation of the class intervals with class limits clearly identified. 
Presentation of Data 

ii) Each individual item is taken up and a tally bar is placed against the appropriate class 
interval. Tally bar is a vertical bar. One tally bar is drawn for every value. 

iii) After the four tally bars have been drawn the fifth bar is drawn across as shown here. I 
iv) When all the observations have been placed against the appropriate classes, these are 

totalled up and recorded as frequency of that particular class interval. 

Illustration 17 I 
From the data given in Illustration 16, form a frequency distribution taking 0-10 as the first class 
interval. 

Solution 
The first class interval is of size 10 and the largest item is 49. Taking all the class intervals of 
equal length, the other class intervals will be 10-20,20-30, 30-40, 40-50. You should note that 
the given data is discrete. But still exclusive class intervals have been taken which is the most 
common method in use. The meaning of the class interval 0-10 is 0 and below 10. Therefore, 
it includes items with values ranging from 0 to 9. Similarly, other class intervals will include 
items in ranges 10 to 19, 20 to 29, etc. 

Frequency Distribution of Marks Secured in Statistics 
-- 

Marks in Statistics Tally Bars No. of Students (Frequency) 

Total 40 

Illustration 18 
Prepare a discrete frequency distribution from the following data relating to the number of 
typing errors on a page committed by a typist. 

0 0 2 1 3 0 4 ~ 0 4 3 3 1 2 0 3 2 3 3  
1 2 1 3 4 2  

Solution 
The smallest number of errors per page is 0 and the largest number of errors is 4. We have to 
construct a discrete frequency distribution so that the number of errors will be taken as 0, 1,'2: 
3 and 4. 

Frequency Distribution 

No. of Errors per page Tally Bars No. of Pages (Frequency) 

0 

1 

2 

3 

4  

Total 

6.6.3 Guidelines for Selecting the Class Intervals 
If the class intervals are not given, then their number and width may be determined on the 
basis of the following guidelines : 

i) Find the smallest and the largest items of the data. Calculate their difference. This gives 
the range of the data. . 

ii) Count the number of items and decide the number of classes " K ,  by Sturge's rule or 
as per convenience. 

iii) Divide the range by number of classes 'K'. Let us call it 'C'. This value 'C' will be the 
basis for determining the width of the class interval. 



iv) Usually the width of the class intervals should be same throughout and generally the limits 
of the class interval should be a round number i.e., a multiple of 5 or 10. So the 
possible limits of class intervals, 'i' will be the lowest limit, a round number, just less than 
'C' and the upper limit, a round number, just more than 'C'. 

v) The starting point of writing the first class interval will be taken as a round number just less 
than the smallest item of the data or equal to it if this smallest item itself is a round 
number. 

vi) Now write the full sets of class intervals with the help of suitable values of 'i' (determined 
under step iv taking the starting point decided under step v above). Out of these sets, the 
set which has the number of class intervals as 'K' will be taken as the ideal set. If none of 
the sets has 'K' class intervals, then a set which has a number of class intervals between 
the two numbers K-2 to K+2 is selected. 

Illustration 19 

Prepare a frequency distribution by inclusive method for the following data on weight(in 
Kgs.) of students of a class. 

Solution 
The number of class intervals is not given, so let us first determine the number and width of 
class intervals. 

i) The minimum weight is 41 Kgs. and the maximum weight is 63 Kgs. So the range is 22. 

ii) The number of items is 45. So by Sturge's rule, the number of class intervals may be 
calculated as follows : 
K = 1 + 3.3 log 45 

= 1 + 3.3 x 1.65 
= 6.4 
= 7 (approximated) 

iii) Possible width of the class intervals could be 
Range c = -  

K 

iv) A ro'und number higher than 3.1 is 5. Round number less than 3;l is '0'. So the length of 
class interval 'i' is 5. Here we have only one value of 'i'. 

v) Since smallest value is 41, the first class interval will start from 40. So the different class 
intervals of inclusive type and size 5 will be 40-44,45-49, 50-54, 55-59 and 60-64. Here 
the last class interval is 60-64 because the largest item is 63. 

vi) The number of class intervals in this set is 5. This is not equal to its ideal number K which 
is 7, but it is within the limits of K-2 to K -1- 2 (i.e., 5 to 9). So we can proceed with the 
frequeqcy distribution. 

Frequency Distribution (Inclusive Method) 

Weight (in Kgs) Tally Bars NO. of Students (Frequency) 

60-64 W l W 1  11 

Total 45 

Classification of Data 



edkrtioa,~hrel~lc~tbnd Illustration 20 
PrcsbnhLiondDse Prepare a bi-variate frequency distribution for the following data of 20 candidates regarding 

the marks in internal messment (X) and percentage in final examination (Y). 

Solution 
Marks in internal assessment (X) have only five different values 10,11,12, 13 and 14. So each of 
them will be taken to represent a group. The percentage of marks in final examination (Y) has 
a lowest figure of 12 and highest figure of 81, giving a range of 69. By Sturge's rule for 20 
items the ideal number of classes will be 5. Thus probable length of each class will be 69/5 or 
14. This may be rounded to 15. As the minimum percentage (Y) is 12, the lower limit of the 
first class interval will be taken as 10. Thus the various class intervals for 'Y' will be 10-25, 
25-40,4045, 55-70, and 70-85. Writing 'X' variable in the first row and 'Y'variable in the 
first column, the outline of the bi-variate distribution will be as follows : 

Percentnee Marks in the Internal Assessment Tntsl - 
ln Final 
Examination (Y) 10 11 12 13 14 Examination (Y) IV 11 12 13 14 

Now to get the ii variate frequency distribution the number of frequencies will be determined 
by allocating corresponding values of 'X' and 'Y' to various cells and drawing tally bars. The 
first set of correponding values of'X and Y has values of 10 and 12. So a tally bar will be 
drawn in the cell representing columns loaded by I0 and the row headed by 10-25. In the 
same way tally bars for other cells will be drawn. When all the values have been allocated to 
various cells, and the recy'.;ve tally bars have been drawn, the required bi-variate frequency 
distribution will be as follows : 

Bi-variate Frequency Distribution 

Percentage hiarks in the Internal Assessment 
in Find 

Total 

Examination 10 1 1 12 13 14 

Check Your, Progress C 

1) What is data array? 

? .......................................................................................... 
.......................................................................................... 

i 

.......................................................................................... 
2) What are the steps in the formation ofa frequency distribution? 

........................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



3) State whether the following statements are True or False. 

i) Data array is an orderly arrangement of data either in ascending or in descending 
order. 

ii) Data array does not provide any information regarding the range of data. 

iii) Data array is very useful when the number of observations is very large. 

iv) A frequency distribution helps to condense the data. 

. . v) Vertical bar placed against the appropriate class interval is called tally bar. 

6.7' LET US SUM UP 

Classification means arranging the data into different classes on the basis of similarities and 
resemblances. It helps in presenting unwieldy data in a concise and simple manner. 
Classification provides us a basis for tabulation and analysis and helps us to identify the 
possible characteristics of data. Classification may be done according to attributes or variables. 
Cl&ssification according to attributes is based on qualitative characteristics of data. Simple 
classification is done on the basis of one attribute whBreas manifold classification is done on 
the basis of more than one attribute. Classification according to variables is based on the 
quantifiable characteristics of data. The data is shown in the form of frequency distribution. 
A fseqaedcy distribution can be uni-variate or bi-variate or multi-variate. 

There are several krms relating to frequency distribution. A discrete variable takes an isolated 
value whereas a continuous variable can take any fractional value within a specified range of . 
values (except open-end). Every class interval (except open-etlid) has two limits : 1) lower 
limit, arid 2) upper limit. Mid-point of a class lies half-way betwen the two limits of a class. 
Magnitude of a class interval means the difference of the two limits. Frequency of a class 
implies the number of observations falling into limits of a class. A 

The number of classes in a distribution can be decided on scientific basis. The decision 
regarding the width of classes should also be taken while determining their number. The lack 
of lower limit of the first class and the upper limit of the last class will indicate open-end class 
interval. In exclusive class interval, the upper limit of a class is excluded from the class interval 
and is taken as the lower limit of the next @ass interval. In inclusive class intervai the upper 
limit of a class is also included in the same class. In exclusive class the limits are oyerlapping 
whereas in inclusive class they are non-overlapping. In a cumulative frequency disliibution, the 
classes indicate cumulative frequencies which may be either a "less than" or a "more than" 
cumulative frequency distribution. 

Data array is an orderly arrangement of data either in asce"ding or descending order. It 
provides information about the range and the characteristics of data. A frequency distribution 
is prepared to condense the size of the data. 

1 6.8 KEY WORDS 

I ,  Attribute : An expression of a qualitative characteristic of facts. 

1 Bi-variate : Having twovahbles. 

1 Cbssification :,Division of data on the basis of similarities and resemblances. 
\ 1 Class Limits : The lower and upper limits of class interval. 

Continuous Variable : A variable which can take any fractional value within a specified 
, range of values. 

Cumulative Frequency Distribution : A distribution which shows cumulative frequencies 
instead of actual frequencies. 

,Data Array : An orderly arrangement of data either in ascend$g or descending order. 



CoUecBon, CtaalflcnHon and 
Presentation of Data 

Discrete Variable : A variable which can take any isolated value. 

Exclusive Class : A class in which its upper limit is excluded from that class and included as 
lower limit in the next class. 

Frequency : Number of observations falling into a particular class. 

Inclusive Class : A class in which both its lower and upper limits are included in that very 
class. 

"Less Than" Distribution : A cumulative frequency distribution showing cumulat.ive 
frequencies in ascending order. 

Magnitude of a Class : The difference between upper limit and lower limit of a class. 

Mid-point : The point which lies half-way from the lower limit and higher limit. 

"More Than" Distribution : A cumulative frequency distribution in which the cumulative 
frequencies are in descending order. 

Multi-variate : Having multiple variables. 

Open-end : A distribution in which the end of a class is open (not closed). 

Tally Bar : Vertical bar representing an observation placed against the relevant class. 

Uni-variate : Having one variable. 

Variate : Refers to quantifiable characteristics of data. 

6.9 ANSWERS TO CHECK YOUR PROGRESS 

A) 6 )  (i) True, (;;) True, (iii) False, (iv) False, (v) True, (vi) True 

7) (i) qualitative, (ii) variable, (iii) attribute, (iv) uni-variate, (v) multi-variate 

B) 8) (i) False (ii) False (iii)*True (iv) False (v) True (vi) True (vii) True (viii) False 
(ix) True (x) False 

9) (i) measurement, (ii) co~ltinuous, (iii) discrete, (iv) equal, (v) one, (vi) overlapping, 
(vii) included, (viii) ascending 

C) 3) (i) Ttue (ii) False (iii) False (iv) True (v) True 

6.10 TERMINAL QUESTIONS/EXERCISES 

Questions 
1) Explain the meaning and objectives of classificati?n. 

Abo, discuss the various methods of classification. 

2) Write a short note on each of the following: 
i) Discrete variable 
ii) Class limits 
iii) Mid-point of a class 
iv) Number of classes in a distribution 
v) Open-end distribution 
vi) Cumulative frequency distribution 
vii) Data array 

Exercises 
1) Array the following data in ascending order. 

2) Array the follwving data in ascending order. 

51 28 29 75 .33 25 73 75 67 27 61 48 81 66:45 
d37 61 55 47 39 53 61 53 55 34 49 49 45 36 
31 17 7 3  21 44 36 61 37 35 29 61 



3) Marks in accounts for the second year B.Com, st- den^ :re given below. Form a frequency 
distribution by inclusive method taking 0-19 as the first class interval. 

55 33 35 5 23 37 73 75 87 29 97 80 66 53 87 
71 4 25 93 66 47 93 81 29 58 66 59 62 29 
61 21 37 46 27 42 71 52 78 27 47 16 49 91 
9 3 8  7 1 1 6 1  

4) Form a frequency distribution for the following data by exclusive method. 

5j Draw a frequency distribution for the following data related to the number of goals scored 
by a football team in different matches. 

6) Draw a "less than" cumulative frequency distribution for the following data on monthly 
wages and number of workers. 

Wages: 450-475 475-500 500-525 525-550 550-575 575-600 
(Rs.1 

No. of 
Workers : 30 45 60 40 15 10 

7) Draw a "more than" cumulative frequency distribution for the following data : 

Marks: 0-10 10-20 20-30 30-40 40-50 50-60 .60-70 70-80 

No. of 
Students:12 17 31 40 28 22 12 8 

Note : These questions and exercises will help you to understand the unit better. Try to write 
answers for them. But do not submit your answers to the University. These are for 
your practice only. 

Classificstion of Data 

3 5 



UNIT 7 TABULAR PRESENTATION 
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Introduction 
Meaning of Tabulation 
Objectives of Tabulation 
Distinction Between Classification and Tabulation 
Kinds of Tables 
7.5.1 Information or Classifying Tables 
7.5.2 General Purpose or Reference Tables 
7.5.3 Special Purpose or Summary Tables 
construction of a Statistical Table 
7.6.1 Parts of a Statistical Table 
7.6.2 Requisites of a Good Slatistical Table 
7.6.3 Preparation of Slatistical Tables 
Let Us Sum Up 
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Answers to Check Your Progress 
Terminal Questions/Exercises 

7.0 OBJECTIVES 

After studying this unit, you should be able to : 
0 describe the meaning and objectives of tabulation 
0 list the parts of a statistical table 
0 outline the essentials of a good statistical table, and 

construct a statistical table. 

7.1 INTRODUCTION , 

I 

1 
I 

In Unit 6 we have discussed the objectives of classifying the mass of data so as to render 
comparison of data possible. We have also explained the procedure for the construction of a 

r 
frequency distribution involving one or two variables. When two variables are given, the 
arrangement in rows and columns is ordinarily known as a statistical table. Such tables can be d 

constructed even when the given data relates to attributes. In this unit, you will study in detail 
the meaning and objectives of tabulation and the procedure of constructing statistical tables. 

I 

7.2 MEANING OF TABULATION j 

I 

The tabular presentation of data is one of the techniques of presentation of data, the two other 
L 

techniques being diagrammatic presentation and graphic presentation. The tabular 
presentation means arranging the collected data in an orderly manner in rows and I 

columns. The horizontal arrangement of the data is known as rows, whereas the vertical 
arrangement is called columns. The classified facts are recorded in rows and columns to give 
then tabular form. I 



7.3 OBJECTIVES OF TABULATION 

Tabular presentation serves the following objectives : 

1) Systematic Presentation of Data : Generally the collected data is in fragmented form. 
The mass of data is presented in a concise and simple manner by means of statistical 
tables. Thus, tabulation helps in presenting the data in an orderly manner. 

2 )  Facilitates Comparison of Data : If the data is in the raw form, it is very difficult to 
compare. Comparison is possible when the related items of data are presented in simple 
and concise form. The presentation of complete and unorganised data in the form of 
tables facilitates the comparison of the various aspects of the data. 

3) Identification of the Desired Values : In tabulation, data is presented in an orderly 
manner by arranging it in rows and columns. Therefore, the desired values can be identified 
without much difficulty. In the absence of tabulated ,data, it would be rather difficult to 
locate the required values. 

4) Provides a Basis for Analysis : Presentation of data.in tabular form provides a basis for 
analysis of such data. The statistical methodology suggests that analysis follows 
presentation of data. A systematic presentation of data in tabular form is a prerequisite for 
the analysis of data. Statistical tables are useful aids in analysis. 

5) Exhibits Trend of Data : By presenting data in a condensed form at one place, tabular 
presentation exhibits the trend of data. By looking at a statistical tables, you can identify 
the overall pattern of the data. 

7.4 DISTINCTION BETWEEN CLASSIFICATION AND 
TABULATION . 

Several people consider classification and tabulation as synonyms. The two also appear to 
convey the same meaning and also serve the same objectives. However, there is a difference 
between the two. In  classification, the data is divided on the basis of similarity and ' 

resemblance, whereas tabulation is the process of recording the classified facts in rows 
and columns. Here, the two belong to the same chain. Tabulation begins where classification 
ends. In fact, classification provides a basis for tabular presentation. In 'Unit 6 we have stated 
that the frequency distribution is a tabular presentatiorl of the number of observations falling 

' against different sizes or classes. Therefore, after cl,assifying the data into various classes, they 
should be shown in the tabular form. 

7.5 KINDS OF TABLES 

Depending upon the use and objectives of the data to be presented, there are different types of 
statistical tables. They can be classified under the following broad heads : 

1) Information or Classifying tables 

1 2) General Purpose or Reference Tables 

1 3) Special Purpose or Summary Tables 

1 7.5.1 Information or Classifying Tables 
This type of tables is prepared to show the important characteristics of the collected facts. The 
tables are prepared on the basis of similarities in the collected data. The main purpose of 

I preparing this type of tables is to present the data in a condensed and simple form. These 
1 tables can be further classified as : i) simple tables, and ii) complex tables. 

1) Simple Tables : This type of tables is also known as one way tables. These tables are 
prepard on the basis of only one characteristic of the collected data. The table showing 
the data relating to the number of students in a college in different years will be an 
example of simple or one way table. Look at Illustration 1 for an example of a simple 
table. 



CdkcHon, Classification and Illustration 1 Example of a simple table 
Presentation of Data 

Number of Students in a Cdlege from 1982-83 to 1988-89 

- - - 

Year No. of Studenl\ - 

1986-87 1000 

19x7-XX 1675 
I 

1988-89 1700 

Similarly, the students of the college can be divided o'n the basis of their age, and separate 
I 

simple tables for each year can be prepared. 1 
2) Complex Tables : As you know simple tables present only one characteristic of'the data. 

When the tables show more than one characteristic of the data, they are called complex 
tables. We may have a two-fold table showing three characteristics or a many-fold table 
showing several characteristics of the data. The table showing the number of students in a 
college on the basis of their sex and marital status during different years is an example of a 
complex table. Look at Iltustration 2 for an cxample of a complex table. 

Illustration 2 An example of a complex table 1 
Sex and Marital Status of Students in a College du,ring 1982-83 to 1988-89 

Year NO. of Students 
.- Total 

----- - .-_ _CL+_-.___ -. -. ---.- 
Male Female 

'1 _---- --c- .. - 
[Inmarried Married Ilnmarricd ' Married 

- i 
Total 7,140 375 , 3.530 230 

* 

7.5.2 General Purpose or Reference Tables 
This type of tables are prepred to store information and they contain wide range of 
information relating to a specified subject. Such tables are complex tables and are generally 
found as appendices to various reports. These tables should be prepared in a systematic 
manner so as to render references easier. The tables appended to the census reports are good 
examples of general purpose or reference tables. 

7.5.3 Special Purpose or Summary Tables 
These tables show a specific point relating to data and are helpful in statistical analysis. They 
provide a basis for comparison by indicating specific answers to given questions. These tables 
are also called text tables as they arecomplementary to a given text. These rabies indicate 
rates, percentages, averages, etc: For instance take the study discussing the increasing rate of 
industrial accidents in a country and the number of persons killed in these accidents. The table 
shown in Illustration 3 can follow the text to show high rate of persons killed in accidents in 
coal mines. 



'Illustration 3 

An example of special purpose or summary tables. 

Relationship Between the Total Number of Persons Died in Industrial Accidents and Persons Died in Coal Mines 

Persons Died Persons Died Persons Died in - 
Year in in Conl Mines as a % in 

Industrial Accidents Coal Mines Total Deaths in 
Industrial Accidents 

check Your Progress A 

1) What is tabulation? 

2) What are the objectives of tabulation? 

3) What is the difference between classification and tabulation? 

4) Distinguish between simple and complex tables. 

5) What is a general purpose or reference table? . . 
.................................................................... 
.................................................................... 

6) What is a special pbkpose table? 



7) State whether the following statements are True or False. 

i) Tabulation is the technique of analysis of data. 

ii) Tabulation means arranging the collected data i n  an orderly manner in rows and I 
columns. 

iii) A column is a vertical arrangement of data. 
, 

iv) ~abulation facilitates comparison of data. 

v) In the absence of tabulated data it is simple to identify the desired values. 1 
vi) Statistical tables are useful in analysis. 

vii) Overall pattern of data can be identified with the help of tabulation. 

viii) Simple table shows more than one characteristic of data. 

ix) The information relating to the age, religion and marital status will be presented b 
means of a simple table. 

x) General purpose table contains wide range of information. 1 
xi) Appendices to the Census 1981 are an example of reference tables. 

xii) Special purpose tables provide a basis for comparison. 

8) Fill in the blanks with the appropriate word given in the brackets. 

..................... i) A row is a arrangement of data. (horizontal/vertical) 

...................... ii) Recording of classified facts in rows and columns is known as 
!~lassi~cation/tabulation) 

1 
I ..................... iii) Statistical tables help in presenting data in 8, manner. (simple/complex) 

...................... vi) Tabulation provides a basis for (collection/analysis) 

..................... V) ClassiEtltirq and tabulation convey meaning. (same/different) 
I I 

..................... vi) Information tables are 6epared to show.data in form. 
(condensed/unorganised) 

..................... vii) Complex table presents characteristics of the given data. 

(one/more than one) I 
...................... viii) General purpose tables are given as (part of the main body of the 

report/appendices to the report) I 
! 

ix) Special purpose tables are helpful in ...................... (collection/analysa) 
f 

x) Special purpose tables a n  ..................... to a given tent. (independent/complernentary) I 

7.6 CONSTRUCTION OF A STATISTICAL TABLE I 
i 

You have studied that the basic objective of tabulation is to present unorganised data in 
orderly form so that analysis of the data becomes easier. To achieve this objective, we should 1 
be very careful in tabulating the data. To ensure this, it is very important to  have a clear I I 

understanding of the rules and practices followed in the construction of statistical tables. Before 
we proceed for the construction of a statistidl table, we should discuss the major parts and 
features of a good statistical table. 

I 

7.6.1 Parts of a StatisticalTable 
I 

1 I A statistical table, in general, should have the following parts. While studying about each pnrt, 1 
you refer to Figure 7.1 for illustration. l 1  

1 
I - 



Figure 7.1 : Different Parts of a Statistical Table 

TABLE NUMBER TITLE 
>Head Note 

Stub Caption Total 

Caption Caption 
Subhead Subhead 

Stub-Entries Field 

Total 

Footnotes : 

Source : 

1) Title : There should be a title at the top of every statistical table. The title should 
a be clear, concise and adequate. It should.clearly indicate the description of the 

data being presented in the table and should also hint at the usefulness of the 
information being depicted in the table. The title should answer the questions : 
What is the data? where is the data? how is the data classified? and, what is the 
time period of data? 

2) Table Number : Every table should be identified by a number. It facilitates easy 
reference. Whenever you refer to the table in the text, you can give the number of 
the table only. The number may be either Arabic or Roman. It can be placed at 
the beginning of the title of the table or can be centred above the title of the table. 

3) ~ i a d  Note : Head note is written just below the title, preferably on the right hand 
corner. Read note'indicates the unit in which the data have been given. 

4) Stub :.As you know, a statistical table is an arrangement of data in rows and 
columns. The titles given to the rows are called 'stubs'. The stubs should be clearly 
stated. Stubs should clearly describe the data presented in the rows of the table. 

5) Caption : The title of the columns aie referred to as captions. They are also called 
'box heads'. The caption labels the data presented in a column of the table. The 
caption.should be clearly stated. There may be sub-heads or sub-captions in each 
caption. 

6) Body or Field : The body of the table is the most important part. The information I given in the rows and columns forms the bpdy of the table. It contains the 
quantitative information to be presented. ' 

7) Footnote : Any explanatory notes concerning the table itself, placed directly 
beneath the table, is called 'footnote'. The main purpose of footnote is to clarify 
some of the specific items given in the table or to explain the ambiguities, 
omissions, if any, about the data shown in the table. 

8) Reference Note : If the data is collected from secondary sources, a'note is given to 
disclose the sources from which the data is collected. Such'note is called reference 
note. This reference note is placed beneath the table along with the footnotes. The 
reference note should be clear and specific as this becomes the basis of verifying 

. the reliability of'data. 

9) Totals : The totals and sub-totals of all rows and columns should also be given in 
I the table. 

7.6.2 Requisites of $ Good Statistical Table 
\ 

You have studied the parts of a statistical table. Now let us discuss the features of a statistical 
.b table. There are certain general guidelines in preparing a good statistical table. They are as 

follows : 

I) A good table must present the data in a clear and simple manner. 

Tabulnr Presentation I 



2) It should have a brief and clear title. The title should be self-evplanatory and should 
represent the description of the contents of the table. 

3) The stub, stub entries, captions and caption heads should be brief and clear. The columns 
may be numbered to facilitate easy reference in the text. 

4) The headnote should be precise and complete as it relates to the unit of the data. 

5 )  The totals and sub-totals should be given at the appropriate places. 

6 )  The references should be clearly stated so that the reliability of the data could be verified if 
needed. 

7) If necessary, the derived data (ratios, percentages, averages, etc.) may also be incorporated 
in the tables. 

8) .As far as possible abbreviations should be avoided in a statistical table. If it is essential to 
use abbreviations, their meaning must be explained in footnotes. 

9) Wherever necessary, proper ruling should be provided in a table. Normally, the columns 
are separated from one another by lines. These lines make the table more readable and 
attractive, and also show the relations of the data more clearly. Always lines are drawn at 
the top and bottom of the table, and also below the captions. 

10) Use of ditto mark should be avoided. 

1 1) Columns and rows which are to be compared with one another should be placed side by 
side. 

12) If it is necessary to emphasise the relative significance of certain categories, different kinds 
of type spacing and indentation should be used. 

13) All the column figures should be properly aligned. Decimal points and plus-minus signs 
also sho;lld,be in perfect alignment. 

14) Generally not more than four to five characteristics may be shown at a time in a table, 
otherwise it will become too complex. 

7.6.3 Preparation of Statistical Tables 
You know the parts ana ieatures of a good statistical table. Now let us take some illustrations 
and learn the, construction of tables. 

Illustration 4 
Prepare a blank table showing the marks, age and sex of the students of a college in 1988, The 
mark g;oups should be taken as 0-10, 10-20,20-30,30-40 and 40-50 whereas the age should 
be taken in years as 17,18, 19 and 20. 

Solution 
The table is to show marks, age and sex. The marks can be represented by means of rows 
(stub) and the age as column (caption) and the sex as sub-column (captio'n head). The blank 

, table can be presented as follows : 

Marks, Age and Sex of the Students in 1988 

Marks Age in Years Total 
17 Years 18 Yews 19 Years 20 Y cars 

Male Female Male Female Male Femalc Male Female Ma'e 

0-10 

Total 

Footnote : 

Source : 



Illustration 5 Tabulsr l'menbtion 
The data on manufacture of cars by different manufacturers in India showed that in 1985-86 
the share of Maruti Udyog is 48.4'70, Premier Auto 28.5'36, and Hindustan Motors 22.6%. In 
1986-87, the share of Hindustan Motors dropped to 18% whereas it went upto 59.2% for 
Maruti Udyog. The share of other car manufacturers was 1.2% in 1986-87. Present this data in 
a tabular form. 

Solution 
The data is given in percentages. In 1985-86 the total share of Maruti Udyog, Premier Auto 
and Hindustan Motors is 99.5%. This implies that 0.5% of the cars were manufactured by other 
manufacturers. In 1986-87, the share of Hindustan Motors dropped t~ 18% from 22.6% 
whereas it went upto 59.2% from 48.4% in case of Maruti Udyog and the shares of other 
manufacturers increased to 1.2% from 0.5%. It implies that the balancing figure 21.6% is the 
share of Premier Auto. The data can be pr&ented in the tabular form as below : 

Shares of Different Manufacturers in the 
Production of Cars in India 

(Percentages) 

Name of the Manufacturer 1985-86 1986-87 

I) Maruti Udyog 484 59.2 

2) Premier Auto 28.5 21.6 

3) Hindustan Motors 22.6 18.0 

4) Other Manufacturers 0.5 1.2 

Total 100.0 100.0 

Illustration 6 
The Central Government outlay on labour and labour welfare sector during the Seventh Five 
Year Plan was Rs. 9,510 lakhs, out of which Rs. 4,184 lakhs was allocated to training, 
Rs. 546 lakhs on employment services, Rs. 3,180 lakhs on labour welfare, and Rs. 1,600 lakhs on 
rehabilitation of bonded labour. The total outlay for the year 1986-87 was Rs. 1,847 lakhs of 
which Rs. 465 Iakhs was on training, Rs. 107 lakhs on employment services, Rs. 755 lakhs on 
labour welfare and the balance on rehabilitation of bonded labour. Compared to the previous 
year, during 1987-88 the total outlay increased by Rs. 49 lakhs. As compared to 1986-87 the 
outlay on employment'services decreased by Rs. 11 lakhs, on labour welfare it decreased by 
Rs. 148 lakhs and on rehabilitation of bonded labour decreased by Rs. 327 lakhs. It should.be 
noted that the outlay does not include coaching-cum-guidance scheme of scheduled castes and 
scheduled tribes. This was collected from Annual Plan 1987-88, page 335, Planning 
Commission, Government of India. Present this data in a tabular form. 

Solution 
The total outlay of the Seventh Five Year Plan period is given item-wise. For the outlay of 
1986-87, the outlay on rehabilitation of bonded labour is not given. It is a balancing figure. 
The total outlay for the year 1986-87 was Rs. 1,847 lakhs and the outlay on all the other 
heads together was Rs. 1,327 lakhs (i,e., Rs. 465 lakhs on training, Rs. 107 lakhs on 
employment services, and Rs. 755 lakhs on labour welfare). Now the outlay on rehabilitation 
of bonded labour was Rs. 520 lakhs (balancing figure). It is said that the total outlay for 1987- 
88 increased by Rs. 49 lakhs as compared to the outlay of 1986-87. This means the outlay for 
1987-88 is Rs, 1,896 lakhs. The outlay on employment services decreased by Rs. 11 lakhs, 
meaning thereby that it came down to Rs. 96 lakhs from Rs. 107 M s .  The outlay on labour 
welf re decreased by Rs. 148 lakhs from Rs. 755 lakhs, which means that the amount came f do ff from Rs. 755 lakhs to Rs. 607 lakhs. On rehabilitation of bonded labour the outlay 
decreased by Rs. 317 lakhs which means that it came down to Rs. 193 lakhs. This implies that 
the outlay on training in 1987-88 was Rs. 1,000 lakhs (balancing figure). This data can be 
shown in tabular form as follows : 



Cdlectioa,-and Centrid ~ o v e r n i e n t  Outlay on 

~ , t p b i o o  of Data Labour and Labour Welfare Sector 

(Rs in Lakhs, 
. . 

Head of ~ x ~ e n d i d r b  . Seventh Five 1984-87 1987-88 
Year Plan 

' .  
1) Training . 4,184 465 1,w 
2) Employment Services 

3) Labour Welfare 

4) Rehabilitation of Bonded Labour . 1,600 520 193 ' 

Total ' 9,510 1,847 1,896 , 
Note : The outlay does not indude coaching~um-guidance scheme for scheduled castes and scheduled tribes. 
Source : hnual Plan 1987-88, Planning Commission, Government of India, page 335. 

Check Your Progress B , I 
1) A statistical table is presented below. Identify the major parts on it. 

Table 7.4 

. , 
~ 

' Kerala Soaps & Oils Limited . 
Production, Sales and Net Profits,(-) Net bs~ 1980.81 to 1983-84 I 

. . 
(Rr. in Lakhs) 

. . 

Year . Production ,. . . Sales Net profits/ 

Quantity Value Quantity . Value .(-) Net loss 
(Mts.) (Mts.) 

(3) (4) (5) (6) (1) , . (2) 

1980-81 ' , 8319 862.00 7439 . , . ' 747.36 11.59 

198~-82 8659 925.48. . 912s 897.03 09.62 

1982-83 . 9212 . 1016.93 ' .  ' 9141 , , 952.57 (-) 50.60 

1983-84 , 6013 793.00 6094 757.61 ' , (-) 190.42 

1984-85 . N.A. 939.00 N.A. 
. . .  

&@2.80 . (2) 112.92 

Compiled from the Annual Repons & ~ m u n t s ,  1980-8,l t6 1983-84, ~ ~ r a l a ~ o a ~ s  & oils Limited, Calicuf Kerala 

2) ~istinguish between the title and the headnote. 
. . . ,  .......................................................................................... 1 .. 

I ,  ........................................................................................... , 
. , . ..................................................... 

........................................................................................... 
\ .  . . 

3) Distinguish: between a caption and a stub. .'. . , 

.............................................................................................. 
............... ....................................................... ....................... 

. . 

.................................................................................... .. . . . . . . . . .  
, .  . . . .  

........ ................................................................................... 
. . . . 

4)  ~ i s th~u ishbe tween  a footnote and a reference Mte. . . .  

: . . , . . . . . .  ;. .............. 2. ..................................................................... . . .  
. . , . 

. a ....... '...', .............................. ; .................................... - ............ ; 
. . ...................... ' . . ' . ~ . . ' . . . . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . .  .. 

. . . . . . .  . * . I 

44 . . :........ .................................... ..- ... ....................................... 



15) What is the body of the table? . . .  

......................................................................................... 

..................................................... ...................................... . . 

. ........................................................................................ 

6) State whether the following statements are True or False. 

i) There should be a clear, precise and self-explanatory title on the top of every stati~tic4 
table. 

ii) Headnote is to be written just below the body of the table. 

iii) The headnote should indicate the unit in which the data has been given. 

iv). Caption is also called box head. 

v) The body of the table contains the quantitative information to be presented. 

vi) A reference note tries to clarify the ambiguities, if any, about the data shown in the 
table. 

** 
vii) A footnote is given to show the sources of data. 

viii) The stubs and captions of a table should be brief and clear. 

ix) Ruling is not very important in a statistical table. 

x) Use of abbreviations, as far as possible, should be avoided in a statistical table. 

7) Fill in the blanks with the appropriate words given in the brackets. 

i) The title of a statistical table should be as ..................... as possible. (large/small) 

ii) The headnote should be written just be!ow the title of the table, preferably on 
the ...................... hand corner. (right/left) 

iii) The title given to rows of a table is called a ..................... . (stub/caption) 

iv) Caption labels the data to be given in the ................. (columns/rows) 

v) It is ..................... to give table number below every table. (essential/ not essential) 

vi) The captions ..................... be numbered. (may/may not) 

vii) The headnote relates to ................... of the data. (unit/characteristics) 

viii) ~ G l e  constructing a statistical table, ditto mark should be ...................... (wed/avoided) 

7.7 LET US SUM UP 

Tabular presentation is a technique of arranging data in an orderly manner in rows and 
columns. Horizontal arrangement of data is called rows and the vertical arrangement is known 
as columns. Tabular ,presentation facilitates comparison of data, helps in identifying the desired 
values, provides a basis for analysis and exhibits the trend of data. Some people treat 
classification and tabulation as synonyms. In fact, it is not so. Classification divides the data on 
the basis of similarities and resemblances, whereas tabulation is the process of recording 
classified facts in rows and columns. 

Statistical tables can either be information tables or general purpose tables or special purpose 
tables. Information tables, on the basis of the numb& of characteristics shown, can be either 
simple tables or complex tables. Simple tables show only one characteristic whereas the 
complex tables show more than one characteristics of data. Complex tables could be two fold 
tables, three fold tables or mani-fold tables. General purpose tables are the store house of 
information and are generally faund as appendices to various reports. Special purpose tables 
are helpful in statistical analysis and indicate rates, percentages, averages, etc. 

A statistical table has several parts known as title, headnote, stub, caption, body, foonote, 
reference note, totals, table number, etc. A good statistical table must present data in a-clear 

Tabular Presefitstian 



and simple manner, should have a brief and clear title, brief and clear stubs and captions, 
and complete headnote, a clear reference note, and totals and sub-totals at appropriate 

places. It should show derived data wherever necessary and avoid use of abbreviations and 
"ditto:' mark. It should be provided with proper ruling, wherever necessary. 

7.8 KEY WORDS 

Caption : Table: the data in the columns of the table., 

Complex  able': A statistical table prepared on the basis of mok than one characteristics of 
the .data. 

Column : Vertical arrangement of data in a statistical table. 

Field (Body) : The main part of the table where the quantitative information is presented. 

Footnote : A note presented just under the main part of the table clarifying the ambiguities of 
data, if any. 

General Purpose Table : A statistical table containing a wide range of information on specific 
subject and found generally as appendices to the reports 

S 
I 
li 

Head Note : A note presented just below the title, preferably on the right hand corner, 
indicating the unit in which the data is presented. 
Reference Note : A note presented beneath the main part of the table disclosing the source 
from which the data is collected. It is also known as source note. 

Row : Horizontal arrangement of data in a statistical table. 

Simple Table : A statistical table prepared on the basis of one characteristic of the data. It is 
also known as one-way table. 

Special Purpose Table : A statistical table which is helpful in analysis of data and indicates 
derived statistics. 

Stub : Title given to a mw in a statistical table. l'' 

Title : Note written on the top of a statistical table indicating the characteristics of the data 
presented in that table. 

7.9 ANSWERS TO CHECK YOU& PROGRESS 
2 

A) 7) i) False ii) True iii) True iv) True v) ~ a l s i  vi) True vii) True viii) False ix) False 
x) True xi) True xii) True. 

i 

8) i) horizontal ii) tabulation iii) simple iv) ahalysis v) different vi) condensed 
vii) more than one viii) appendices to the9ports ix) analysis x) complementary 4 

. -  . r 
i 

Table 7.4 
Kerala Soaps & Oils Limited 

Production. Sales and Net Profits/(-) Net Loss 1980-81 to 1983-84. 
I (k in lakhs) 

I 

Produdion Sales 
Ye= I ----------------- -- Net pro&/ , 

mth Value m w  Value (-) Net loss , 
Y Wk.1 (Mb.1 

1984-85 N.A. 939.00 N. A. 882.80 (-) 1 12.92 

compiled from the Annual Reports & Accounts, 1980-81 to 1983-84, Kerala Soaps & Oils Limited, Calicut, Kerala. 



6) i) True ii) False iii) True iv) True v) True vi) False vii) False viii) True ix) False x) 
x) True 

7) i) small ii) right iii) stub iv) columns v) essential vi) may vii) unit viii) avoided 

7.10 TERMINAL QUESTIONS/EXERCISES 

Questions 
1) What is tabulation? What are the objectives of statistical tables? 

2) Draw the format of a statistical table and indicate its various parts. 

3) Distinguish between simple andcomplex statistical tables and give examples of the two 
types of tables. . 

4) Describe the requisites of a good statistical table? 

Exercises 
1) Prepare a blank statistical table to show the age, sex and literacy levels of the residents of a 

town. 

2) In an organisation there are 1,000 employee. in which 40% are ladies. Of the total, 30% of 
the employees are smokers and the number of smokers among ladies is 10. 

3) The following figures relate to the number of crimes (nearest-hundred) in four 
metropolitan cities of India. In 1961, Bombay recorded the highest number of crimes i.e. 
19,400 followed by Calcutta with 14,200, Delhi 10,000, and Madras.5,700. In the year 
1971, there was an increase of 5,700 in Bombay over its 1961 figure. The corresponding 
increase was 6,400 in Delhi and 1,500 in Madras. However, the number of these crimes 
fell down ta-10,900 in case of Calcutta for the corresponding period. In 1981, Bombay 
recorded a total of 36,300 crimes. In that year, the number of crimes was 7,000 less in 
Delhi as compared to Bombay. In Calcutta the number of crimes increased by 3,100 in 
1981 as compared to 1971. In the case of Madras the increase in crimes was by 8,500 in 
1981 as compared to 1971. Present this data in tabular form. 

Note : These questions and exercises will help you to understand the unit better. Try to 
write answers for them. But do not submit your answers to the University. These 
are for your practice only. 



UNIT 8 DIAGRAMMATIC PRESENTATION 
Structure 
8.0 Objectives 
8.1 Introduction 
8.2 importance of Visual Presentation of Data 
8.3 Principles of Preparing Diagrams 
8.4 Types of Diagrams 
8.5 One Dimensional Diagrams 

8.5.1 Simple Bar Diagrams 
8.5.2 Multiple Bar Diagrams 
8.5.3 Sub-divided Bar Diagrams 
8.5.4 Percentage Sub-divided Bar Diagrams 

8.6 Two Dimensional Diagrams 
8.6.1 Rectangles 
8.6.2 Sub-divided Rectangles 
8.6.3 Squares and Circles 
8.6.4 Pie Diagrams 

8.7 Let Us Sum Up 
8.8 Key Words 
8.9 Answers to Check Your Progress 
8.10 Terminal Questions/Exercises 

8.0 OBJECTIVES 

After studying this unit, you should be able to : 
@ state the importance of visual presentation 
@ describe the usefulness of diagrams for the presentation of data 
@ explain the principles of constructing diagrams 

identify the different types of diagrams, and 
@ prepare the different types of diagrams.' 

8.1 INTRODUCTION 

In Unit 7 you have studied that presentation ofdata in tabular form facilitates comparison as it 
presents mass of data in simple and orderly manner. It is easier to establish trend and patterns 
when the data is in tabular form. Besides presenting in tabular form, the data can also be 
presented in the form of diagrams and graphs. The preseptation of data in the form of 
diagrams and graphs is also called visual presentation of data. Compared to tabular 
presentation, data presented in diagrams and figures is more impressive and it is easier to draw 
conclusions. In this unit, you will study the importance, principles and different types of 
diagrammatic presentation of data. I 

8.2 IMPORTANCE OF VISUAL PRESENTATION OF 
DATA 

Visual presentation of data means presentation of data in the form of diagrams, curves and 
straight line. Visual presentation of data is desirable for following reasons : 

I 
I 

i 
1) Visual presentation of data eliminates the dullness of the numerical data. From a large 

mass of numerical data it is often difficult to draw any conclusion. Besides, it also causes 
undue strain on the mind. The data when presented in the form of diagrams and graphs, 

'creates interest and leaves an impression on the mind of the reader for a longer period. 

2) Comparison of data is much easier if it is presented in the form of diagrams andpaphs. In 
several cases, careful glance at the diagram or graph renders the comparison of the . 
complex data much easier. 



3) m e  location of various statistical measures is possible with the help of graphs. Several 
measures of central value such as Median, Quartiles, Mode, etc., can be located with the 
help of graphs (ogives and histogram). 

4) The trends of the past performance can be established with the help of graphs. Presentation 
of such trends on graphs helps in forecasting. 

5 )  Diagrams and graphs have become an integral part of the advertisement campaign of , 

several business firms. An advertisement, without visual effect looks incomplete. 

8.3 PRINCIPLES OF PREPARING DIAGRAMS 

You have studied the importance of diagrammatic presentation of data. Let us now discuss 
the guidelines to be followed while preparing diagrams. The following gu~define~ should be 
kept in mind while preparing diagrams : 

1) A diagram is to be prepared on the graphic axes--')(' axis and 'Y' axis. However, it is not 
necessary to use a graph paper. While taking scales on these two axes, it must be 
emured that the data is being presented in a meaningful manner. The scale on the two axes 
should be clearly set up. , 

2) Whenever the data are to be presented on the 'Y' axis (vertical scale), the scale should start 
from zero. Generally, the vertical scale is not broken. 

3) A diagram must always have a concise and self-explanatory title. 

4) Colours and shades should be used to exhibit various components of a diagram and a key , 

be provided. 

5) To make the diagram attractive, leave reasonable margin on all sides of the diagram. The 
. ' '' diagram should not be too small or too big. 

6 )  If a number of diagrams are to be prepared, it is desirable to number them for the purpose 
, of reference. 

8.4 TYPES OF DIAGRAMS 

Diagrams are generally classified on the basis of length, breadth and height. Broadly, diagrams 
are classified as : 1) one dimensional diagram, 2) two dimensional diagram, and 3) three 
dimensional diagram. Besides these diagrams, the data can also be presented in the form of 
maps and pictographs. However, iri this unit, we discuss the one dimensional and two 
dimensional diagrams only. 

The one dimensional diagrams can be further classified as : I )  simple bar diagrams, 2) multiple 
bar diagrams, 3) sub-divided bar diagrams, and 4) percentage sub-divided bar diagrams. 
Similarly, two dimensional diagrams also can be classified as : I) rectangles, 2) sub-divided 
rectangles, 3) squares and circles, and 4) pie diagrams. Now let us study about all these types in 
detail. 

8.5 ONE DIMENSIONAL DIAGRAMS 

One dimensional diagrams are prepared only on the basis of one dimension i.e., length. The 
other two dimensions have no significance in this type of diagrams. This type of diagrams take 
the shape of bars or column charts. Bars or column charts enable the magnitude to be 
compared visually. The length of the various bars is proportionate to the magnitude of the 
given data. However, their thickness is not related to the magnitude of the data. Their 
thickness is only to make the diagram attractive. For example, the production figures of a 
business c o m r n  are 10,000 units and 20,000 units for the yean 1988 and 1989 rcppectively. 
If we draw a bar diagram for this data, the length of the two bars should be in'the ratio of 1: 2 
and mmally, the thickness would be the same. One dimensional diagrams can be further 

I 
classified as discussed belaw. 

Diagrammatic Presentation 



CoUlectlon, Cl~ssifkation and 
hsentation of Data 

8.5.1 Simple Bar Diagrams 
In a simple bar diagram, one bar is prepared to represent one given value. The length of 

various bars is in the ratio of the magnitude of the given data. As the width of the bars is not 
significant, width is uniform for all bars. Though the bars may look like rectangles, but they 
are not rectangles as they represent only the length. The gap may be left in between the 
different bars. The gap between the bars is normally identical. Simple bars can be prepared 
either vertically or horizontally. Both positive and negative va1.W can be presented through 
this simple bar diagram. 

This simple bar diagram is generally prepared when the data indicates different value of a 
variable over a time period or when the data represents different situations. It is very easy to 
prepare the simple bar diagrams. Study Illustrations 1 and 2 carefully and learn the 
presentation of simple bar diagrams. 

Tllustration 1 
Prepare a simple bar diagram for the following data relating to the value added per employee 
in Maruti Udyog Ltd. 

Year 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

Value Added Per 
Employee (Rs. in '000) : 153 192 234 396 474 498 

Solution 
The value added per employee (Rs in '000) is given for different years. One bar will be 
prepared for every year in the ratio of the magnitude of the given data. Identical gap will be 
left in between the different bars. The bars have been prepared vertically by showing the years 
on horizontal axis and the value added per employee on vertical axis. Now study Diagram 8.1 
carefully. 

Diagram 8.1 : Simple Bar Diagram Showing the Value Added per Employee in Mamti Udyog Limited 
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Diagrammatic Presentation 
Illustration 2 
Present a bar diagram for the following data relating to the balance of trade of a country. 

Year 1984 
1985 1986 1987 1988 

Balance of Trade : 7 2 -6 -4 6 

(Rs. in '000) 

Solution 
The given data represents positive as well as negative values. This data can be represented 
either vertically of horizontally. If the bars are constructed horizontally, the positive values are 
taken on the right hand side of the vertical axis and the negative values on its left side. 
Similarly, when the bars are constructed vertically, the positive values are taken on the upper 
side of horizoital axis while the negative values are taken on the lower side. Since we have 
shown vertical presentation in the previous illustration, now this diagram is presented 
~orizontally. Study Diagram 8.2 carefully and understand how the bars are drawn. 

Diagram 8.2 : Simple Bar Diagram Showing the Positive and Negntive Values 

8.5.2 Multiple Bar Diagrams 
In this type of diagram two or more bars are constructed adjoining each other. These bars ' 

either represent different variables or various components of the same variable. The bars Tor a 
given set 'K' are constructed adjoining each other and identical gap is left in between the bars 
of different sets. Just like simple bar diagrams, the length of the various bars varies in the ratio 
of the magnitude of the given-values. The width of the different bars is identical. This diagram, 
on the one hand, facilitates comparison of the values of different variables in a set and on the 
other it facilitates the comparison of the values of the same variable over a period of time. To 
facilitate easy comparison, the different bars of a set may be coloured or shaded differently. 
But h e  colour or shade for the bars representing the same variable or a component in different 
sets should be the same. Now let us take up Illustration 3 and learn about the preparation of 
multiple bar diagrams. 



Collection, ClassiBcatiofi and Illustration 3 
Presentation of Data The following data relate to the enrolment of students in a university in different faculties. 

Present this data as a multiple bar diagram. 

Year Arts Science Commerce 

1985 20 10 12 

1986 15 12 14 ' 

1987 30 I5 14 

1988 40 20 25 - 
Solution 
The data relates to the enrolment o f  students in a university ill the faculties of ass, science and 
commerce. This data relates to four years-1985 to 1988. Therefore, four sets of bars should 
be drawn, each set representing one year. Within each set there should be three bars 
representing three faculties. Within a set all the three bars should be constructed adjoining 1 
each other and their width should be identical. Identical gap should be left in between all the 
four sets. Study Diagram 8.3 carefully and understand how the diagram is prepared. 

Diagram 8.3 : Multiple Bar Diagram Showing l h ~  Enrolment of Students in Dilferent Faculties in a University ' 
I .  

F@Jj Science Commerce 

. 
1986 1987 - 

Y E A R S  

8.5.3 Sub-divided Bar Diagrams 
This type of bar diagram is prepared to represent the different components of the same variable. 
It is also called component diagram. In this diagram one bar is constructed for the total value 
of the variable, and then the bar is sub-divided in proportion to the values of the various 
components of that variable. In fact, the values of the different components are cumulated for ' 

constructing this bar diagram and the bar is to be sub-divided at these cumulated points. Study 
Illustration 4 carefully to understand the method of preparing subdivided bar diagram. 

Illustration 4 
The following data relate to the number of students admitted to first year class in different 
courses in a college. Show this data by means of a sub-divided bar diagram 

Year Arts Commerce Science 

1986 300 200 100 

1987 250 250 200 

1988 250 300 200 

Solution 
I I 

For constructing a sub-divided bar diagram, first of all, we have to identify the points where 
1 1  the bars for different years are to be sub-divided. For this purpose, we should calculate the 

52 cumulative values. The length of the bar for any specific year should be in the ratio of the total 
I 

i 
i 



number of students admitted to the college in that year. In the present case, every bar should 
have three components viz., arts, commerce and science. Now let us first compute the 
cumulative figures. 

Number of Students Admitted to First Year In Different Courses 

Courses ___-_-_-I-T----------------------- 

Number Cumulative Number Cumulative Number Cumulative 
Number , Number Number 

Arts 300 300 250 250 250 250 

Commerce 200 500 250 230 300 550 

Science 100 600. 200 700 200 750 

- -  

Total 600 700 750 

F ~ O F  the cumulative figures computed in the above table, we know the points where the bars 
are to be sub-divided. For example, take the case of 1986 cumulative figures. The bar should be 
sub-divided at 300 and 500. Now study Diagram E.4 carefully and understand how the sub- 
divided bar diagram is constructed for the above data. 

Diagram 8.4 : Sub-divided Bar Diagram Showing the Studcnts Adrnittcd to First Year in 
Different Courses in a College. 

8.5.4 percentage Sub-divided Bar ~ i a ~ r a m s  

A sub-divided bar diagram can be prepared on the basis of percentage figures also. In this type 
of diagram, the length of a bar is taken as 100 and the length of each component is 

Diagrammatic PreseptaHon 
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represented by the percentage share of that in the total. The length of different bars in this 
diagram will be the same. It is supposed to represent the relative changes and not the absolute 
changes in the values of the different components. 

This type of bar diagram is also constructed in the Same manner as the simple sub-divided bar 
diagram. Since each comp~ncat is expressed as a percentage in the total, first of all these 
percentages are calculated. Then these percentages are cumulated and a bar is subdivided at 
these cumulated points. Study Illustration 5 carefully and understand the method of preparing 
the percentage sub-divided bar diagram. 

Illustration 5 
The following data relate to the number of students admitted to the first year class of a college 
in different courses in the year 1987-88. Represent this data as a percentage sub-divided bar 
diagram. 

Courses 

Arts 

Science 

Commerce 

Total 400 500 

Solution 
For constructing a percentage sub-divided bar diagram, first we have to calculate the 
percentages of different components to the total. Then these percentages should be cumulated 
and the bars should be sub-divided at these cumulative percentage points. The length of the two 
bars will be taken as 100. In the present illustration. every bar will have three components Jiz., 
arts, science and commerce. 

Students Admitted to First Year in Different Disciplines 

Courses 1987 1988 

Number % Cumulative % Number % Cumulative I 

Arts 200 50 50 200 40 40 

Science 40 10 . 60 100 20 60 

Commerce 160 40 100 200 40 100 

Total 400 100 500 100 

From the cumulative percentage figures computed in the above table, we know the points 
where the bars are to be sub-divided. For instance, take the cumulative percentage figures for 
1987. In this case, you have to draw the bar for the figure 100 with sub-divisions at 50 and 
60. Look at Diagram 8.5 carefully and study how the bars are drawn. 

Illustration 6 
The following data relate to the cost of production and selling price of a TV Cabinet. Prepare 
percentage sub-divided bar diagram for this data. 

Item Cost and Selling Price per Cabinet (in Rs.) 
1988 

Raw Material 500 660 

Wages 200 330 

Polishing 100 110 

Selling Price loo0 loo0 

Prolit (+) or Loss (-) +200 -100 



~i~~~~~ 8.5 : percentage Sub-divided Bar Diagram Sllowir~g the Students Admitted to First Ycdr in Different 

Courses in a College. 

Solution 
In this problem one factor is showing both positive and negative values. For constructing 
percentige sub-divided bar diagram in such cases, first of all it is necessary to decide which of 
the variable is to be taken as 100% so that positive and negative percentages may properly be 
represented. In the present illustration selling price should be taken as 100% and all the other 
factors should be expressed as percentage to selling price. So, first we have to compute the 
percentages of different components to selling price. Then these percentages will be cumulated 
and the bars will be sub-divided at these cumulative percentage points, 

Cost and Selling Price per TV Cabinet 

Items 1987 1988 
-------------------------------- 
Amount % Cumulative % Amount % Cumulative % 
Rs. Rs. 

Raw material 500 50 50 660 66 66 

Wages 200 20 70 330 33 99 

Polishing 100 10 80 110 11 110 

Profit(+) or Loss (-) 200 20 100 100 10 100 
per Cabinet 

Selling Price (Total) 1OOO 100 loo0 100 

Diagrammatic Presentation 
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The bar for 1987 (when there is profit) will Start from zero line on X-axis. Since there is loss 
in 1988, the position of this loss should be shown below X-axis. For the year 1988 marking 
will start from below the X-axis. SO in the bar for 1988 the first portion representing raw 
materials (66%) will be shown 10% below X-axis indicating loss and the remaining 56% (i.e,, 
66% - 10%) above the X-axis. Now wages portion will start from 56% and go upto 89% (i.e., 
99% - 10%). Similarly, other parts will be marked. Now the percentage sub-divided bar 
diagram will look like the same as presented in Diagram 8.6. 

Diagram 8.6 : Percentage Sub-divided Bar Diagram Showing the Cost and Selling Price per a Cabinet. 

Check Your Progress A 
1) What is the differerice between tabular presentation and visual presentation of data? 

2) ~ifferentiate between one dimensional and two dimensional diagrams. 



3) What is a simple bar diagram7 

.............................................................................................................................. ................................... 
................................................................................................................................................. ................ 

............................................... .................................................................................... ............................. 
....................................................................................................................................... .......................... 

................................................................................................................................................... .............. 

Diagrammotic Presentation 

4) State the circumstan%s under which a multiple bar diagram is prepared. 

................................................................................................................................................................. 
..................................................................................................................................................... ............ 

5 )  What is the distinction between multiple bar diagram and sub-divided bar diagram? 

................................................................................................................................................................. 

................................................................................................................................................................. 

................................................................................................................................................................ 

................................................................................................................................................................. 

................................................................................................................................................................. 

6) State whether the following statements are True or False. 

i) It is easier to draw conclusions from diagrams as compared to statistical tables. 

ii) Visual presentation of data makes them interesting and creative. 

iii) No statistical measures can be located with the help of graphs. 

iv) The trends of past data can be established with the help of visual presentation of data. 

v) While preparing a diagram, it must be ensured that the data is presented in a 
meaningful manner. 

vi) A key should always be provided in a diagram. 

vii) One dimensional diagrams are prepared only on the basis of length. 

viii) In a multiple bar diagram, the length of various bars is proportionate to the 
magnitude of the given data. 

ix) There is no difference between a bar and a rectangle. 

x) Normally, identical gap should be left in between the different bars. 

xi) In case of multiple bar diagrarhs, the length of the various bars varies in the ratio of 
magnitude of the given values. 

xii) A subdivided bar diagram is prepared to show the different components of the same 
given variable. 

7) Fill in the blanks with the appropriate words given in the brackets. 

. . . . . . . . . . . . .  i) Visual presentation of data. .the dullness of numerical data. 
(eliminates/increases) 

ii) A careful glance at diagrams renders the comparison of complex data 
(more difficult/easier) . . . . . . . . . . . . . . .  

iii) A simple bar diagram is prepared to represent . . . . . . . . . . . . .  given value(s). 
(one/two) 

iv) Simple bars . . . . .  , . . . . . . .  represent negative values. (can/cannot) 



. . . .  Coktion, Classification and v) In multiple bar diagrams, the width of different bars is kept. . . . . . . .  
Presentation of Datn (different/identical) 

vi) In a sub-divided bar diagram, each bar is sub-divided on the Gasis 
. . . . . . . . . . . . . .  o f .  values. (cumulative/actual) ' 

. . . . . . . . . . . . . .  vii) A sub-divided bar diagram be prepared on percentage basis, 
(can/cannot) 

viii) Negative values . . . . . . . . . . . . . . .  be shown in the sub-divided bar diagram. 
(can/cannot) - 

8.6 TWO DIMENSIONAL DIAGRAMS 

As you know, the diagrams may be classified as : 1) one dimensional diagrams, 2) two 
dimensional diagrams, and 3) three dimensional diagrams. We have already discussed in detail 
about one dimensional diagrams. Now let us discuss about the two dimensional diagrams. 

As you know, there are three dimensions i.e., length, width and height, on the basis of 
which the diagrams are constructed. One dimensional diagrams are prepared only on the basis 
of length, and the width is not at all significant. The length of the bars is proportionate to the 
magnitude of the given data. The two dimensional diagrams. however, are prepared on the 
basis of two dimensions i.e., length and width. As the product of length and width indicates 
the area, this type of diagram is also called Area Diagram. 

The two dimensional diagrams may be classified as : 1) rectangles, 2) sub-divided rectangles, 
3) squares and circles, and 4) pie diagrams. Now let us discuss each of these categories 
in detail. 

8.6.1 Rectangles 

A rectangle is prepared on the basis of length and width and indicates the area. Before 
constructing a rectangle, we have to identify the variable to be represented by the length and 
the variable to be represented by the width of the rectangle. For example, a manufacturing 
enterprise has produced 10,000 units of product X during a particular month and the cost of 
production per unit is Rs. 20. For preparing the rectangle, the number of units produced can 
be considered to represent length and the cost of production per unit to represent width of the 
rectangle. Since a rectangle indicates area, in this case rectangle will show the total cost of 
production (i.e. 10,000 x Rs. 20 = Rs. 2,00,000). Now, let us take up an illustration and learn 
the preparation of rectangles practically. 

Illustration 7 
The following data relate to the number of units produced and cost per unit of a 
manufacturing enterprise during first two months of 1989. Prepare a rectangle for this data. 

January February 

Number of Units Produced I ,00,000 80,000 

Cost per Unit Rs. 8 Rs. 10 

Solution 
For this data, we have to prepare two rectangles on the following basis : 

Length (Units Produced) 1,00,000 units 80,000 units 

Width (Cost per Unit) Rs. 8 Rs 10 

The length of the two rectangles will be in the ratio of 10: 8 and the width in the ratio of 
8:lO. NOW look at Diagram 8.7, the two rectangles have been presented. However, you should 
note that the area in case of both the rectangles is the same. 



Diagram 8.7 : Rectangles Showing the Cost of Production. 
Diagrammatic Presentation 

8.6.2 sub-divided Rectangles 

L 

Rs. 8 Per unit  

Rs. 10 Per uni t  

January Fe bruary 

.- 

A rectangle can also besub-divided. The sub-divided rectangles will also show the area in 
respect of different components. For sub-dividing a rectangle, the cumulative values of the 
various components are calculated and the rectangle is sub-divided according to these 
cumulative values. Let us take some illustrations and prepare sub-divided rectangles. 

.L 

Illustration 8 
The following data relates to the number of units produced by a manufacturing conceit1 and 
the cost per unit on various items. Prepare a sub-divided rectangle for this data. 

i) No. of units produced 

ii) Cost of Raw Material 

Rs. 5,000 

Rs. 30,000 

iii) Wages Rs. 15,000 

iv) Other costs Rs. 5,000 

Solution 
First, we have to determine the length and width of the rectangle. The length may be 
represented by the cost per unit, which is the total cost divided by units produced i.e., 
Rs. 50,000 6 5,000 = Rs. 10. The width may be represented by the number of units produced i.e. 
5,000 units. Since a subdivided rectangle is to be prepared, we have to calculate per unit cost 
for various heads of expenditure and then calculate their cumulative values. Look at the 
following table where these cumulative values have been computed and presented. 



Collection, ClassiRcation and co:omputatlon of Cumulative Values 
Resentation of Data (UnilS produced = 5,000, 

__. 
items Total Cost per Cumulative Cost 

Cost Unit per unit 
Rs. Rs. Rs. 

I Cost of Raw Material 30,000 6 6 

15,000 3 9 
I 

3 Othercosts 5.000 . 1 10 

Total 50,000 10 

As we have computed the cumulative values,, now we can proceed to construct the sub- 
divided rectangle. Look at Diagram 8.8 %refully and study how the sub-divided rectangle is 
prepared. 

Diagram 8.8 : Sub-divided Rectangle Showing the Item-Wise Cost of Production 

5,000 Units 

8.6.3 Squares and Circles 
i 

Squares and circles are also two dimensional diagrams as they also represent the area. All sides of 
the square are the same, hence the length and the width in case of square are the same. While 
determining any one side of the square, we calmlate the square root of the given data and then 
an appropriate scale is taken to draw the squares. I f  more than one square is drawn in a single 
diagram, the bases of all the squares lie on the same line. 

A circle also represents the area, which is lrr2. For constructing a circle, we determine the 
radius of that circle. We calculate the square root of the given data to determine the ratio of 
vkrious circles. When we draw more than one circle, the central points of various circles lie on 



the same line. You should remember that by calculating the square roots of the given data, the 
large values are considerably reduced. Usually a square diagram is used when different values 
of one variable, without any sub-divisions, are to be shown. Now let us learn practically the 
preparation of squares and circles. 

Diagrammatic Presentation 

illustration 9 
The following data relates to the annual plan outlay during 1987-88 on different heads of 
development. Draw squares and circles for this data. 

I) Agriculture and Allied Activities 

2) Energy 

3) Industry and Minerals 

(Amount) 
(Rs. in Crores) 

2,378 

Solution 
First, we have to compute the square roots for the given data. Then we have to adopt 
appropriate scale to determine the sides of the squares and the radius of the circles. 

Calculation of Square. Roots 

Head of Dev~lopmenl Amount Square Root Side of the 
(Rs.1 Square br 

Radius of the 
Circle 

(in Cms.) - 
I .  Energy 12,999 114.01 4.68 

2, Industry & Minerals 6,243 79.01 3 24 

3. Agriculture and 
Allied Activities 2,378 48.76 2.00 

The minimum iquare root value has been taken as the basis €or determining the side of a 
square or the radius of a circle. In the above case, the square root value 48.76 has been taken 
as equal to 2.00 cms. and the other sidedradius have been determined in proportion to the 
different square root values. Now squares and circles have been drawn as shown .in Diagrams 
8.9A and 8.9B O 



Collection, Classification and 
Presentation of Data 

Diagram 8.9B : Circles Showing Annual Plan Outlay for Various Sectors During 1987-88 

A l l i ~ d  Act iv i t ies  

8.6.4 Pie Diagrams 

Pie diagram is a sub-divided circle. A circle is sub-divided to indicate the various components 
of a given variable. The areas of various sub-divisions in a pie diagram are in the proportion of 
the data to be represented. The sum total of the different components is taken as 360" (the 
total number of degrees around a point) and the degree of the various components are 

I 
calculated in the proportion of the values of different components to the total. For example, 
the total cost of production of a dressing table is Rs. 500 of which the cost of raw material is 
Rs. 200. The total cost of production (i.e., Rs. 500) will be taken as equal to 360" and the 
share of raw material in it is 40% i.e., 144'. The degree for various other components &11 
be computed in the same manner and the circle will be subdivided on the basis of cumulative 
degrees. A pie diagram helps us in ascertaining the relationship between the various 
components very easily. However, the number of sub-divisions in a circle should not be very 
large. Now let us take up an illustration and prepare a pie diagram. 

Illustration 10 
Draw a pie diagram to represent the following information regarding the expenditure of a 
famil!! ?n various items during a month. 

Items 

1) Food 

Amount 
Rs. 

Solution 
The total expenditure on various items is Rs. 1,800. This has been taken as equal to 3600. On 
this basis the number of degrees for various items has been calculated and presented in the 
table. Then the pie diagram is drawn as shown in Diagram 8.10. 



Calculation of Degrees 

Amount Degrees Cumulative ltems 
(Rs.1 . Degrees 

2. Clothing 200 40 200 

3. Rent 300 60 260 

4. Other Expenses SO0 100 360 

- 
Total 1800 360 

Diagram 8.10 : Pie Diagram Showing the Monthly Expenditure of a Family on Various Items 

Check Your Progress B ' 

1)  Differentiate between a rectangle and i bar. 

.( ..................... ........................................................................................................ ............ I.....'....... .) ....., 

Diagrammatic Presen,&tlon 
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2) State the significance of computing square roots for the given values for the construction of 

circles. 

.............................................................................................................................................. ................... 

................................................................................................................................................................ 
......................... ....................................................................................................................................... 

3) Differentiate between a circle and a pie diagram. 
. . ....................................... ......................................................................................................................... 

................................................................................................................................................................. 

4) State whether the following statements are True or False. 

i) Two dimensional diagrams are prepared on the basis of length and height. 

ii) Rectangle can also be sub-divided. 

iii) In a sub-divided rectangle, the sub-divided portions also indicate area. 

iv) There is no need for taking cumulative values for preparing the subdivided rectangle. 

v) We calculate the square root of the given data for preparing a circle. 

vi) The calculation of square roots of the given values for constructing squares reduce the 
large values considerably. 

vii) While preparing a pie diagram, the degrees of various componenb are calculated in 
the proportion of the values of different components to the total. 

5) Fill in the blanks with the appropriate word given in the brackets. 
i) Two dimensional diagrams indicate . . . . . . . . . . . . . . . .  (volurne/area) 

ii) . We . . . . . . . . . . . . . . . .  square root of the given data for determining the side of a 
square. (calculate/do not calculate) . 

iii) If more than one square is to be drawn in a single diagram, then it is 
. . . . . . . . . . . . . . . .  that the base of all the squares lies on the same line. 
(necessaryhot necessary). 

iv) For constructing a circle, we determine its . . . . . . . . . . . . . . .  (diametedradius) 

v) While preparing a pie diagram, the sum total of various components is taken as 
. . . . . . . . . . . . . . (  36O0/3OO0) 

vi) The number of segments in a pie diagram should . . . . . . . . . . . . . . .  very large. 
(behot be) 

8.7 LET 'US SUM UP 

Besides presenting in the tabular form, data can also be presented in the form of diagrams and 
graphs. Visual presentation of data eliminates the dullness of numerical data, makes the 
comparison of data simpler, helps in locating various statistical measures and establishes trends 
of past performance. 

Diagrams are prepared on the two graphic axes viz., X' axis and 'Y' axis. But they need not 
be prepared on a graph paper. A diagram should have a concise and self-explanatory title. 



' Colours and shades are used to exhibit various components in a graph. The available space 
should be optimally utilised to make the diagram significant. 

DingrnmmaHc Presentation 

The diagrams may be classified into three categories : 1) one dimensional diagrams, 2) two 
dimensional diagrams, and 3) three dimensional diagrams. One dimensional diagram is 
prepared on the basis of length only. the length of various bars is proportionate to the 

of the given data:Negative values can also be shown in these diagrams and the bars 
can either be prepared horizontally or vertically. The one-dimensional diagrams are classified 
as : 1) simple bar diagrams, 2) multiple bar diagrams, and 3) sub-divided bar diagrams, and 
4) percentage sub-divided bar diagrams. A simple bar diagram represents one value whereas the 
multiple bar diagram represents more than one value. A sub-divided bar diagram represents 
the different components of a given variable and can also be prepared on percentage basis. 

The two dimensional diagrams are prepared on the basis of length and width. These 
diagram signify area. Two dimensional diagrams are classified as : 1) rectangles, 2) sub- 
divided rectangles, 3) squares and circles, and 4) pie diagrams. For preparing a rectangle, its 
length and width are to be determined. A rectangle can also be sub-divided and the sub- 
divided rectangles also represent area. For preparing squares and circles, the square root of the 
given data is to be calculated and then the side (in case of a square) or the radius (in case of a 
circle) is determined. A pie diagram is segmented circle, where the segments are determined 
on the basis of 360" around a point. The degrees of the various segments are in the proportion 
of the values of different components to the total. 

8.8 KEY WORDS 

Bar : A one dimensional diagram which signifies only length, and width is not significant. 
Even though it looks like a rectangle, it is not a rectangle because in a rectangle both 
length and width are ~ i g ~ c a n t .  

Circle : A two dimensional diagram indicating the area rr2.  

Multiple Bars : A one dimensional diagram with more than one bar indicating either the 
values of different variables or the values of various components of the same variable. 

One Dimensional Diagram : A diagram prepared only on the basis of one dimension i.e., 
length. 

Pie Diagram : A circle divided into sectors showing the relative areas of various components 
of the same variable. 

Rectangle : A two dimensional diagram prepared on the basis of length and width 
representing variable such that the area represents some variable. 

Square : A two dimensional diagram indicating the area. Since all the four sides in a square 
are identical. one side is determined to prepare it. 

Sub-divided Bar Diagram : A bar diagram which is sub-divided on the basis of the values of 
various components of the same variable. 

Sub-divided Rectangle : A rectangle which is sub-divided on the basis of the values of 
various components of the same variable. 

The Dimensional Diagram : A diagram prepared on the basis of two dimension i.e., length 
and width. 

Three Dimensional Diagram : A diagram prepared on the basis of three dimensions i.e., 
length, width and height. 

X-ads : The graphic axis which is drawn horizontally. 
Y-axis : The graphic axis which is drawn vertically. 

8.9 ANSWERS TO CHECK'YOUR PROGRESS 
, . 

A) 6) i) True ii) True iii) False iv) True v) True vi) True 
vii)True viii) True ix) False x) True xi) True xii)True 

7) i) eliminates ii) easier iii) one iv) can v) identical vi) cumulative vii) can viii) can 



Colkdon, Clapsifieetinn and 
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B)4) i) False ii)True iii)True vi) False v)True vi) True vii)True 

5) i) area ii) calculate , iii) necessary iv) radius V) 360' vi) qotbe 

8.10 TERMINAL QUESTIONS/EXERCISES . 

Questions 
1) What is visual presentation of data? What are the objectives of visual presentation of data? 

2) What are the different types of diagrams used in statistics? Discuss various type  of one 
dimensional diagrams. 

3) Discuss the principle of diagrammatic presentation of data. 

4) Explain with an illustration the method of constructing squares and circles. 

5) Discuss the different types of two dimensional diagrams. 

Exercises 
1) Prepare a simple bar diagram for the.following data relating to the production of different 

oilseeds in 1984-85. 

Oilseeds Production 
(kgs./hectare) 

Groundnut 898 

Rapeseed and Mustard 71 1 

Soyabean 768 

Sesamum 246 

Nigerseed 251 

2) The following data relate to the production of rice in India in different years. 

Year Production 
(Inkh tonnes) 

1983-84 60 1 

1984-85 583 

1985-86 638 

1986-87 604 

Prepare a simple bar diagram for the above 'data. 

3) Present the following data in the form of a suitable diagram. 

Year 1984 , 1985 1986 1987 1988 
Profit (+) or Loss (-) 
(in Rs. 000) +5 +3 -2 +4 -1 

4) Present the following data in the form of a multiple bar diagram. 

Crops Production (million tonnes) 
1984-85 1985-86 

Wheat 44 47 

Rice 58 64 
Pulses 12 13 
Other Cereals 31 26 

5) Represent the following data by means of a subdivided bar diagram. 

Results , No. of Students 

1985-86 198687 1987-88 

Fint Division 50 90 80 

Second Division 250 300 300 

Third Division 100 120 200 

Failed 100 90 1 70 



6) Draw p r a m e  sub-divided bar diagram for the f0110dng data on  st, proceeds, profit 
0; loss per almirah. 

1989 

ParticulPrs Jnnunr~ February ' March 

Materials 

Wages 

Othcr%osts 

Sale P r d  Per 
Almirah 

Profit (+) or (-1 +loo 0 -100 

7) Represent the following data relating to the monthly ex~jenditure of two families by means 
of rectangles. 

Head of Expenditure 

Food 

Clothing 

Rent 

Miscellanc%uS 

Family X 

1.000 

Family Y 

1 ,000 

8) Prepare squares and circles for the following data : 

Country 

India 

USA 

Italy 

Yield of Rice 
(In Ibs, per acre) 

g) Percentage shares of different newspapers sold in New Delhi are given below. Prepare 
a pie diagram for this data. 

Name of the Newspaper % Share 

Times of India 

Indian Express :'12 

Hindustan Times 28 

Others 14 

Total 100 

10) The following data relates to  the demand for electricity in 1984-85 by different 
consuming sectors. Prepare a pie diagram for this data. 

C d g  Sector Demand 
(Billion Kwh) 

Industrial 73.5 

Domestic 15.5 

Agriculture 

Others 

Note : These questions and exercises will help you to understand the unit better. Try to write ' 
answers for them. But do not send your answers to the University for evaluation. 
These are for your practice only. 
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Structure 
Objectives 
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9.0 OBJECTIVES 

After studying this unit, you should be able to : 
state the importance of graphic presentation 

* describe the principles of preparing a graph 
list different types of graphs, and 
prepare different types of graphs. 

9.1 INTRODUCTION - 

In Unit 8 you have learnt that the visual presentation of data eliminates the dullness in the 
presentation of quantitative data and makes it more interesting. Visual presentation also helps 
in comparison of data or determining the trends of the past performance. You have already 
studied about one of the techniques of visual presentation of data i.e., diagrammatic 
presentation. Another important technique of visual presentation of data is the presentation in 
the form of graphs. In this unit you will learn about the principles of preparing graphs, 
different types of graphs for time series and frequency distributions and the methods of 
preparing them. 

9.2 IMPORTANCE OF GRAPHIC PRESENTATION 

Graphic presentation of data is also pleasing to the eye. It leaves a strong impact on the mind 
and it is easier to draw trends of data. The graphic presentation of data had the following 
advantages : 

i) Graphic presentation of data renders comparison of data niuch easier. The direction of 
curves or straightlines on the graphs makes it very simple. to draw comparisons. 

ii) Graphic presentation of data helps in establishing tre'nds of the past The I 

I 
presentation of time series data on a graph makes it possible to interpolate or extrapolate 
the values. Thus it helps in forecasting. 

\ 
iii) Graphic presentation of data makes it possible to determine the values of the positional 

averages such as median, quartiles, mode, etc. The graphs of frequency distribution help us 
to locate these values. 



iv) ~ h ~ ~ ~ g h  graphic presentation it is also possible to establish correlation between 
variables. Scatter diagram is a graphic presentation technique to determine the degree of 

As the study of correlation is not included in this course, we will not discuss 
about the scatter diagram method of graphic presentation in this unit. We discuss only 
graphs of time series and frequency distribution. 

CIPLES OF PREPARING A GRAPH 

Graphs are prepared on the basis of the coordinate system of plotting points. When two 
.perpendiculars are drawn on each other, the interseding point of these perpendiculars is called 
the odginating point or the origin. The horizontal line is called X axis and the vertical line 
y axis. The intersection of two perpendiculars drawn on each other provides us four 
quadrants. The two perpendicular lines and the four quadrants generated by them have been 
shown in Figure 9.1. 

Graph 9.1 : Parts of a Graph 

Quadrant 111 Quadrant IY 

The positive values of X are taken to the right of origin and negative values on the left of 
origin. The positive values of Y are taken above the origin and negative values below the 
origin. The position of a point of the graph is fixed by measuring how much it is away from 
the origin along with the X axis and along with the Y axis. It is designated by writing the X 
distance and then Y distance and enclosing both in a bracket. In the graph 9.1 above, point A 
( 3 4  has been plotted. This point A is away from the origin by 3 units along X axis and by 2 
units along Y axis. 

A point with positive values on both axes is plotted in Quadrant I. If, however, there is any 
negative value, then the point willabe plotted in a different quadrant. If X values are negative 
and Y values are positive, the point on the graph will be in Quadrant 11. If X values are 
positive but Y values are negative, the position will be in Quadrant IV. And if both the X and -. 
Y values are negative, the plotting will be in Quadrant 111.The graph of statistical data is 
usually in Quadrant I. 



9.4 GRAPHS OF TINE SERIES - HISTORIGRAMS . 

Broadly, the graphs of statistical data have the following two types : 

i) Graphs of Time Series Aled  Historigrams 

ii) Graphs of Frequency Distribution 
Time series is a series of data which is depicted in a chronological order. The data relating to 
the sales of an organisation over a period of ten years is an example of time series data. A 
graph of time series is prepared to show the value of one or more variables over a period of 
time. A graph of time series data is called Historigram because history is represented 
graphically. 

Principles of Constructing Historigrams 
A time series graph or a historigram is constructed on the basis of the following principles : 
1) The time is taken as an independent variable and is, therefore, represented on X axis. The 

value of data is taken as dependent variable and is represented on Y axis For example, in 
preparing the graph of the data relating to sales of a business concern for the period. 
1980-88, sales will be shown on Y axis, whereas the years will be taken on X axis. After 
plotting the different points corresponding to given data, the points are joined by straight 
line in the order of time. The graph so formed is called the historigram of the given data. 
The rise and fall of lines plotted indicates how the data is changing over time. The various 
levels so plotted, taken together, are also called the curve plotted corresponding to the 
given data. 

2) The Y axis (also called vertical axis) normally starts with zero. However, when there is a 
wide difference between the lowest value of the given data and zero, the Y axis can also be 
broken and a false base line can be taken. You will study in detail about the false base line 
later in this unit. 

3) The scales on two axesshould be taken in a manner so that the values of the data are 
depicted significanhy. 

4) A graph must have a concise and self-explanatory title. 

5) The data relating to more than one variable can be shown by a historigram. In such a case, 
there are more than one curve in a historigram, each curve representing a separate variable. 
Normally different curves are marked differently so that they can easily be distinguished 
from each other. Sometimes, colours are also used to show the different curves. 

6) If the variables are measured in different units, double scale can be taken on Y axis. 

7). While constructing a graph, the scales adopted should be clearly indicated. 

9.5 TYPES OF HISTORIGRAMS 
I 

A historigram may be constructed in two ways : 1) It can be constructed on a natural scale 1 
where the graph reflects the changes in absolute values over a period of time. 2) It can be 
constructed on a ratio scale where the graph reflects the relative changes over a period of time.; 
In this course, however, we will study only the first method i.e., the natural scale graph. In a 1 
natural scale graph, the values of the dependent variable are taken on Y axis by marking the 
scale in such a way that equal distance on Y axis represents equal addition of values. This is 
the usual method of marking the scale and in the same as shown in Graph 9.1 in Section 9.3. 
Historigrams can be classified into four types as below : 

1) One Dependent Variable Historigram 

2) More than one Dependent Variable Historigram 

3) Mixed Graph 

4) Range Graph 
I 

These different types of historigrams and the methods of preparing them are discussed below] 

9.5.1 One Dependent Variable Historigram 

In this type, there is only one dependent variable. As stated earier, the values of depender ' . 
variable are taken on Y axis, whereas the time is taken on X axis. For instance, the dat. 



relating to sales over a period of time is an example of one dependent variable historigram. In 
this case, the data on sales will be plotted on Y axis and time will be taken on X axis. This is 
the simplest type of graph. Study Illustration 1 carefully and understand the method of 
'constructing one dependent variable historigrams. 

~Uustration 1 
The followirlg data relates to the training of officers by an institute during different years. 
Prepare a suitable historigram for the same. 

Years : 1980 1981 1982 1983 1984 1985 

No. of Officers 
Trained. : 100 217 36 90 56 '70 

Soluiion 
Since the data relates to only one dependent variable, we have to construct a one dependent 
variable historigram. The different years will be taken on X axis and the number of officers 
trained on Y axis. As all the values of dependent variable are positive, the graph will be in the 
first quadrant. Therefore, we can mark X axis at the bottorn of the graph paper and the Y axis 
towards the extreme lefi hand side. Look at Graph 9.2 carefully. On X axis thzre is a space of 

10 big squares. So let us take the starting year of the data at the origin itself and then let two 
big squares represent one year. So, the scale on X axis should be marked accordingly and the 
word 'years' will be written under it. On Y axis we have a space of about 12 big squares. We 
have to show a maximum value of 217. The scale is normally marked in round numbers. So 
let one big square represent 20. The scale should be written accordingly, and the words 'No. of 
Officers' should be written on the side. Now plot various points (1980, loo), (1981, 217), etc., 
and join them by straight line. We have to write a short title also. Look at Graph 9.2 for the 
graph drawn for this data. 

Grnph 9.2 : One Variable Hislorigram Showing the Number of Officers Trained by an Institute 
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Illustration 2 * 
The following data rektes to profit/loss of a business concern. Prepare a single variable graph 
for this data. 

Years : 1983 1984 1985 1986 1987 1988 

Profit (+) or 
Loss (-) 
roo0 Rs.) : +lo +3 -5 +2 -3 6 

Solution 
In this illustration, both the profit and loss are given. If profit is shown by positive values, loss 
should be shown by negative values. The positive values should be plotted on the Y axis above 
the origin, whereas the negative values should be plotted on the Y axis below the origin. So in 
this case X axis will not be taken towards the bottom of the graph but it will be somewhere in 
the middle, depending on the magnitude of the negative values to be shown. Look at Graph 
9.3 carefully and examine how the X axis is drawn. In the present case, depending on the 
'space available, we have taken two big squares to represent one year and one big square to 
represent profit/loss of rupees one thousand. Study Graph 9.3 carefully and understand how 
both profit and loss are plotted. 

Gr..ph 9.3 : One Variable Graph Showing the Profit and Loss of the Finn during 1983-88 



False Base Line 
Wh'le studying the principles of construct in^ 'istorigram, we have discussed that the vertical 
axis sh uld usually start with zero. If there is a wide differe ce between zero and the lowest 
value of the given data, the vertical axis is b oken and a 'false base line' is taken (which is 
drawn in a zig-zag manner). Th . basic purpose of drawing a 'false base line' is to show the data 
more significantly. A value equal to the lowest value in the data, or a round fi, re less than 
the lowest given value is marked on 1 axls as the 'false base'. Let us understa d this practically 
through an illus ration. 

Illustration 3 
The follow~ng data relates to the number of industrial disputes in India. Prepare a historigram 
for this data. 

: 1980 1981 1982 1983 1984 1985 Years 

No, of Disputes : 2,856 3,589 2,483 2,488 2,061 1,522 

Solution 
The lowest number of industrial disputes is 1,522 which is very much away from '0'. Hence, 
the Y axis has been broken near the X axis and th fa1 e base line has been drawn. The first 
value for marking the scale on the false base line may be taken as 1,500, a value which is less 
than lowest number of disputes i.e., 1,522. Depending on the space available on Y axis, . ow 
one big square is taken to represent 250. Now study Graph 9.4 carefull nd understand how 
the false base line is drawn and the data is plotted. 

Graph 9.4 : One Variable Graph with a False Base Line - 
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1 Note ; If the false base is not taken, space corresponding to the scale f om 0 to 1,500 on Y 
axis (which will be equal to six big squares on the scale selected) will go waste. This also 
condense the graph drawl. in the upper portion of the paper. The broken line indicates that a 
portion of the graph piper, having no values plotted in, has not b e ~ n  shown. 

Graphic Presentation 
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Sometimes, the data in a historigram may relate to more than one dependent variable. For 
exan~ple, the data may relate to the production of both wheat and rice over a period of time. 
The histogram, which will be prepared to show the two CL cs (one for wheat production and 
the other for rice production), will be known as more than one dependent variable 
graph. These more than one variable graphs are prepared exactly in the same manner as we 
prepare one dependent variable graph. The 'false base line' can also be taken in this case. Now 
study Illustration 4 carefully and understand the practical procedure involved ill the 
preparation of this type of graphs. 

Illustration 4 
The following data relates to birth rate, death rate and growth rate in India. Draw a 
historigram with more than one dependent variable for this data. 

(Rarc per nnnum pcr thovsands population) 

Period : 1931-41 1941-51 1951-61 1961-71 1971-81 

Birth Rate : 45.2 39.9 40.0 40.0 37.9 

Drath Rare : 31.2 27.4 22.8 17.8 15.4 

Gmath Rate : 14.0 12.5 18.1 22.2 22.5 

Solution 
A multiple variable historigrarn has l>cc~i preparcd for this data and presented in Graph 9.5. 
The false base line has also been taken. In this graph we have done one curve for each variable 
viz., 'birth,mie', 'death rate', and 'growth rate'. For easy identification, each curve is marked 
with a different nlethod of joining. The graph clearly shows that with passage of time, the fall 
in death rate is higher than the fall in birth rate and hence the growth rate is rising with tune 
after 194 1. 

Graph 9.5 : More than Oar Variable Historigram Showing Rirth. Death and Growth Rates in India 



9.5.3 Mixed Graph Graphic Presentation 

Mixed graph is a type of historigram prepared for two dependent variables where the units of 
measurement in respect of these two variables are not the same. The values of these two 
dependent variables are represented by two different scales-one on the usual Y axis alld the 
other Y axis taken on the right of the horizontal axis. The following points should be kept in 
mind while preparing a mixed graph : 

;) The mid-points of the scales taken on two vertical axis should be on the same line. 

ii) Two different curves will be drawn-one on the usual Y axis and another on the second Y 
axis taken on the right of X axis. 

iii) False base line may also be taken in this case, if necessary. 

Now let us learn the preparation of a mixed graph by taking up an illustration. 

Illustration 5 
The following data relates to sales of a business concern. Show this data with the help of a 
mixed graph. 

Years 1982 1983 1984 1985 1986 1987 1988 

Sales in Quantity 
('000 tons) 20 24 30 35 30 40 35 

Sala in Value 
('000 Rs.) 100 115 1.55 170 145 200 180 

Solution 
Now look at the mixed graph presented in Graph 9.6 carefully. Sales in quantity have been 
shown on the usual Y axis and sales in value have been shown on Y axis taken on the right of 
X axis. The range for sales in quantity is 20 to 40 thousand tons and that of sales in value 100 
to 200 thousand rupees. To show the two curves prominently (not to waste graph space) let us 
take false base line and mark the starting point 20 on the tons side and 100 on the rupees side. 
The mid value 30 of tons and 150 of rupees will also be taken on one line. This is shown as 
dotted line in the graph. On the Y axis relating to quantity, two big squares represent 5 
thousand tons. Similarly, on the Y axis relating to sales value, two big squares represent 
Rs. 25 thousands. To make a distinction between the two curves, we have represented sales in 
tons by continuous line and sales in rupees by dotted line. 

Graph 9.6 : Mixed Graph Showing Quantity and Value of Sales 
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Collection, Classification and 9.5.4 Range Graph 
Presentation of Data 

Sometima, for the dependent variable, two extreme values (i.e., the maximum and minimum 
values) are given. Maximum and minimum temperature on a particular day is an example. 
The graph showing these two extreme values is called a range graph. This type of graph shows 
two curves, one curve for maximum value and mother for the minimum value, for different 
time periods. This graph is ai ied range graph because it shows the range in the values of the 
given data (range is the difference between the two extreme values of the data at  different 
points of time). 

Illustration 6 
Draw a range graph for the following data on minimum and maxitnum prices of the share of 
XYZ Company during the first week of January 1989. 

Minimum Price Maximum Price 
(As.) (RsJ 

Monday 20 27 

Tuesday 18 29 

Wednesday 

Thursday 

Friday 

Saturday 

Solution 

The range graph has been constructed and presented in Graph 9.7. It presents two curves, one 
for maximum prices and the other for minimum prices. 

Graph 9.7 : Range Graph Showing the Maximum and Minimum Prices of the Shares of XYZ Company 
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The vertical lines on different days show the range of the prices on that day. The rise and fall 
I 

of two horizontal lines show the rise and fall of maximum and minimum prices over time. 
Such a graph, therefore, brings to light these two kinds of information. 

Check Your Progress A 

1) What is a graph of time series? 



- 
2) Distingukh between one dependent variable historigram and more than one dependent 

variable historigram. 
........................................................................ 
....................................................................... 
.................................................................... 
....................................................................... 

3) What is a false base line? 

4) Distinguish between a mixed graph and a range graph. 

....................................................................... 

....................................................................... 

....................................................................... 

....................................................................... 

5) State whether the following statements are True or False. 

) Graphic presentation of data renders comparison of data easy. 

ii) The trends of past performance cannot be established with the help of graphs. 

iii) If the values are positive, the graphs are generally prepared in Quqdrant I. 

iv) In the historigram, the Y axis is never broken. 

v) A historigram cannot show data pertaining to more than one dependent variable. 

vi) The basic objective of taking a false base line is to show data more significantly. 

vii) In case of more than one dependent variable historigram, the dependent variables are 
taken on X axis. 

viii) False base line cannot be taker] in case of a mixed graph. 

6) Fill in'the blanks with the appropriate word given in the bracket. 

i) Graphic presentation of data ................................... in determining the values of 
positional averages. (helpddoes cat help) 

ii) If the value of dependent variable is negative, the graph will be prepared in quadrant 
............ ...................... .( (III/IV) 

iii) In a historigram, the time is taken on ................................... axis. (x/y) 
..................................... iv) A graph be prepared on a ratio scale. (can/cannot) 

.................................... V) False base line be taken in case of more than one dependent 
variable historigram. (can/cannot) 

vi) Mixed graph is prepared to show the values in respect of ................................ 
dependent variables having different units of measurement. 

~ i i )  In case of a mixed graph, the mid points of the two scales should ............................. 
on the same line. (be/not be) , 

Viii) Range graph shows the ..................................... of the two extreme values of a variable. 

(difference/addition) 
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Presentation of Data 9.6 GRAPHS OF FREQUENCY DISTRIBUTION 

You have studied in Unit 7 that the frequency distributions can be presented in the form of 
tables. In fact, frequency distribution can also be presented in the form of graphs. Compared to 
tabular presentation, graphs of Cequency distribution are helpful in identifying characteristics 
and relationships. Graphs of frequency distribution are also useful in locating the positional 
averages such as mode, median, quartiles, etc. Let us study the basic principles to be followed 
while preparing the graphs of frequency distribution. 

Principles of Constructing Graphs of Frequency Distribution 
Graphs of frequency distribution are constructed on the basis of the following principles : 

1) The values of the variable are shown on X axis. For example, in a frequency distribution 
showing age (in years) of the students, the age will be shown on X axis. 

2) The values derived from the frequency of the items/classes are shown o n  Y axis. 

3) It is not necessary that horizontal axis should start from zero. But vertical axis is not broken 
in these graphs. False base line cannot be taken. 

4) The scales on the two axes be taken such that they reflect the data significantly. These 
scales should be clearly specified. 

5 )  The graph should have a concise and self-explanatory title. 

9.7 TYPES OF FREQUENCY DISTRIBUTION GRAPHS 

The graphs of frequency distribution can be classified as : 1) Histogram, 2) Frequency Polygon, 
3) Frequency Curve, and 4) Ogive or Cumulative Frequency Graph. Let us now understand 
the procedure involved in the preparation of these four types of graphs. 

9.7.1 Histogram 

A histogram is a series of rectangles each proportionate in width to the magnitude of a class 
interval and proportionate in area to the number of frequencies concerning the class intervals. 
In this graph the items/class intervals are $ken on X axis and values derived from frequency 
are taken on Y axis as height of the rectangle. To derive the height, smallest class interval will 
be taken as one unit width. The width of all other class intervals will be determined in terms 
of this. The frequency will then be divided by this number. The value so obtained is called as 
frequency density or adjusted frequency. This represents frequency per unit class interval. 
When class intervals are all equal, every class interval will have a width of one unit. SO 
dividing frequency (which is represented by the area) by one, we get the height (i.e., frequency 
density) equal in number to frequency. So in case of equal class intervals, height may be taken 
proportionate to frequency. But actually in concept it is area which is proportionate to the 
frequency. 

In constructing histogram there should not be any gap between two successive rectangles. If 
the data is given in inclusive class interval or in discrete series, it should be first converted to 
continuous data with exclusive type class intervals. A histogram helps in determining the mode 
of the data, about which you will learn Iater in this course. 

Illustration 7 
The bllowing distribution relates to the marks secured by the students of a college in 
statistics. Present it graphically. 

Marks : 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 

No. of Students : 5 15 25 50 40 30 10 5 

Solution 
The data in this illustration has been given in the form of continuous frequency distribution 
with exclusive type. So the given class intervals, as it is, will be taken on X axis. As all the 
class intervals are of the same sue, by denoting their length by one unit, each class interval will 
be of one unit width. Dividing frequency (i.e,,area of rectangle) by this width, the height of 
the rectangles will be equal to their frequenciic. 



~d NO. of Students Width Units Frequency Density 
(Area) (Base) (Height) 

Graphic &.tq 

- 

The height will be taken on Y axis. Now on both X axis and Y axis mark the scale in a 
suitable manner. To construct the histogram. we will construct rectangles on the base bar as 
class intervals, with height equal to the value derived as above. The histogram,is drawn and 
presentedjn Graph 9.8. 

Gnph : 9.8 : Histogram Showing the Marks of Students in Statistics (Class Intervals with Equal Width) 

Adjusted Frequency Width of the Basic Class Frequency of 
bf any Class - - x the Given Class 

Width of the Given Class 
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This method of adjustment will give the same value of height of rectangle as by the method 
pointed out in the previous example. Under this method also the area of the rectangle 
represents the frequency. Now let us take up an illustration and understand this practically. 

Illusfration 8 
Draw a histogram for the following distribution relating to the marks secured by the students 
of a class in accountancy. 

Marks : 0.5 5-10 10-15 15-20 20-25 25-30 30-40 #60 

No. of . 
Students : 5 I5 25 50 40 30 20 16 

Solution 
In this illustration the width of the various classes are not equal. Hence, necessary adjustment 
should be made in the frequencies of some of the class intervals. Taking 5 (the smallest width) 
as the normal width, the frequencies of two classes i.e., 30-40 and 40-60 will be adjusted as 
follows : 

Adjusted Frequency Width of the Basic Class Frequency of 
of any Class - - x ' the Given Class , 

Width of the Given Class 

For Class 30-40, the adjusted frequency or frequency density will be = 5/10 x 20 = 10. 

For Class 40-60, the adjusted frequency or frequency density will be = 5/20 x 16 = 4. 

Let us also calculate the frequency density by the method pointed out in the Illustration 7 and 
study whether the two methods give the same value for height q r  not. 

The histogram has been constructed and presented in Graph 9.9 

Graph 9.9 : Histogram Showing the Marks of Students in Accountancy (Class Intervals with Unequal Width). 



Mnrb No. of Students Width Units Frawncy Density 
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Illustration 9 
Draw a histogram for the following data relating to the age (in 'years on the nearest birthday) 
for members of a club. 

Age in Years : 10-14 15-24 25-39 ' 40-59 

No. of Members : 5 12 24 12 

Solution 
In this illustration the class intervals are of unequal size, and are given in inclusive form. 
Converting them in 'exclusive' form to have no gaps in between and taking the smallest class 
interval size (i.e., 5) as one unit width, the data is as follows : 

Age in Years : 9.514.5 14.5.24.5 24.5-39.5 39.5-59.5 

No. of Members : 
(Area) 5 12 24 12 

Width Units 
(Base) 1 2 3 4 

Frequency Density : 
(Height) 5 6 8 3 

Graph 9.10 : Histogram Showing the Age of Club Members 

AGE I N  YEARS 
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Coktion, cladtkatiw and Look at Graph 9.10 carefully the histogram for the data is presented. In this graph one big 
?resentatlon of Data square is taken to represent 5 years. The points 9.5, etc., are marked on a thick line to make 

the plotting easy. A break is shown on X axis near the origin to indicate that this part of the X 
axis is not on the same scale as the rest of'the axis. 

9.7.2 Frequency Polygon 
Frequency polygon is another way of showing frequency distribution graphically, There are 
two ways of constructing a frequency polygon. In the first method, along with the given 
class intervals, two more class intervals with zero Frequencies are taken one at the beginning of 
the given classes and the other at the end. Then the frequency densities are plotted against the 
mid points of all the class and they are joined by straight line. Another way of preparing a 
frequency polygon is to construct a histogram in a.nomal way. Here put a dot against the mid 
points of the tops and the first and last vertical lines of the histogram. Then join the different 
dots by straight line segments to get the frequency polygon. These methods point out that the 
frequency polygon originates at a point lying to the left of the lower limit of the first classinterval 
equal to one-haIf of the width of the class interval. Similarly, it is extended at the point lying at 
half-the class interval width away to the right of the upper boundary of the last class interval. 

It should be noted that the area under the two histograms and frequency polygon is always the 
same and they represent the total frequency. 

Illustration 10 
Draw a histogram and a frequency polygon for the following data : 

Class Interval : 10-20 20-30 30-40 40-50 50-60 60-70 

Frequency : 10 . 20 30 25 10 5 

Solution 
The calculations for consttucting histogram and frequency polygons are as follows : 

Class Frequency Width Units Frequency Mid Points 
Interval (Area) (Base) Density 

(Height) 

10-20 10 I 10 15 

20-30 20 1 20 25 

30-40 30 I 30 35 

40-50 25 I 25 45 

Graph 9.11 : Frequency Polygon by Two Methods 
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f i e  two class intervals, one before and one after the given class intervals, will be 0-10 and Graphic PresentaHon 
70-80, since there are no items for these two class intervals. The frequencies for them will be taken 
as zero. Now the frequency polygon is constructed by two methods : 1) By using histogram 
and joining the mid points of the top (i.e., A, B, C,  D, E, F, G and H). 2) By direct method i.e., 
"sing mid points of given class intervals and two extra class intervals, and joining them (i.e., 
A, B, C, D, E, F, G and HI. 

Study Graph 9.1 1 carefully. You will note the following points : 

1) In cases of histogram, height at various points within a class intervil is same throughout 
the class interval, while in frequency polygon it is changing. This means that in a histogram 
frequencies are uniformly distributed within a class interval, while in a frequency pQlygdn 
frequency density is different at different points. 

2) The frequency polygon shows a gradual rate of rise and fall of frequency density, while in 
histogram it suddenly jumps at the end points of the class'intervals. 

Thus, histogram is used when rise and fall of frequencies from one group to another are to be 
shown permanently, and when gradual rise and fall are to be shown then frequency polygon is 
used. 

Illustration 1 1 
Draw a Frequency polygon for the following distribution. 

Mid-Points : 7.5 12.5 17.5 22.5 27.5 32.5 37.5 

Frequency : 10 20 30 40 20 10 5 

Solution 
In this illustration, the frequency polygon can easily be constructed on the basis of the mid 
points. The length of the first class interval is the difference between two successive mid points 
i.e. 12.5 - 7.5 = 5. Similarly, the length of class interval is same throughout the data. So the 
mid points of two class intervals, one before and one after the given data, will be 2.5 and 42.5, 
and the frequency density will be numerically the same as the given frequencies. Study 
/carefully the frequency polygon presented in Graph 9.12. 

Graph 9.12 : Frequency Polygon 



CoUectlon, C l ~ c a l i o n  and 
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9.7.3 Frequency Curve 

A frequency curve is Constructed to smoothen the frequency polygon. It is prepared by 
drawing a free hand curve by the side of the frequency polygon in such a manner that the area 
under polygon and the ere. under curve drawn is the same. The total area of the frequency 
curve also represents the total frequency. Frequency curve represents the generalisation of 
frequency polygon. This means that if the data given is a small sample out of a very large 
group, then frequeni'y curve gives the general tendency as Cxhibited by the big group. 

Illustration 12 
Draw a histogram, a frequency polygon and a frequency curve for the following data. 

Age (in Years) , : 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80. 

No, of Residents : 150 300 500 800 loo0 900 400 100 

Solution 
In this case all the class intervals are equal. We can construct histogram in the same manner as 
described earlier. Frequency polygon can now be drawn with the help of histogram. Now 
study Graph 9.13 carefully. You will notice that the first vertical line of histogram is the Y axis 
itself. So when we join the mid point of this first vertical line with the mid point of the top of 
the fmt rectangle, the polygon line will go to negative side of X axis. Normally, this implies 
that there are negative items in the data. In fact, there are no negative values in the data. 
~ctually, frequency polygon is allowed to go on negative side so that areas of histogram and 
polygon are the same and represent the total frequency. To draw the frequency curve we have 
to follow the general pattern of the frequency polygon and draw a smooth line which is 
sometimes below the polygon and sometimes above it so that the areas of polygon and the 
curve are equal. In a case like the present one, adjustment for negative side is done by starting 
the frequency curve from '0'. 

Gmph 9.13 : HUogram, Frequency Polygon and Frequency Curve for Age of Residents 



9.7.4 Ogive or Cumulative Frequency Graph Graphic Ekscntation 

An ogive or a cumulative frequency graph is constructed on the basis of cumulative 
frequencies. We have already learnt that the cumulative frequency distributions can be either 
in the ascending order or in the descending order. Similarly, an ogive can also be either a "less 
than ogive" or a "more than ogive". A "less than ogive" is constructed on the basis of 
cumulative frequencies which are in the ascending order. Similarly, a "more than ogive" is 
constructed on the basis of cumulative frequencies which are in the descending order. In a 
"less than" ogive, the las than type cumulative frequencies of a class are plotted against its 
upper limit. In case of a "more than" ogive, the more than type cumulative frequencies of a 
class are plotted against its lower limit. Ogive helps us to determine median, quartiles, 
percentages, etc. 

Illustration 13 
The following data relates to the marks secured by the students of a class in Accountancy. 
Draw "less than" and "more than" ogives in separate graphs. Also show the two ogives in the 
same graph. 

Marks : 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 

No. of 
Sludenb : .10 20 35 30 20 15 10 10 

Graph 9.14 : Less than Ogive Showing the Marks of Students in Accountancy 



Collection, QassiRwtion and Solution 
Presentation of Data First, we have to convert the above distribution 'into "less than" and "more than" cumuiative 

frequency distributions. The two cumulative frequency distributions have been constructed 
below : 

Construction of Cumulative Frequency Distribution 

Marks Frequency "Less Then" "More Than" , 
Cumulative / Cumulative 
Frequencies ' . Frequencies 

10 10 
, .  

0-10 . 150 



Now study Graph 9.14 carefully. To draw less than ogive, less than cumulative frequencies are 
plotted at upper limits of the various class intervals. So the points (10,10), (20,30), (30,65), 
(40,95), (50,115), (60,130), (70,140), and (80,150) are plotted as points A, B, C, D, E, F, G, 
and H. Every plotted point represents the number of students having marks below a particular 
upper limit of the class interval. If you look at the limits of class intervals, you will find that 
the points' have been plotted for all the values except the lower limit of the first class interval 
(i.e., '0'). There are no students having marks below 0. So to plot points for all the given class 
limits, the point (0,O) is also plotted as point P. Now all the points are joined by straight lines. 

Study Graph 9.15 carefully. The more than ogive is drawn by plotting points corresponding to 
more than cumulative frequencies against the lower limits of the various class intervals and the 
(i.e., 80). Look at Graph 9.16 which shows both the "less than" and "more than" ogives in the 
same graph. 

Graph 9.16 : Leu; than Ogive and More than Ogive Showing the Marks of Students in Accountancy 

You will notice from Graph 9.16 that the "more than ogive" and "less than ogive" intersect 
at a point which corresponds to 50% of the frequency. In this case that point is 150/2 or 75 
frequency. This will be always the case. 

Graphic Presentation 
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Check Your Progress B 

1) Distinguish between a histogram and a historigram. 

2) What is a frequency polygon? 

3) How do you adjust the frequencies for constructing a histogram, when the class intervals 
have unequal width? 

....................................................................................................................... 

....................................................................................................................... 

....................................................................................................................... 

4) What is a frequency curve? 

....................................................................................................................... 

....................................................................................................................... 
...................................................................................................................... 
....................................................................................................................... 

5) Distinguish between a "less than" and "more than" ogives? 

6) State whether the following statements are True or False. 

i) In a frequency distribution graph, value of variable is shown on X axis, 

ii) False base line can also be taken in the graphs of frequency distribution. , 

iii) A histogram is a series of rectangles, each proportionate in width to the magnitude d 
class interval and proportionate in area to the number of frequencies. 

iv) A histogram in case of class intervals with unequal width can be prepared without 
making any adjustment in the frequencies. 

v) In a frequency polygon, the frequencies are plotted against the upper limit of the class 
interval. 

vi) A frequency polygon is extended on both sides on the left to a class before the first 
class interval and on the right to a class after the last class interval. 

vii) A frequency curve is constructed to smoothen the frequency polygon. 

viii) A frequency curve is prepared by free hand. 

7) Fill in the blanks with the appropriate words given in the brackets, 

i) The frequencies of a distribution are shown on .......................... in case of a graph of 
frequency distribution. (X axis/Y axis) . 

............................. ii) A histogram helps is determining the value of (mode/median) ~ 

........................... iii) The frequencies in case of a histogram are represented by 
(volume/area) 

iv) The area under the histogram and the frequency polygon ......,............,.....,.. the same. 
(idis not) ' 



............................. v) An ogive is constructed on the basis of frequencies. 
(given/cumulative) 

vi) A "less than" ogive is constructed on the basis of cumulative frequencies being in 
order. ............................. (ascending/descending) 

4 vii) An ogive helps in locating the value of ............................ (median/mode) 
- L 

9.8 LET US' SUM UP 

Graphic presentation renders comparison of data easier, helps in establishing trends of past 
performance and makes it possible to determine positional averages. Graphs are prepared on 
the basis of coordinated system of plotting points and joining them by lines. Graphs are of two 
types : 1) graphs of time series, and 2) graphs of frequency distribution. 

Graphs of time series, also called Historigram, depicts chronological data. Time, being the 
independent variable, is always taken on X axis and the dependent variable is taken on Y axis. 
The Y axis or vertical axis normally starts with zero but can also be broken and a false base 
line can be taken. 

This type of graph can either be prepared for one dependent variable or more than one 
dependent variable. A historigram can also be prepared for negative values. In case two 
dependent variables arc given with two different units of measurement, the data can be 
represented by means of mixed graphs. Two vertical axes are taken in this case and two curves 
are drawn on the bases of these axes for the two variables. Another type of historigram is a 
range graph which is prepared to show the range of data. This graph is prepared to show how 
the extreme values (i.e., maximum and minimum values) of a dependent variable are changing 
with time. 

Graphs of frequency distribution represent the data of frequency distribution. In this type of 
graph the value of a variable is taken on X axis and the values derived from frequencies on Y 
axis. Vertical axis is not broken in this type of graph. Graphs of frequency distribution are 
classified as : 1) histograms, 2) frequency polygon, 3) frequency curve, and 4) ogive. 

A histogram is a series of rectangles each proportionate in width to the magnitude of class 
interval and proportionate in area to the frequency pertaining to that class interval. When class 
intervals are all equal, the height of the rectangles will also be numerically proportionate to the 
frequency. In case the class intervals are unequal the height will be proportional to frequency 
density. 

A frequency polygon is constructed by plotting the frequencies density against the mid points 
of classes. It can also be prepared first by preparing a histogram and then by putting dots 
against the mid points and then joining these dots by straight lines. It is extended on both the 
sides of histogram. The area under a histogram and a frequency polygon is always the same. A 
frequency curve is prepared by free hand to smoothen the frequency polygon. It is 
generalisation of frequency polygon. 

An ogive or a cumulative frequency graph depicts cuniulative frequencies. We can either 
prepare a "less than" ogive when cumulative frequencies are in ascending order or a "more 
than" ogive, when cumulative frequencies are in descending order. An ogive helps us to locate 
median and other partition values. 

--- -- 
9.9 KEY WORDS 

Adjusted Frequency or Frequency Density : Represents frequency per unit class interval. 

False Base Line : Js taken by breaking y-axis in case of a historigram. 

Frequency Curve : A curve constructed to smoothen the frequency polygou. 

Frequency Polygon : A graph of frequency distributiod constructed by plotting the 
frequencies density against the mid-points of the class. 

Histogram : A graph of frequency distribution where rectangles are awn with area 
proportionate to the frequency of a class interval and the class interval a5 the base. 

Graphic Rtsmlntion 



Cdsection, CLasdfication and Historigram : A graph of time series. 
b n t a t i o n  of Dats 

Mixed Graph : A graph constructed to show the two dependent variables with two different 
units of measurement. 

Ogive : A grzph of frequency distribution depicting cumulative frequencies. 

Originating Point : The poini 9f Inter-section of X axis and Y axis. 

Range Graph : A graph showing the range of data between two extreme values of a variable 
at different points of time. 

X axis : The horizontal axis foi plotting points. 

Y axis : The vertical axis for plotting points. 

- 

9.10 ANSWERS TO CHECK YOUR PROGRESS 

A) 5) i) True ii) False iii) True iv) False V) False 
vi) True vii) False viii) False 

6) i) helps i i )  IV iii) X iv) can v) can vi) two vii) be viii) difference 

B) 6) i) True ii) False iii) True iv) False. v) False 
vi) True vii) True 

7) i) Y-axis ii) mode iii) area iv) is v) cumulative vi) ascending vii) median 

9.1 1 TERMINAL QUESTIONS/EXERCISES 

Questions 
I )  Describe the rules of graphic presentation of data. 

2) Discuss the importance of graphic presentation of data. 

3) What is a graph of time series? Discuss the principles of constructing a graph of time series. 

4) What is a graph of a frequency distribution? Discuss the principles of construction of 
graphs of frequency distribution. 

5) Describe the different types of graphs based on frequency distribution. 

6) Explain different types of graphs of time series. 

Exercises 
I) The following data relates to th'e number of man-days lost in a workshop on account of 

power frlilure. Show it  by means of a suitable graph. 

Man-days Lost : 1900 1588 1469 1461 1927 101 1 

2) Draw a historigram for the following data relating to the financial outlay on education 
during the Various Five Year Plans. 

Permnlage Outlay 7.6 5.9 6.9 4.9 3.3 2.6 3.6 

3) The following data relates to the populatiotl of India : 

lJopul;~tio~l (1 n crorer) 27.9 31 9 36.1 43.9 54.8 68.5 

Drav: a suitable graph for the above data. 

4) Draw a suitable graph for the following data relating to the balance of trade of a country : 

I3;ilancc of l ' rde  
('000 h) 4 3 --4 -2 13 I I t ;  1 5 .  I 1  



1 5) The following data relates to the occupational distribution of working population in India: 

Year Primary (56) Secondary (76) Tertiary (5%) Total 
Population 

1941 76.0 10.5 13.5 100 

1951 72.1 10.7 17.2 100 

1961 - - - - - 

1971 72.1 11.2 16.7 100 

1981 70.6 12.9 16.5 100 

Draw a more than one dependent variable graph for the above data. 
6) Draw a mixed graph for the following data relating to the production of a commodity in 

terms of quantity and value. 

Years 1982 1983 1984 1985 1986 1987 1988 

Quantity ('000) : 20 24 24 26 25 28 30 

Value (Iakh Rs.) : 1000 1100 I200 '1350 1350 1500 1800 

7) The following data relates to the temperature in Delhi. Draw a range graph for this data. 

(Celsius) 
Date Maximum Temperature Minimum Temperature 

7-11-1989 30.0 14.5 

8) Prepare a histogram for the data given below : 

No, of Goals Scored 0 I 2 3 4 5 6 

No. of Matches 8 12 20 10 6 4 2 

9) Prepare a histogram for the following data : 

Size 1 2 3 4 5 6 7 

Frequency 5 15 20 30 25 20 10 

10)Prepare a histogram for the data given below : 

Age 
(in Years) 4-6 6-8 8-10 10-12 12-14 14-16 

No. of 
Children SO 80 140 200 300 : 80 

11)The following data relates to the marks scored by the students of a college in economics. 
Draw a mixed graph for this data. 

Marks 0-10 10-20 20-40 40-50 50-60 60-70 

No. of 
Students 10 15 40 30 50 30 

12)Draw a histogram, a frequency polygon and a frequency curve for the following data : 

CIUS 0-5 5-10 10-15 15-20 20-25 25-30 
Frequency 5 20 40 50 30 10 

Graphic Presentation 
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13)Prepare a frequency polygon for the following data : 

Mid Point 5 I5 25 35 45 55 65 
Frcqucncy 20 40 50 80 60 30 10 

14)Draw separately a "less than" and a "more than" ogive for the following data. 

Class 0-5 5-10 10-15 15-20 20-25 25-30 30-35 
Frcqucncy 5 20 40 50 30 10 5 

15)Prepare a "less than" and a "more than" ogive for the following data in one graph : 

Markb 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-100 
No. of students : 20 40 80 150 250 100 60 10 

Note : These questions and expressions will help you to understand the unit better. Try I 
to write answers for them. But do not send your answers to the University for 
evaluation. These are for vour practice only. - 

i ; 
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BLOCK UNIT NO. PRINT MATERIAL 

B Basic Statistical Concepts 

1 Meaning and Scope of Statistics 

2 Organising a Statistical Survey 

3 Accuracy, Approximation and Erros 

4 Ratios, Percentages and Rates 
-.-------." -,-. 

2 Collection, Classificaticsmn and Breseantaiicrtlla of D 

5 Collection of Data 

6 Classification of Data 

7 Tabular Presentation 

8 Diagrammatic Presentation 

9 Graphic Presentation 
-- - 

3 Measures of Central Tendency 

10 Concept of Central Tendency and Mean 

1 1  Median 

12 Mode 

13 Geometric, Harmonic and Moving Averages 
--""- - -- * --.*.- ---- .-.-. --.- 

4 Measures of Dispersion and Skewness 

14 Measures of  Dispersion-1 

15 Measures of  Dispersion-I1 

16 Measures of Skewness 





UNIT 10 CONCEPT OF CENTRAL 
- TENDENCY AND MEAN 

Structure 
10.0 Objectives 
10.1 Introduction 
10.2 Concept of Central Tendency 
10.3 Essentials of an Ideal Average 
10.4 Objectives of Averages 
10.5 Different Measures of Central Tendewy 
10.6 What is Pqithmetic Mean? 
10.7 Computation of Arithmetic Mean 

10.7.1 Ungmuped Data 
10.7.2 Grouped Data 

10.8 Weighted Arithmetic Mean 
10.8.1 Computation of Weighted Arithmetic Mean 
10.8.2 Comparison with Simple Arithmetic Mean 
10.8.3 Uses of Weighted Arithmetic Mean 

10.9 ' hoperties of Arithmetic Mean 
10.10 Merits and Limitations of Arithmetic Mean 
10.1 1 Some Illustrations 
10.12 LetUsSumUp 
10.13 Key Words and List of Symbols 
10.14 Answers to Check Your Progress 
10.15 Terminal Questions/Exercises 

10.0 OBJECTIVES 

After studying this unit, you should be able to : 
o describe what is central tendency i I 

d 

o appreciate the purpose of calculating averages 

0 enumerate the qualities of mideal average 

define and compute the arithmetic mean and the weighted arithmetic mean for different 
types of data 
explain the properties and merits of mean 

0 state the limitations and uses of mean. 

10.1 ' INTRODUCTION 

You have studied in detail how the data is to be classified and presented in the form of 
tables, diagrams and graphs. If the characteristics of the data are to be properly understood, 
it is necessary to summarise and analyse the data further.   he first step in that direction is 
the compuption of Average or Central Tendency, which gives a bird's-eye view of the 
entire data. 

\ 

In this unit you will study the purpose of calculating averages and the essentials of an ideal 
average, and identify different measures of averagb. You will further learn in detail the 
calculations, merits, and limitations of two measures of averages, viz. Arithmetic Mean and 
Weighted Arithmetic Mean. 

' 10.2 CONCEPT OF CENTRAL TENDENCY 

For a proper appreciation of various statistical measures used in analysing a frequency 
distribution, it is necessary to note &at most of the statistical distributions have some 
common features. If we move from l~west  value to the highest value of a variable, the 
numher of items at each successive stage increases till we reach a maximum value, and then 
as we proceed further they decrease. The statistical data which follow this general pattern 



~ e a s u r e s  of Central Tendency may differ from one variable to another in the following three ways: 

1) They may differ in the values of the vahables around which most of the items cluster 
(i.e., Average) 

2) They may differ in the extent to which items are dispersed (i.e., Dispersion). . 

3) They may differ in the extent of departure from some standard distributions called 
normal distribution (i.e., Skewness and Kurtosis). 

i 

Accordingly, there are three sets of statistical measures to study these three kinds of 
characteristics. At present, however, we are confined to the first set of measures which are 
called Averages or Measures of Central Tendency or Measures of Location. We discuss 
about the other two sets of measures (i.e., measuresof dispersion and skewness) in Block 4 
in this course. 

In the general pattern of distribution, in the data we may identify a value around which 
many other items of the data congregate. This is a value which is somewhere in the central 
part of the range of all values. When this typical item of the data is towards the central part 
of the data, it is known as Central Tendency. As it indicates the location of the clustering of 
items, it is also called a measure of location. Just as the title of an essay gives the central 
theme of the essay, the central tendency of the numerical data gives the central idea of the 
entire data. Look at Figure 10.1 carefully. It shows the central locations of three different 
curves A, B and C. You must have noticed that the central locations of curve A and curve C 
are equal. The central location of curve B lies to the right of those of curves A and C. 

, Figure 10.1 Central Location of Different Curves 

10.3 ESSENTIALS OF AN IDEAL AVERAGE 

As suggested by the eminent statisticians Yule and Kendall, an ideal average should possess 
the following characteristics: 

'1) Easy to understand and simple to compute: It should be easy to make out an average 
and its computation should also be simple. 

2) Rigidly defined: An aterage should be rigidly defined by a mathematical formula so 
that the same answer is dqived by different persons who try to compute if. It should not 
depend on the personal prejudice or bias of a person computing it. 

3) Based on all items in the data: For calculating an average, each and every item of the 
data set should be included. Not a single item should be dropped, otherwise the vqhe of 
the 'average may change. 



4) Not to be unduly affected by extreme items: A single extreme value i.e., a maximum Concept of Central Tendency 

value or a minimum value, can unduly affect the average. A too small item can reduce and Mean 

the value of an average, and a too big item can inflate its value to a large extent. If the 
average is chaniing with the inclusion or exclusion of an extreme item, the1 I ' ' I I O ~  a 
truly representative value of the data set. 

15) Capable of lur.~;ler algebraic treatment : An average should be amenable to further 
algebraic treatment. That should add to its utility. For example, if we are given the 
averages of three data sets of similar type, it should be possible to obtain the combined 
average of all those three data sets. 

6 )  Sampling stability: The average should have the same 'sampling stability'. This means 
that if we take different samples from the aggregate, the average of any sample should 
approximatdy turn out to be the same as those of other samples. 

You have studied the features of an ideal average. Now let us discuss the major objectives of 
computing averages. The following are the main objectives of averages. 

1) To supply one single value that describes the characteristics of tlie entire data : An 
average reduces the complex mass of data into a single representative value which 
enables us to grasp the salient features of data, without getting lost in its details. 
Thousands or lakhs of values can be, thus, represented by a single value. For example, it 
is almost impossible to remember monthly salary of each and every worker of a big 
factory. But if the average salary is obtained by dividing the total pay bill of all the 
workers by the number of workers, it enables us to know, on an average, how much the 
worker is getting. 

2) To facilitate comparison: It is not easy to compare the two sets of huge raw data. But 
the two different data sets could be easily compared by working out their averages. 
Comparison can be made either at a point of time or over a period'of time. For example, 
the current year sales of two business firms A and B can be compared by comparing 
their average sales: m e  currentlyear sale of a unit can be compared with its own sales in 
the previous year by working $ i t  the average s a k  during the previous year and the 
current year's~average. Moreaver, the same measure of average should be used for 
comparing the average of two data sets, the same method of computation should be 
followed. For example, comparing the mean income of the people of one locality with 
the median income of the people of another locality is not reasonable. We will discuss 
in detail about mean later in thi$ unit and about median in Unit 11. 

3) To facilitate statistical inference: To draw inferences about the unknown measures or 
'parameters' of the population, we depend on values calculated from sample. This 
process is known as statistical inference. An average obtained from a sample is helpful 
in estimating the average of the population. 

4) TQ help the decision-making process: The averages are computed to help the 
,%anagers in decision-making. The managers are often interested in knowing normal 
output of aplant, representative sales volume, overalI productivity index, price index, 
etc. These all are the connotations of an average. 

, 
10.5 PIFFERENT MEASURES OF CENTRAL 

Following are the various measures of averages or central tendency: 

I 
1) Mathematical Averages 
I i) Arithmetic Mean 

ii) Geometric Mean 
iii) Harmonic Mean 

A11 these measures can be either simple oiweighted. You will study in detai! about , * Arithmetic ~ e &  lriter in this unit. Geometric and Harmonic Means are discussed in ' Unit 13. 1 I 



Measures of Central Tendency 2) Averages of Position 
i) Median 
ii) Mode 

' We discuss in detail about Median in Unit 1 1 and Mode in Unit 12. 

3) Special Averages 
i) Moving Average 
ii) Progressive Average 
These special averages are commonly used in the analysis of the time series.data 
relating to business. In Unit 13 we study in detail about the moving averages. 

10.6 WHAT IS ARITHMETIC MEAN? 

The arithmetic mean is commonly known as mean. It is a measure of central tendency 
because other figures of the data congregate around it. Arithmetic mean is obtainkd by 
dividing the sum of the values of all observations in the given data set by the number of 
observations in that set. It is the most commonly used slatistical average in the disciplines 
such as commerce, management, economics, finance, prodaction, etc. The arithmetic mean 
is also called as simple Arithmetic Mean. 

10.7 COMPUTATION OF ARITHMETIC MEAN ' 

As you know, the collected data is classified by arranging into different classes or groups on 
the basis of their similarities and resemblances. Arithmetic mean can be computed for the 
unclassified or ungrouped 'data (raw data) as well as classified or grouped data. But the 
methods of computation are different. Now let us understand the methods of computing the 
arithmetic mean for unclassified data and classified data. Normally, arithmetic mean is 
denoted by x which is read as 'X bar' 

10.7.1 Ungrouped .Data 

Method 1 : Computation of arithmetic mean is very simple when the data is ungrouped, 
i.e. when frequency distribution is not done. Just add all the values of the observations and 
divide it by the number of observations. This can be explained and expressed in the form of 
a formula as follows: , 

? = X I  t X 2  + ...... + Xn 

n 
Where x (X bar) is the arithmetic mean of the variable x 

x,, x,, ..., 3" are the various values of the variable x 
n is the number of observations 

This formula can be simplified as follows: 

- C X ~  x =- 
n 

Where the C (read it as sigma) is the Greek symbol denoting the summation over all values 
of x. 

'. rn , 
Illustration 1 
The grocery store sells five different products. The profit per unit on the sales of each of 
these products is given below. Find out the average profit. 
Product 1 - Rs. 4 
Product 2 - Rs. 9 
Product 3 - Rs. 6 
Product 4 - Rs. 2 
Product 5 - Rs. 9 

Solution 
Average profit can be computed as follows: 



Concept of Central Tendency 
and Mean 

= Rs. 6.00 

Method 2: When the values of the obse~-vations in the given data are too large or they are in 
fractions, this method may be followed. This method is based on the fact that the algebraic 
sum of the deviations of a series of individual observations from their mean is always equal 
to zero. For example, the arithmetic rhean of 8, 14, 16, 12 and 20 is 14. The difference of 
each of these items fro& the mean would be -6,0, +2, - 2, +6 and their total is zero. This is 
true always. To compute arithmetic mean under this method, the following steps are to be 
followed. 

1) Assume 'any arbitrary mean (A) to find out the deviations of items from their assumed 
mean. 

2) Compute the deviation (d) of each individual value (x) from the assumed mean i.e., 
d = x - A .  

3) Obtain the sum of all deviations ( Id  called sigma d) 

, 4) Compute the arithmetic mean by using the following formula: 

where Z is the arithmetic mean of the variable x 
A is the assumed mean 
Id is the sum total of the deviations of each individual value from the assumed mean 

- n is the number of observations 

Illustration 2 
Monthly sales of scooters of 10 dealers is presented below. Calculate the average sales per 
month: 
Dealer : 1 2 3 4 5 6 7 8 9 10 

Sales : 23 8 14 " '31 6 28 11 27 32 46 

Calculation of Arithmetic Mean 

Dealer Sales (x) d = x - A  

n =  10 EI = -24 

Assumed mean A = 25 
El = -24 
n=lO 

- 
x = 22.6. 

Average scooters sold = 22.6 



~Meaaures of Central Tendehcy 10.7.2 Grouped Data 

As studied in Unit 6, variables can be categorised as discrete variables and continuous 
variables. The frequency distribution prepared for discrete variable is called discrete 
distribution and the frequency distribution prepared for continuous variable is called 
continuous distribution. Methods of computing arithmetic mean for these two types of 
distributions are different. Now let us study these methods. 

Arithmetic Mean for Discrete Series: 
.Method 1: Under this method the mean for grouped data can be obtained by using the 
following formula: 

where, x,, x,, x, etc., refer to the values of the variable in classes 1 ,2 ,3  etc., respectively. 
Similarly, f,, f,, f, etc., refer to the frequency of classes 1,2, 3 etc., respectively. Here f,x, 
indicates the multiplication of the frequency of the first class (f,) by the value of the variable 
in that class (x,). f,x,, f3x3 .... fnxn indicate the same meaning. Similarly, Xf is the sum total 
off,  to fn. 

Method 2: When the number of classes in the given frequency distribution is large, this 
method is preferred..The procedure followed in this method is almost the same as it is for 
ungrouped data. Steps to be followed in this method are as follows: 

a) Take an assumed mean A. 

b) Find the deviations of the variable x from the assumed mean and denote it by d = x - A,  
Any value can be taken as an assumed mean,. but the value of variable x in centrally 
located class of the given distribution should be chosen. 

c) Obtain Xfd by multiplying deviations (d) with their respective class frequencies (t) and 
summing it. 

dl Take a ratio of Cfd to Zf, that is, Z. If is.also called a correction factor. 
C f 

e) Add this correction factor to the assumed mean to obtain 2 

The formula xed  in computing the arithmetic mean under this method is as follows: 

Where A is the assumed mean 
Bdenotes the total nuinber of items which can also be denoted by 'n'. 
Zfd is the sum to::' -f the deviations (d = x - A) multiplied with theirrespective 

class frequencies. 
1 

I 
, 

Now let us take an illustration and study how arithmetic mean is computed under these two 
i 

methods. , 

~llustration 3 

Calculate the arithmetic mean for the following data by using the two methods: 

Marks : 10 - 20 30 40 50 ' 6 0  70 1% 
No of 
~tud&ts : 8 21 23 17 15 9 5 2 

$ Sollition 
I 

Calculation of Arithmetic Mean I 

Marks No. of students d = x - 4 0  f d  Rc 
(XI (0 

I 

10 8 , -30 -240 80 
20 21 -20 4 2 0  420 
30 23 -10 -230 690 



40 17 0 0 680 
50 15 10 150 750 
60 9 20 180 540 

5 30 150 350 
8 2 .  40 80 160 

- 
. '! 
Total Xf = 100 Zfd = - 330 - Zf x = 3.670 

In this case assumed mean (A) is 40. 

Method f: 

3,670 =- 
l o o  

= 36.70 

Method 2: 
?=A+= 

Z f 

Arithmetic Mean for Continuous Series 
For continuous series (i.e. when the data is classified according to class intervals), arithmetic 
mean can be ~alculated by the following methods: 

Method 1: As you know, to find out the arithmetic mean you need the total values of all the 
items. When data is classified according to class intervals, you do not know the values of all 

, the items. What you know is that the items belonging to various groups are spread out in the 
respective class intervals. Therefore, for calculating the total value, you assume that all the 
items of a class interval are uniformly spread out in that group. This means, for calculation 
purposes you can assume that the values of items belonging to a group are equal to the mid- 
point of that group. In the case of continuous series, the mid-points of the various class 
intervals are computed to replace the class intervals. Once it is done, there is no difference 
between a continuous series and discrete sene?. After this stage, the method of computing 
arithmetic mean is same as the method used in the case of discrete series. The two methods 
followed in'the case of discrete series can be used here as well. The methods, however, 
would be themme for both inclusive class intervals as well as exclusive class intervals. 
Under this method the arithmetic mean is obtained by using the following formula: 

where .'m' is the mid-value of a class: f i s t  obtain the product of mid-value; of each class 
and its corresponding frequencies and then add those products to get Z fm. Divide it by total 
of frequency (X f). 

Method 2: The same formula as used for discrete series can be used here also with a slight 
change in obtaining 'd'. Here deviations of mid-values from assumed mean are obtained 
(i.e., d = ,m -A). 

Step-Deviation Method: If the deviations from assumed mean have some common factor, a 
further reduction in the size of deviations is possible by dividing deviations by the common 
factor 'c' and denoting these step deviations by d' i.e., d' = (in - A) Ic, The mean is then 
worked out as: . 

- C fd' C fd' x=A+-xc  or :=A+-xc 
I Zf . n 

' Note: If d l  class intewds are equal, the class interval will be the common factor. 
I 

Concept of Central Tendency 
and Mean 



M o ~ s u r ~ a  ofeentrd Tendency Illustration 4 
Weekly sales of 50 salesmen of a company are given below. Calculate the arithmetic mean 

. by following the step deviation method. 

Total Sales (Rs. '000) : 0-5 5-10 10-25 25-50 

No of Salesmen : 3' 6 25 10 

. solution 

Calculation of Arithmetic Mean 
- - - - 

Sales per Week Noof . . Mid- Deviations Step Deviations fd' 
Rs. '000s Salesmen point (m - 17.5) 

(fl P' (m) " 5 

0 -  5 3 2.5 -15. -3 -9 
5 -  10 12 7.5 -10 -2 -24 
10 - 25 25 17.5 0 0 0 
25 - SO' 10 37.5 20 4 40 

Total Cf = 50 Zfd' = 7 

It is apparent from deviation col;mn ,hat here assumed Mean (A) is 17.5 and the common 
factor 'c' is 5. 

Z fd' Now x =A+- xc 
. n 

= 17.5 + X x 5  
50 

= 17.5 + 0.7 
= 18.2 . . 

Average me.m of sales is Rs. 18.2 thousands per week. 

Illustration 5 
Find the average number of hours worked by the employees of the Yarnto Machine Co. from 
the data given below: 

Houn worked No. of employees 

36.0 - 37.b 6 
37.8 - 39.6 7 
39.6 - 41A 'a4 
41.4 - 43.2 7 
43.2 - 45.0 2 
43.0 - 46,8 - 4 - 
Total 50 

Solution . 
First obthin thp mid-values (m).of all the classes p d  take deviations from assmned meah 
'A' (i.e. 42.3). The common factor 'C' is 1.8 whichis equal to the class interval of different 
groups. 

Cakulation of Arithmetic Mean 

How m f m-A ( " ( m - ~ ~  . fd' 
worked (m-42.3) - m -42.3) 



Concept of CentrslTendency 
and Mean 

= 42.3 + (- 0.92) X 1.8 
= 42.3 - l.eGL 
- 40.644 

Arithmetic mean of the hours worked is 40.6 hours. 
You may notice when class intervals are all equal, d' values will be 1,2,3, ........ and -1, -2, 
-3, ..... etc. But when class intervals are not equal, the d' values need not be in numbers in 
order. In such a case it is necessary to make the column m-A, and then divide it by 'C'. 
However, when class intervals are all equal, writing of the Column m-A may be avoided 
and the values of d' may be written directly. 

Check Your Progress A 
1) Fill in the blanks with appropriate words given in the brackets. 

/ 

i) kn average gives a ................................ of the entire data (bird's-eye viewlpicture) 

ii) An average summarises main characteristics of the data and therefore it is also 
known as a ........................ measure. (central tendency/summary) 

iii) An ideal average should not be unduly affected by ............. items. (middlelextreme) 

iv) An average ........................ comparison. (facilitates/doed not help) 

v) The process of estimating the unknown parameters of the aggregateon the basis of 
sample values is known as statistical. ................................ (studylinfgrence). 

2) State whether the following statements are True or False. 
i) When whole data is available there is no need for computing central tendency as it 

will not give any thing more than what is contained in the data. 

ii) . Arithmetic mean is a positional average, 

iii) In step deviation method of finding.arithmetic mean, 'C' always stands 'for class 
intervals. ,I 

iv) Values of d l  the items are taken into acdount while calculating arithmetic mean. 
i 

v) For a given data, if mean is calculated by different methods they can give different 
results. 

3) i) If the sum of the deviations of 6 items taken from an assumed mean 12 is - 6, find 
their mean. 

ii) Write the formulas for the methods used in computing the arithmetic mean of the 
grouped data of cobtinuous series. 

................................................................................................................................... 
iiil Wl~erkver possible, step-deviation method should be preferred, why?. 

' , ' 



Measures of Central Tendency iv) For the given data set if: = 33, Cfd' = -20, Cf = 100 and c = 10; find the assumed 
mean A. 

V) What is the major assumption we make while computing a mean from grouped 
data? 

..... ............................................................................................................................ 

4) The monthly income of twelve families in a town is given below. Calculate the 
arithmetic mean. 
Family : 1  2 3 4 5 6 7 8 9 10 11 12 

Monthly 
IncomeRs. :280 180 96' 98 1Q4 75' 80 84 100 75 600 200 

5) In 12 consecutive months the number of rejected pieces produced by the operator of a 
machine was 82,74,65,67,62,73,68,63,65,62,69, and 66. 

i) Whatwas the average number of rejects? 
, ~ ,  ...... h ..... ., ....................... .: .......... J... ........................... J .................................................. 

ii) What is the sum of the deviations from this average? 

6) Calculate arithmetic average of the following data by using alternative methods: 

Weekly wages 
of workers (Rs.) 

No of 
workers 



........................................................................................................................................ Concept of Central ~ e n d e n c ~  
and Mean 

........................................................................................................................................ 

.......................................................................................................................................... 
........................ ................................................................................................................ 
.......................................................................................................................................... 
.......................................................................................................................................... 
.......................................................................................................................................... 

7) Find the mean from the following distribution by step deviation method. 
Class Interval : 15-25 25-35 35-45 45-55 55-65 65-75 
Frequency : 4 11 19 14 0 2 

.......................................................................................................................................... 

10.8 WEIGHTED ARITHMETIC MEAN 

You have studied various methods of comp tin arithmeticmean for different types of data I-' sets. In all these methods we presume thatpll the items of the given data set have equal 
importance. But it is not gecessarily true in all situations. In practical situations some items 

\ 
are of greater importance than the others. For example, while constructing the cost of living 
index for a particular class, the commodities they consume have varying importance. The 
simple arithmetic mean of the prices of such commodities will not depict a true picture of 
their living pattern. Different commodities are to be assigned weights and a weighted 
arithmetic mean is to be worked out in such situations. In a factory where unit cost of 
manufacturing is to be worked out, a weighted average is more appropriate. 

10.8.1 Computation of Weighted Arithmetic Mean 
To compute weighted arithmetic mean, different values of the variable x (viz. x,,x,, ..... xn ) 
are assigned different weights (viz. w,, w,, ..... wn ) respectively. These values are multiplied 
by their respective weights. The products so arrived are added and a total Cwx is obtained. It 
is then divided by the total of weights (Cw) and the resulting figure 'is the weighted 
arithmetic mean. 

The main difficulty in the computation of weighted arithmetic mean is with regard to 
selection of wgghts. These weights may be either actual or estimated. If actual weights are 
available, they mustbe used. If they are not available, some arbitrary weights may be 
assigned depending upon the situation. 

Illustration 6 
Prices of three commodities viz., A, B & C rised by 40 %, 60 % and 90 % respectively. 
Commodity A is six times more important than C, and B is three times more important than 
C. What is the mean rise in price of these three commodities? 

,Solution 
As the mean rise in price is to be detemined, the figures of rise in price will be denoted as x. 
The relative importance .of A: B:C is 6:3:1. So these figures will be taken as weights 'w'. 



1 Measures of Central Tendency 
Commodity . Percentage rise Weights w x' 

in prices (x) (w) 

Total - Z w =  10 Zwx=510 

7- 

Weighted Arithmetic Mean =w 
x w  

=51% 
Mean rise in the prices is 5 1 %. 

It may be noted that for computation purpose, weights of items are treated in the same way 
as the frequencies of the items. In fact weights are not frequencies. Frequency means 
number of times an item is repeated in the data, whereas weights only give the relative 
importance of various items. The items actually occur only once in the data. 

Weighted arithmetic mean is also called Weighted Average. The word 'Average' in 
statistics, as pointed out earlier, is also used for other measures of central tendency viz., 
geometric mean, harmonic mean, etc. So, in broader sense, weighted average also includes 
weighted geometric mean and weighted harmonic mean (about these two you will learn in 
detail in Unit .l3). 

10.8.2 Comparison with Simple Arithmetic Mean 
. Weighted arithmetic mean differs from simple arithmetic mean because we use weights in 

the former case. Inter-relationship between weighted mean and simple mean is as follows: 

1) If all items are given equal importance, weighted mean will be equal to simple mean. 

2) If large items are given large weights and small items given small weights, then 
weighted mean is greater than simple mean. 

3) If large items are given small weights and small items given large weights, then 
weighted mean is less than simple mean. 

1 

Illustration 7 
To understand this inter-relationship clearly, let us take up some illustrations. Let us take 
Illustration 6 once again and find out mean rise in price by taking the following two sets of 
weights. 

. 
A : B : C  as 10:  10 :  10 set w, * 

Solution 

Calculation of Weighted Arithmetic Mean 

Commodity %rise Set 1 Set 2 

X w 1 rwl w2 XW2 

A 40 1 40 10 400 

T~ral Ex = 190 Zwl= 10 Zxw, =760 Zw, =30 U W 2  = 1900 

1) Weighted Mean for set  1 = & E L  = 760 = 76% 
Zw1 10 , 

2) Weighted Mean for Set 2 =a = B!X! = 63.3% 
Zw2 30 



3) Simple Mean = = = 63.3 9a 
n 3 

If we compare the results carefully, we can notice the following points: 
I 
i)' Under weights Set 2, all commodities are given equal weights. Here weighted mean 

(63.3) is equal to simple mean (63.3). 

ii) Under weights Set 1, large value 90 is given a large weight 6 and small item 40 is given 
small weight 1. Here weighted mean (76) is greater than simple mean (63.3). 

iii) Under the original set of weights (look at Illustration 6) large value 90 was given a 
small weight 1 and small value 40 was given a large weight 6. In that case weighted 
mean (5 1) was less than simple mean (63.3): 

These three properties of weighted average (as they are true for all kinds of weighted 
averages) point out the following important fact. The weighted mean is not only the mean of 
items, but also it gives the average of two things : (i) average of items, and (ii) how items 
are affected by the pattern of weighting. Thus, when items are of unequal importance, 
calculation of weighted average is a must for finding out proper average. 

10.8.3 Uses of Weighted Arithmetic Mean 

Weighted arithmetic mean.is mainly useful under the following situations: 

1) When the given items are of unequal importance 

2) When averaging percentages which have been computed by taking different number of 
items in the denominator a 

3) When statistical measures such as mean of several groups are to be combined 

To be more specific, weighted arithmetic mean is used in the following cases : 

1) Construction of Index Numbers. 

.2) Computation of standardised birth and death rates. 

3) Finding out an average output per machine, where machines are of varying capacities. 

4) ~etermining the average wages of skilled, semi-skilled and unskilled workers of a 
'factory. 

10.9 PROPERTIES OF ARITHMETIC MEAN 

You have studied the meaning and methods of computing the arithmetic mean. You have 
also studied how a weighted arithmetic mean is different from simple arithmetic mean. Now 
let us study the main properties of arithmetic mean. 

1) The sum of the deviations of the iqdividual items from the arithmetic mean is always 
zero i.e., Z (x - i ) = 0. This is explained in the following illustration. 

In this illustration you should note that the sum of positive deviations from the mean is 
equal to the sum of negative deviations.'Precisely, therefore, m6an is also known as Lhe 
centre of gravity. This is true for all kind; of data with class intervals or without class 
intervals. 

Concept of Central Tendency 
and Mean 



Measures of Central ~endency  2) The sum of the sauare of deviations from the arithmetic mean is minimum i.e.. it is 
' 

always less than the sum of squares of deviations of the items taken from any other 
value. In other words, Z(x -?? is always minimum. We can verify this for the 
illustration discussed above. 

Squared Devicions taken Squared deviations taken 
horn mean (x = 6) from any other values say 5 

It is clear that E (x -Z12 < .Z(X - 5)* 

3) If the number of items and mean are known, the total of the items can be obtained by 
multiplying the mean by the number of items, i.e., Zx = nx, where 'n' is the number of 
items. 

This property has a great practical significance. For example, if we know the riumber of 
workers in a factory, say 100, and average monthly wage is Rs. 400, we can easily 
obtain the total monthly wage bill as Rs. 400 x 100 = Rs. 40,000. 

4) If we add or delete an observation which is equal to mean, the arithmetic mean remains 
unaffected. 

5) If each of the values of a variable 'x' is increased or decreased by some constant C, the 
arithmetic mean also increases or decreases by C. Similarly, when the values of a 
variable 'x' are multiplied by a constant, say k, the arithmetic mean is also multiplied 
by the same quantity k. 

For example, take the previous illustration, and add 2 to each observation and multiply 
each of them by 3, the new mean will be: (original mean + 2) x 3 = (6 + 2) x 3 = 24. Let 
i3 verify it. 

-- 

Mean of x = 3015 = 6 
Meanofx+2=40/5=8=6+2i .e . ,oldmean+2 
Mean of 3 (x + 2) = 12015 =24 or 8 x 3 or (6 + 2) x 3 i.e., (old mean + 2) x 3. 

6) If we have the arithmetic mean and number of items of two or more related groups, we 
can have a combined mean of these groups as follows : 

where x, and x, are the arithmetic means of group 1 and group 2 respectively, and n, and I$ 

are the number of items in group 1 and group 2 respectively. 

For example, arithmetic mean of the production of a commodity during the period January 
to August is 400 tonnes per month, and the arithmetic mean for the period September to 
December is 430 tonnes per month. Now we can compute the mean production for the 
whole year as follbws: 

- 
x i = 4 M  
- .  
xz = 430 
n, = 8 (January to Augvst - 8 months) 





















UNIT 11 

Structure 
Objectives 
Introduction 
What is Median? 
Computation of Median 
11.3.1 Ungrouped Data 
11.3.2 Grouped Data 

Properties of Median 
Merits and Limitations of Median 
Partition Values 
11.6.1 Quartiles 
11.6.2 Deciles 
11.6.3 Percentiles 
Graphic Determination of Median and Other Piinition Values 
Let Us Sum Up 
Key Words and Symbols 
Answers to Check Your Flugress 
Terminal QuestionsLExercises 

11.0 OBJECTIVES 

After studying this unit, you should be able to : 

0 define median 

0 compute median for different types of data 

0 enumerate the properties of median 

define different kinds of partition values and compute them 

graphically locate the median and other partition values 

state the uses and limitation of median as a measure of central tendency. 

I .  INTRODUCTION 

You have studied in Unit 10 that there are several measures of central tendency. You have 
also stud;- 4 in detail about arithmetic mean which is one of the measures of pentral 
tendency. As you knob, the arithmetic mean is very much affected by extreme items. Many 
times we may like to find a measure of average which is not affected by the extreme items. 
Median is one such measure. There are some other measures called partition values, wlL,l. 
are not ajerages, but similar to median in concept. In this unit j'ou will learn the meaning, 
computation, properties, limitations and uses of median and other partition values. 

11.2 WHAT IS MEDIAN?- 

The median is also a measure of central tendency. Unlike arithmetic mean, this median is 
based on the position of a given observation in a series arranged in an ascending or I 

descending order. Therefore, it is called a positional average. It has nothing to do with the 
magnitude of all the observations, as in the case of arithmetic mean. Simply, median refers 
to the middlemost value of the v ~ a b l e  when they are arranged in ~rdef~pfmagnitude. The 
position of the median in a series i s  such that an equal number of items'lie on either side of 
it. Median of a given series is the value of the variable that divides the series-into two 
equal parts. It is the most central point of a series whke half of the items lie above this 
value and the remaining half lie below this value. In the case of a frequency curve the 
median is that value of the variable which splits the area into two equal parts. The medianis 
usually denoted by 'M,' 



I .  COMPFTTATION OF MEDIAN 
I 

Median can be computed for both ungrouped and grouped data. But the methods are 
different. Now let us study the methods of computing median for grouped and ungrouped 

I data separately. . 

11.3.1 Ungrouped Data 
Having arranged the data in ascending order or descending order, the median is calculated as 
n t h  item, N being-the total number of items. 

2 .  
1) When N is Odd : When the numb& of observations is an odd number, the formula to 

compute median (M,) isn+l.th item, where 'N' is the number of observations.. 
0 
L 

For example take the series 6,7,4,8, 1 1'5, 3,9, 10. In this case the number of 
observations is nine which is an odd number. Now the median is" th item = 

2 
th item =5th item. It means that when the given series is arranged in an ascending 

2 
order, the fifth item wi'll be the median. Now we can arrange the data in ascending order 
and identify the fifth item. The arranged series is 3,4,5,6,7,8,9, 10, 11, and the 5th 
item is 7. Therefore, median (M,) is 7. 

-2) When N is Even: When the number of observations (N) is an even number, 
m 
L 

will involve a fraction. In such cases the median is taken as arithmetic mean of two 
middle values. 

For example, take the series 8, 1 1.3, 16,20,32,41,36. In this series the number of 
observations is eight which is an even number. So the median (M,) is d th item = 

fl 
L 

a? 4.5th.item. This involvesa fraction 0.5. You should note that there is po 
1.  
& 

item with the serial number 4.5. Hence, you have to take the average of the items 4th 
and 5th as median. This happens with all the series when 'N' is an even aumber. Now 
we arrange the series in ascending order as shown here : 3,8, 1 1,16,20,32,36,41. The 
Median (M,) is the irithmetic mean of items 4th and 5th in this arranged series. me 

. values of items 4th and 5th in this series are 16 arid 20 respectively. Therefore, M,, is 18 
(i.e. 

2. 
Even when N is an even number, me ian can be taken as& th item. ~ u t  for this 

' I d 2 
purpose you havk to give a special meaning to interpret the fraction 0.5 in the value of d 

0 
L 

In the illustration given above, 45th item is to be found out. BY convention 43th item will 
be taken as 4th item plus half of the difference between the 4th and 5th items. In the given 
data arranged in ascending order, 4th item is 16 and 5th item is 20. Thus; Median (M,) is 1.8 
(i.e. 16 + 1 (20 - 16). This value is same as obtained earlier. Herice, we can define median 

2 
for upgrouped data as I!3A th item whether N is an odd number or an even number. 

2 
You should note that when N is an even number, it is easy to find median as arithmetic 
mean of two middle items. But the meaning.given to fraction size of the item as indicated 
above is very much useful in calculations of other partition values about which you will . . 
learn later in this unit. Moreover, this formula helps us in giving a general definition to 
median f6r ungrouped data. 

113.2 Gr0upe.d Data . . 
I \ 

,As you kndw, yhen the data is in the form of frequency distribution, it can be either in the 
form of discrete series dr continuous series. The method of computing median is different 
for these two types of frequency distributi'ons. Now let us study'them separately. 

Discrete Series 
'In this case, first arrange the data in ascendingor descending order. Then find out the 

-cumuJative frequencies. As median being N t h  item, locate the value corresponding to 

Median 



kfeasua of Central Tendency n+l or next higher than that in the column of cumulated frequencies. Thus, having 
2 

determined a median class, the corresponding value of the variable in that median class is 
the value of median. Let us undeistand it by an illustration. 

Illustration 1 
Calculate the median marks for the following data : 
Marks : 40 1.5 25 5 30 35 10 50 45 20 

No. of 
Students : 9 75 72 20 45 39 43 6 8 76 

Solution 
First rearrange the data in the ascending order of magnitude of marks, and then prepare the 
cumulative frequency as shown below: . 
MU& : 5 10 15 20 25 30 35 40 45 50 

No. of 
Students : 20 43 75 . 76 72 45 39 9 8 6 

Calculation of Cumulative Frequency 

M& No, of Students Cumulative Frequency 

5 20 20 

Here N = 393. 

Median =" th item = 393 th item = 197th item 
2 - 2 

The 197th item falls in the class with cumulated frequency 214. The value of the variable in 
that class is 20. Therefore, median marks are 20. 

Continuous Series 
In the case of frequency distribution of continuous series, exact values of various items are 
not known. So the size of a particular item cannot be found. What can be done is, to find out 
a value which has half the items below or the above it. Thus, in order to locate median class 
N/2 is taken in place of n and the rest of the procedure is the same as the procedure 

2 
followed in the case of discrete Series. ~ a v i n ~  located the median class, the exact value of 
the variable can be interpolated from that class by any of the following three methods : 

Method 1: 
kc 

m = l + L k i  
f 

Where 1 = lower limit of the median class 
6 cumulative frequency of a class precedfng the median class 

. f = simple frequency of the Median cl'ass 
i = the class-interval of the median class. 

Method 2: The assumption in the formula used in the first method is that cumulated 
' frequencies are calculated from lower values side. In case cumulated frequencies are 
calculated from higher values side, the above formula can be slightly modified as 

where u-= upper limit of median class 
*C = curn~llated Grcquency of a class next to the median class 
f = simple frequency of the median class 
i = the class interval of the median class 



Method 3 : Median can also be calculated by using the following formula : 

where 1 = loweriimit of the median class 
u = upper limit of the median class 

, f = simple frequency of the median class 
C = cumulated frequency of the class preceding the median class 
m = N/2 

All these three methods produce exactly the same result. The assumptions and the logic for 
interpolating median by all these three methods are aImost the same. Now let us explain the 
assumptions for the formllla under Method 1. 

If items are counted from the lower values side, 'C' items will be completed upto the lower 
' limit '1' of the median class. But to reach the median point, N/2 items must be covered. 
Therefore, N- c items are to be covered in the median class. There are 'f' items spread 

0 
L 

ovek a class interval 'i' of this median class. It is now assumed that all these ' f ' items are 
uniformly distributed over the range 'i'. Thus, to cover N/2 - C items inthe median class, a 
distance of i k ( ~  - c has to be travelled from : I ' limit (i.e., the lower limit) onwards. 

f \ 2  1 
Therefore, median 

You should hote the difference in the assumption&ehind the median and the mean. In case 
of median the,assumption is that items are uniformly sprqad,out in a class interval, whereas. 
in the case of arithmetic mean iZ is assumed that the values of all items of a class interval are 
equal to the mid-point of that class interval, 

Illustration 2 
The manager of a departmental store compiled information on 200 accounts receivable 
which were delinquent. For each account he has noted the number of days passed after the 
due date. He then grouped the data as shown in the following frequency distribution. 
Determine the median. 

No. of Days Passed No. of 
After Due Date Accoupts 

30 - 44 40 
, 45 - 59 45 

60 - 74 40 
75 - 89 25 
90 - 104 25 

, 105 - 119 , / 20 
120- 134 / 5 

Solution 

Cnlculntion of Median 

No. of Days No. of Accounts Cumulativa , CumulaLivc 
Passed After (0 Frequency Frequency 

Due Date (Lcss  than) (Moretiian) 

30 - 44 40 40 200 
45 - 59 45 85 160 
60 - 74 40 125 115 
75 - 89 25 150 75 
90 - 104 25 . 175 50 

' 1 0 5 - 1 1 9  20 \ 195 25 
120 - 134' 5 200 5 

Here N/2 = 20012 = 100. This implies that there are 100 items below median. Therefore, 
60-74 is the class where the mkdian lies, ~ f ; e  real limits of this class is 59.5-74.5. Now , 
computethe,median using the first method. 

' \ N > C .  
2 Mi= 1 +-xi 

f 
.where 1 = 59.5 

c =85 
f = 4 0  . '  

i =15 

Median 



= 59.5 + (15140) x 15 
= 59.5 + 225140 
= 59,5 + 5.625 , 

=65. 125 
Median = 65.1 days. 

Now let us compute the median by using the second method. 

'H-- .CI 
~ = u - L x i  

f 
where il = 74.5 

f =40 
c' = 75 
i =15 
N=200 . 

m- 75 
:. hZI = 74.5 - * x 15 

40 

= 74.5 - (25140) ~'15 
= 74.5 - 375140 
= 74.5 - 9.375 
= 65.125 

Median is 65..1 days. You can obtain h e  median by using the third method : 

~ d =  j . + u ( m - ~ )  
f 

where 1 =59.5 

' Median i165.1 days. Yo* should note that all the three methods produced the same result. - 
Illustration 3 

.' Find the median income.from the following-income distribution : 
.. . 

hionthly Income (Rs.) ' . No. of Families 

Below 100 . 50 
/ 100- 200 500 ' 

200-300 , 555 
300 - 500'. la0 
500-800 3 
800 and e v e  1 , 2  

Solution 

Monthly Income No, of Cumulative ' 

(Rs.1 . Families Frequency 

Below 100 . 50 50 I 

100-200 ,500 550 \ 

200-300 555 1,105 
300 - 500 100 1,205 
500-800 . 3 1,208 

1. 
809 and above 2 . 1,210 

L 

hjedian has N12 items below it which means 1,21012 = 605 items below it. Therefore, the 
median lies in the 200-30q class. Now applying the formula of inteqjolation ' 



N-c 
Md= 1 + 2  x i  

f ' 
where 1 =200 

c =550 
f =a555 - - 
i =I00  

\ = ZOO+ (551555) x . 100 . 

' .  =200+9.91 ' . . '  

=209;91 . ' ,  
, , 

~ e d i a n  Mdnthly Income ~ ' R s .  2W. 91 , ! 
You may note that the class intervals in this il1,ustratio~: are unequal and the datais open- 
ended. This does not affect ;the cakulation.of the mediari. The length of the class interval. 
( 'i') in.the formula corresponds cnly to the median class. . . 

, , 

. . . . 1 ,  ! . . :[~~ustrition 4 i , ' . . . ,  . . 
Determine the median wage from .ne foll~,wing data :. , . 

4 '  ' 
, . 

I . Wages More Than (Rs.) , No. of Workers .! . 
I _ _  

20 . ,  . 58' ' .  
. . 40 54 

60.;' I 4'8 - .  , . 
. . . 80 38 

100 . '  . . . . , ' 22 
1 20 10 :, . , 

' 1 4 0  . , . .  3 . , , .  
, I  

. ' ,  

1 6 0 ,  . ' ,  

. , 

' .  0 
. . 

J . '  :. . , . . . .  
. . ' . * I  Solution ' . , : .  . . 

. + .  

Wages More . - ,  No; of Wi,@'+ . , ' . Simple Frequency . . ' 

. . Than(&.) , , ' . . .  ; (Clrmulative Fre.), . . .  
. . . 

. . 
. '  . 20,  58 . .  . 

, . 
58-54 = ' 4:. , 

, . .  
40. . ' . . ' 54 .. 54+8 = ' 6  
60 , '  

.,,48 ' 48-38 '=  ' 10 . 

80 . , '38, . . 
, . . :3&22 :. 16.' 

. ,  . 100 . 2 2  , , .  .. 22-lo.= 12,; , , 

' I20 . .  10 '10-3 = 7 
140 3 . . . . $.-o = . 3  , , . . 

1 6 0  0 . :  . . L j  . , .  . . ,  0 :  , . ' .  . . 

~umulati"e frequency is given in this. i~lustrati~ti.' So, we have &aiculatcd'simple fres"encY. 
Now median has Nf2 items i.e,, 5812 =*29; items above it. Therefore, median lies h'the 

' ,  

'more than 80' clasg i . i ,  80-100 class. We cah.iriterpolate median b$using the fo~tbwin~,  
f h i l a  ,.. , .. 
. . . . 

' N-c 
.Md=.U-& x i  

f 
whereu = 100 . 

1 d'.=22 
I f - 1 6  

1 = 1 W - ( 7 / 1 6 ) ~ 2 0  . 
. ' = 1,W - 8.75 

= 91.25 
Median wage is Rs. 9 1.25. 

l[llustration 5 
You are given the following incomplete frequency distribution. It is known that total ' 

f~equency is 1,000 and that the median is 4 13.1 1. Estimate the missing frequencies. 

Median 



Measures of Central Tendency Values Frequency 

300-325 5 
325-350 17 
350-375 . 80 
375-400 
400-425 326 
425-450 
450-475 88 
475-500 9 

Solution 
Let us assume that the frequency of the class 375-400 is F. Now the frequency of the class 
425-450 becomes 1,000 - (525 - F) = 475 - F (525 being the total of given frequencies). 

I 

Values Ftequency c.f. 

300-325 5 5 I 

325-350 17 22 
350-375 80 102 I 

375~400 ' F 102+F 
400-425 3% 428+F 
425-450 475 -F 903 I 

450-475 88 99 1 
475-500 % .loo0 

Since the median is given as 413.1 1, the median must be in 400-425 class. 

N-.C 
Now ~ d =  1 + L x i  

f 
where 1 =400 . 

f =326 
C = 102tF \ 

i =25  
M,=413.11 

, 

413.1 1 = 400 + 500 -(lo2 + F) 25 
326 

As frequency should be an integral value F = 227. Therefore, frequency for the class 
375-400 is 227 and the frequency for the class 425-450 is.4751227 = 24.8., 1 

11.4 PROPERTIES OF MEDIAN 
You have studied the methods of 'computing median. Now let us discuss the properties of 
median. 
1) An important property of the median is that the sum of the absolute deviations (i.e., 

deviations ignoring signs) from the median is minimum i.e. I: I x - M,( is the minimtim. 
This property entails the use of median in various practical situations. For example, take 
the items 5,7,8,9,21. In this case the median (N + 1)  is 8. Let us calculate absolute 

2 
deviations from (i) median, (ii) any other value say 7, and (iii) from arithmetic mean. 
( i . e . ,5+7t  8 . + 9 + 2 1 )  

< 
J 

Item x Ix-M,I Ix-71 (X -XI 
X Ix-81 I x-101 



If you study the above table carefully, you will notice that the least total is 18, which is 
the sum of absolute deviations from median. 

2) It is not affected by the extreme items. It is of course affected by the number of items. 

3) For an open-ended distribution, median is the more suitable average. For example, since 
the income distribution is an open-ended distribution, median income would be a more 
representative figure. 

4) For tKe qualitative information, median is probably the only suitable measure of central 
tendency. For example, a respondent may be asked to rate his evaluation of the 
corporate image, in the order of importance, as dynamic, prestigious, cooperative 
(business-wise), successful and withdriwn. Suppose he ranks them exactly as given 
here, the third adjective viz. cooperative (business-wise) is the median of his five 

' ratings. 

5) The median can be located graphically (you will study this later in this unit) 

6) It is easy to compute and lucid to understand. In some cases it is obtained even by an 
inspection. 

1 . 5  MERITS AND LIMITATIONS OF MEDIAN 

You have studied the meaning, methods of computation and properties of median. Now let 
us discuss the merits and limitations af median. 

Merits 
1) For an open-ended distribution, such as income distribution, the median gives a more . 

representative value. 

2) Since median is not distorted by the extreme items, in some cases it is preferred over . 
mean as the latter is likely to be distorted by extreme values. 

3) For dealing the qualitative phenomena, median is the most suitable average. 

4) Since median minimises the total absolute deviations, median is preferred in the 
situations wherein the total geographical distance is to be minimised. For example, 
there is a conference of five top executives from five different cities of India lying . 

almost in a straight line. The city located at a median distance would be a more proper 
place for the conference. 

5) While taking a decision to buy a particular brand of tyre, when only one or two tyres are 
to be bought, the brand with greater median run will be preferred. Similarly, in buying a 
washing machine, the machine with greater median life will be prefened, rather than 
one with a greater mean life. 

Limitations 
1) Median is not capable of algebraic treatmknt. That means we cannot have a combined 

median of two or more groups, unless all the items of the groups are known. 

2) It is described, sometimes, as an insensitive measure as it is not based on all items of the 
series. 

3) It is affected more by sampling fluctuations than the value of mean. 

4) The computational formula of a median is in a way an interpolation under the 
assumption that the itehs in the median class are uniformly distributed, which is not 
very me .  

5) The impression created by median in some cases may be illusory and deceptive because 
its value is determined strictly by the value of middle observation(s). For example, in 
lotteries the median value of the prize won by a ticket is always zero when all tickets 
are considered (more than 50% of the tickets will not get any prize). This median value 
of prize will, not help in analysing the prizes offered by lotteries as the matter of interest 
may be the first prize out of a number of prizes offered. 

Check Your Progress A 
i) Find the median for the following data sets : 

a) 1,2,4,8, 16,32,64, 128,256 

Median 
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2) What is the formula for computing median for continuous dak, when cumulated 
frequencies are calculated from higher values side? 

I 

I 

3) In a given frequency didbution, if the class intervals are of unequal width, which class ' 
interval would you use for computing median? 

I ........................................................................................................................................ 

4) Heights (in inches) of a group of'students are given below. Calculate the median. ' 

61,62,62,63,61,63,64,64,60,65,63; 64,65,66,64 

Now suppose, another group of students whose heights are 60,66,59,68,67, and 70 
inches is added to the previous group. Findthe median of the combined group. 

5) Calculate the median from the following frequency distribution of marks in . 

Economics: 

Marks : 5 10 15 20 25 30 35 40 45 50 

No of 
Students: 20 43 ' 75 76 72 ' 45 39 9 8 6 

.......................................................................................................................................... 
.... - ... 

..... ................................................................................................-.. -u"....&....u.........* 

................................... ...........................,,.,...............,..... 
6) The following informiition is about the life (in hours) of 100 new-type light bulbs. Fjnd 

. . 
the  median life. 

Life (in hol;rq) Number failed 



Median 

7) State whether the following statements are True or False. 
' i) The data must be arranged before determining the median. 

ii) Median cannot be computed in open-ended distribution. 

iii) Class interval of a distribution may or may not be uniform in calculating the 
median; 

, iv) Sum of the deviations from median is the least. 

v) For a data set with 16 items, the median is 8. 

111.6 PARTITION VALUES 

As you know median is the middle value of the variable when the items are arranged in the 
order of magnitude. Thus, median splits the series into two equal parts, Hence, it is called 
positional average. In fact there are other positional measures that partition the series into 

, still more number of equal parts, say four equal parts or 10 equal parts or 100 equal parts. 
Such measures are generally known as Partition Values. There are three partition values: 
1) Quartiles, 2) Deciles and 3) Percentiles, which are in much use. They are, of course, the 
measures of non-central location. Now let us study about them one by one. 

11.6.1 Quartiles 

The values of a variate that divide the series or the distribution into 4 equal parts are known 
as Quartiles. Since three points are required to divide the data into 4 equal parts, we have 
three quartiles Q,, Q,, and Q, 

The first quartile (Q,), known as a,lowerquartile, is the value of a variate below which there 
are 25% of the observations and above which there are 75% of the observations. 

The second quartile (Q,) h the.value of a variate which divides the distribution into two 
equal parts. It means, there are 50% ?bservations above it and 50% below it. Therefore, Q, 
is the same as median. I 

The third quartile (Q,), known as an upper quartile,'is the value of a variate below which 
there arc 75% observations and above which there are 25% observations. 

It is clear that Q, < Q, < Q, 

Computation of Quartiles 
i) Discrete Series (i.e. Individual Values Known). When the data is arranged in the 

ascending order: 

QI = Size of I!k.L th item 
4 

Qz = Size of (N. + th item 
4 

4 3  = Size of (N + th item 
4 

ii) Continuous Series (i.e. Data with Class Intervals) 

QJ= 1 +- x i  J = 1, 2,3 
f 

where 1 =Lower limit of quartile class 
c = Cumulated frequency preceding the quartile class 
f = Simple frequency in the quartile class 
i = Class-interval of quartile class 

i1.6.2 Deciles 

The values of a variate that divide the series or the distribution into 10 equal parts are called 



- - - --- - 

Measures of Central Tendency Deciles. Each.part contains 10% of total observations. 0bvi;sly there should be nlne such 
valuesdenoted as Dl, D, ..... D,. They are called first decile, second decile, etc. The 5th 
decile (D,) is the median. 

Computation of Deciles 
i) Discrete Series (i.e. Individual Values Known). 

Dj = Size of j ( N t h  item. J = 1 to 9 
10 

ii) Continuous Series (i.e. Data with Class Intervals) I 

where C is the cumulated frequency preceding the jth decile class, the other symbols 
have usual meaning. 

11.6.3 Percentiles 

The value of a variate which divides a given series'or distribution into 100 equal parts are 
known as percentiles. Each percentile contains 1% of the total number of observations. The 
percentile Pj is that value of the variate upto which lie exactly j % of the. total number of 
observations. For example: 

PI, = Value of a variate upto which lies exactly 10% of observations. This is same as Dl 
I 

P,, = Value of a variate upto which lies exactly 20% of observations. . 
P, = Value of a variate upto which lies exactly 25% of the total number of observations. I 

This is same as Q, 1 

P,, = value of a variate upto which lies exactly 50% of the total number of observations. I 

This is the same as D, or Q,or:,median. . 

Similarly, P,, = Q, 

Computation of Percentiles 
i) Discrete Series4i.e. Individual Values Known). 

pj = Size of j (N + th item 
100 

. e-g. P45 = Size of 45 !N + l )  th item 
. 100 

ii) Continuous Series (i.e. Data with Class Intervals) 
-- , J N C  

pj=l+lQSl__xl J s l t 0 9 9  
f 

where C i's the cumulated frequency preceding the jth percentile class. The remaining 
symbols have usual meaning. Let us understand the computation of partition values by 
two illustrations. 

Illustration 6 
Marks of 16 students in a class,test (maximum marks 20) are as follows: 
2,'3,6,7, 10,10, 11,11,11,12,12,14,15,16,18,19. 
Calculate Q,, P,,, D, 

Solution 
Marks are already arranged in ascending order. 

QI = Size of th item 
4 

-- - 16 + l th item 
4 

= 4 l t h i t e m  
4 

:. Q1 = 4th item + L(5th item - 4th item) 
4 



-- - 
= 7 +1(10 -7) 

4 
= 7 +3  

I 
4 

, = 7.75 

p35 = Size of 35 (N + th item 
100 

:. P35 = 5th item + -95 (6th item - 5th item) 
100 . 

= 1~ += (10 - 10) 
100 . 

= 1 0 + 0  
. =110 

Dg = 15th item + 5 ( 1 6 t h  Gem - 15th item) 
lo. 

=18+0.3 
= 18.3 

You may note that there is no student who has obtained 7.75 or 18.3 marks. When the size 
of item to be selected invo1"es fraction, such hypothetical values can arise. The 
interpretation of such values become valid if the given data is a continuous series and not a 
discrete series. 

. Illust@6n 7. I 
The following table giyks the distribution of monthly income of 600 families in Ahmedabad 
city. 

Monthly Income Rs. Families 

Below 75 69 
75 - 150 167 

150 - 225 207 1 
225 - 300 65 
300 - 375 58 
375 - 450 24 
450 and above . . 10 

a) Find D,, D,, P,,, P,,, Q, and Median. 

b) 0b& the.lirnits of income of central 50% of observed families. 

c) Interpret the results. 

Solution 

Monthly Income (RE.) Families Cumulative frequency 

Below 75 - 69 69 
75 - 150 1'67 236 

150 - 225 207 443 
225 - 300 65 508 
300 .- 375 58 566 
375 - 450 24 590 
450 and above 10 . 600 

a) D, has 2N/10 items below it..It means 2 x 600110 = 120 items below it. Therefore, D, 
falls in the 75-150 class. 



Measures of Central Tendency . = 75 + 22.9 
= 97.9 

D, is Rs. 97.90 

D, has 5N/10 items below it, which means 5 x 600/10 = 300'items below it. So D, lies in the 
150-225 class 

5N -,C 
NowD5 = 1 + L x i  

f 
- - 150 +300-236 x75 

207 

D, is Rs. 173.19. 

P, has 25N1100 items below it, which means 25 x 600/100 = 150 items below it. SOP, lies. 
in the 75-150 class; 

P,, has 75N/100 items below it, which means 75 x 600/100 = 450'iterns below it. So P,, lies 
in 225-300 class. 

75N -, c 
100 x i  Now P75 = 1 + --- 

f 

P,, is Rs. 233.08 

Q, has 3N/4 items below it, which means 3 x 60014 = 450 items below it. P,, also has 450 
items below it. So Q, must be same as P,,. 

Q, = Rs. 233.08. 

Median has N/2 items below it, which means 60012 = 300 items below it. So it falls in the 
150-225 class. 

N - -a c 
2 x i  N o w M ~ =  1 +- 

f 

= 173.19 which is same as D, 

Therefore, Median is Rs. 173.19 

b) Central 50% of observations are given by an interval Q, to Q3 as Q, has 25% of items 
below it and Q, has 25% of items above it. 



Here Q, = P,, = Rs. 1 1 1.38 and Q, = Rs. 233.08. Required limits of income of central 
50% of observed families are Rs. 11 1.38 to Rs. 233.08 

c) Interpretation 

D, = 20% of the families have monthly income of Rs. 97.90 or less and 80% of the 
families have monthly income of Rs. 97.90 or more. 

D, = 50% of the families have the monthly income of Rs. 173.19 or less, and 50% 
have the monthly income of Rs. 173.19 or more. Median being the same as D, 

' both have same interpretation. 

p,, = 25% of the families have monthly income of Rs. 1 1 1.38 or less and 75% of the 
families have Rs. 1 1 1.38 or more. 

P,, = 75% of the families have monthly income of Rs. 233.08 or less and 25% of the 
families have Rs. 233.08 or more. Q, and P,, being the same, they have the same 
interpretation. 

11.7 GRAPHIC DETERMINATION OF MEDIAN AND 
OTHER PARTITION VALUES 

You have learnt the method of computing median and other partition values. In fact, they 
can be determined graphically also. The median can be determined graphically by any of the 
following two.methods: 

1) "Less than" ogive curve and " more than" ogive curve are drawn. From the point of 
intersection of these two curves, a perpendicular is drawn on X-axis. 

2) Only one ogive curve namely "less than" ogive is drawn. The variable is taken on 
X-axis and the cuinulated frequency on Y-axis. Then on Y-axis number N/2 is located. 
ti horizontal line is drawn from it on the ogive curve. From the point where it meets the 
curve, perpendicular is drawn on the X-axis. The point where it meets the X-axis is the 
median. 

Similkly, other partition values also can be determined graphically. For quartile Qj, number 
JN/4 is located on Y-axis. For decile Dj, number JN/10 is located on Y-axis. For percentile 
Pj, the number JN/100 is located on Yiaxis. And then the similar procedure is followed as 
prescribed for median. 

Illustration 8 
Find graphically median, D,, P,,, Q , from the following information: 

Profit per Shop, No. of Shops 
(less than Rs, '000) 

Solution 

Profit per Shop No, of Shops 
(less than Rs. '000) (c.f.1 

lod 15 
. 200 35 

300 63 
400 95 
500 . 113 
600 125 
700 130 

NOW take the values of a variable X on x-axis and the corresponding cumulated frequencies 
(c.f.) on y-axis, Then plot the 'less than" ogive curve. Look at Figure 11.1 carefully and 
study how less than ogive curve is drawn. 

Median 
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For median, firstly, N/2 (i.e. 130/2 = 65) is located on y-axis and then from N/2 (i.e., 65) a 
horizontal'l'ine is drawn. From the point where this horizontal line meets the curve, a 
perpendicular is drawn on x-axis. It meets at the point '307' which is the median. Therefore, 
median profit is Rs. 307 thousaqds. 

For D,: Firstly, 3 X 130110 = 39 is located on y-axis and corresponding value of D, is read 
on x-axis which is 213. Therefore, D, of profit is Rs. 213 thousands. 

For P,,: Firstly 20 x 130 / 100 = 26 is located on y-axis. Proceeding the same way like 
median, you can read the value of P,,on x-axis of the graph which is 155. Therefore, P,,, is 
Rs. 155 thousands. Similarly, Q, = Rs. 414 thousands. Except for small errors in plotting 
and reading the scale, the graphical values would almost correspond to the values obtained 
by applying their formulas. 

Check Your Progress B 
1) Define partition values. Name the partition values used in statistics. 

.......................................................................................................................................... 
2) Write the formulas for finding different partition.values. 

.......................................................................................................................................... 
3) State whether the following statements are True or False. 

i) Graphical and calculation methods cannot give same result for a partition value. 

ii) P,, means 70% of items have values less than this point. 

iii) All deciles are included in percentiles: 

iv) All quartiles are contained in deciles. 

v) A point which has 30% of items above it will be called D,. 

vi) Median is same as third quartile. 

vii) In a given series Q, = 30.5 and Q, = 25.5. 

viii) 70% of the values of a variate are less than 70,. therefore D, = 70 

ix) Third decile is the 30th percentile. 

4) Fill in the blanks. 

i) The sum of absolute deviations from median is ........................... 
ii) Median is ........................ quartile, ...................... decile and ................... percentile. 

. . .  

iii) For an income (monthly) distribution of P,, = 125 it means that ................... % of 
the families have the monthly income of Rs. 125 or .................... 

iv) 60% of the variable are less than 70, therefore, 70 = .................... 
V) The limits of income of central 50% in a given income distribution refer to the 

range ................... to .................... 
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The median is a positional aveiqe, referring to the middlemost value of the variate above 
and below which half of the items lie. There are different formulas of computing the median 
from ungrouped as well as grouped data. Similarly, in grouped data itself methods are 
different for discrete series and continuous series. Median possesses some important 
properties: 1) the sum of the absolute deviations from the median is minimum, 2) it is not 
influenced by the extreme items, 3) it is a more suitable average for an open-ended 
distribution, 4) the qualitative phenomena can Be better dealt with the help of median, and 
5) it can be graphically located. 

The median is very useful in the following situations: 1) where mean is likely to be distorted 
by the extreme items, 2) when the study is regarding the qualitative phenomena, 3) where 
the purpose is to minimise the geographical distance, and 4) where the 'buy' decision is to 
be made as regards the specific make of type of a household appliance like a washing 
machine. Median also suffers from certain limitations such as: 1) incapable of further . 
algebraic treatment, 2) insensitive, 3) sampling instability, etc. In some situations, it even 
turns out to be a deceptive and unrealistic measure. 

Like median, there are other positional measures known as partition values which partition 
the serie~ into still more number of equal parts. They are: 1) quartiles, 2) deciles, and 3) 
percentiles. Quartiles are the three values of the variate dividing the series into four equal 
parts, each occupying 25% of the total observations. Deciles are the nine values of the 
variate dividing the series into 10 equal parts, each occupyiilg 10% of the total observations. 
Percentiles are the values of the variate that divide the variate into 100 equal parts, each 
containing 1 % of the total observations. Almost similar procedure is followed in the 
computation of the partition values, as prescribed for median. The median and partition 
values also can be located from the ogive curves. The less than ogive curve is very widely 
used for this purpose. 

1 . 9  KEY AND SYMBOLS 

Deciles: The values of the variate that divide the series or distribution into ten equal parts. 

Less than Ogive : A cumulative frequency curve that starts from the lowest class boundary 
c~ the horizontal axis and gradually rising upward and ends at the highest class boundary 
corresponding to the total frequency of the distribution. . 

Median ; The value of the variate that divides the skries intb two equal parts. 

Partition Values : The values of the variate that divide the distribution into a fixed number 
of equal parts. 

Percentiles: The values of the variate that divide the series or distribution into 100 equal 
parts. 

Positional Average : An average based on the position of a given observation in a series 
arranged in the order of magnitude. 

Quartiles: The values of the variate that divide the series or distribution into four equal 
parts. 

List of Symbols 
In addition to the list of symbols given in Unit 10, the following list of symbols is used in 
connection with median and other partition values. The list is on the same lines as in 
Unit 10. 
Cumulative frequency c, C, f, b, zf,, 

Decile - jth 
Dj 

Deviations s f  items from median X - M,, d, D. 

.Frequency of the medial group f, f,, f,, f,,. 



Lower limit of medial group or the group in 1, 1 ,, I,, Lm 
which any partition value lies 

Median M,,; M, m 
Percentile 

~uartile-lower 

Upper limit of medial group or the group in u, l,, U, Urn 
which any partition value lies 

11.10 ANSWERS TO CHECKYOUR PROGRESS 

A) 1) (a)16,(b)0.18 

N -C' - 

2) M=U-2 
f 

3) Class Interval of median class is considered. 

4) First Case 63. Second Case 64. 

5) 30 

6) 210.5 

7) i) True, ii) False, iii) True, iv)~alse,  v) False . . 

B) 3) i) False, ii) &e, iii) True, iv) False, v) False, Si) False, vii) False, 
viii) False ix) True 

4) i) minimum, ii) 2nd, 5th, 50th, 

iii) 30%, less; iv) D, or P,, v) Q, , Q, 

11.11 TERMINAL QUESTIONS/EXERCISES 

, Questions 
1) What is median? Explain its merits and limitations. 
2) Explain the methods of computing median. 
3) Compare the arithmetic mean and median as measures of average? 
4) Compare and contrast between Quartiles, Deciles and Percentiles? 

Exercises 
1) The number of books issued at the counter of a university library on 10 different days 

are: 180,95,75,70,80, 102, 100,94,75,400. Which average would represent this dat.4 
best ? Calculate it. 

I 

(Answer: Median 97.5) 
1 

I 2) Information on insurance claims for automobile accidents is given below. Determine 
the median. 

if Amount of Claim (Rs.) Frequency 

Less than 150 52 
150 - 199.99 108 
200 - 249.99 230 
250 - 299.99 528 
300 - 34999 663 

' 350 - 399.99 816 
400 - 449.99 993 
450- 499.99 ' 825 . 
500 and above 650 

(Answer : Approximately Rs. 402) 



Measures of Central Tendency 3) . Calculate the median from the following data, taking mean value as 45.5. 

. Marks No. of Students 

70 - 80 10 
60-70 10 
50-60 20 
40-50 
30-40 12 
20 - 30 7 
10-20 8 
0 - 10 5 

(Answer: 50) 

4) Determine graphically Ne median from the following data. Obtain the range of marks 
obtained by middle 80% of the students. 

Marks out of 60 - No. of students . 

Less than 10 4 
Less than 20 10 
Less thari 30 30 
Lessthan40 . 40 
Less than 50 ' 47 

-Lessthan60 . 50 

(Answer : 27.5,11.7 to 47.1) 

5) For a group of 500 students following information is available about the marks obtained 
out of 100: 
Median = 45, Q, = 23, Q, = 73, D, = 38, P,, = 60, P, = 83. And 8% of students have 
obtained less than 12 marks. 3% of students have obtained more than 95 marks. 
Tabulate the +ta in class intervals. 

Answer: 
Marks : 0 - 12 12 - 23 23 - 38 38-45 45-60 60-73 73-83 83-95 95-100 
No. of 
Students: 40 85 75 50 65 60 75 35 15 

6) Find the-missing frequencies if median is 25. 

Daily ~xpcndi& (Rs.) Families 

7) A laundry uses two different brands of washing machines. According to its past 4 

experience, the following results have been recorded : 

Brand Median Life Mean Life 

A 6,500 hours 6,000 hours 
B 6.000 hours 6,500 hours 

tf both.brands are of the s k e  price, which brand should be purchased by the laundry. 

.8) Calculate Q, , P3, , D, from the data given belaw: 
Size of collar worn : 1 4  14.5" 15" 15.5" 16" 
No. of Students : 2o 37 43 26 14 

(Answer: Q, = 14.5";Pm = 14.5"; D, = 15.5") 

9) Determine graphically the valves of 0,. Median, P2b, Q, and Q3 h r n  the follokng d:at-- 
Verify them by applying their respective formulae., 

46 - 
Y 



Daily Wages (Rs.) Workers 

Below 105 
10 - 20 25 
20 - 30 40 
30 - 40 70' 
40 - 50 90 
50 - 60 40 
60 - 70 20 
Above 701 0 

. (Answer: D, = 44.*% Median 41.1; P,, = 27.5; Q, =30.7; Q, = 49.4) 

Mote: These questions and exercises will help you to understand the unit better. Try 
to write answers for them. But do not submit your answers to the University. These 
are for your practice only. 



UNIT 12 MODE 1 
Structure I 
12.0 Objectives 
12.1 Introduction 
12.2 What is Mode? 
12.3 ' ~om~uta t ion  of Mode 

.12.3.1 Ungrouped Data 
12.3.2 Grouped Data 
12.3.3 Smooth Data 
12.3.4 Empirical Method . 

12.4 Graphical Determination of Mode 
12.5 Merits and Limitations of Mode 
12.6 Some Illustrations 
12.7 Let Us Sum Up 
12.8 Key Words and Sytltbols 
12.9 Answers to Check Your Progress 
12.10 Terminal Questions~Exercises 

112.0 OBJECTIVES I 
After studying this unit, you should be able to: I 

define mode I 
@ compute mode for different types of data / 
* locate mode graphically 

4 appreciate the limitations and uses of mode. 

As you h o w ,  among the measures of central tendency, there are some measures which are 
based on all items of the data and some other measures which are positional averages. In 
Unit 10 you have studied about arithmetic mean which is based on all the items of data. In 
Unit 11 you have studied about median which is a positional average. In this unit you will 
study about Mode which is another positional average. You will learn the nieaning, methods 
of computation, locating it graphically, limitations and uses of mode. 

VVaATIS MODE? . 

Mode is also a measure of central tendency. Mode is the value of a variate which is repeated 
most often in the data set. The genesis of the word 'mode' lies in the ~ r e n & h  word 'le mode' I 
that means fashion. Mode is, therefore, considered to be the most common or most 
fashionable value. 

Mode is often considered to be that value of the variate which occurs most frequently. But it 
is not exactly true for every frequency distribution. Rat)er it is that value of the variate 
around which the other items tend to concentrate most heavily. It shows the centre of 
concentration of the frequency in and around a given value. If is not the centre of gravity 
like mean. It is apositional measure similar to median. It is commonly denoted by M, 

For example, take the case qf a shopkeeper who sells shoes. He is interested to know the 
sizes of shoes which are componly demanded. Were in such a situation, mean would 
indicate a size that may not fit any person. Median may not provide a representative size 
bedause of the unevenness in the distribution. It is the mode which will help in making a 
choicuf approximate size for which an order can be placed. 

12.3 COMPUTATION OF MODE 
The method of computing mode is different for grouped data and ungrouped data, Now'let 
us study thosemethods separately. 



12.3.1 Ungrouped Data Mode 1 

For an ungrouped data mode is found out simply by inspection. The value that occurs most 
frequently in the giveh distribution is taken as a mode. For example, the ages (in years) of 
10 boys are as follows: 5,6,4, 10,7,6,9,2,8,6. Here the number six appeared thrice. 
Therefore, mode age is six years. 

Mode does not exist as such in some cases. For example, take the following data set : 5, 10, 
15,20,25,30. In this case there is no mode because none of the numbers is repeated. 

. In some cases there may be more than one mode. For example, one typist typed 10 pages 
and the number of mistakes per page are as follows: 5, 1,0, 1,2, 1,2,3,2,4. In this case, 
both the numbers 1 and 2 appear equal number of times. Therefore, there are two modes: 1 
and 2. Similarly, the distribution can be a tri-modal or even multi-modal. For such 
distributions, the mode as a measure of central tendency has tittle significance. Mode has 
very limited use for ungrouped data. 

12.3.2 -Grouped Data 
The method of computing mode is different between discrete distribution and continuous 

t distribution. Let us now study those methods in detail. 

~is 'crete Series ' For discrete distribution, i.e., when.the values of individual items are known, mode can be 
determined just by inspection. By inspection you can find out the value of the variate around 
which the items are most heavily concentrated. For example, study the following frequency 
distribution: 

Size of Item : 20 21 ' 22 23 24 25 

Frequency : 15 " 20 25 45 30 12 

In this frequency distribution, 23 has the highest frequency, implying that there is a heavy 
concentration of iteins at this value. Therefore, mode is 23. 

In a series like this it is easy to obtain mode. Difficulty arises when nearly equal 
concentrations are found in two or more neighbouring classes; i.e., there is a small 

. difference between the maximum frequency and the frequency preceding it or succeeding it. 
To locatc a modal class in such situations, there is a need for Grouping and Analysis. 

Grouping Table : A grouping table has six columns as explained below: 

Column 1 : It is of class frequencies written against each class. 

Column 2 : Frequencies are grouped in this column in two's, and totals are found. Then 
the highest total is marked or circled. 

Column 3 : Leaving first frequency from the top, the remaining frequencies are again 
grouped in two's and the highest total is marked. 

Column 4 : Starting from the top, frequencies are grouped in three's, their totals are 
' obtained and the highest total is marked. ' 

Column 5 : Leaving first frequency, they are again grouped in three's. Their totals are 
obtained and the highest Lotal is marked. 

Column 6 : . Leaving the first two frequencies from the top, remaining'frequencies are 
grouped in three's. Their totals are calculated and the highest total is marked. 

Analysis Table : After preparing a grouping table, an analysis table is prepared. It is two- 
fold : 1) vertical (i.e., st6b.s) where the column numbers, as obtained in a grouping table, are 
taken and 2) horizontal (i.e., captions) where the values of the variate (or the classes) are 
taken. Now you take the grouping table, where you have marked or circled highest . 
frequencies in every column, Take these circled frequencies in turns along with the 
cprresponding values of the variate. In the analysis table under these values and in the row 
corresponding to relevant column number, tally bars are placed, The number of bars placed 
in each column of an analysis table are totalled. The maximum of these totals is marked. The 
value of the variate corresponding to it is the mode or the modal class. Let us study the 

I 
preparation of grouping and analysis tables by taking an illustration. 

i 
I 

I 



Measures of Central Tendency Illustration 1 
Find the mode (Mo) for the folloqing informatim on the marks obtained by the students: 

Marks : 55 60 - 61 62 63 64 65 6$ 68 70 

No. of 
Students:4 6 5 10 20 22 24 6 2 1 

Solution 
As you notice here, the difference between the highest frequency (i.e. 24) and the two 
frequencies preceding it (i.e., 22 and 20) is very small. The frequency which is next to the 
highest frequency (i.e., 6) also is very small. Therefore, grouping has to be done to ascertain 
'the modal class. 

Grouping Table 

Marks Col. 1 Col. 2 Col. 3 Col. 4 . Col. 5 Col. 6 

* Analysis Table 

I 

Total 1 3 5 4 1 

The highest total in the analysis table is five..The item corresponding to it is 64. ~hei=fore, 
the mode (M,) is 64. It may be noted here that the highest frequency (as shown in data) is 
for 65, whereas grouping and analysis tables indicated concentration of frequencies around 
64. Thus, the correct value of mode is 64. 

Col.No. 

Continuous Series (i.e. data with class intervals) 

Marks 

55 60 61 62 63 64 65 66 68 70 

In the case of contiquous series, (i.e. data with qlass intervals) which have equal class 
intervals throughout, there be two major steps in computing the mode. 

Step 1 : Asce*n the modal class by preparing grouping table and analysis table exactly in 
the same way as discrete series. The minor difference in the procedure is that different 
classes of the given frequency distribution are taken vertically. 

Step 2 : Having located correctly a modal class mode (Mo) is obtained by interpolation by 
using any of the follqwing formuias: 

a) % = I  +. A? x i .  Ai +A2 
where 1 = lower limit of the modal class 

i .= class interval 
A, = f, -fo 

n, = f,-f, 



f, is the frequency of the modal class 

f, is the frequency of the class preceding the niodal class 

Mode 

f2 is the frequency of the class succeeding the modal class. 
By substituting the values of A, and A, in the above formula : 

Note: If (2f, - fo - f2) is zero, the formula becomes meaningless. If any numerator or 
denominator becomes negative, then the formula does not give valid result. In that case it. 
should be taken as: 

where 1 f,  - f,I and I f ,  - f21, means absolute values of the difference i.e., difference 
neglecting Bigns. 

b) The mode also can be calc;lated by usiig the upper limit of the moda! class. 

c) Where the modal class is other than the one containing the maximum frequency, the 
following formula is more soitable : 

&= 1 + L x i  
fo + f2 

Notes : 
1) If the very first class of the frequency distribution is the'modal class, the fo is taken as 

zero. If modal class is the last group, then f, is taken as zero. 

These formulas hold good only for the distributions with equal class intervals. Why is it 
so? The reason is simple. If two class intervals of size 10 and 20 have frequencies 15 
and 18 respectively, then on simple comparison it appears frequency 18 is l&ger than 
15. But mode is concerned'with concentration of items. Concentration for the first 
group is 15/10 or 1.5 items per unit length of class interval. While in the second case it 
is only 18/20 or 0.9 items per unit length of class interval. Thus, from the point of view 
of determining mode, frequency,l8 for class interval size 20 is less than the frequency 
15 for the class interkal size 10. Therefore, direct comparisons of frequencies can only 
be made when class intervals are equal. 

3) For the distributions with unequal class intervals, first the class intervals are made equal 
assuming that frequencies are uniformly distributed or by combining groups and then 
apply the usual formula. 

, Illustration 2 

For the following frequency table, calculate the mode: 

Monthly Rent N> of Families 
Paid (Rs.) Paying the Rent 

20 - 40 6 
4 0 -  60 9 
.60 - 80 11 
8C--100 , 14 

8 .  100 - 120 20 
120 - 140 15 
140 - 160 10 
160 - 180 8 
180 -200 . 7 



Measures ofCentra1 Tendency Solution 
By inspection the modal class appears to be 100-120, but let us verify by grouping. 

Grouping Table 

Analysis Table 

The highest total being 6, the modal group is 100 - 120. 
Applying the formula : 

~ = 1 +  ''R-fo x i  
2fi -fo- f2 

CUI.NO. 

1 

2 

3 

4 

5 

6 

Total 

= 100+ 10.91 
= 110.91 

:. Mode of mont.hly.knt is Rs. 110.91 

Monthly pent (Rs.) - 
20-40 40-60 60-80 80-100 100-120120-140140-160160-180 180-200 

I 

I I 

I I 

I I I 

I . I I 

I I I 

1 3 6 3 . 1  



Illustration 3 
Calculate the mode from the foi!~wing data: 

Size Frequency 

0 -  9 3 
10- 19 4 
20 - 29 8 
30 - 39 7 
40-49 . 6 
50 - 59 3 

Solution 
By inspection, it is difficult to ascertain the modal class. Therefore, we have to resort to 
grouping. 

Grouplng Table 

Size Col. 1 Col. 2 Col. 3 Col. 4 , Col. 5 Col. 6 

Analysis Table 

Col. NO. 0 - 9  10 - 19 20 - 29 30 - 39 40 - 49 50 - 59 

1 I 
2 I I 
3 I I 
4 I I 
5 I I 

I j I I I 

T G , ~  4 5 3 

Prom the analysis table, it is obvious that 30-39 is the modal class. But the maximum 
frequency lies in class 20-29. Therefore, a more suitable formula for calculating the mode is: . 

= 29.5 + x 10 (29.5 being real limit) 
. 8 + 6  

= 33.79 

Therefore, mode is 33.8, You may note that a different result will be obtained if mode is 
calculated by the following formula : 



Measures d Central Tendency You should note that the mode is 34.5 under this method whereas under the earlier method it 
is 33.8. If you use the formula Mo = 1 t fi-fO x i denominator will become zero and 

2f1-fo-f2 
the numerator will be negative and, therefore, this formula is not applicable. It is important 
to note that unlike arithmetic mean and median, the different methods of calculating mode 
can give different results. 

12.3.3 Smooth Data 
When the data shows more or less uniform movement, it is called the smooth data. For such 
data mode can be obtained easily without using any of the above formulas. It can be worked 
out by'a very simple calculation. The rules to be followed for computing mode for smooth 
data are as under : When f, = f, i.e., the frequencies neighbouring the modal class frequency 
are equal, the mode is the mid-point of the two limits of the modal class. Study the 
following illustration carefully. 

Size (x) : 0-10 * 10-20 20-30 30-40 40-50 50-60 60-70 

Frequency (0 : 1 5 15 20 15 6 1 

The highest frequency being 20, the modal class here is 30-40. Since each of the two 
frequencies neighbouring the maximum frequency are equal (i.e., IS), the mode is the 
simple mean of 30 to 40. 

Therefore, = 30 = 33 
2 

You may verify whether the result obtained by this formula is the same as the result 
a obtained by the methods suggested earlier for the grouped data, Whenever f, = f2 and both 
f, and f2 are less than f, this will alwiys happen. When fo 7e f2 (i.e., the two frequencies 
neighbouring the modal frequency are not equal) and the difference between the 
neighbouring frequency and the modal frequency is not very large, the mode is the weighted 
mean of the two limits-upper (u) and the lower (1) of modal class-the weights bein the 

lfo+ $ neighbouring frequencies falling on either side of a modal class. ThereforeMd = --- 
For an example, study the following illustration : fo + f2 

'Size : 0-10 10-20 20-30 30-40 49-50 50-60 60-70 

Frequency : 500 610 740 748 745 690 500 

Here the modal class is 30-40 corresponding to the highest frequency 748 (f,). Two 
neighbouring frequencies are 740 (f,) and 745 (f,) which are not equal and they do not differ 

. 'much from f,, The.moda1 class is 30-40, '1' is 30 and 'u' is 40 

= 35.02 
The result derived by this method will always be the same as obtained by using the formula : 
k = 1 + f i x  i YO" may verify it. 

b+f2 
Illustration 4 
From the data given below, find the mode. 

Age in Years : 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 

No. of Persons: 50 70 80 180 150 120 70 50 

Solution 
The highest frequency is in the group 35-40. But concentration of frequency appears to be 
around the group 40-45. So we do grouping for ascertaining the modal class. 



Grouping %able 

Ages Col. 1 'lol. - 2 Col. 3 Col. 4 , Cbl. 5 Col. 6 

20 - 25 x x x 

X 

25 - 30 70 

30 - 35 

35- 40 

4 - 4 5  150 

45 - 50 120 

50 - 55 X 240 . . 

55-60 50 x x x 

We observe here that class 40-45 participates in maximum frequency in Columns 2,3,4,5 
and 6, (i.e., 5 times out of six columns) and class 35-40 participates only 4 times. You rrtay 
verify it by analysis table. 

So mode cannot be determined as 2f, - f, - f, = 2 x 150 - 180 - 1-20 = 0. Therefore, 
we will use the following formula : 

=40+5 
3 

=40+ 1.67 
= 41.67 

.'. Mod4 Age = 41.67 

12.3.4 Empirical Method 

In a symmetrical distribution (like the one taken in section 12.3.3) the values of mean f median and mode coincide. You can,verify it. But in the case of distribution which is not 
symmetrical (i.e., when frequencies at equal distance from central class are not equal), there 
are t~o'~ossibi1ities : 

1) When there is great& concentration in lower values, such distribution is known as 
positively skewed distribution. As shown in Figure 12.1, this type of distribution shall 
have a longer tail on right hand side. In this type of distribution, the value of the mean is 
the highest, the value of the mode is the lowest and median lies between mean and 
mode. The distance between mean and medido, is about one-third the distance between 
mean and mode. 



-. - - 
Measures of Central Tendency - 

Figure 12.1 Positively Skewed ~istribution 

There may be greater concentration of the items in higher values. Such a distribution is 
known as negatively skewed distribution. Study Figure 12.2 carefully. You should 
note that this type of distribution has a longer tail on left band side. Here the mean will 
be the lowest, the mode will be the highest and medi'an lies about one-third the distance 
from mean towards mode. 

Figure 12.2 Negatively Skewed Distribution 

The relationship between mean, mode and median in the two situations explained above is 
established by Karl Pearson vsing the following formula': 
Mean - Mode = 3 (Mean - Median). This gives 
Mode = Mean - 3 (Mean - Median) 

='3 Median - 2 .Mean 



This is an empirical relationship because this has been observed to be true in most of the 
moderately skewed data. It may not be true in extreme situations. A mathematical proof for 
it is not possible. In this situation where the mode is ill-defined, its value can be obtained 
empirically by using the above formula. 

Illustration 5 , 

Find the mode from the following table : 

Size of the Items Frequency 

40 - 49 . 7 
50 - 59 9 
60- 69 10 
70 - 79 6 
80 - 89 13 
90 - 99 10 

100 - 109 12 
110 - 119 7 

Solution 
By inspection, the modal class is not clear. Hence, we have to do grouping and analysis. 

Grouping Table 

Size Col. 1 Cal. 2 Col. 3 Col. 4 Col. 5 Col. 6 

40 -49 7 x x 

.$ 

50 - 59 9 x 
19 

60 -69 

70 - 79 6 

80 -89 

90 -99 10 

100 -109 

110 -119 7 X X x 

Analysis Table 

Col. NO. 60-69 70 - 79 80 -89 90 - 99 100- 109 110- 119 

1 I ' 

2 I I 
3 I I 
4 I I I 
5 I I I 
6 I I 1 .  I I 

Total 1 2 5 5 .  3 1 

In the analysis table maximum total 5 occurs twice. The mode, therefore, is ill-defined and is 
to be determined empirically by using the formula: h4, = 3Md- 2:. You may check yourself 
that here Median = 83.84 and Y = 80.14. 
... Mo = 3 (83.84) - 2 (80.14) 

= 25 1.52 - 168.28 
= 91.24 

' :. Mode = 9 1.24 

Check Your Progress A . 
1) Define mode. 

.......................................................................................................................................... 

2) . State the v&obs formulas for the computation of mode., .: 

Mode 



~ e a s u r i s  of central Tendency ............................................ .............................................................................................. 

3) What is the empirical relationship between arithmetic mean. median, and mode? 

4) For a frequency distribution, the mean is 26.8 and the median is  27.9. Find the value of 
mode. 

. : . . .................................................................. d. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .# . . . . . . . . . . . . . .  

.......................................................................................................................................... 
. . 

5 )  State whether the statements given below are True pr False. . 

i) Mode is a unique value i n a  dishbution. . ' . . 

ii) Coniputation of rnode.neglects the extreme values af the distribution. 

iii) Mode of a data cannot be greater than arithmetic me&. 

ivy Mode is always found in-a class with highest freqilency. 

v) Even though mode can be computed from data, it is not a mathematical average. 

6) Fill in the Blanks: 
i) When the purpose is to know the point of the ........... : ........ concentration, mode is 

preferred. . 
ii) Mode and median are .................... measures. ' - 
iii) There are two modes in the following series : 1,2, 1, 2,3,2,0, 1. They are 

and .................... ..................... 
iv) In a series when nearly equal concentration, found in two or more neighbouring 

cl,asses, we prepare .................... and .................... tables to find mode. 

V) If 2fl - fo -f, is zero, the mode is obtained by the formula ..................... 
vi) Read the following data : 

X : 0-10 10-20 20-30 30-40 40-50 50-60 60-70. 
F :  2 8 12 18 12 5 3 
Here the mode is the simple mean .................... of and ........ : ........... 

vii) Read the folIowing data: 
X : 10-20 20-30 30-40 40-50 50-60 60-70 
F :  100 125 220 228 222 150 
In this case'mode is a weighted mean of thk two limits of modal class 40 and 50, 
the weights being ..................... and ..................... 

- viii) I f  two values in a given data set occur more often than any others, the distribution, 
..................... is said to be 

12.4 GRAPHICAL DETERMINATION OF MODE 

You have studied various methods of computing'the mode. In fact, like median, mode.also 
can be determined graphically., ~etermination of mode graphically involves the following 



1) Draw a histogram for the given frequency distribution. A partial histogram can also be 
drawn by using only three classes - pre-modal, modal and post-modal. You have 
studied about hist~gram in Unit 9. 

2) The top right comers of the highest rectangle (modal class rectangle) and the preceding 
rectangle are joined by a straight line. Similarly, the top left corners of the-highest 
rectangle and the rectangle just on its right are joined by a straight line. 

3) Draw a perpendicular to x-axis from the point of intersection of these two straight 
lines. 

4) The point where it meets the x-axis gives the value , of the mode. 

Let us understand this proce'dure clearly through an illustration. 

lllustration 6 
Find the mode of the following data graphically and also check the result through 
calculation: 

Class 
Interval : 0-10 10-20 20-30 30-40 40-50 50-60 60-70 

Mode 

Frequency : 4 18 30 42 24 10 3 

Solution 

Figure 12.3. Histogram and Class Interval Determination .of Mode 



Meaqum of.Central Tendency 
By using the usual formula M, = 1 + f l - fO x i 

2f1- fo-f2 
& = 3 0 +  42-30 x10 

84-30-24 

You must note that the value of mode obtained here is the same as the value obtained 
gkqhically. But, if you compute the mode by formula Mo = 1 + f Z x  i' the result will not 

fo + f2 
be the same as obtained by graph. The logic behind the graphic method and formula based 
on f,,, f,, f, is same. The details of the logic are beyond the scope of this course. 

There is one limitation of the graphical method of determining mode. When modal d ~ s s  is 
adjoining to the class with highest frequency, mode cannot be determined graphically in the 
modal class. It can only be determined from a class with highest frequency. Thus, mode 
calcula'ted graphically will not be a proper mode. To understand this, let us determine 
mode graphically forthe data in Illustration 3 discussed earlier. 

Solution 
. Here the class intervals are of inclusive type. So they have to be first converted to real limits 

before drawing the histogram. Now Iook at Figure 12.4 carefully. 

9.5 19.5 29.5 39.5 49.5 59.5 

Size I 
I 
I 

I Figure 12.4. Histogram and Calculation of Mode 
Y 

It may be seen that graphical value of mode can be determined from the class 19.5-29.5, and 
value turns out to be 27.5. This is different from the value 33.8 obtained earlier. If you try to I 
determine the mode in the modal group, you have to join points A to C and B to D. The two 
lines AC and BD do not intearsect in the modal class. Hence mode cannot be determined in 
the modal class by graphical method. 

I 
If the modal group and the group with highest frequency are not adjoining and separated by I 



two to three groups, the mode can be determined graphically in both the groups. Out of these 
two modes, mode of first prtFmrence can be decided by looking to the height of the 
perpendicular drawn from the polu. -f intersection to the x-axis. Such distributions can be 
termed as bi-modal. Let us take an il1ustrat:on to explain this. 

illustration 7 
The following distribution gives 'over time work' done by 100 employees of a company 
during a month. Determine the mode graphically. 

Over time 
Hours : 10-12 12-14 14-16 16-18 18-20 20-2222-24 24-26 26-28 28-30 

No. of 
Employees : 3 5 16 21 17 6 4 23 3 2 

Solution 
By preparing grouping and analysis tables, you can easily verify that the modal class is 
16-18. But the highest frequency is in the group 24-26 which is at a distance of 3 groups 
from modal class.( Now look at Figure 12.5 for histogram and graphical determination of 
mode. 

Over Time Hours 

Figure 12.5. Histogram and Calculation of Mode 

Point B in the modal class gives one mode. This js 16.9,.approximately. Point D in the class 
with highest frequency gives another mode. This is 25.1, approximately. The length of the 
lines AB and CD gives the extent of concentration of items at two points B and D. As the 
length AB is greater than CD, there is a greater.amount of concentration of frequencies at 
mode B than at mode D. Thus, the value of B (i.e. 16.9) is the mode of first preference value . 
and D value (i.e. 25.1) will be taken as mode of second preference. By computation metbod 
also mode can be d'etemined in both rhe groups. The values obtained will be appidximately 
the same as the one determined by grapll. AS pointed out earlier such a data may be termed 
as bi-modal. However, a perfect bi-modal data is one in which concentration of 
frequencies at the two modes is exactly equal. 



Measures of Central Tendency 112.5 MERITS AND LIMITATIONS OF MODE 

Merits 
1). In certain situations mode is the only suitable average, e.g., modal size of garments, 

modal size of shoes, modal wages, modal balance of depositors in a bank, etc. 

2) It is used to describe qualitative phenomena. For instance, if a printing press turns out 
five impressions which we rate very sharp, sharp, sharp, blurred and sharp, then the 
modal value is sharp. 

3) For the preference of consumers' product, the modal preference is regarded. A 
restaurant owner who specialises in one dish may wish to know the modal preference of 
his potential clientele. 

4) In the case of skewed distribution, mode is the indicator of the point of heaviest 
concentration. 

5) It is very profitably used in market research. 

6) Even if one or more classes are open-ended, mode can be used. 

Limitations 
1) Too often, there is no modal value. It is a useless measure, when there are more than 

one mode. 
2) It is not capable of further algebraic treatment. 
3) It is an ill-defined measure. Therefore, different formulas yield somewhat different 

answers. 
4) It is not based on all the items of the data. 

5) The value of the mode is affected'significantly by the size of the class-intervals, 

6) Although a mode is the value of a variate that occurs most frequently, its frequency 
does not represent a majority of the total frequencies. 

Check Your Progress B 
1) Why is it usually better to calculate a mode from grouped rather than ungrouped data? 

a) The ungrouped data tend to be bi-modal. 

b) The mode for the grouped data will be the same, regardless of the skewness of the 
distribution. 

C )  Extreme values have less effect on grouped data. 

d) The chance of an unrepresentative value being chosen as the mode is reduced. 

2) In which of the cases would a mode be most useful as an indicator of central tendency? 

a) Every value in a data set occurs exactly once. 

b) All but three values in a data set occur once,'three values occur 100 times each. 

c) All values in a data set occur 100 times each. 

d) Every observation in a data set has the same value. 

3) When bell-shaped distribution is symmetrical and has one mode, the highest point on 
the curve is referred to as a) Range; b) Mode; c) Median; d) Mean; e) All of these; f )  b, 
c, and d, but not a. 

4) State whether the following statements are True or False. 

i) Graphical method and computation methods of finding a mode always give 
identical values. 

ii) As mode can be computed from the data, it is capable of algebraic treatment. 

iii) Mode at times can be used to describe qualitative phenomena. 

iv) Mode plays an important role in che'cking the symmetry of the data. 

v) If it is not possible to compute mode, you cannot find it graphically also. 



5) Fill in the blanks: 
i) If the mean and media of a moderately asymmetrical series are 26.8 a d  27.9 

respectively, the most prob,hli= mode will be ..................... 
Z 

ii) The approximate value of mode is 52 1.vith mean 58 and median ..................... 
iii) If the data set has only one mode and it is less than the mean, it can be concluded 

that the graph of the data is skewed to the ..................... 
iv) For a moderately skewed distribution, the empirical relation is given as 

Mo = ..................... 
v) The mode can be graphically determined by constmcthg the .................... and 

using the .................... rectangle and two .................... rectangles. 

.................... vi) For preference of consumers' product, the preference is considered. 

..................... vii) Mode suffers from sampling 

12.6 SOME ILLUSTRATIONS 

Illustration 8 
Estimate the value of arithmetic mean if mode is 15.3 and median is 14.2 

Solution 
The empirical relation between mean, median and mode is: 

Substituting the values of Mo and M, 

15.3 = 3 x 14.2 - 2; 
2X = 42.6 - 15.3 

2;; = 27.3 - 
x = 13.65 

, Illustration 9 
, With the help of empirical relation between MO, M,, and x show that 

Solution 
The empirical relation between mean, median and mode is: 

a = 1 M O + 2 ?  
3 3 

= M o - Z ~ ; + 2 i  
3 3 

= IV., + Z  (x-Mo) 
3 

.-. M ~ = M ~  + ~ - ( X - M ~ )  
3 

+; 

Median = Mode + 2 (Mgan - Mode) - 
3 

Mode 



Measures of Central Tendency 

Mean = Median + 1 (Medhn -Mode) 
2 

Illustration 10 
The following table gives thl age (in years) of employees of a firm. The modal age is 32 
years. Find the missing frequency. 

Age in Years : 20-25 25-30 30-35 35-40 40-45 
No of Employees: 5 18 9 6 

Solution 
Let us assume that the missing frequency is 'F'. As the mode is 32, the modal group is 
30-35. 
NOWM,=I+ f l - f ~  x i  

2f1 - fo-f2  
where1 = 3 0 ; f o = ~ , f , = 1 8 , f , = 9 , i = 5 a n d M 0 = 3 2  
Substituting the x.valuas' 

3 2 = 3 0 +  18-F x 5  
2x18-F-9 

2 r 1 8 - F ~ 5  
27-F 

54-2F=90 -5F 
3F = 36 
F = 1 2  

:: Missing frequency is.12. 

, Illustration 11 
Calculate mode from the data given below: 
Profit 
(Rs. in lakhs) : 0-5 5- 10 10-20 20-30 30-50 
No. of Companies : 4 6 15 18 20 

Solution 
Here the class intervals are not equal. In such cases two methods can be used: 
i) Rewriting the data with equal class intervals, ii) Using empirical relationship. 

i) On combining the first two groups, class intervals will becomeso-10. Next two class 
intervals are of size 10. The last class interval is of size 20. It canbe divided into two 
i.e. 30-40 and 40-50. Assuming frequencies as uniformly distributed, both such groups 
will have frequencies of 10 each. Thus, the given data can be written as: 

Profit (Rs.'in lakhs) : 0-10 10-20 20-30 30-40 40-50 
No. of Companies : 10 15 18 10 10 

It is clear that the modal class is 20-30 

Now Mode = 1 + f1-fo x i  
2fl -fo-f2 

Substituting the values of 1, f,,'f,, f,, and i 

= 22.7 
:. Mode of the profit is Rs. 22.7 lakhs. 

ii) You may verify arithmetic mean = Rs. 24.3 lakhs and the median is Rs. 23.6 lakhs 
Now mode = 3 Median - 2 Arithmetic Mean 
.'. Mode = 3 x 23.6 x - 2 x 24.3 

= 70.8 - 48.6 
= 22.2 



:, Mode of profit is Rs. 22.2 lakhs, 
You may note that the modes amved at by the two methods differ. It is because, as 
you know, mode is not rigidly defined. 

Illustration 12 
As a manager of a transport company you want to buy 100 tyres from either producer A or 
producer B. The price of the two tyre types is same. The following information is available 
about the average distance run by these two types of tyres : 

Firm Average distance run 

Arithmetic Mode 
Mean (krn.) (km.1 

Type A 35,000 32,000 
Type B 32,000 35,000 

i) which type would you buy? 

ii) If you want to buy one tyre for your own car, will your decision be the same? 

Solution 
i) AM x No. of Items = Total value of items. So if you buy tyres from producer A, the 

total distance run by all 100 tyres would be 100 x 35,000 = 35,00,000 kms. If you buy 
from producer B, the total distance run would be 100 x 32,000 = 32,00,000. As the total 
distance run in first case is greater, you would prefer tyres of producer A. 

ii) When you are buying only one tyre, it is not necessary that the tyre bought will give the 
I 

same mileage as arithmetic mean. On the other hand, it is quite likely that the tyre you 
bought may give mileage equal to mode, the value around which you have maximum 
concentration of items. As the mode of producer B is higher in this case, you will prefer 
producer B product. 

It may be noted that when large number of tyres are bought, some tyres may give 
mileage equal to arithmetic mean and others may give more than arithmetic mean. If the 
selection is done randomly, the mean of thi distance run by the selected tyres would be 
almost same as the mean value claimed by the producer. Hence, in the case (i) 
arithmetic mean was used to assess which type of purchase gives greater service, 

12.7 LET US SUM UP 

The mode is the value of the variate around which the other items tend to concentrate most 
heavily. It can be computed for both ungrouped and grouped data. However, for ungrouped 
data it has a limited use. For a discrete distribution, mode is that value of the variate'around 
which the items are most heavily concentrated. Where there are nearly equal concentrations 
in two or more neighbouring classes to a class with highest frequency, it is'difficult to 
determine the mode. In such cases 'grouping and analysis tables' are prepared to ascertain 

I 

the modal class. For a continuous distribution, after having located a modal class, mode is 
calculated by using different interpolaltive formulas. For the data set displaying uniform 
movement, mode is obtained by using simple rules where it could be either a simple mean of 
two limits of a modal class.or a weighted mean of them. For moderately skewed 
distribution, mode is obtained by an empirical relationship Mo = 3 Md- 2 X Mode also can 
be graphically determined by constructing the histogram and using the highest rectangle and 
two of its neighbouring rectangles. 

Mode is very useful in situations like finding a modal size of shoes, modal size of garments, 
modal wages, etc. It is also used to describe the qualitative phenomenon and to indicate 
modal preference of consumers for consumer products. Mode suffers,from certain 
limitations such as incapability of further algebraic treatment, ill-defined nature, 
non-existence, presence of more than one mode, etc. 

I 

12.8 KEY WORDS AND SYMBOLS 

Analysis Table: The table which helps to ascertain the modal class showing the maximum 
frequency occurring in different columns. 



Measures of Central Tendency Bi-modal Distribution: A distribution of data in which two values occur more frequently 
than the rest of the values in the data set. 

Empirical Relationship of Averages: The relationship that exists between averages in a 
moderately skewed distribution viz., = 3Ma- 2% 

Grouping Table: The table which has six columns, used for ascertaining a modal class. 

Mode: The value of the variate around which the other items tend to concentrate most 
heavily . 

Negatively Skewed Distribution: The distribution wherein there is a greater concentration 
in higher values with a longer tail on left hand side. 

Positively Skewed Distribution: The distribution where there is a greater cvncentration in 
lower values with a longer tail on the right hand side. 

List of symbols 
In addition to the list of symbols given under Units 10 & 1 1, following is the list of symbols 
used in connection with Mode. The list is on the same lines as is Unit 10. 

Difference between modal and f,- f,, A,, d,. Where A, and d, are always taken 
next (higher values side) frequency as pcwtive. 

Difference between modal and f ,  - fo, h ,, d,. Where A ,  and d,  are always taken 
previous (lower values side) as positive. 
frequency 

Frequency of a group next to f2 
(higher values side) modal group. 

Frequency of a group previous f,,, f, (when modal frequency not denoted by f,) 
to (lower values side) modal group. 

Frequency of the modal group f,, f,, fm,. f. 

Lower limit of the modal group 1,11, L, LM, 

Mode M,,z . 

Upper limit of the modal group u, 12, U, Urn, UM,, 

12.9 ANSWERS TO CHECK YOUR PROGRESS 

5) i) False; ii) True; iii) False; iv) False; v) True 

6)  i) highest; ii) positional; 5)- l ,2;  iv) grouping andysis 

vi) 30.40; vii) 220,222; viii) bi-modal; 
B) 1)d 

4) i) False; ii) jFalse; iii) True; iv) True; v) True 

5) i) 30.1; ii) 56; iii) right; iv) 3 Me- 2 x ; v) histogram, highesL, neighbouring; 

vi) modal; vii) instability 
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Questions 
: 1) 'Arithmetic Mean, Median and Mode all try to give one main characteristic of the data 

but in their own way'. Discuss. 

' 2) What is mode? Explain its limitations and uses as a measure of average? 

Exercises 
I)  Find the modal age of married women at first child birth: 

Age 
(Years) : 13 14 15 16 17 18 19 20 21 22 23 24 25 

No. of 
Women : 37 162 343 390 256 433 161 355 '65 85 49 49 40 

(Answer : 18 years) 

2) From the following information regarding the wage di~t~ibution in a certain &tory, 
determine the modal age: 

Weekly Wage (Rs.) No. of Employees 

20 - 40 8 
40- 60 12 
60- 80 20 
80 - 100 30 
100 -.I20 40 
120 - 140 35 
140 - 160 18 
160 - 180 7 
180 - 200 5 

(Answer: Rs. 1 13.33) 

3) Find the modal size of shoes from the following information: 
Size of 
Shoes : 1 2 3 4 5 6 7  8 9 10 
Frequency : 10 13 6 23 32 14 35 8 7 

(Answer : 6) 
' 

4) The following table gives the relative distribution of sales calls made on Amar 
Phannaceuticals'in the past month. Find the modal calls. 
No. of Sales Calls ..: 0 1 . 2 3 4 5 or more 
Relative Frequency: 0.2 1 0.18 0.38 0.19 0:03 0.01 

(Answer: 2 sales calls) 

5) Calculate the mode for the foilowing data: 
Class : 10-20 20 - 30 30-40 40- 50 50- 60 60-70 70.- 80 
Frequency : 24 42 56 66 108 130 154 

(Answer: 7 1.34) 

6) Determine the most common salary graphically for the following data and verify it by 
using an appropriate formula: ' 
Salary :I00 150 200 250 300 350 400 450 
(more than Rs.) 
No. of Employees: 100 98 93 83 43 23 12 5 

(Answer: 280) 

7) Determine-the mode graphically and also by computation. 
Weight 
less than (kg$,) : S@ 85 90 95 100 105 110 115 120 125 
No. of 
Employees : 0 5 13 ' '30 55 75 85. 93 120 125 

(Answer : 98.1) 



Measures of Central Tendency 8) ~btain'the moae for the following distributions without using the usual formulas: 
i) x:O- 10 10-29 20-30 30-40 40-50 50-60 60-70 

f :  1 6 15 20 . 15 6 1 

ii) x :  48-52 52-56 56-60 60-64 64-68 68-72 72-7  
f :  4 8 16 18 15 4 2 

(Answers: i - 35, ii - 61.93) 

9) Estimate the median when arithmetic mean is 27.9 and mode is 25.2. Give the 
assumptions, if any. 

(Answer: 27) 

10) What are the modal values of the following distributions? 
a) Hair Colour : Black Brunette Red Head alol.Je 

Frequency : I I 24 6 18 

b) Blood Group : AB 0 A 
Frequency : 4 12 35 

(Answers: a - Brunette; b - A) 1 
r- 

Note : These questions and exercises will help you to understand the unit better. Try 
to write answers for them. But do not F ~ : . I J ~ I I ~  T r ~ ' , l  (~nswers to the University. These 
are for your practice only. 



UNIT 13 GEOMETRIC, HARMONIC AND 
MOVING AVERAGES 

Structure 
13.0 Objectives 
13.1 Introduction 
13.2 Geometric Mean 

13.2.1 Computation 
13.2.2 Weighted ~eornetric Mean 
13.2.3 Propenies of Geometric Mean 
13.2.4 Uses and Limitations 

13.3 Harmonic Mean 
13.3.1 Computation . 
13.3.2 Weighted Harmonic Mean 
13.3.3 Properties of Harmonic Mean 
13.3.4 Uses and Limitations 

13.4 Harmonic Mean Versus Arithmetic Mean 
13.5 Moving Average .' 

13.5.1 What is Moving Average? . 
13.5.2 Computation 

13.6 Choice of a Suitable Average 
13.7 Let Us Sum Up 

' 13.8 Key Words 
13'.9 Answers to Check Your Progress 
13.10 Terminal Questions/Exercises 
- 
J3.0 OBJECTIVES 

After study~ng this unit, you should be able to: 

a define and compute geometric mean and harmonic mean' 

a mumerate the properties of geometric mean and harmonic mean 

e apprerT .:: .:ie limitations and uses of geometric mean and harmonic mean 

* explain the concept of moving average 

* use moving average in determining trend of time series 

make a choice of suitable average in,a given situation. 

13.1 INTRODUCTION' 

As you know, the averages can be classified as mathematical averages, positional averages 
and special averages. You have already studied about arithmetic mean which belongs to the 
':ategory of mathematical averages, median and mode, which belong to the category of 
positional averages. In this unit you will study about the two other mathematical averages 
viz., Geometric Mean and Harmonic Mean. You will also study special average viz., 
Moving Average, and how to choose a suitable average amongst all types of averages in a 
given situation. 

13.2 . GEOMETRIC MEAN 
I 

In the situatio*s where we deal with quantities that change over a period of time, we may be . 
'int9r&ted to know the average rate of change. In such cades the simple arithmetic yean i s  
!kt suitable and we have to resort to the geomebic mean. 

13.2.1 Computation . 

Like other averages, computation procedure of geometric mean is different for grouped data 
and ungrouped data. Now let us study these methadi 
- 



Measures of Central Tendency 8) ~btain'the mooe for the following distributions without using the usual formulas: 
i) x:O-10 10-29 20-30 30-40 40-50 50-60 60-70 

f :  I 6 -  15 20 . 15 6 I 

ii) x :  48-52 52-56 56-60 60-64 64-68 68-72 72-76 
f :  4 8 16 18 15 4 2 

(Answers: i - 35, ii - 61.93) 

9) Estimate the median when arithmetic mean is 27.9 and mode is 25.2. Give the 
assumptions, if any. 

(Answer: 27) 

10) What are the modal values of the following distributions? 
a) Hair Colour : Black Brunette Red Head a~o~ ,de  

Frequency : 11 24 6 18 

b) BloodGroup : AB 0 A B 
Frequency : 4 12 35 ,I6 

(Answers: a - ~ r u n e t t i  b - A) 
- - 

Note : These questions and exercises will help you to understand the unit better. Try 
to write answers for them. But do not ~~:u211t l f ~ , ~  dswers to the University. These 
are for your practice only. 



UNIT 13 GEOMETRIC, HARMONIC AND 
MOVING AVERAGES 

; . Structure 
13.0 Objectives 
1 3.1 Introduction 
13.2 . Geometric Mean 

13.2.1 Computation 
13.2.2 Weighted ~eometrid Mean 
13.2.3 Properties of Geometric Mean 
13.2.4 Uses and Limitations 

13.3 Harmonic Mean 
13.3.1 Computation 
13.3.2 Weighted Harmonic Mean 

\ 

13.3.3 Properties of Harmonic Mean 
13.3.4 Uses and Limitations 

13.4 Harmonic Mean Versus Arithmetic Mean 
13.5 Moving Average . 

13.5.1 What is Moving Average? 
13.5.2 Computation 

13.6 Choice of a Suitable Average 
13.7 Let Us Sum Up 
13.8 Key Words 
13.9 Answers to Check Your Progress 
13.10 Terminal Questions/Exercises 

.13.0 OBJECTIVES 

After studying this unit, you should be able to: 

@ define and compute geometric mean and harmonic mean 

mumerate the properties of geometric mean and harmonic mean 

e apprerl .:r :'.le limitations and uses of geometric mean and harmonic mean 

.e explain the concept of moving average 

e use moving average in determining trend of tim.e series 

make a choice of suitable average in,a given situation. . , 

As you know, the averages can be classified as mathematical averages, positional averages 
and special averages. You have already studied about arithmetic mean which belongs to the 
sategory of mathematical averages, median and mode, which belong to the category of 

averages. In this unit you will study abaut the tgo other mathematical averages 
viz., Geometric Mean and Harmonic Mean. You will also study special average viz., 
Moiring'Average, and how tochoose a suitable average amongst all types of averages in a 
given situation. 

13.2 . GEOMETRIC MEAN . 

In the situations where we deal with that change over a period of time, we may be 
interested to know the average rate of change. In such cases the simple arithmetic Tean is' 
nut suitable and we have to resort to the geometric mean. 

13.2.1 Computation 

Like other averages, computation procedure of geometric mean is different for grouped data 
&d ungrouped data. Now let us study these metll6cFs'. 
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If there are two items in the data series, the square root of the product of these two items is 
the geometric mean. If there are three items, the cube root of the product of three items is 
their geometric mean. If there are 'n' items in the series, its geometric mean is the nth root 
of the product of those items. Let us express it symbolically: 

Geometric Mean = Qx xz ...... x,. 

where X,, X,, Xn refer to the 'n' items of the series. For example, we have three numbers 4, 
8, and 16, the geometric mean of these three numbers would be: . 

0-M = 3- 
= K 2  

= 8  
'Ih.15, geometric mean is an average based on the product of items. When the number of, 
items is three or more, finding their product and extracting its roots becomes difficult. 
Therefore, computations can be simplified by the use of logarithm. The procedure is as 
follows: 

1) Obtain the logarithm of the different values of the variable and take their total ); log x. 

2) Divide it by 'n' (the number of items) and take the antilogarithm of the value so 
obtained. That gives the Geometric Mean. 

Symbolically it can be expressed as follows: 1 
log G.M. = I n log ( x I xz ...... xn) ! .... - - log X I  + log xz + log xn 

n 
- Zlog x 

n 

Therefore, G.M. = Antilog =log x 
n 

For example, geometric mean of four numbers 20,65,83 and 135 will be: 

G.M. = Amtilog log 20 + log 65 t log 83 + log -- 135 
4 

= Antilog 1.7908 
=61.77 

Illustration 1 
Compared to the previous year, the overhead expenses went up by 32% in 1987, by 40% in I 
1988 and by 50% in 1989. Calculate the average rate of increase in overhead expenses over 
the three years. 

Solution 
The increase in overhead expenses is 32%, 40% and 50% in 1987,1988 and 1989 
respectively. This means successively expenses become 132%, 142% and 150% of the 
previous level. Therefore, at the end of three' years the final level will be 132 140 150 
per cent of the original level. 100 x 100 

As these figures are multiplicative in nature, their average will be given by geometric mean, 1 
x,=132x,=140x3=150andn=3 ! 

Now G.M. = Antilog ?log 
n 

= Antilog log 132 + log 140 t log 150 I 

= Antilog 6.4428 
3 



= Anti log 2.1476 
= 140.5 

On an average overhead expenses become 140.5% of previous year's level. Therefore, 
average rate of increase in overhead expenses is 40.5% (i.e., 140.5 - 100). . 

Grouped Data 
You know how to compute geometric mean for ungrouped data. Now we should discuss the . 
procedure f o ~  grouped data. As you know, the grouped data can be in the form of either 
discrete series or continuous series, we have to follow different procedures for these two - 
types of series. 

Discrete Series: When the data is grouped data i.e., in the form of a frequency distribution, 
the geometric mean is computed as follows: 

G.M. =I- 

where x,, x,, ...., xrare the different values of the variate x with their respective frequencies 
f,,f,, ... : ..... f r a n d n = f ,  +f ,+ ...... fr=Xf 

log G.M. ='L (f ilog xi + fi log xi + .... t fr log xr) 
n 

= 1 @f logx) 
n 

T;f logx G.M. =Antilog( ) 
Continuous Serie's: The only change in the earlier formula of geometric mean is that you 
replace 'x' by 'm' which is the mid-value of classes. 

Zf log m Here G.M. =Antilog ( .) 
The procedure followed in bqth the formulas is as under: 
1) Conyert the given values of variate x or the mid-value (m) in the case of continuous 

series into logdthms 

2) Multiply them with the respective frequencies and get the product Cf log x or Zf log m, 
r s  the case may be. 

3) Divide the product by the total frequency T; f = n and take the antilogarithm of the value 
so obtained. 

Illustration 2 
Find out the geometric mean for the following data : 

Size Frequency 

7.5 - 10.5 5 
10.5 - 13.5 9 
13.5 - 16.5 19 
16.5 - 19.5 23 
19.5 - 22.5 7 
22.5 - 25.5 4 
25.5 - 28.5 , 1 

Geometric, Harmonk 
and moving averages 

Solution 

Class interval Mid-Point (m)  lo^ m f f.log rn 

7.5 - 10.5 9 Q.9542 5 4.7710 
10.5 - 13.5 12 1,0797 9 9.71 28 
13.5 - 16.5 I5 1.1761 19 22.3459 
16.5 - 19.5 18 1.2553 23 id.8719 
19.5 - 22.5 21 1.3222 7 9.2554 
22.5 - 25.5 24 1.3802 4 5.5208 
25.5 - 28.5 27 1.4314 1 1.4314 

" Total 68 81.9092 
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log G.M. = (F) 

= 1 ~ 8 1 . 9 0 9 2  
68 

= 1.2045 
G.M., = Antilog 1.2045 

= 16.02 

Geometric Mean for Computing Average Rate of Change 
. More often we are interested in the average rate of change in a variable between any two 

time periods such as annual rate of increase in population, annhal rate of increase in GNP, , 
average rate of increas~ Frofit, etc. The methods of computing such rates is similar to that 
of finding the geometric mean. 

For a given series assume Po is the value at the beginning of the period and P,, is the value at 
theend of the period. Now, the average growth rate (r) can be obtained by using the 
following compound interest formula: 

, P = Po ( 1 t r)", where 'n' is the time-span 

- 
Illustration 3 
The population of a country was 300 millions in.1951. It became 520 millions in 1969. 
Calculate the percentage compund rate of growth per annum. 

Solution 
Here Po is 300: Pn is 520 and n is 18. Let 'r' be the growth rate per annum. 

log  (1 t r) = log 520 -log 300 
I 18 

= Antilog 0.0133 
=l.U31 

. r =1.031-1 
= 0.03 1 

1: .: Percentage compound growth rate is 100 x r = 3.1% 

13.2.2 Weighted ~eornetric Mean 

bike weighted arithmetic mean, we can also calculate the weighted geometric mean. The , 

computational procedure is as follows: I 
I 

Z w 
Weighted G.M. = dxy,', x;4 ..... xy 

I 

p e r e  x,, x,, ..... x, are the values of the variate and W,, W,, ..... W, are the corresponding I 

weights. I 
1 



Taking logarithms, 

I 

Log Weighted G.M. = Wllog X I  + W2 log x2 + .... + Wnl0g xn 
I 
! zw 
! or log Weighted G.M. = xW log 

zw 
Weighted G.M. = Antilog 

I 

1 .I 

illustration 4 
Calculate the weighted Geometric Mean from the following information : . 

Group Index No. Weight 
I 

Food 300 40 
Fuel . 

200 - 10 . 
Cloth 250 10 
House Rent 150 15 

Group Index No. 'Weight , Log x W. Log x 

Food 300 40 ' 2.4771 99.084 
Fuel 200 10 2.3010 23.01 
Cloth 250 10 23979 23.979 
House Rent 150 15 . 2.1761 32.641.5 

Z W = 7 5  C W log x = 178.7145 

Weighted G.M. = Antilog [ZW,? X] 

= Antilog 2.3829 
= 241.50 

Therefore weighted geometric mean of index numbers is 241.50 . ' 

13.2.3 Properties of Geometric Mean 
Geometric mean has the following important properties: 
1) In a given series, if each item is substituted by geometric mean of the series, the product 

~f the items remains unaltered.   or example, the geometric mean of the items.4, 8 and 
1 6 ' i s 8 . T h e r e f o r e . 4 ~ 8 ~  1 6 = 8 ~ 8 X 8 = 5 1 2 ,  

2) The value of geometric mean balances the ratio deviations of the observations from it. 
In other words, the geometric qean of two numbers 'a' and 'b' is 'G', and the two .' 
ratios a : G and G : b are e ual. It means a/G is equal to G/b. For example, geometric , 
mean of 4 and 16 is ? 4 x 16 or 8. The ratio 4/8 and 8/16 should be equal, which is a 
fact: - . 

3) It lends itself to algebraic treatment. If geometric means of two or more groups are 
given, the geometric niean of the combined group can be obtained, as follows: 

combined G.M. = ~ ~ d l ~ ~  + N2 log CMZ + .... Ntl& GMK 
N1 + N2 + ..... +NK 

where GM, = Geometric mean of the first group . 
I 

.- - - GM, = Geometric mean of the second group 
a .  

, GM, = Geometric mean of the Kth group. . .. 

For example, let 100 items have GM = 50 and 200 items have GM = 40. Then the 
combined geometric mean will be : 

lob log 50 + 200 log 40 Weighted G.M. = Antilog 
I 300 

Geometric, Harmonic 
and moving'averages 





































MEASURES OF DISPERSION - I - 

Structure 
14.0 abjectives 
14.1 Introduction 
14.2 What is Dispersion? 
14.3 Significance of Measuring Dispersion 
14.4 Properties of a Good Measure of Dispersion 
14.5 Absolute and Relative Measures of Dispersion 
14:6 Measures of Dispersion 

. 14.7 Range 
14.8 Quqrtile ~ e v i a h o n  
14.9 Mean Deviation 
14.10 Let Us Sum Up 
14.11 Key Words and Symbols 
14.12 .Answers to Check Your Progress 
14.13 Terminal QuestionsExercises 

After studying this unit, you should be able to : 

9 explain the concept of dispersion and significance of measuring it, 

e differentiate between absolute and relative measures of variation, 

e compute several measures of dispersion such as the range, quartile deviation and 
mean deviation for different types of data, and 

decide the use of appropriate measures under different situations. 

- L 

14.1 INTRODUCTION 

In Un~ts 10 to. 13 you have studied about different measures of central tendency. But 
central tendency alone is not sufficient to analyse the data. For more meaningful 
analysis of the data. it is necessary to study disrjersion i.e., the spread of the data or 
the extent ti, which items deviate from central tendency . In this unit, you will study 
the meaning -and significance of disperdon. You will also learn in detail about the 
three measures of dispersions viz., r a k e ,  quartile deviation and'mean deviation. 

14.2 WHAT IS DISPERSION? 

The word, dispersion is used to denote the degree of heterogeneity in the data. It is 
an important characteristic indicating the extent to which observations vary among . 
themselves. A measure of dispersion dekcribes the spread or scattering of individual 
values around thc central valuc. To understand the concept of dispersion clearly. 
study Illustration 1 carefully. 

h l l y  Sales of Thm MnTerent Firms ( in  Rs.) 

Firm A Flrm B Flrm C 

CI(l.IWK) 62,500 5 1  ,(100 

M . U K )  f10.Oal 32.MW) 

clo.kw, 52.250 22,1100 

CI(l,O(K) 56.5(K) lR,(WKl 



Measures of Dispersion and 
Skewncs 

Since the average sales of firms A,  B ,  and C are the same, we are likely to  conclude 
that the three distributions of the sales are similar. But you should note that the 
variations in the sales are  different from firm to firm. Dailysales are the same for all 
the days in the case of Firm A whereas there is some variation in the daily sales o i  
Firm B and greater amount of variation for Firm C. Here, although these three data 
sets have the same mean, they differ in terms of scatter of items. Therefore, different 
sets of data may have the same measure of central tendency, but may differ greatly 
in terms of spread or scatter of the items i.e. dispersion. 

The  word dispersion can be interpreted in another sense also. When all items of the 
data are not equal to central tendency, then the various items differ from central 
tendency by a certain amount. Dispersion gives, on an average, by how much amount 
items differ from central tendency. You may note that in the case of Firm B, 
deviations of individual sales from the mean sale (i.e., 60,000) are much smaller than 
the deviations of Firm C. This implies that the average of the deviations from the 
mcan sales will be smaller for Firm B compared to Firm C. In other words. Firm B 
has smaller dispersion than Firm C. 

14.3 SIGNIFICANCE OF MEASURING DISPERSION - 

Measures of variations (dispersion) are calculated to serve the following purposes : 

1 Measuring variability determines the reliability of an avarage by pointing out to 
what extent the average is representative of the entire data. In Illustration 1 
discussed earlier, mean sales Rs. 60,000 is the perfect representative of salcs for 
different days tor Firm A. In case of Firm B,  the variation is low as the mean 
sale is quite close to sales figures of different days. Therefore, in this case, the 
mcan can be considered as representative of the sales for each day. But in case 
of Firm C the variation in individual figures is very large so the average of 
Rs. 60,000 is hardly a representative of all high' and low figures such as 
Rs. 2,10,000 and Rs. 18,000. , 

2 Measures of dispersion enable comparisons of two or more distributions with 
regard to their variability. 

3 Another purpose of measuring variability is to determine the nature and cause 
of variation in order to control the variation itself. 

I 

4 Measuring variability facilitates the use of other statistical measures like 
correlation, regression, statistical inference, ctc. 

14.4 PROPERTIES OF A GOOD MEASURE OF 
DISPERSION .. 

As you know, a measure of dispersion is the average of the deviations of items from 
its mean i.e., it is an average of second order. Hence, it should also possess all the 
qualities of a good measure of an average. According to Yule and Kcndall the 
qualities of a good measure of dispersion are as follows : 

1 Statistical measures are used even by layman. So complicated definitions and 
calculations are not desirable. It should be simple to understand and easy to. 
calculate. 

2 It should be rigidly defined. For the same data, all the methodsshould produce 
the same answer. Different methods of computation leading to different answers 
is not proper. 

3 It should be based on all items. Wherl it is based on all items, it will produce a 
more representative value. Thus, good measure of dispersion should be based 
on the entire data. 

4 It should be amenable to  further algebric treatment. This means combining 
groups, calculations of missing values, adjustment for wrong entries, etc., which 
are possible.without the knowledge of actual values of all items. Such treatment 

6 ' should be possible with 2 good measure of dispersion also. 



; It should have sampling stability. I t  means that the average difference t ; ; ,ve~n 
[he values obtained from the sample and the corresponding values from the 
population should be the least. If it is so far a measure of dispersion, i t  is the 
best Yleasurc. 

6 It should not be unduly affected by the extreme items. Extreme items, many 
times, are not true representatives of the data. So their presence should not affect 
the 'calculation to a large extent. 

This list is not a complete-list of  the properties of a good measure of dispersion. 
But these are the most important characteristics which a good measure of 
dispersion should possess. 

14.5 ABSOLUTE AND RELATIVE MEASURES OF 
DISPERSION 
-- 

The measure of dispersion which are expressed in terms of the original units of data 
areatermed as Absolute Measures. For example, in Illustration 1 discussed earlier, the 
daiiy sales of the Firm R range between Rs. 52,250 to Rs. 68,250. So the spread of 
the data is of the order Rs. 68,25&52,250 or Rs. 16,000. This is the absolute measure 
of the spread of the sales. Such measures expressed in units of data are not suitable 
for comparing the vari'ability of the distributions or series expressed in different units 
of measurement. Relative Measures of dispersion, on the other hand, are obtained as 
ratios or percentages. Therefore, relative measures are pure numbers independent of 
the unit of measurement. A measure of relative dispersion is the ratio of a measure 
of absolute dispersion to an appropriate average or the selected items of the data. 
Hence, it is also known as Coeficier~t of Dispersion. For example, in lllustration 1 
discussed earlier, if one expresses the spread Rs. 16,000 as the ratio of average sales 
Rs. hO.00 i.e., 16,000160,000 i t  becomes a relative measure. 'This value is a simple 
number and has no specific units of measurement with it. Similarly, the spread 
Rs. 16.000 could also be expressed as the ratio of sum of two extreme sales i.c., 

1 h ,000 
52.250 + 68.150' 

This will also give a relative measure of the spread of the sales. 

Sometimes, even when data are in the same units, the comparison of variation by 
absoldte measure of variation is not worth comparing. A variation of one kilometer 
(1,00,000 ern) in measuring distance from Delhi to Bombay is hardly of any 
significance. But a variation of 10 cni in measuring a piece of  cloth of 1.40 meters is 
of very great significance. So wl~cncvcr comparisons of vi~riability in  two scts of data 
are donc, i t  is always donc in terms of relative measures. 

- -  - - - 

Check Your Progress A 

1 What is thc meaning of the term Dispersion'? 

........................................................................................................ 

Differentiate bctwccn absolute measures and rclative mcasures of dispersion. 

........................................................................................................ 
State whether the following statements are True or.False. 

i) Variation mcans only the spread of itcms of a data set. 

ii) The only purpose of measuring dispcrsion is to assess the reliability o i  an 
average, 

iii) Variability itself may be some timcs uscd in dccision making. 

Measures of I)ispersio~ls.l 

iv) Comparison of two sets of data can only be done by relntivc measures of 
dispersion. 



Measures of 
Skewness 

Dispersion and v) All absolute measures of dispersion are pure numbers. , 

vi) A good measure of dispersion should preferably use all the items of the data. 

14.6 MEASURES OF DISPERSION 

The following measures of absolute dispersion are in common use : 

1 Based on selected items of the data 

i) Range - spread for entire data 
ii) Inter Quartile Range - spread for middle 50% data. More commonly 

Quartile Deviation is used in its place, which is half of inter quartile range. 

2 Based on all items of the data 

i) Mean Deviation -mean of the absolute deviations from central tendency. 
ii) Standard Deviation or Root Mean Square Deviation about arithmetic mean 

3 A Graphic Method - Lorenz Curve. 

The relative measures of dispersion corresponding to the measures of'absolute 
dispersion are : 

Absolute Measures of Dispersion Relative Measures of Dispersion 

i) Range Coefficient of Range 

ii) Quartile Deviation Coefficient of Quartile Deviation 

iii) Mean Deviation Coefficient of Mean Deviation 

iv) Standard Deviation Coefficient of Standard Deviation 

Coefficient of standard deviation when expressed in percentages is called coefficient 
of variation. 

Study Figure 14.1 carefully for classification of measures of dispersion. You will study 
Range, Quartile Deviation and Mean Deviation later in this unit, and Standard 
Deviation and Lorenz Curve in Unit 15. 

Figure 14.1 

Classification of Measures of Dispersion 

I Measures of Dispersion I 
.Measures Based on Measures Based on Selected Items All Items of Data 

I 

- - A  - 1  - - - I - - - - - L - - - - 
I 
1 

" 

Standard 
Deviation 

Mean 
Deviation 

Measure of Absolute Range 
Dispersion 

I 

Quartlle 
Devlallon 

- - -  _ _ -  - - -  
L - - . - - - - -  a - -- - - - . -  

a ,, - 
- - - - --  - -  - -  

I 

1 - -  - - , _ _ _ _ I _  - - - - - - - - - -  

Coefficient 
of Slanderd 
Devl@tion 

Coefficient 
of Mean 
Deviation 

Measure of 
Relative 
Dlsperslon 

I 
I 

Coefi iclent 
of Quartile 
Deviallon 



14.7 RANGE 

The range is defined as the difference between the highest (numerically largest) value 
and the lowest (numerically smallest) valu'e in a set of data. 

Thus, Range = X,,, - Xmi" 

Where, X,,, = highest value,' Xmin = lowest value. 

From Illustrati~n 1 discussed earlier, consider the daily sales data for the three firms 
and compute the range. 

For Firm A, Range = 60,000 - 60,000 = 0 
- For Firm B, Range = 68,250 - 52,250 = 16,000 

For Firm G ,  Range = 2,10,000 - 18,000 = 1,92,000 

The interpretation of the value of range is very simple. In this illustration, the 
variation is zero in case of daily sales for Firm A, the variation is small in casegof 
Firm B, and the variation is very large in case of Firm C.  

For grouped data, the range may be approximated as the difference between the 
upperlimit of the largest class and the lower limit of the smallest class. The relative 
measure corresponding to range, called the coefficient of range, is obtained by 
expressing range as the Latio of sum of two extreme items. In this case ratio is not 
expressed in k rms  of average, as the range does not depend on average. It relates 
only to two selected itetns of the data. So the coefficient of range is defined as : 

Coefficient of Range = XnI;Ix - 'mln 
X m i x  + Xmin 

Study Illustration 2 carefully and understand the procedure involved in the 
computation of the coefficient of range. . 

Calculate the coefficient of range from the following data : 

Snles (Rs. in Lakhs) No. of Dnys 

30 - 40 12 

40 - SO 18 

50 - 60 20 

60 - 70 19 

70 - 80 13 

80 - 90 8 

Solution 

Range = Xnlilx - Xnun 

= 90 - 30 

= 60. 

Coefficient of Rangc = X l ~ ~ ; ~ ~  - Xnlln 

Xm;lx + Xrilin 

Measures of Dispersions-1 

The range is very easy to calculate and it gives us some idea about the variability of 
. the data:S'ince only t k o  extreme va!ues are used for computing range, it is a crude 

rne.isure of variation. 



- 

;\hasurcs or Dispersion and The concept of range is extenc;vely used in statistical quality control. Range is helpful 
S k c w ~ ~ c a ~  in studying variations in the, -ices af shares, debentures and agricultural commodities 

which are very sensitive to  price changes. The range is a good indicator for weather 
forecast. 

14.8 OUARTILE DEVIATION 

Quartile deviation is defined as half the difference between the upper and lower 
qualities. You have already studied the methods of computing Quartiles in Unit 11. 

Quartile Deviation = Q3 - Ql 
2 

Where Q, is the first quartile and Q3 is the third quartile. 

A s  the difference between Q, and Q3 is the distance between the two quartiles, this 
may be called Inter Quartile Range and half of this, Semi-Inter Quartile Range is 
called Quartile Deviation. 

Quartile Deviation (QD) is dependent on the two quartilcs, and docs pot take into 
account the variability of the largest 25% and the smallest 25% of observations. It 
is, therefore, unaffected by extreme values. Another advantage of quartile deviation 
is that it is the only measure of variability which can be used for open-end 
distribution. The main limitation of quartile deviation is that it does not depend on 
the magnitudes of all observations. It is based on the middle 50% of the observations. 

The relative measure of dispersion based on quartile deviation is called coefficient of 
quartile deviation. The coefficient of quartile deviation is defined as : 

Coefficient of Quartile Deviation = Q3 - Q,  
Q3 + Ql 

This is because quartiles are also two selected items of the data and they have nothing 
t o  do with the average of the data. Study the following Illustrations carefully, you 
will understand the procedure involved in the calculation of Quartile Deviation. 

illustration 3 

Calculate quartile deviation and its cocfficiqnt from the following data : 

Weight(in Kgs): 60 61 62 63 65 70 75 80 
No. of Workers : 1 3 5 7 10 3 1 1 

Solution 
Computation of Quartile Deviation and its Coeflicient 

- - 
Weight in Kgs, Frequency Cumulative Frequency 

60 1 1 

61 3 4 

62 5 9 

63 - 7 I6 

65 10 26 

70 3 29 

75 1 30 

80 1 3 1 = n  

1 Q,  = Size ofq (n f 1) o r  8th observation 

= 62 Kgs. (because 8th observation falls in this category) 

Q3 = Size o f 1  (n + 1) o r  24th observation 
4 

= 65 Kgs. (because 24th observation falls in this category) I 

- QS - Q1 .'. Quartile Deviation - I 2 .  
65 - 62 = ---- 

2 I 

= 1.5 Kgs. 



Coefficient of Quartile Deviation = QJ - Q1 
Q3 + Q, 

Illustration 4 

Calculate semi-interquartile range and its coefficient from the following data : 

Marks : 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 

No. of 
Students : 11 18 25 28 30 33 22 15 22 

Solution 

To compute quartile deviation, we need the values of the first quartile and the third 
quartile which can be obtained from the following table : 

Marks Frequency (f) Cumulative 
Frequency (c.f.) 

N QI has - observations i.e., 204 = 51 observations, below it. So Q1 lies in the 20-30 
4 4 

class. 

Where 1 = lower limit of quartile class 
c = cumulated frequency preceding the quartile class 
f = simple frequency of the quartile class 
i = class-interval of quartile class 

3N 
Q3 has- observations i.e., 3 x B  = 153 observations, below it. So Qg lies in 4 4 

the 60-70 class. 

Measures of Disporslons-I 
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Semi-inter Quartile Range or Qllartile Deviation is given by 

Q 3  - Q1 Q.D. = -7 

= 17.42 marks. 

The relative measure corresponding to quartile deviation, called the coefficient of 
quartile deviation, it calculated as follows : 

Q3 - QI Coefficient of Q .D. = 
Q3 + Q, 

Illustration 5 

Compute an appropriate measure of dispersion for the data given below: 

' Monthly Expenditure (Rs.) No. of Families 

Below 850 12 

850 - 900 16 

900 - 950 39 

950 - 1,000 ' 56 

. 1 , 0 0 0- 1 , 0 5 0  62 

1,050 - 1,100 75 

1,150 and above 10 

S u t i o n  

Since the frequency distributiongas open-end class,'quartile deviation will be the 
most appropriate measure of dispersion, 

Monthly Expenditure (Rs.) No. of Families ~ u m u l a t l ~ e  Frequency 

Below 850 . 12 1 2  

850 - 900 16 . 28 

900 - 950 39 67 

950 - 1,000 56 123 ' 

, 1,000 - 1,050 62 185 

1,050 - 1,100 75 260 

1 ,I 50 and above 10 300 = n 

Ql h a s 3  observations i.e., 300 = 75 observations, below it. So Q, lies in the 
' 1 

4 4 I 

class 950 - 1,000. 
I I 
1 

= Rs. 957,,14. 

3N 
1 

Q, has- obsekationsi.e., = 225 observations, below it. So Q3 lies in I 4 4 
12 , the class 1,050 - 1,100. 



.'. Q.D. = a; - a, 
2 

= Rs. 59.76. 

. Check Your Progress B 

- 1  ~ i s t i n ~ u i s h  betwein the absolute and relative measures of dispersion. 
t .  ' ......................................... ................................................................. 

2 . Define quattile 'deviation. 

................................................................................................ ;a , . . . . . . .  

................................................... i . , . . . ' . . . . . . . . . . . . . . . . 1 , . . . . . . . . . . . 1 . . . . . ~ . . . . . . . . . . . .  

! .  

3 Distinguish between range and the coefficient of range,' 

.......................................................................................................... 

4 Compute the range and quartile deviation for the following data onthe number 
of patients treated at the Hospital emergency room per day. 



Measures of Dhpersion and - 5 Compute range, quartile deviation and related coefficients from the following 
Skewness data: 

Size : 5-7 8-10 11-13 14-16 17-19 

Frequency : 14 24 38 20 4 

6 State whether the following stateme-nts are True or False : 

i) Range ignores the distribution of values between the two extremes. 

ii) Range can be calculated for an open-end data. 

iii) Quartile deviation is sarne.as the inter percentile range of P,, PY5. ' 

iv) Quartile deviation is a best measure of dispersion for open-end data. 
- v) Relative measure of Quartile Deviation is based on Median. 

. I . '  

.14.9 MEAN DEVIATION 

As you know, one of the characteristics of an ideal measure of dispersion is that it 
should be based on all items. From this point of view, range and quartile deviations 
are not ideal as they are not based on all the observations of the data. But, the 
measure of mean (or average) deviation is ideal in this sense as this measure is based 
on all observations in the given data set. This measure is computed as the arithmetic 
mean.of the absolute deviations of the individual observations from the average of 
the given data. The average which is frequently used in computing the mean deviation 
is mean or median, though sometimes mode can also be used. Absolute deviations 
means the deviations are treated as positive regardless of the actual sign. Given the 
observations XI, XZ, ...., X,, in order to find Mean Deviation about average A, we 

first obtain the deviations (XI - A), (X2 - A), ..., (X, 1- A). Some of these 

deviations may be positive and some negative. If we write Ixi - A I  to denote the 

positive value of (Xi - A), whatever be the actual sign, the sum of these absolute 
1 

deviations is (XI - A1 + IX2 - A1 + .......... + IX, - kl = 2 I X  - AI. The arithmetic 

mean of these absolute deviations is the Mean Deviation. 
I 

1 '.'. MeanDeviation(ab0utA) =- 1 lX - A1 I 
n 

i) When A is the arithmetic mean (x), , .  
I 

Mean Deviation (about x) =L n 1 IX - XI 

ii) When A is the median (Me) , 

1 Mean Deviation about M, =- 1 IX - Me[ n . . I 

iii) When A is mode (M,) 

1 Mean Deviation about M, = - 1 /X - M,I 
n 

I 

If the data given is in frequency dktribution form, taking anologL from caiculation of 
I 

1 arithrnetic'mean, mean deviation (M.D.) about:x =- 1 flX1- XI. Similarly, mean I 

n I 

1 1 deviation about Me =- 1 flX - M ~ . I .  Mean deviation about M, =- X flX - M,(. t 

>I4 n n 
&,*$ I 



Usually, the name of average from which deviations are taken is always mentioned 
with mean deviation. But in someiexts, when deviations are taken from x, instead 
of mean deviation about X only 'Mean Deviation' has been stated as its name. An 
important property of Mean Deviation is that it has the minimum value when 
deviations are taken from median, i.e., Mean Deviation about median is the least. 

The relative measure corresponding to the mean deviation, called the coefficient of 
mean deviation, is obtained by dividing mean deviation by the particular average used 
in computing the mean deviati~n. Thus, if mean deviation has been cornpu'ted from 
median, the coefficient of mean deviation shall be obtained by dividing the mean 

deviation by the median. Coefficient of M.D. about M, = M.D. Median. 
Median 

Similarly, a coefficient of M. D, about = (M.D. about x) 
- 
X 

' Mean deviation is based on all observations and hence takes into account the variability 
of each of the items in the data set. However, the practice of neglecting signs and taking 
absolute deviations makes it difficult to be treated algebrically. 

Although the average deviation is a good measure of variability, its use is limited. If one 
desires only to measure and compare variability among several sets of data, the average 
deviation may be used. The concept of mean deviation will become clear, if you study 
the following illustrations carefully. 

Illustration 6 . 
Calculate the mean deviation of the following values about the Median : 

Solution 

Since there are ten observations which in an even number, the median is the average of 
the two middlemost observations, when arranged in order of magnitude 

Calculations for Mean Deviation 

Mean Deviation about Median = 1 ' 2: IX - M,] 
n 

- - - :o X 272 

= 27.2. 
Illustration 7 

Find'the Mean Deviation about Mean of the followihg series ': 

X : 10 11 12 13 14 Tdtal 
Frequency 3 12 18 12 3 .  4 8 '  

Measures of Dispersions-l 
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Solution 

Calculation of Mean Deviation about a 

1 Mean Deviation (about Mean) = - C f.,lX - 
n .  

Illustration 8 

From the folloking groupkd data relating to the sales of 100 Companies, find out 
Coefficient of Mean Deviation by using mean ( X ) .  

Sales (Rs. '000) No. of Companies 

Solution 

To construct average deviation, we have to construct the following table .: - 
Sales Mid No. of fX I X  -TI flX - XI 

(Rs. '000) Values (X) Cornpahies (0 i.e., IX - 71 1 

40- 50 45 5 225 26 130 

50- 60 55 15 825 16 240 

60- 70 65 25 1 ,625 6 1 SO 

70- 80 75 30 2.250 4 120 

80- 90 85 20 1.700 14 . 2 80 

90- 100 95 5 475 24 1 20 

Total n = 100 \'fX = 7.100 \f IX = 1.040 

Mean Deviation (about Mean) =L n 1 fJX - 

- 1 -- x 1.040 = 10.40 or Rs. 10.4 thousands. 
100 

Coefficient of Mean Deviation = Mean Deviation about 
7 

X 



I Illustration 9 

The following is the age-distribution of 80 LIC Policy holders insured through an 
agent. Calculate the coefficient of mean deviation from the median. 

Age Group (in Years) Frequency 

16 - 20 8 

21 - 25 15 
I 

26 - 30 13 
I 
I 31-35 20 

36 - 40 11 

41 -45 7 

46 - 50 3 

51-55 . 2 

Solution 

Calculation of Mead Deviatlon from Medlnn 

-- 
Age-Group Frequency Cumulative . Class IX - Mdl fJX - Mdl 

(In Years) (0 Frequency Mid-Point i.e., lX - 31.51 
(CC) (MI 

I " 41-45 7 74 , 43 11.5 80.5 

46 - 50 3 ' 77 48 16.5 49.5 
I 51-55 2 79 53 21.5 43.0 
I 56 - 60 1 80 58 26.5 26.5 

Total n = 80 If IX - M,I = 582.0 

Median h a s d  or 40 observations below it. So it lies in the class of 31-35 or 
2 .  

30.5 - 35.5 (in terms of real limits). 

1 -- , N c 
2 x i  1 Median = 1 + - 

I f 

= 30.5 + x 5 = 31.5 years. 20 

I Mean Deviation (about Median) =I. Xf IX - Mdl 
I n 

I - 1 -- 
80 

x 582 = 7.275 years. I 
1 , 

M.D. about Md 1 Coefficient of Mean Deviation about median = 
Md 

I 14h0 LET US SUMUP, , 

I Dispersion represents the Spread or the scatterness of the data. It is also used to 
/ denote the average of deviation of items fr.om some measure of central tendency, 
I Dispersion is calculated to assess the reliability of an average or to compare variability 

Measures of Dispersions-I 



of two or more data or to control the variation itself. A good measure of dispersion 
should be based on all observat;~ns, should easily be calculated, least affected by 
sampling fluctuations and amenable to further algebric treatment. Relative 
measures of dispersion are computed to compare variability in two or more sets of 
data. They are obtained by expressing absolute measures of dispersion as the ratio 
of the appropriate average or the sum of two selected items of the data. 

The various measures of dispersion in common use are range, quartile deviation, 
mean deviation and standard deviation. Range is defined as the difference between 
the highest and the lowest items of the data. It gives the spread of entire data. 
Quartile deviation is half the difference between Q1 and Q, and is based on middle 
50% items only. Mean deiiation is the arithmetic mean of the absolute deviations of 
items from a measure of central tendency, which could be mean or median or some] 
times even mode. 

Quartile deviation is a suitable measure for open-end data. Range is usef;l when 
extreme items are important such as in quality control, price study or meteorological 
data. As mean deviation is based on all items, in most of the cases it is a better 
representative of the variability of the data than the other two measures. 

14.11 KEY WORDS AND SYMBOLS 

Inter Quartile Range : A measure of dispersion which considers the spread in the 
middle 50% .. It is (Q3 - Q1) of the data. 

Mean Deviation : The arithmetic mean of the absolute deviations from the mean 
median or the mode. 

Quartile Deviation : One-half the distance between the first and the third quartiles. 

Range : The difference between the largest and the smallest value in a set of data. 
' ,--- 

List of Symbols 

In! addition to the list of symbols given in Block 3, following are the additional 
symbols used in connection with.measures of dispersion given in this Unit. 

Mean Deviation I M.D., 6, A.D. 

Mean Deviation about Arithmetic Mean : M.D. (x), 6 x, AD 

Mean Deviation about Median : M D Md, 6 Md, A D  Md 

Mean Deviation about Mode : M D (M,), 6 M,, 62, AD M, 
' . 

Quartile Deviation : Q.D, Q 

Range ': R 

14.12 ANSWERS TO CHECK YOUR PR,OGRESS 

A 3 i) False ii) False iii) True iv) True v) False vi) True 

5 kange = 14, Coefficient of Range = 0.58, Q.D. = 2.25, 
Coefficient of Q.D. = 0.101 

6 i) True ii) False iii) False iv) True v) False 

14.13 TERMINAL OUES~~ONS/EXERCISES 

1 What is the mean deviation? Review its advantages and disadvantages. 

. I 
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1 Calculate quartile deviation and mean deviation about for the following data : 

Age (in Years) : 20 30 40 50 60 70 80 
No.ofMembers :  3 61 132 153 140 51 3 

1 (Answer : Q.D. =. 10, M.D. = 9.52) 

Calls Duratioa . Frequency 

4 

4 but less than 8 , 

&but less than 12 ,  

2 A frequency distribution for the duration of 20 long distance telephqne calls are 
shown below : 

1 
12 but less than 16 

16 but less than 20 2 

20 but less than 24 1 

24 but less than 28 1 
I 
I 

Total 20 

I 
I 

i Compute the mean, median and quartile deviation. 
(Answer : Mean = 12.8, Median = 12.6, Q.D. = 3.3) 

I 

I 3 Calculate the mean deviation about Median and coefficient of mean deviation 
I 

from the following data : 

Sales (Rs. ' 0 0 )  No. of Companies 

Less than 20 3 

Less than 30 9 

Less than 40 tl 20 

Less than 50 23 
I 
i Less than 60 25 
Il 

(Answer : 'M.D. about M, = 8.9, Coefficient of M.D. about M, = 0.29) 
1 
I 

4 A. survey of domestic consumption of electricity gave the following distribution 
of the units consumed. Compute the quartile deviation and its coefficient. 

I 
1 

i No. of Units No. of Consumers 
, 
1 J 
t Below - ,200 9 

200 - 400 18 

400 - 600 27 

I 600 - 80() 32 
I ROO - 1,000 . 45 

I .ooO - 1,200 , 38 
I 

I 
I 1,200 - 1 ,4 (0  20 
1 

1.400 and above 11 

I/ (Answer : Q.D. = 520.6, Coefficient of Q.D. = 0.317) 

5 Calculate the mean deviation about the mean and median from ihe following 1 I . .  

I ' Zta: 
Class Interval : 0-9 10-19 20-29 30-39 40-49 50-59 

Frequency : 15 36 53 42 17 2 
'j 
Y , ; ( A n s w e r : M . D . ~ = 9 . 1 0 , M . D . M C = 9 . 0 8 )  
I 

4 ' 6 Calculate the mean deviation about Mode and its coefficient for the following 
l data : 

No. or Detects per Item Frequency 

0-  5 18 



40 - 45 80 

45 - 50 50 

' 

(Answer : M.D. M, = 9.02, Coefficient M.D. M, = 0.338) 

7) Compute the mean deviation3and its coefficient for the following data : 

No. of Sham Applkd lor No. of Applicants 

50-100 2,500 

100 - 150 1,500 

150-200 1,300 

200 - 250 1,100 

250 - 300 900 ' 

300-350 750 

350 - 400 675 

400-450 - 525 

450- 500 450 

(Answer : M.D. Me = 102.13, Coefficient of M.D. Me = 0.011) 

Note : These questions and exercises will help you to understand the unit better. 
Try to write answers for thern..But do not submit your answers to the University, 
These are for your practice only. 



UNIT MEASURES OF DISPERSION - II 

1 Structure 

1 15.0 Object iv~,~ 
15.1 Introduction 1 15.2 Standard Deviation 

I 15.2.1 Meaning 
15.2.2 Computation 

r 15.2.3 Properties 
15.2.4 Merits and Limitations 

I 15.3 Coefficient of Variation 
15.4 Some Illustrations 
15.5 Lorenz Curve 
15.6 Comparison of Measures of Dispersion 
15:7 Let Us Sum U p  
15.8 Key Words and Symbols 
15.9 Answers to Check Your Progress 
15.10 Terminal Questions/Exercises 

1 ; After studying this unit, you should be able to 

e define and compute standard deviation and coefficient of variation for different 
kinds of data, 

e explain the merits and limitations of standard deviation, 

e draw Lorenz Curve and graphically determine the extent of unequalities of items, 

e compare different measures of dispersion and use them at appropriate places. l i 
15.1 INTRODUCTION 

I In Unit 14 you have learnt about three measures of dispersion viz., range, quartile 
deviation and mean deviation. The first two are based on two selected items of the 

I data and the third measure is computed by using the values of each and every item. 
But in the calculation of mean deviation the negative signs of the deviations of items 
from a central tendency are ignored. As we ignore the signs which arise during 

1 calculations, mean deviation suffers from certain limitations. There is another measure 
of dispersion viz., standard deviation, which takes care of the problem of signs. In 
this unit you will learn about the method of computing standard deviation and its 
coefficient for different kinds of data, their merits, limitations and uses. You will also 
learn the Lorenz Curve which is the graphical method of finding the dispersion. 

( i 15.2 STANDARD DEVIATION 

As discussed earlier, while computing the mean deviation we ignore the negative 
signs of the deviations of the items from the central tendency. This is because in 
dispersion we are interested only in knowing how much, on an average, items deviate 
from central tendency irrespective of the fact that items are less than or more than 
central tendency. This ignoring of signs which arise during calculations, introduces 
some limitations on the measure. A mathematical solution for ignoring signs is 
squaring. As the square of any negative item becomes positive, a new measure of 
dispersion is defined in which deviations are first squared (to ignore the signs) and 
then averaged out. f i e  value so obtained gives the average of the squafes of the 
deviations and not of deviations directly. So, finally a square root of this value is 
extracted. Thus the result obtained will give an indirect average of deviations. As this 
measure is calculated by finding square root of the mean of the squares of the 
deviations of items from central tendency, it is called Root Mean Square Deviation. 

i Like mean deviation, root mean square deviation can also be calculated by 2 1 



45 - 50 50 

(Answer : M.D. M, = 9.02, Coefficient M.D. M, = 0.338) 

7) Compute the mean deviation sand its coefficient for the following data : 

Na, of S h a m  Applied for No. of AppHcmnte 

50- 100 2,500 

100- 150 1.500 

150-200 1,300 

(Answer : M.D. M, = 102.13, Coefficient of M.D. M, = 0.011) 
! 

Note : These. questions and exercises will. help.you to understand the unit better. 
Try to write answers for them.. But'donot submit your answers to the University, 
~ h e s e  are for your practice only, . , , ' . ; . . 
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UNIT MEASURES OF DISPERSION - II 

15.0 OBJECTIVES 

i --  

j Structure 
I 15.0 Objectiws 1 15.1 Introduction 

15.2 Standard Deviation 

After studying this unit, you should be able to 

I 

e define and compute standard deviation and coefficient of variation for different 
kinds of data, 

15.2.1 Meaning 
15.2.2 Computation 
15.2.3 Properties 

e explain the merits and limitations of standard deviation, 

'1 
15.2.4 Merits and Limitations 

15.3 Coefficient of Variation 
15.4 Some lllustrations 
15.5 Lorenz Curve 
15.6 Comparison of Measures of Dispersion 
15.7 Let Us Sum Up 
15.8 Key Words and Symbols 
15.9 Answers to Check Your Progress 
15.10 Terminal Questions/Exercises 

o draw Lorenz Curve and graphically determine the extent of unequalities of items, 

o compare different measures of dispersion and use them at appropriate places. 

15.1 INTRODUCTION 

In Unit 14 you have learnt about three measures of dispersion viz., range, quartile 
deviation and mean deviation. The first two are based on two selected items of the 
data and the third measure is computed by using the values of each and every item. 
But in the calculation of mean deviation the negative signs of the deviations of items 
from a central tendency are ignored. As we ignore the signs which arise during 
calculations, mean deviation suffers from certain limitations. There is another measure 
of dispersion viz., standard deviation, which takes care of the problem of signs. In 
this unit you will learn about the method of computing standard deviation and its 
coefficient for different kinds of data, their merits, limitations and uses. You will also 
learn the Lorenz Curve which is the graphical method of finding the dispersion. 

15.2 STANDARD DEVIATION 

As discrlssed earlier, while computing the mean deviation we ignore the negative 
signs of the deviations of the items from the central tendency. This is because in 
dispersion we are interested only in knowing how much, on an average, items deviate 
from central tendency irrespective of the fact that items are less than or more than 
central tendency. This ignoring of signs which arise during calculations, introduces 
some limitations on the measure. A mathematical solution for ignoring signs is 
squaring. As the square of any negative item becomes positive, a new measure of 
dispersion is defined in which deviations are first squared (to ignore the signs) and 
then averaged out. The value so obtained gives the average of the squares of the 
deviations and not of deviations directly. So, finally a square root of this value is 
extracted. Thus the result obtained will give an indirect average of deviations. As this 
measure is calculated by finding square root of the mean of the squares of the 
deviations of items from central tendency, it is called Root Mean Square Deviation. 

1 Like mean deviation, root mean square deviation can also be calculated by 
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subtracting arithmetic mean or median or mode. Out of these three values, in every 
data, root mean square deviation about arithmetic mean is the least. So it is called 
Standard Deviation. Now let us study the meaning, methods of computation, merits 
and limitations of standard deviation. 

15.2.1 Meaning 
Standard deviation may be defined as the square root of the arithmetic mean of the 
squares of deviations of given observations from their arithmetic mean. It is usually 
denoted by the Greek letter u (sigma). The major steps involved in the computation-- 
of standard deviation are as follows: 

I) Compute the arithmetic average of the given series. 

2) Calculate the deviations of various items from the arithmetic mean. 

3) Compute the squares of all the individual deviations. 

4) Total the squared deviations and devide the sum by the number of items. 

5) Square root of the resultant figure is the standard deviation of the series. 
For a sct of N observations XI, X2, . . ., XI, with mean X ,  deviations from mean will be 

(X, - x), (X, - x), . ..;(Xn - X). So the square of deviations from mean will be 
- 

(X, - XI*, (X2 - X)', . .., (Xn - x),. Therefore, the mean square deviations from 

the arithmetic mean will be: 

1 1 - [ ( X ,  - X))'+ ( x 2  -X12+ ... + (Xn - K ) 2 ]  =- ' (X - X)' n n 

Hence Standard Deviation (o) = \/I 1 (X - x)2 
n 

This way of.defining also helps us in understanding the method of calculating standard 
deviation. 

Illustration 1 . 

Find out standard deviation for a set of item's : 3, 4, 6, 7, 15, 25. 

Solution 

Computation of Standard Deviation 

Item No. X (X - x) (X - It)' 
- - - - - - 

1 3 -7 49 

2 4 - 6 36 

3 6 - 4 16 

4 7 -3 9 

5 15 5 25 

6 25 15 225 

Total ZX = 60 X(X - X) = o r (X - Xj2 = 360 

Standard Deviation (o) = ,/; 1 (X - X12 = \/= 6 = @ 

= 7.7 approximately 

' The definition given ibove needs some adjustment for grouped data. If the data is 
grouped, the squares of the deviations of items (or the mid values of the class interval) 
from their A.M./ are first multiplied by their respective frequencies, then added and 
divided by the td ta~ of frequencies. Therefore, standard deviation for a grouped 

- 
data will be given by Zf (X - Xj2 or /A I f  ((m - X )' where 'm7 is the mid. , 

point of the class intervals. 



The square of standard deviation is called variance. Thus, for an ungrouped data, Measures of ~ispemion-II 

1 - 
variance is given by -2 (X - and for grouped data it is given by l x f  (V - x ) ~  

n n 
o r L ~ f ( m  - X)' (when class intervals are given). Let us take some illustrations to 

n 
und~;stand t1.2 definition and steps involved in the calculation of standard deviations. 

Illustration 2 

Calculate the. standard deviation and variance from the following data 

1 ' Solution 

Calculation of Standard Deviation 

variance = 1 Zf (X - X)' 
n 

Illustration 3 

Find out the standard deviation and variance from the following frequency 
distribution : 

Marks 0-4 4-8 8-12 12-16 1 No. o i~ tvdeh t s  4 8 2 1 

' Solution 
I 

Calculation of sfhndqrd deviation and variance : 
1 

I 

m 
Marks f (Mid-point) fm (m - T) (m - x)* f (m - x)' 

I 

I 
' 0 -  4 < .  4 2 4 8 - 4 16 64 

4- 8 8 6 48 0 0 0 

8-12 2 10 20 4 16 32 

Total , N = 15 \'fm = 90 yf (m - T)' = 160' 
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n 

= ,/& x 160 = 3.27 approximately 

1 Variance = - I f  (X - X)' n 
- -  - 160 = 10.67 approximately. 

15 

15.2.2 Computation 
. There are two methods of calculating standard deviation : i) direct method and 

2) short-cut method. Let us study these two methods: 

Direct Method : It is a method in which calcuIations are made by directly using the  
definitions. So this method is same as given in the previous sections. S o  the formulae 
for finding standard deviation under this method are: 

For ungrouped data a = - ,I (X - x)' i: 
For grouped data o = /; I f  (X - X12 or /; I f  (rn - x)' 

When the size of items and their numbers are not large, we can find the standard 
deviation by directly using the sum of items and the sum of the squares of the items. 
The extra step of first calculating arithmetic mean and then finding the deviations o f ,  
items from arithmetic mean is not necessary. The formulas used are given below. 

xx For ungrouped data o = J-rn or ,/-' as = - n 

XfX For grouped data a - -- - n 

It can be proved mathematically that the second set of formulas and the first set given 
earlier are identical, and give the same result. 

Short-cut Method : When data is huge or arithmetic mean comes o ~ i t  in fractions, 
standard deviation can also be calculated by taking deviations from assumed mean 
(A). The  formulas are given below : 

For ungrouped'data a = Jm where d = X - A ' 

f or grouped data o = Jcm or c ,/- 
- A and C is common factor Where d '  is the step deviation and is given by d' = 

. in the x-a or  'd' column. Let us take some illustrations to explain the computations 
involved in using these formulas. 

Illustration 4 

Calculate staridard deviation for the following series by direct method and short-cut 
method using assumed mean as 32. 

Serial No. : 1  2 3 4 5 6 7 8 9 1 0  
h 

24 Size : 20 22 27 30 31 - 32 35 40 45 48- 
- - - 



Solution 

Direct Method : Calculation of Standard,Deviation 

' S .  NO. . X (X - x) (X - r)' 
1 20 - 13 169 
2 22 -.I1 121 

27 3 '- 6 36 

4 .  30 - 3 9 

5 31 - 2 4 

6 32 - 1 1 

-7 35, 2 4 ' 

8 40 7 49 

Measures of Dispersion-i1 

Short-cut Method : Calculation of Standard Deviation 

S. No. X d = X - 3 2  d 

A 
You may note that the results obtained by both the methods are the same. 

j illustration 5 

1 Culculatc the standard deviation and variance from the following frequency 
distribution by direct and short-cut methodl using 14 as assumed mean. 

f : 3 5 9 I6 8 7 2 

Solution $ 

i I ~;llculilliih i f  Standard Dcviation and Variilncc: . . 
d 25 
j 

4 
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Direct Method 

= 2.97 

Variance = u2 = 8.8. 

Short-cut Method ! 

' = 2.97 
Variance = b2 = 8.8.'. . . 
You may note that when arithmetic mean is in whole numbers, there is not much 
simplification in calculations by short-cut qethod. . I , 

The prdits (in Rs, lakhs) earned by 100 companies during 1987-88 are shown below. 
Compute (a) Mean, (b) Variance, and (c) Standard Deviation by using items and 
their squares. 



Profits (Rs. lakhs) No. of Companies 

20-30 4 

Solution 

- 
Class Mid-point (X) Frequency (f) fX fxZ 

20130 25 4 100 2,500 

30 - 40 . 35 8 280 9,800 

40 - 50 45 18 810 36,450 

50 - 60 55 30 1,650 ' 90,750 

61) - 70 65 15 975 63,375 

Total 100 5,910 3,80,100 

- f 5,910 
a) Mean ( X )  = - = - 

n 100 

2 xfX2 C f X  2 -  380100 m2 b) Variance = u = - - - n i n )  loo (l,,) 

c) Standard Deviation = ,/- = d m '  

In this illustration you may notice that by using sums of items and their squares the 
total calculations involved are large. This method is a direct method in the sense that 
we have used#the itcms directly and not calculated their deviations from any value. 
This method may be used only when size of items are small and their total number 
is also small. 

Calculate Mean and Standard Deviation from the following distribution : 

Class-Interval : 10-20 20-30 30-40 40-50 50-60 60-70. 70-80 

Frequency : 4 8 8 16 12 6 4 ' 

1 
Solution 

I Let us use the short-cut method, a method which is most commdnly used and involves 
least amount of lengthy calculations. Like calculations of arithmetic mean the 

, assumed mean is taken as one of the mid-points which is towards the middle and 

' I  

corresponds t o  a high frequency. The deviations so obtained are divided by the 
common factor, if any. When we divide them by the common factor, this method is 
also called step deviation method. 

Measures of Dispersion-11 
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Mensures of Dispersion and Calculations of mean and standafd deviation. 
Skewness 

Class- f MM-potnt d = X - A  d l = d  = d fdl 10 C 
fdt2 

Interval (XI (X - 45) 

Total n = 58 Efd' = 0 xf(dr)' = 148 

Here assumed mean (A) is 45, and common factor (C) is 10 which is also the class 
interval. 

Cfd' x c ~ e a q x  = A +  - n 
0 = 45+- X 10=45 

38 

Standard Deviation = C x 

Illustration 8 

Find the standard.deviation of the following distribution : 

. Class- Interval : 0-500 500-1000 1000-1500 1500-2000 2000-3000 

Frequency 90 218 86 41 15 i 

Solution 

Calculation of Standard Deviation 

Class-Interval Frequency ~ i d - ~ o h t  d t  =e fdt 
250 

f (dl)* 
(0 (m) 

0- 500 90 250 -2 -180 . 360 
1 

500 - lo00 218 750 0 0 0 

1000 - 1500 86. 1250 2 172 344 

1500 - 200C 41 1750 4 164 656 

2000 - 3000 15 2500 7 105 735 
1 f.,!, :. 

Total n = 450 - - 261 2095 
1 
I , 
1 

Here, assumed mean A is 750 and common factor C is 250. 

I 
1 

= 250 x ,dm i 

= 250 x J4.6556 - (0.58)' 

I 

28' = 250 X ,./= = 519.6 approximately. , I I 



You may note that when 
b~ integers in order i.e., 

class intervals are not eaual the sten deviation d' may not 
1, 2, 3, ...... or -1, -2, -3, .... etc. 

Check Your Progress A 

1) Defhie stanJiird deviation. 

2) Write the formulae used for computing standard deviation. 

3) Compute standard deviation for the following set of observations. 

245. 322, 192, 310. 231 

4) Calculate the variance for the following data: 

Value: 130-139 140-149 150-159 160-169 170-179 180-189 190-199 

f : 1 4 14 20 ' 22 ' 12 2 

5) State wheiher the followi& statements are True or False. 

i) Variance can be called as mean square deviation. 

ii) Standard deviation can be negative. 

iii) Root mean square deviation can have more than one val'ue in a given data. 

iv) Standard deviation is not a particular case of root mean square deviation. 

v) Different methods of calculating standard deviation will give different l()sults. 

Measures of Dispersion-n 
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15.2.3 Properties 
You have learnt the meening and methods of computing standard deviation. Now let 
us study the important properties of standard deviation. 

1) The value of standard deviation remains the same if each of the observations in 
a series is increased or decreased by a constant value. Thus, if Y = X + K, 
where K is a constant quantity, then standard deviation Y is equal to standard 
deviation of X. In other words, standard deviation is independent of change of 
origin. 

For example : 

X X-x. ( X - T q 2  L e t Y = X f  10 Y - (Y - T)I 

Total 1 5 .  0 10 65 0 10 

xx= l5=, Arithmetic Mean o l  X = 5 

A.M. of Y 

Hence;S.D. of X = S.D. of Y. 

2 )  For a giv'en series, if each obs'ervatiofi is multiplied or divided by a constant 
value, standard deviation will also be similarly affected. Thus, if Y = A X ,  where 
A is a constant, then S.D. of Y = (S. D. of X) x A. 

For exarnple, 

Thus, you may conclude that the standard deviation is independent of any change 1 

of origin but is not independent of the change of scale. 



3) For a given set of observations, standard deviation is never less than mean 
deviation about arithmetic mean and quartile deviation. In fact mean deviation is 

2 4 CJ and quartile deviation is - u for normal data. 
5 3 

4) It two groups contain nl and n2 observations with means ST, and X, and standard 
I deviation al and a2 respectively, then the standard deviation of the combined 

group can be determined. It is given by: 

Where a,, = combined standard deviation of the two groups 

X12 = combined arithmetic mean of the two groups. 

To understand the properties 3 and 4, study Illustrations 13 and 14 given under 
Section 15.4 ('Some Illustralions') presented later iu this unit. 

5) Root mean square deviation calculated about a value other than arithmetic mean 
will always be higher than standard deviation. For explaining this let us again 
take the values of X same as under (1) above, and calculate root mean scpare 
about 4, a value different from mean (X) which is 3. 

X 1 2 '  3 4 5 

Now Z(X-4)2 = 15 

.'. Root Mean Square Deviation about 4 = 
- 4)2 
n 

But standard deviation of X is a. So, root mean square deviation about a value 
other than arithmetic mean is than standard deviation. 

4 

I 6) ' In an ordinary type data or normal type data (the meaning of normal data will 
be explained in moredetail in Unit 16) the number of items between the range 
A. M. f a is about 68%, in the range A.M. f. 2 a is about 95% and in range 
A.M. f 13 o is almost all the items of the data lie. 

To explain it, let us consider the data of Illustration 5. For this data A.M. is 16 and 
u is 2.97. So the range A.M. + a will be 16 f: 2.97 or 13.03 to 18.97. In the data, 
number of items lying between 13.03 to 18.97 are 9+16+8 or 33 i.e., 66% of total 
items (i.e., 50) which is quite close to 68%. Similarly, the range A.M. f 2 a will be 
16 + 2 X 2.97 or  10.06 to 21.94. 

All items except the items of the first and the last group fall in this range. Thus, total 
number of items in the range 10.06 to 21.94 are 45 i.e., 90%, a value not very much 
different from 95%. You can also verify whether or not 100% items lie within the 
range A.M. 2 3 a. 

The percentages of items' lying between different ranges calculated above are not 
exactly the same as stated in the property. This only points out that the data of 
Illustration 5 is not perfectly normal but is quite close to it. 

Measures of Dispcrsian-I1 
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Merits : Among all the measures of dispersion, standard deviation is considered 
superior because it possesses allnost all the requisites of a good measure of dispersion. 
Standard deviation had the following merits : 

i) It is rigidly defined and is based on all observations of the series. 

ii) The unique property which makes standard deviation superior to  other measures 
uven of dispersion is that it is amenable to algebric treatment. Thus, if we are &,' 

the number of observations, mean and standard deviation for each of several 
groups, we can easily calculate the standard deviation of the composite group. 

iii) Standard deviation is least affected by the fluctuations of sampling. 
E 

iv) In a normal distributi~n, the mean t- S.D. covers 68.36'%, of the values whereas . 
only 50% values are covered by quartile deviation and 57% by mean deviation. 
Because of this rcason, standard deviation is called a 'standard measure'. , 

Limitations : The main Iimitations or demerits of standard deviation as a measure of 
dispersion are as follows: 

i) The major limitation of SD is that it cannot be used fol.comparing the dispersion 
of two o r  more series of observations given in different units. A coefficient of 
standard deviation has to be defined for this purpose. 

ii) The process of squal-ing deviations from mean and then taking the square-root 
of the mean of thcse squared deviations sccms to be a complicated affair. 

In fact this gives rise to another limitation i.e., standard deviation is very ml~clr 
affected by the extreme values. The process of squaring deviations give undue 
importance to large deviations from arithmetic mean which are obtained only 
from extreme iterns and it gives less importance to items which are nearer to 
mean. 

iii) The standard deviation cannot be computed for a distribution with open-cnd 
classes. 

15.3 COEFFICIENT OF VARIATION 

The coefficient of variation, also known as coefficient of standard deviation expressed 
in percentages, is based on the ratio of the standard deviation to the arithmetic mean 
of a series. Thus, coefficient of variation may be expressed. as: 

Coefficient of Variation = Standard Deviation x 100 
Arithmetic Mean 

The coefficient of variation is a relative measure of dispersion and is ~isually expressed 
in the form of.percentage. So it can be conveniently used for comparing the variability ' 
or dispersion between the two sets of the observations given imdifferent units or if 
units are same, have wide variations in the average value. It may. thus, bc 11sed td 
measure or compare the precision of two or more sets of observations. 

T o  understand this point let us take an example. Suppose we measurt the distance 
- between Delhi and Bombay and make a deviation of 1 km. or 1,00,000 cni in the . 

actual dislance of 1540 kms. This deviation is of hardly any significance as compared 
to a deviation of 10 crn in measuring a piece of one meter cloth. This fact is not 
revealed when I ,00,000 cm devi81tion in first case is compnrcd dirclctly with 10 cm t deviation of the second case. As,1,00,000 cm is larger than 10 cm one may be 

t emp ted  to conclude that deviatiAn of measurement in figst 'case is very much 
important. But if we compute coefficients, the picture becymcs clear. In first case 

coefficient is only - x 100 = 0.065% and in the second case the coefficient is 1540 

- lo x 100 or 1%. So. deviations in  second case is reliltivcly larger. Thus, 
1000 
whenever comparisons of variation is to be done it must be done in terms of coemcient 

32 of variation only. 



Illustration 9 Measures of Dispersion-I[ 

The following is the record of goals scored by Team A in a football season. 

NO, of goals scored in a match : 0 1 2 3 4 

Number of matches : I 9 7 5 3  

For Team B, the average number of goals scored per match was 2.5 with a standard 
deviation of 1.25 goals. Find which team is I(-ore consistent. 

Solution 

Computation of Arithme'tic Mean and Standard Deviation of Team A 

,No. of Goals No. of Matches (f) Deviation (d) fd fd2 

Xfd Arithmetic Mean of Team A : = A  + - n 

rfd2 * 

Standard Deviation of Team A : = dn - (+)2 

' =  1 . 1 .  

Cocfficient of Variation of Team A : 

-- - S.D. x 100 
. A.M. 

Coefficient of Vi1ri21ti011 ol' -I'ca~ii 13 : 

-- - S.D. x 100 = - 1.25 x 100 = SO'XI. 
A.M.  2.5 

The coefficient of variation of 'Team B is less than that of Team A. So, Team B is 
considered to hc rnore consistent than Team A. 

Illustration 10 

From tllc data givcn bclow, state which series is more variable : 
- 

Variable Series A Cj  'series B 



Measures of Dispersion and 
\Skewness Solution 

Computation of Arithmetic Mean and Standard Deviation of Series A 

Class-Inte~val Mid-Value Frequency Step frdt f~d: 
(Variable) (fi) Deviation 

(dl) 

Here A, is 35 and Cl is 10. 

= 35 + 7.143 = 42.1 approximately. ' 

u 
C.V. (Seric A) =A x 100 

x I 

Computation of Arithmetic Mean and Standaid Deviatibn of Series B 

Class-Interval Iv~td-Value Frequency Step f2d2 f2d t 
(Variable) (fz) Deviation 

(d2) 

Here A, = 35 and C2 = 10. 



= I0 x dm- 

@2 C.V. (Series B) = =- x 100 x 2 

Since the coefficient of variation of Series B is higher than that of Series A, Series B 
is more variable. In this illustration you may notice that standard deviation of both 
the series is same i.e., 14.06. From this fact we should not conclude that two series 
have same variation. The difference inarithmeticmean has to be taken into account 
,for correct interpretation. 

15.4 SOME ILLUSTRATIONS 

Illustration 11 

4 state government decided to give old age pehsion to people over sixty years of age. 
The scales of pension were fixed .as follows: 

Age Group Rs, per month 

The ages of 25,persons who secured, the pensior? rights are given below: 

Calculate the monthly average pension payable and standard deviation. 

Solution ' 

Classifying the Data 

Age Group Talley Frequency 

60-65 1M? 11 7 

65-70 UII 5 

70-75 ZN? 6 

Measures of Dispersion-11 



~nlculabon of MoathrJ Average Pension Payable and the ~tPndard Deviation 

Scale of f Zd ' fd " 
Pension (Rs.) A 

Here A = 350, C = 50, Cf = n = 25, Cfd' = -9 and ~ f d "  = 49 

- - - 

Thus, the monthly average pension is Rs. 332 and standard deviation is Rs. 67.65. 

Correcting Incorrect Value of Standard Deviation : Sometimes it so happens that 
while calculating mean and standard deviation we unconsciously copy out wrong 
observations. For example, an observation 25 may be posted as 52. There is a simple 
procedure t o  correct the incorrect values of mean and standard deviation. For 
obtaining correct mean, we find out correct CX by deducting the wrong observations 
from the original CX and adding to it the correct observations. Similarly, for 
calculating correct standard deviation we obtain the value of correct Xx2. The above 
procedure is clarified in Illustration 12. 

The mean a;?. standard deviation of a set of 100 observations were worked out as 40 
and 5, respectively. For one of the observations, by mistake, the value is taken ns 50 
instead of 40. Find the correct mean and. variance. 
Uncorrected EX = n x  = 100 x 40 = 4,000 ' 

Correct IX = 4,000 - 5 

Correct.Mean =- 
100 

Now Variance = - n x2 
As standard doviation ( t r )  is 5 ,  variance (ti ')  = 5' = 25 .. 
Substituting the values 

= 1,62,500.   his is the value of 'original YX'. 
Correct ZX' = y $2,500 - (50)' + i 4 0 ) ~  



Correct variance = correct E X Z  - c;,,rrect XI' n 

Thus correct mean is 39.9 and Correct variance is 23.99. 

Combined Standard Deviation : Just as it is possible to compute combined mean of 
two or more groups, we can also compute combined standard deviation of two or 
more groups. Combined standard deviation of two groups is denoted by 12 and is 
computed as follows : 

1. Where u12 = Combined standard deviation 

1 . crl = Standard deviation of first group 

u2 = Standard deviation of second group 

d l  = (X, - XI2)  

d2 = (x - X12) 
- 
X I  = Mean of first group 
- 
X2 = Mean of second group 
- 
X 12 = Combined mean. 

The above formula can also be extended to find out the standard deviation of three 
or i n L , ~ .  groups. 

For a group of 50 male workers, the mean and standard deviation of their daily wages 
are Rs. 72 hnd Rs. 9 respectively. For another group of 40 female workers these are 
li: 54 and Rs. 6 respectively. Find the standard deviation for the combined group 
of 90 ..:lb-':crq. 

Solution 

In thisdata, n, = 50 and n2 = 40 
- 
X I  = 72 and x2 = 54 

cr, = 9 and u2 = 6 
n ;  XI + n, X ,  

Combined qean  for group of 90 (Xl2)  = 
n ,  + " 2  

Combined.Standard Deviation for the group of 90.: 

Nowdl = a  - 7 2  = -8 and d2 = 5.1- 72 = -18 . 

Measures of Dlsperslon-I1 



M ~ ~ s u r e s  of Dlsperslon and 
Skewness . You may note that the combincd mean of the two groups has a value in between the 

means of the two groups but the combined standard deviawn has a value much 
greater than the greatest of the given standard deviations. Combined mean will 
always be in between the range of the given means, but there is nothing wrong in 
getting combined standard deviations with a value outside the range of the given 
standard deviation. In fact, greateI the difference between the given means, the 
combined standard deviation will be more away from the largest given standard 
deviations. When all the given groups have equal means, then only the combined 
standard deviation will be between the range of the given standard deviations. 

Illustration 14 

Calculate mean deviation about mean for data given previously in Illustration 7 and 
show that mean deviatinr. is less than standard deviation. 

Solution 

Calculation of Mean Deviation 

Class Interval Frequency Mid Points m-1T f 'm-71 
tn (m) f lrn-451 

Total 58 720 

.From [Ilustration 7, we have' = 45 and a = 15.97 

Mean Deviation about = 
If lm- XI - 720. = 12.41 - -  

n 58 

Therefore, mean deviation about is less than standard deviation.-You should notd 
that mean deviation about mean will always be less than standard deviation whatever 
may be the data. 

Check Your Progress B 

1) Indicate whether the following statements are True of False. 

i) Standard deviation is free from all those defects with which the other 
measures suffer. 

ii) The variance and the coefficient of variation arc the same. 

iii) Root mean square deviation about arithmetic mean is the least. 

iv) Reducing each and cvery item by 5 will reduce standard deviation also by 5. 

v) In an ordinary data, standard deviation is less than Quartile deviation. 

2) Fill in the blanks : 

i) Mean deviation is ............................... than standard deviation. 

............................... ii) + cr includes per cent of the items. 

iii) If in' a series coefficient of variation is 64 and mean is 10, the standard 
deviation shall be ............................... 

iv) Variance is always ............................... negative. 

v) If each of the 10 values of a set are equal to 5, the standard deviation will be 
............................. equal to 



3) Tick the correct answer : Measures d Dispetsion-Il I 
a) The measures based on every item of the series: 

i) range 
ii) standard deviation 
iii) quartile deviation 
iv) all of them 

b) One of the measures of dispersion which is more useful in case of open-end 
distributions: 
i) range 
ii) mean deviation 
iii) standard deviation 
iv) quartile deviation 

I 

c) Standard deviation is always computed from: 
i) mean 
ii) mode 
iii) median 
iv) Geometric Mean 

d) Which of the following measures is least affected by extremk items: 
i) quartile deviation 
ii) range 
iii) standard deviation 
iv) mean deviation . 

e) Mean deviation is: 
i) less than S.D. 
ii) more than S.D. 
iii) not related to S.D. 
iv) equal to Standard Deviation 

f) Coefficient of variation is given by: 
- i) - 

15.5 LORENZ CURVE 

Lorenz Curve, is devise; by Dr. Max 0. Lorenz who is a famous economic 
statistician. I t  is a graphic method of studying dispersion. This curve which was 
origjnally used by him to measure the distribution of wealth and income; is now also 
used to study the distribution of profits, wages and turnover, etc. 

The following steps are involved in the construction of Lorenz Curve: 
I 

i) The total values of items are obtained from various groups. 

ii) Total values of  items and frequencies corresponding to various groups are then 
cumulated'in less than type and cot~vehed into percentages. 

iii) On the X-axis start the scale from 100 and go upto 0 and use it for the p'kentage 
of cumutative frequencies (X). 

iv) On Y-axis start the scale from 0 and go upto 100, and plot the percentage of the 
total values of the items (Y). 

V )  Draw a diagonal line joining thc 0 on X-axis with 100 on Y-axis. This is known 
as line of equal distribuiion. Any Doint on this diagonal shows the same 
percentage on X as'on Y .  



~ o n w v e s  of Dbperalon and vi) . Plot the various points corresponding to X and Y and join them. The line so 
Skewness obtained, unless all items exactly equal, will always forms a curve below the line 

of equal distribution. The area between line of equal distribution and the plotted 
curve gives the extent of inequality in the items. If curves of various distributions 
are shown on the same Lorenz presentation, the curire that is farthest from the 
diagonal line represents greatest inequality. 

Illustration 15 

Draw the Lorenz Curve for the data relating to the profit of 50 business firms and. 
show the extent of inequality present in the profits. . 
Profits (Rs. '000) : 10-20 20-30 30-40 40-50 50-60 

No. of Firms : 5 13 18 10 4 

Solution 
Computations for Lorenz Curve 

Profit Mid- Frequency Cum. % Cum. Total Cum. Cum. 
(Rs. '000) Point (No. of Firms) Freq. Freq. Vaue Total Total 

(m) (9 (X) * (m X f) Values Values (Y) 

Now you follow the steps explained earlier one by one and draw the Lorenz Curve 
taking the percentage cumulative frequency (X) on X-axis and the percentage 
comulative total values (Y) on Y-axis. Look at Figure 15.1 carefully and study how 
it is drawn. 

Cumulative ~ercenta~; of Frequency (X) 

L~renz Curve Shohing the Inequalities in the Profit Distribution 
for 50 Business Firms 



Explanation : The first points 10 on X and 4.4 on Y represent that 10% of items have Measures of ~lspersion-11 

a total value of 4.4%. Similarly, points 36 on X-axis and 23.5 on Y-axis 
represent that, if we count from lower values side, 36% of items have 23.5%. of the. 
total values. You can derive interpretation for other points in the same manner. 
When no item is taken, there will be no total value. So the point X = 0 and Y = 0 
also lies on the Lorenz Curve. Therefore, along with the calculated values of X and 
Y point (0, 0) is also plotted and then the various points are joined. 

As stated earlier, the line ~oining (100, 100) to (0, 0) is called lint: of equal 
I 

distribution. Why is this? This line represents points like (0,0), (20,20), (70,70), etc 
These points mean that the percentages of items are same as the percentages of total 
values or total values increaseexactly in the same proportion as items. This is possible 
only when all items have equal values. Hence the line is called line of equal 

4 distribution. 

The two axis (X-axis and Y-axis) taken together represents Lorenz Curve Graph for 
maximum inequality. Maximum inequality means all items except the last, has zero 
value. The entire value (wealth in the data which Dr. Lorenz took) is concentrated 
in the last item. So to draw the graph of maximum inequality we have to  take 
points : 0% item with 0% value, 20% items with O0l0 value, 80% items with 0% value, 
99% items with 0% value, etc. And as soon as last item is taken 100% items 100% 
value, all these points give rise to two axis. Thus, two axis together represents Lorenz 
Graph of maximum unequality. Graph of any given data, therefore, will be away 
from the line of equal distribution and will be towards the two axis. Thus the area 
between the line of equal distribution and the graph of given data (shown by shaded 
area in the diagram) gives the extent of inequality in the data. 

Illustration 16 

Draw theLorenz Graph for the two sets of five workers each whose weekly income 
figures are given below. Point out which set has greater inequalities in income. 

: Income of GroupA (Rs.) : 96 104 103 99 98 
I 

Income of Group B (Rs.) : 100. 270 580 620 430 

Solution 

In this case frequencies are not given. In fact each income figure represents the 
income of one worker. So the frequencies for various income figures are one each in 
both Group A and B. Arranging the data in ascending order, the computations for 
two sets are as follows : 

Calculations for Lorenz Graph. 

a Group A Group R For Both Sets - 
Income Cum. % Cuni. Income Cum. %Cum. Freq. Cum. %Cum. 

I 1 Rr. Income (I~lrome) Rr. Income I n m m  Freq. Freq. 
(YA) (YB) (XI 

I 96 
C 

96 19.2 100 100 5.0 1 1 20 

98 194 38 8 270 370 18.5 1 2 40 

W 293 58.6 430 800 40.0 1 3 60. 

NOW, follow the steps explained earlier, and draw the Lorenz Curves for both the 
groups. Look at Figure 15.2 carefully and study how the diagram is drawn. 

Figure 15.2 shows that, [he line for Group B is at a greater distance from line of equal 
distribution. Compared with the line for workers in Group A, it implies that the 
incomes .of the workers in Group I3 have greater ineq'ualities. 
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Cumulative Percentage of Frequenay (X) 
' 

Figure 15.2 ~drenz  Curve Showing the Income lnequalaes between 
Two Groups or Workers 

15.6 COMPARISON OF MEASURES .OF DISPERSION 
.' . 

In this unit and the previous unit, we have discussedqthe meaning, computation, 
merits and limitations of various measures of dispersion viz., range, quartile 
deviation, mean deviation and standard deviation; But in a given situation, you 
should be able to select the appropriate measure of dispersion. T o  enable you to 
make a right choice, it is necessary for you to know the relative features of these 
measures. Therefore, let us now compare these! measures with one another so that 
we know the relative merits and limitations of these measures of dispersion. , 

1) Type : Range and quartile deviation are measures of dispersion which give the 
spread of the data, while mean deviation and standard deviation are measures 
of dispersions which give the average of the deviations of items from some central 
tendency measure. 

2) Calculation : Range is the difference between the values of the upper limit and 
the lower limit of a series. Quartile deviation is the difference between the values 
of the upper quartile and lower quartile of a series divided by two. Mean 
deviation is the sum of all the deviations in absolute terms taken from an average 
divided by the number of items in a series. Standard deviation is the square root 
of the arithmetic mean of the squares of all the deviations taken from the 
aqthmetic mean. 

3) Result : Range is simple and.easy to understand. Quartile deviation, mean 
deviation, and standard deviation a re  not so. Quartile deviation and mean 
deviation are to some extent understandable: But standard deviation is 
comparatively complicated and abstract. 

3) Items : Range and quartile deviation calculatidns do  not take into account all the 
items in a series. All the'items in a series are taken into consideration when mean' 
deviation and standard deviation are being calculated. 

5) Treatment : Range, quartile deviation and mean deviation are not capable of 
mathematical treatment. Standard deviation is capable of mathematical 

42 treatment. 



6 )  Extreme Values : Quartile deviation is not affected by the extreme or abnormal 
values of the items in a series. Between mean deviation and standard deviation, 
mean deviation is less affected by the extreme values. Range depends only on 
extreme items. 

Measures of Dlsperslon-N 

7) Open-end Class : Ra'nge, mean deviation, and standard deviation cannot be 
calculated in case of a frequency distribution with open end class intervals. 
Quartile may be calculated for such a distribution. 

8) Reliability : Standard deviation is considered to be the most reliable and 
dependable measure of dispersion. Range or quartile deviation or mean 
deviation is not such a reliable and dependable measure of dispersion. In fact 
standard deviation is least affected by sampling errors. 

9) Use : Standard deviation is considered to be the best measure of dispersion. It 
possesses all the qualities and properties of a good and reliable measure of 
dispersion. Hence it is widely used in statistical analysis and treatrnentfm~ange, 
quartile deviation anad mean deviation are not so popular and are used only in 
limited but appropriate cases. 

, 15.7 LET US SUM UP 

While calculating mean deviation, the signs of the deviations are ignored. This 
introduces some limitations in the measure. To overcome such limitations, a new 
measure called R ~ o t  Mean Square Deviation is defined to measure dispersion. It is 
the square root of the mean of the deviations of items from central tendency. 

Root mean square deviation about arithmetic mean is the least and is given the name 
standard deviation. For computing standard deviation, there are two methods : 
1) direct method and 2) short-cut method. Short cut method, using step deviations, 
is most comrpon in use. The formula foj it is : Standard Deviation 

I (a) = C x Jw . Standard deviation is rigidly defined and based on all 
! 

items. It is amenable to algebric adjustments and~is'least affected by sampling 
fluctuations. But it is affected by extreme items much more than mean deviation. It 
has some mat1.1ematical properties also. .It is independent of change of origin but is 
affected by change of scale to the same extent as items. Its value is never less than 
mean deviation. For normal type data, mean deviation is about 41.5 standard deviation 

I and quartile deviation is about 213 standard deviation. There are 68% items in the 
I range AM t- SD and about 95% items in the range AM 2 2SD. 

I The graphic method of determining dispersion is Lorenz Curve. This is devised by 
t Max 0. Lorenz. This is a double cumulative percentage curve. On X-axis cumulative 

percentage of frequencies are taken and the scale starts from 100 and goes to 0 as we 
move to right., Cumulative percentage of total values of items are plotted on Y-axis 
with scale starting from 0 and going upto 100,'as we move up. The line joining the 
points (0,O) to  (10C),100) is called line of equal distribution and ihe two axes together , 1 

I are Lorenz Curve for the maximum inequality, So the area between the line of equal 
distribution and graph of any data represents the extent of inequalities present in the 
data. I C 

i 
t 
1 

I 15.8 KEY WORDS AND SYMBOLS 
i 
k 
i 

Coefilcient of Variation : Standard deviation divided by arithmetic mean expressed 

1 as a percentage. 

Lorenz Curve : A double cumulative percentage graph used in determining the extent 
; of inequalities of items. 
1 
1 Root Mean Square Deviation : The square root of the mean of the squares of deviation 

of items from central tendency. i: 
i Standard Deviation : The root mean squar:: deviation about arithmetic mean. 
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Skewness List of Symbols 

Coefficient of Variation C.V. 

Combined Standard Deviation u12, ucr 'SDC 

Difference between Combined Mean and given Mean Xl2 - X I ,  dl, etc. 

Standard Deviation S.D., u, s. Generally u is used to denote population S.D. and 's' 
the sample S.D. 

15.9 ANSWERS TO CHECK YOUR PROGRESS 

A) 3) 49.'1 

4) 156.37 

5) i) True ii) False iii) True iv) False v) False 

-B) 1) i) True ii) False iii) True iv) False v) False 

2) 'i) less ii) 68 iii) 6.4 iv) non v) 0 

3) a) ii b) iv c) i d)  i e) i f) iv 

15.10 TERMINAL OUESTIGXS/EXERCISES 

Questions - 
1) What is standard deviation? Explain its superiority over other measures of 

dispersion. 

2) What is coefficient of variation? What is its role as a measure of variation? How 
does it differ from variance. 

3) Define various measures of dispersion and explain their relative merits and 
limitations. 

Exercises 

I) The students of the B.Com. class of a college have obtained the following marks 
in statistics out of 100 marks. Calculate the standard deviation of marks obtained 

Student : X B C D E F G H I  J 

Marks : 5 10 20 25 40 42 45 48 70 80 

(Answer : 23.06) 

2) Calculate standard deviation from the following data : 

Mid-points Frequency 

1 2 

(Answer : = 1.57) 



* .  

3) compute standard deviation for the following data which relate to the profits of 
100 companies: 

Profit (Rs. in l a m )  No. of Companies 

8-10 8 
10-12 12 

12-14 20 

- - 

(Answer : cr = 2.77) 

4) An analysis of production rejects resulted in the following figures. Calculate 
mean and standard deviation.. 

No. of Rejects No. of Operators 
per Operator 

(Answer : = 36.96; o = 6.735) 

5) Two samples of size 40 and SO have the same mean 53 but different standard 
deviations 19 and 8 respectively. Find the standard deviation of the combined 
sample of size 90. 

(Answer : crlz = 14) 

6) Find the standard deviation and the coefficient of variation from the following 
data: 

Marks No. of Students 

Less than 10 12 

Less than 20 30 

Less than 30 65 

Less than 40 ,107 

Less than 50 202 

Less than 66) 222 

Less than 70 230 

j (Answer : cr = 13.9, C.V. = 37.3%) 

7) You.are given the data pertaining to kilowatt hours of electricity consumed by 
100 persons in a certain city: 

C o ~ ~ m p t i o n  K. Watt. H w n  No. of Ulcrs 

.O but less than 10 6 ' 

10 but less than 20 25 

20 but less than 30 36 

30 but less than 40 20 

40 but less than 50 13 

1 Calculate i) mean,. ii) standard deviation, and iii) range within which middle 
i 50% of the consumers fall. 

: (Answer : i) 25.9 ii) 10.96 iii) 34 to 17.6) . 
! 



i 
' Measures of ~is&rsion and 

Skewness 8) In a small town, a survey was conducted in respect of profits made by retail 
shops. The following results were obtained : 

Profit (+)/Loss (-) No. of Shops 
(In ,000 Rs.) 

- 4 to -3 4 

-2 to- 1 22 

- 1 to 0 28 

O t o  1 38 

1 t o 1 2  56 

2 t o  40 

3 t o  4 24 

4 t o  s is 
5 t o  6 10 

Calculate i) the average profit made by a retail shop, ii) total profit made by 
all shops, and iii) the coefficient of variation of earnings. 

(Answer : i) 1348 ii) 3,37,000 iii) 152.8%) 

9) A factory produces two types of electric lamps A and B. In an experiment 
relating to their life, the following results were obtained : 

Length of Life No. of Lamps No. of Lamps 
(in hours) A B 

Compare the variability of the life of the two varieties using coefficient of 
variatjon. 

(~nsGer  : C.V,.(A) = 21.64%, C.V. (B) = 23.41%) 
I 

10) In two factories A andB, engaged in the same activity, the average weekly wage 
and standard deviation are as follows: 

Factory Average Weekly S.D. of No. of Wage 
Wages (Rs.) Wages (Rs.) Emera 

i) Which factory pays larger amount as weekly wages? 

ii) Which factory shows greater variability in the distribution of wages? 

iii) What is the mean and standard deviation of all the workers in these two 
factories taken. together. 

Answer : i )  Factory A 

ii) C.V. (A) = 10.87%, C.V. (B) = 8.16% 
, iii) Xl2 = Rs. 473.33, = 49.19 

11) Draw Lorenz Curves from the following data : 
Wages(Rs.) : 300400 400-500 500600 600-700 700-800 . 
No. of Workers 
Factory A : 40 30 40 60 40 

Factory B : 300 200 180 . 220 . 100 
/ 



12) The arithmetic mean and standard deuiabcn of 20 items were found as 20 and 5 Meawres of Dispersion-Il 

respectively. But while calculating an item 13 was misread as 30. Find correct 
arithmetic mean and standard deviation. 

(Answer : AM = 19.15; a = 4.66) 

Note : These questions and exercises will help you to understancl the unit better. 
Try to write answers for them. But do not submit your answers to the University. 
These are for your practice only.. . 
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16.0 OBJECTIVES 

After studying this unit, you should be able to : 

9 distinguish between skewness and dispersion 

- 0 differentiate between symmetrical, positively skewed and negatively skewed data 

calculate skewness by different methods 

* decide which of the methods of computing is suitable in a given sithation 

e appreciate the role of normal curve in the analysis of data and discuss its properties. 

6 1 INTRODUCTION 

As you know, to analyse any numerical data there are three main characteristics : 
1) central tendency i.e., a value around which many other items of the data 
congregate, 2) dispersion i.e., how much the items deviate from central tendency, 
and 3) skewness i.e., how the items are distributed about the central tendency. 111 
this unit, you will learn about the third characteristic i.e. skewness. 

In Unit 10 to 13 you have studied the measures of central tendency viz., arithmetic 
mean, median, mode geometric mean, harmonic mean and moving average. In units 
14 and 15 you have studied the measures of dispersion viz. range, quartile deviation, 
mean deviation, standard deviation and Lorenz curve. In this unit you will learn 
about third characteristic i.e. skewness. You will study the meaning, purpose and 
methods of computing skewness. You will also study the role and properties of 
normal curve in analysis of data. In fact, there is one more characteristic called 
kurtosis i.e., concentration of frequencies in the central part of the data, which is not 
within the scope of this course. 

16.2 MEANING OF SKEWNESS 

A frequency distribution is said to be 'symmetrical', if the frequencies are 
' 

symmetrically distributed about central value, i,e., when values of the variable which 
are at an equal distance from middle have equal frequencies. Study the following two 
sets of distributions. 

A) X : 10 15 20 25 30 
f : 5 8 26 8 5 
Here X = 20 is the group of middle items. + . 

B) X 5-9 9-1 3 13-17 17-21 21-24 
f 7 18 25 18 7 
Here middle group is 13-17. 



You can easily understand that they are symmetrical distributions. You shouId also 
I note (can verify by calculation) that for each set the values of mean, median and 

mode are the same values. In fact, for any symmetrical distribution in which 
frequencies steadily rise and then steadily fall (i.e., bell shaped), mean, median ant? 
mode are equal. Study Figure 16.1 for the shape of such data on graph paper. 

Figure 16.1 

I - 
I 

I Symmetrical Distribution 

1 If the graph of a perfectly symmetrical data is folded at the line passing through mean, 
I one side of the curve perfectly coincides with the others side. You can say one side is 

I the mirror image of the other side. 

Ingeneral, however, frequency distributions are not perfectly sylnmetrical; some may 
,be slightly asymmetrical and some others may be highly asymmetrical. Consider the 
following two asymrr~etrical (of Skewed) distributions : 

B) 
I X 5-9 9-13 13-17 17-21 21-24 
I f 7 28 15 10 2 

4 

' Here the frequencies are not symmetrically distributed about the middle. In 
ldistrihution A the extent of asymmetry is small while in distribution B it is 

I comparatively larger. 
; I '  The word 'skewness' is used to denote the 'extent of asymmetry' in the data. When the 

I frequency distribution is not symmetrical, it is said to be "skewed". The word 
i 'skewness' literally denoted 'asymmetry

y

, or 'lack of symmetry
y 

and the word 'skewed' 
1 

1 denoted 'asymmetrical'. A symmetrical distribution has therefore zero skewness. 
1 ! A distribution..can be symmetrical even if frequencies first steadily fall and then I 
I steadily rise. Consider the following distribAtions: 
1 
I Size of Items ; 10-20 20-30 30-40 40-50 50-60 6&70 7&80 ' 
I 
I 1 Frequency : 40 27 15 10 15 27 40 

E This is also a case of symmetrical distribution. But in this case there will be two values 

1 .  a of the mode and both of them will be different from arithmetic mean and median 
; + 

which will be in the middle group, You may notice in such symmetrical distributions, . 
, which are called bimodel or u-shaped, only mean and median are equal. Look at fl figure 16.2 and study the shape of such data on graph paper. 1 
I r 
B 



Measures of Dispersion and 
Skewness 

I I 
Mode 1 Mode 2 Mean = Median 

Figure 16.2 Bimodal or U Shaped Distribution 

A bimodel distribution can also be a skewed distribution as in the following example : 

Size of Items. : 10-15 15-20 20-25 25-30 30-35 35-40' 40-45 

Frequency : 27 18 10 5 17 17 . 30 

' Here also the distribution of items around the middle group or central value is not 
-same on both sides. Thus, we can also say that study of skewness is the study of .- 
distribution of items around the central tendency. 

Analysing the skewness of data serves the following main purposes : * 

1) It helps in finding out the nature and the degree of concentration - whether it 
is in higher or the lower values. 

2) The empirical relationship between mean, median and mode i.e., 
M, = 3 Md'- 2x, is based on a moderately skewed distribution. The measure 

of skewnesi will reveal to what extent such empirical relationship holds goods. 

3) It helps in knowing if the distribution is normal or not. You will l ea~n  about 
normal distribution later in thisunit. 

16.3 POSITIVE AND NEGATIVE SKEWNESS 

Wherever dhta is skewed there can be two possibilities : 1) the skewness may be 
positive or 2) it may be negative. In a bell shaped data or a unimodel data, which is 
also most common in nature, it is quite easy to understand the concept of positive 
and nagative skewness i.e., direction of the skewness. Mode plays an important role 
in this connection. The spread of.the data on either side of the mode helps in deciding 
the direction of ske,wness. Consider the two sets of data given below: " ' 

A) Sizeof Items : 2 4  4-6 6-8 8-10 10-12 12-14 14-16 
Frequency : 5 12 27 , 10 8 3 1 

Frequency : 2 5 ' 12 18 30 21 6 
I) 

Like in Set B if there ismlonger tail towards the lower value or left hand sideCi.e.. 
larger spread on the lower side, of inode,.the skewness is negative or left handed. In 
such 'a case Mean < Median < Mode. Look at Figure 16.3 to unclerstand the data 
on graph paper. 



Measures of Skewness 

As in the case of Set A if there is a longer tail of the distribution towards the higher 
values or right hand side i.e., larger spread on higher side of mode, the skewness 1s 

positive or right handed. In this case Mean > Median > Mode. Shape of such a data ' 
on graph paper would be as shown in Figure 16.4. 

Such data is termed 'ulongated bcll shaped data'. The case of extreme positive 
skewness would arise when frequencies are highest in the lowest values and then they 
steadily fall as the values increase. Similarly, the extreme negative skewness would 
arise when frequencies are lowest in the lower values and they steadily increase as 
values increase. t'he highest frequency representing the highest values: Such data 
is callcd 'J'  shupcd data. Consider the following two sets of data : 

A )  Size of Items : 10-12 12-14 14-16 1618 18-20 
Frequency : 27 20 12 6 3 

B) Sizeof Items : 10-12 12-14 14-18 1618 18-20 
6 12 20 27 Frequency : 3 

set  A shows very high positive skewness and Set B shows high negative skewness. 
Thcir shape on graph paper will be as shown in Figure 16.5A and 16.5B. 

\ 

Figure 16.5A Figure 16.5B 

JBhaped Positively Skewed Distribution J Shaped Negatively Slewed Distribution 



Measure or Dlsperslon and 
Skewnew Note : For the data to be skewed or symmetrical, deviations from central 

tendency must exist in the data. 

Check Your Progress A 

. 1) Distinguish between' symmetrical data and skewed data. 

. . 
2) Differentiate between positiveskewness and negative skewness. 

3) ~ i s t i n ~ u i s h  between high skewness and moderate skewness. 

......................................................................................................... 
4) Differentiate between bell shaped and U-shaped data. 

5) State whether the following statements are True or False 

i) All distributions can be classified as negative or positive skewed. 

ii) Two halves of a symmetrical distribution are mirror images of each other. 

iii) The sum of positive and negative deviations from median is always equal 
to zero in a symmetrical distribution. 

iv) J-shaped distribution indicates moderate skeynegs. 

v) It is possible that for some data Arithmetic Mean = Median = Mode, still. 
it is not perfectly symmetrical. 

vi) Positive skewness implies that mean value is less than mode.' 

vii) Median can never be equal to mean in a skewed distribution. 

viii) Greater the difference 'between mean and mode, the more skewed 'is the 
distribution. 

ix) U-shaped data has two modes. 

x) A longer tail to right means data is negatively skewed. 

xi) U-s4aped distributions are always symmetrical, 

xii) Highly skewed data is always positively skewed. 

6) Comment on the nature of the following distribution: 

i )  14, 14, 14, 14, 14 

ii) 11, 12, 14, 16, 17 

52 iii) 1, 3, 6, 18, 42 - 



16.4 DIFFERENCE BETWEEN DISPERSION AND 
SKEWNESS 

It has been explained in Units 14 and 15 that dispersion relates to the scatteredness 
or spread or the deviation of the items of a sbries from its central value. You also 
know that the measure of dispersion shows the degree of the scatteredness or average 
of deviation of the items of the central tendency. On the other hand, skewness relates 
to the depart-ure of the items of a series from symmetry and the measure of skewness 
shows the degree of imbalance in the distribution of items around the central 
tendency. The distinguishing features are tgbulated below : 

- - - 

Aspect ~ i s ~ e r s i o n  Skewness 

1) Measureof scatter of individual values departure from symmetry of distribution 

how much it can deviate from in what manner items are distrihted 
central tendency about central tendency , 

2) Judges the extent of representativeness of any of the difference between any two of the three 
three iiverages : Mean, Median, averages : Mean, Median and Mode 
and Mode 

3) For a symmetrical may have any value 
distribution 

zero . 

4) Useful to find variability in data concentration in higher or lower values 

16.5 TESTS OF SKEWNESS * 

How can we say that a particular distribution is skewed or not? We can say skewness 
is present in a distribution if it has the following features: 

1) Meal!, median and mode should not coincide. 

2) The sum of the positive deviations from the median is not equal to the sum of the 
, negative deviations. 

3) Frequencies and their spread on either side of the mode are not equal. . 
4) Quartiles are +not equidistant from the median i.e.. (Qj - Md) is not equal to 

(Md - Q1). 

5) When the observations in the' series are plotted on a graph paper, they do not 
yield'a symmetrical curve. This means when the graph is divided vertically 
through the median or mean,and folded, the two halves of the curve do not 

I 

coincide in a perfect manner. 

, 16.6 MEASURES OF SKEWNESS 
I 

To study the extent of asymmetry and direction in a series, various measures of 
skewness are employed. These measures of skewness can be both absolhe or relative. 

I 

\ Absolute Measures of Skewness. 
' Absolute measures tell us the extent of asymmetry and whether i t  is positive or 
I 
, negative. 

The first absolute measure of skewness is based on the difference between mean and 
mode or mean and median. Symbolicilly i) Absolute Sk = Mean - Mode or 
ii) Absolute Sk = Mean - Median. If the value of mean is greater than the mode or 
median, skewness is positive, otherwise it is negative. It may be noted that for a 
positively skewed distribution; the value of the mean is the greatest and the value of 
mode is the least of  the three measures. Likewise, for a negatively skewed 
distribution, mode has the maximum value and mean has the least value. In both the 
ca'ses median is in between, the mean and mode. 

Measures of Skenous 
I 



Meosures of Dlsprslon and .The second measure of skewness, based on quartiles depends upon the fact that 
Skewness normally for a symmetrical distribution Q1 andQ3 are equidistant from the median, 

i.e., Qf -Md = Md-Q1. But if a distribution is asymmetrical, then one quartile lying 
on the longer tail side will be farther from the median than the other quartile. In such 
a case absolute measure of skewness can be, measured by the following formula: 

Absolute Skewness = (Q3 - Md) - (Md - Q1) = Q3 + Q1 -2 Md, The formula shows 
if (Q3 - Md) is greater than (Md - Q1), skewness is positive otherwise it is 

J 

negative. This is true becasue Q3 - Me > Me - Q1 implies that the difference'between 
Q3 and Me is greater than the difference between Me and Q1+ This in turn means 
that there is a longer tail on the Q, side or on right hand side i.e., skewness is right 
handed or positive. 

Relative Measures of Skewness 

In order to make comparison between the skewness in two or more distributions, 
coefficient of  skewness is computed for the.given series or distributions.   he 
following are the two important methods of measuring relative skewness: 

1) ~ a r i  Pearson9s Coefficient of Skewness. This method is most frequently used for 
measuring skewness and is based on first absolute measure. Th.e formula for 
measuring skewness is as follows: - 

X -M, ~ k ,  = Mean -Mode ., 
u i.e., first absolute measure of skewness is S.D. 

divided by standard deviation. Thus, this value will be ftee of units of the data. The 
value of this coefficient would be zero in a symmetrical distribution. If mean is greater 
than mode, coefficient of skewness would be positive otherwise negative. In practice, 
the value of this coefficient usually lies between + 3. 

If the mode is ill-defined, then using the approximate relationship: 

Mode = 3 Median - 2 Mean 

The above formula reduces to 

Sk, = 3 (Mean - Median) or 3 (x- Md) 
, S.D. u 

Note : As mean and standard deviations are calculated by using values of all the items 
.of the data, Karl Pearson's method measures skewness utilising all the items of the 
data, 

T o  understand the application of Karl Pearson method clearly, let us consider some 
illustrations. 

. Illustration 1 

From the marks secured by 120 students in Sections A and B of a class of 120 
students, the following measures are obtained: I 

SectionA : = 46.83, a = 14.8, Mode = 51.67 
SectionB : X = 47.83, a = 14.8, Mode = 47.07 

Determine which distribution of marks is more skewed. 

Solution 

Section A 

- 

~k, = X - Mode 
cl 



Section B Measures of Skewness 'mi 

Hence the distribution of marks in Section A is more skewed. The skewness for 
Section A.is negative, while that of B is positive. 

Illustration 2 . 
Following statistical measures are given for a data set. Find out the value of standard 
deviation. , 

Coefficient of skewness is -0.375, Mean is 62 and Median is 6. 

Sdution 

The coefficient of skewness that depnds upon Mean, Median and Standard 
Deviation is Karl Pearson's coefficient of skewness. 

- 1 .  . 

SkP 
- - (X - Md) , substituting the given values 

u 

Standard Deviation is 24. 

2) Bowley's Coefficient of Skewness : This method is based on quartiles, i.e., second 
absolute measure of skewness. The formula for calculating skewness is : 

This method is particularly useful in case of open end distributions and where extreme 
values are present or when class-intervals are unequal. Skewness should be measured 

' 

by t)is Bowley's method also when positional measures are called for. 

If tlie value of this coefficient is zero, it  is a symmetrical distribution. For positive 
value, it is a positively skewed distribution and for a negative value it is a negatively 
skewed distribution. The.range of variation under this formula is + 1. But the main 
drawback of this measure is that it is based on central 50% of the data and it ignores 
the remaiaing 50% of the data i.e., 25% of the data below Q,, and 25% of the data 

. above 'Q3. To understand the application of Bowley's method clearly, study 

. Illustroti~ns 3 and 4. 



MC~SUW of Dispedon Pnd 
. Skewness 

For a given data, Q1 = 58, Md = 59 and Q3 == 61. Find coefficient of skewness. 

Solution . 

Illustration 4 

In a frequency distribution, the coefficient of skewness based upon quartiles is 0.6 
If the sum of the upper and lower quartiles is 100 and the median is 38, find the value 
of the upper quartile. 

Solution 

Bowley's coefficient of skewness based on quartiles is given by: 

Substituting the given values 

- = 40 ... (i) or QS - Q1 -. 0.6 

Also it is given, Q3 + Q1 = 100 .. . (ii) 
Adding (i) and (ii), we get 

Hence the upper quartile is 70. 

16.7 SOME ILLUSTRATIONS 

Illustration 5 ' 

Calculate appropriate measure of skewness from the following data. 

Payment of Commission No. of Salesmen 

2200 - 2400 5 

I Solution 

Since the given distribution is not openended and also the mode can be determined, 
it is appropriate to apply Karl Pearson formula as given below : 

Skewness = Mean - Mode 
S.D. 



Payment of Mid-point No. of Salesmen d' = X-1700 fd ' idJ2 
Commissiop (Rs.) (x) (9 . 200 

1400 - 1600 1500 18 - 1 - 18 18 

1600 - 1800 1700 20 0' 0 0 

, 1800-2000 1900 25 + 1 25 25 

2000 - 2200 2100 . 10 +2 ' 20 40 

2200 - 2400 2300 5 4- 3 15 45 

Total n = 100 xfd' = -9 Xfd" = 251 

f l  - fo Mode = L + x i 
(fl - fo) + (fl - f2) 

= Clearly the modal group is 1800 - 2000. Substituting the values. 
' 

. , 

Now calculating the standard deviation. 

MWures  of Skewness 1 

= 200 x jpr-m%i 
= 1.582 x 200 = 316.4 

1682 - 1850 . Now coefficient of skewness, Skp = - 
316.4 

I 
i = -0.531 

2 '  

This value of coefficient of skewness indicates that the distribution is negathely 
skewed and hence there is a greater concentration towards the higher commission. 

Illustration 6 

Calculate the coefficient of skewness based on mean and median from the following 
I 

distribution: . I 
ctmm Inlewd Frrq-j  

1 
I 

j 0- I0 6 
10-20 12~ 

20-30 22 

1 30-40 48 
1 
I .40-50 . 56 
i 
1 50-60 32 
d 
1 60-70 18 
1 

70 - IU) 6 

L 



Ivieasures of Dispersion and Solution 
Skewness 

Calculations lor Mean, Median and S.D. 

' CIW m-po int  d 1  =e I Id' Id" Cum. 
Interval (XI 10 Frequ. 

0- 10 5 -3 6 -18 54 6 .  

20 - 30 25 - 1 22 - 22 22 40 

30 - 40 35 0 48 0 0 88 

40 - 50 45 1 56 56 56 144 

50 - 60 55 2 32 64 128 176 

60-70 65 3 18 54 162 194 

70-80 75 4 6 24 96 200 - 
Total . - --. 

-. 200, 134 566 
- 

N Median has - observations or 100 observations below it. 2 
  here fore, median lies in the 40-50 class. 

.= 1.543 x 10 = 15.43 

Karl Pearson's coefficient of skewness based on mean and median is given by: 

= -0,085 
I 

Hence, the distribution is negatively skewed with very low degree of skewness. 

Illustration 7 

~aicula'te the coefficient of skewness based on quartiies from the following data: 

Monthly Mary No. of Employ& 

1000-1200 5 



Solution 

Computation of Quartlles 

Monthly Salary Frequency Comulative Frequency 

1000-1200 5 5 

12W - 1400 14 19 

Q, has 9 observations or 50 observations below it. It lies in the class 1600 - 1800. 

1 N Qz (= Mddian) has - observations or 100 observations below it. So it lies in the class 
2 

1800 - 2000. 

( Q3 has observations or 150 observations below it. So it lies in the class 4 

1 
I 

Coefficient of Sk = 
Q3 + Q1 -2Md 

j 
QJ - Q; 



Measures of Dispersion and 
Skewness 

lllustration 8 

a The following table gives the distribution of monthly income of 500 workers in a 
factory: 

Monthly Income ' No. of Employees 
(Rs.) 

Belaw Rs. 1000 10 

1000 - 1500 25 

1500- 2000 145 

2500-3000 

3000 and above . . ' . 

i) Obtain the limits of income of central 50 per cent of the dbserved ml;loyees 

ii) Calculate Bowley's coefficient of skewness. 

Solution 

i) For obtaining the limits of central 50% of the workers, calculate Q ,  and Q3. 

Calculations for Quartlles 
- 

Monthly Income . Comulative 
(Rs.) Frequency 

Below Rs. 1000 10 10 

3000 and above 30 500 

Q1 has 9 o r  125 observations below it. So it l i ~  in the class 1500 - 2000. 

= 1500 + 3103 = 1810.3 

3N . Q3 has -;i- or 375 observations below it. So it lies in the class 2000 - 2500. 

Hence the incomes of central 50% of workers lies between Rs. 1'810.3 and 
Rs. 2443.18. 

ii). Bowley's coefficient of skewness is given by: 

M, h a d 3  or 250 observations below it. So it lies in 2000 - 2500 class. 
2 I 



Measures of Skewness 

The'negatiye coefficient (-0.102) indicates that distance between Qs and Md is 

smaller than that.between Md and Q,  i.e., the distribution is skewed to the left: 

Illustration 9 

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

Incomes (Rs. per day) No. of S hops 

Above 0 150 

Above 100 140 

Above 200 100 

Above 300 80 

80 Above 400 

Above 500 70 

Above 600 30 

Above 700 14 

Above 800 0 

Solution 

Converting thc cumulative frequency distributions to ordinary frequency distribution, 
we have: 

- 

Income (Rs. per day) No. of Shops 

As it is a u-shaped distribution, skewness will be calculated by {sing Mean and 
Median. 

Calculations for Coellicient of Skewness 

Income Mid-point f dl=- x - 350 
100 

fd'' Cum. 
(Rs; per day) X Freq. 

0-100 50 10 -3 -30 90 10 

100-200 150 40 -2 -80 I60  50 

200 - 300 250 20 . -1 -20 20 70 

300 - 400 350 0 . . O  0 0 70* ' 
. a  

4002%0 45? 10 .. I '. 10 10 80 
I . .  

500 Y $00 : so 40 2 80 160 12d 

600 - 700 . 650 16 3 48 144 13'lr 

700 - 800 75 0 14 . 4 56 224 150 

Total . r.' 150 ' . 64 808 



Measures of Dispersion and 
Skewness 

Calculation of Mean 

- I f d '  , ; X = A +-  N 

Calculation of Median 

id, 1::s " or 75 obsei ~d:li i . f? V,f,:m it. So it 11es in the class 400 - 500. Z 

Calculation of Standard Deviation 

Find standard deviation, rnode and median when mean = 50, coefficient of 
variation = 40%, Skewness = -0.4. 

Solution 

Substituting the values of mean and C.V. in the formula 

C.V. -- - S . D .  x 100, we get 
Mean 

Again using Karl Pearson's formula 

- Mean - Mode Skp - S.D.  ' 



-0.4 = 50 - Mode 
20 

Mode = 513 + 20 x 0.4 

= 58 

Using the empirical relationship, we obtain 

Mean - Mode = 3 (Mean - Median) 

50 -58 = 3 (50 - Median) 

-8 = 150 - 3 Median 

3 Median = 150 + 8 

Median = , 52-67 

Illustration 11 

Find the appropriate measure of skewness from the following data : 

Sales (Rs. in Lakhs) No. of Companies Cumulative Frequency 

Below 50 8 8 

50 - 60 12 20 

60-80 20 40 

80 - 100 25 65 

100 and Above 15 80 

Solution 

Here class intervals are unequal and open. So the appropriate method of determining 
skewness is.BowleyYs method. 

N Yow Q, has - observations or 20 observations below it. So it lies in the 4 
class 30 fl' 

N 80 Qz (= median) has - observations or - or 40 observations below it. So it lies in 
2 2 

the class 60 - 80. 
i 

-- c 
Md = I t -  x i  f 

t 
je Q3 has a or 60 observations below it. So it lies in the class 80 - 100 4 



Measures of Dlsperslon and 
SkB = 

Q 3 f . Q 1 - 2 M d  
Skewnesa 

Q3 - Q1 

= -0.11 

This value of coeffident of skewness indicates that the distribution is slightly skewed 
to the left and, therefore, there is a greater concentration of the sales at the higher 
valuesethan the lower values of the distribution. 

Illustration 12 

The following facts were gathered fr,om a firm before a ~ d  after an industrial dispute: 

Before Dispute After Dispute 

Mean Wages (Rs.) 850 900 

Median Wages (Rs.) 820 800 

Modal Wages (Rs.) 7M1 600 

Quartiles (Rs.) 750 & 920 750 & 950 

S.D. (Rs.) 30 110 

Number Employed 600 550 

By making use of the above data, compare the position of the firm before and after 
the dispute as fully as possible. 

Solution 

a) Number of workers has decreased by 50, from 600 to 550 as a result of the dispute. 

b) Although the mean wage has slightly increased, the firm.saves Rs. 15,000 (after 
dispute) in respect of the monthly salary bill: . . 
Total Wages before Dispute (600 x 850) = Rs. 5,10,000 

Total Wages after Dispute (550 x 900) = Rs. 4,95,000 

Difference 15,000 

c) The median and modal wages have decreased. Before the dispute, 50% of the 
workers used to get Rs. 820 and above. But after the dispute, workers in thh 
category are less than 50%. Similarly, most of the workers are being paid around 
Rs. 600 (after dispute) as against Rs. 760 (before dispute). 

d) The'first quartile Q ,  has not changed. The second quartile Q2 (i.e,, Median) has 
decreased slightly, but the third quartile Q3 has increased. 'Fhe significance df the 

information is as shown below : 

Wages (Rs.) 

Category of Workers Before Dispute , . . After Dispute 

A. Lowest Paid 25% ' ' f. . upto 750 . . Upto 750 
B. Next ~ i ~ h e r  ~r&prof25% , 750 - 820 750 - HOU 

C. Next Higher Group of 25% * 820 - 920 800 - 950 

D. Highest Paid25'5/0 Above 920 Above 950 

Category (A) workers are not affected. The next higher category (B) workers 
are now confined to a narrower range of salary. But the highest paid categories 
(C) and (D) are now generally paid more after the dispute. 

e) Standard deviation has increased from Rs. 30 to Rs. 110 implying thereby that 
the variability in individual wages has increased after dispute. For pFoper 
comparison, we have : 



30 C.V. (before dispute) = - X 100 = 3:53% 850 

C.V. (after dispute) = 110 X 100 = 12.2% 
900 

The variability relative to mean has also increased. 
I 

I f) Measure of skewness are: 

I Before Dispute 

Pearson's Measure 850 - 760 = 3 
30 

Bowley's Measure 
920 - 2 (820) + 750 

920 - 750 

After Dispute 

Pearson's measure of skewness. after dispute has decreased while the Bowley's 
measure has increased, both being positive. This means that for middle 50% of 
workers concentration in lower wages has increased. But when we consider all 
the workers, then the relative concentration of frequencies on lower values side 
is lower. 

Check Your Proggess B - 

Note: There is nothing wrong if one formula gives result indicating increase in ' . 

skewness while the other gives decrease in skewness. In fact, thtse can be 
situations when one formula gives positive skewness while the other may give 

' 

negative skewness. This is because Bowley's me'thod is based on only middle 50% 
data while Pearson's method relates to entire data. 

1) State formalas of the Karl Pearson's and the Bowley's methods of measuring 
skewness. 

............................................................................................................ 
2) What is skrwncss? 

. . .......................................................................................................... 
. '  

3) Differentiate bctwcen skcwnesb and dispersion., 

I .......................................................................................................... 
1 . . . . 

1 
. . a ................. i ......................................................................................... 

[. 
!: 4). State whether the following statements dre True or False. 

% i,) Skcwness judges thc cxtent of representativeness of any average. 

. ii) For a positively skewed distribution.   on cent ration of frequencies is on left. 
\ 

iii) Only relative value of skewness is used'for comparison even though standard 
dcviation'is thc same. 

i 
I iv) Skewness cannot he calculated for open end class intervals. 

; v)- Skcwness docs not exist in Bimodel distribution 
I 

i Gi) Two distributions having different coefficient of variations so they have 
h different skewness. 
i 
L 



Meluures of Dispemion and 
Skewness 

5) Fill in the blanks: 

i) If the mean and the mode of a given distribution areequal then its coefficient 
......................... of skewness is 

......................... ii) Skewness is positive when mean is mode. 

iii) In a symmetrical distribution the mean, median and mode are 

iv) Median can never be  equal to ......................... in case of skewed 
distribution. 

v) If the mean, mode and standard deviation of a frequency distribution arc 41, 
45, and 8 respectively, then its Pearson's coefficient of skewness is 

vi) In a perfectly symmetrical distribution, 50% items are above 60 and 75% 
.......................... items are below 75. Therefore Me = 

......................... ......................... QJ = Q1 = , coefficient or qi:~~.tilt: 

...................... ................... deviation is . .  ,and coefficient of skewness is 

16.8 PROPERTIES OF NORMAL CURVE 

It has been observed that frequency distribution most of the phenomena that occur 
in nature such as measurements of human characterist~cs (height, weight, IQ, etc. ,), 
measurements reIating to industrial production and agricultural production, etc. are 
symmetrical in nature. Normally, they all have almost a fixed rate of rise and fall of 
frequencies from one group to  another group. Their shape is like in Figure 16.1. 
Statisticians have tried to express these distributions by a single mathematical 
formula. .As this formula describes most of the distributions which occur in nature, 
it has been called 'Normal Curve'. At this stage, it is not necessary for you to know 
the exact mathematical expression that gives the normal curve. But the properties . 
that are exhibited by that formula are very useful in the analysis of data. Following 
are the main properties of the normal curve: 

1) It is perfectly symmetrical about the mean and is bell shaped. 

2) Mean = Median = Mode 

3) I t  has only one mode, i.e., it is unimodel. 

4) The quartiles Q1 and Q, are equidistant from the median or mean and are given 

by 

QI = A.M. - 0.6745 S.D. 

Q3 = A.M. + 0.6745 S.D. 

QD = 5 M.D. Approximately. 6 
- 2 -- 

3 standard deviation (approximately) " 

5) The  mean deviation about mean is 3 x S.D. 5 

6) One of the most fundamental properties of the normal probability curve is the 
area property. 

i) Mean + 0.6745 SD covers 50% area, i s . ,  25% on each side. 

ii) Mean -+ 2.5758 SD covers 99% area, i.e. 49.5% on each side. 

iii) Mean + 1.96 SD covers 95% area, i.e. 47.5% on each side. 

iv) Mean f 1 SD covers 68.37% area, i.e,, 34.14% on each side. 

. v) Mean + 2 SD covers 95.4% area, i.e., 47.7% on each side. 

vi) Mean f 3 SD covers 99.7% area, i.e., 49.85% on each side. 



Let us take one example to point out the usefulness of these properties. Measures of Skewness 

Suppose mean height of 100 persons selected from a big group is 68 'inches and 
standard deviation is 1.5 inches. 

i) What is the range of height of middle 95% persons in the whole group? 

' ii) How much would be the expected value of mode, Q.D. and M.D. for the 
whole group? 

Solution 

i) Now 95% of items have values between the range Mean k 1.96 SD. So the 
required range is 68 + 1.96 X 1.5 or 65.06 inches to 70.94 inches. 

ij) Mean = Mode. Therefore mode is also 68 inches 

2 2 QD = - SD approximately. So QD = - x 1.5 = 1 inch approximately 
3 3 

4 MD =A SD approximately. So MD = - x 1.5 = 1.2 inch approximately 
5 5 

In fact normal curve is very much useful in drawing statistical inference. It is also 
used as a standard to find out the extent of concentration of frequencies in the central 
part of the given data. This is the fourth main characteristic in analysis of data, called 
Kurtoses, the details of which are out of scope of this course. 

16.9 LET US SUM UP 

The mehsures of central tendency and variation do not reveal all the characteristics 
of a data set. Two distributions may have the same mean and standard deviation, but 
may differ widely in the shape of their distribution. If the distribution of data is not 
symmetrical, it is called asymmetrical or skewed. Skewness refere to the lack of 
symmetry in distribution. Different methods of measuring skewness are as follows: 

Absolute Measure Relative Measure Limits on Given by 
Range 

1. Mean - Mode Mean - Mode 
SD 

+- 3 Karl Pearson 

3 (Mean - Mode) 
2. Mean - Median 

SD 
+3 Karl Pearson 

In  highly skewed data highest frequency exists on one extreme of the data. A 
positivcly skcwed distribution has a long tail on right hand side of the data and is also 
tcrmcd as right handed skew. A negatively skewed data has a long tail on left hand 

s i t l c  of the data and is also termed as left handed skew. When the graph of a perfectly 
symmetrical data, bell shaped or U-shaped, folded at the line at mean, two sides of 
tht! curves perfectly coincide with one another. 

*' Most of thc data which occurs in nature resembles the normal distribution. Normal 
, curve is a perfectly symmetrical data with bell shape. It has a fixed percentages of 

frequencies lying in different ranges from mean. These values of percentages help us 
I in deciding whether the given data is no,rmal or not. 

: 16.10 KEY WORDS AND SYMBOLS 

; .Bellshaped Data : Frequencies steadily rise, reach a maximum and then steadily fall. 

Shaped Data : Start with highest and end with lowest frequency and has a steady 
rate of fall in between or vice-versa. 



Measures of Dispersion and skewness : Refers to the lack of syrnrnetv 
Skewness 

Symmetrical Data : When values' of variable equidistant from middle have equil 
frequencies. . 
b-Shaped Dab : Data has high frequencies in the beginning and end, and lowest 
frequencies in the middle. - .  

List of Symbols 

Coefficient of Skpwnes~ : Bowlty's - SkB, 
Coefficient of Skewness : Yea,son's - Skp 

Skewness - Absolute Measure Sk, J 

16.11 ANSWERS TO CHECK YOUR PROGRESS - 

A) 5) j)+False ii) True iii) True iv) False v) False vi) False vii) True viii) Trul 
ix) True x) False xi) False xii) False. 

6) i) no variation 'ii) symmetrical iii) skewed ' 

B) 4) i) True ii) True' iii) True iv) False v) False 
vi) May or may not be true. 

. 5) i) zero ii) greater. than iii) .equal iv) mean v) -0.5 vi) M, = 60, 
Q3 = 75, Q1 = 45 coefficient uf QD = 0.25, SkB = 0. 

16; 12 TERMINAL QUESTLONSIEXERCISES . ." 

Questiow ' - 
- 1) Give the absolute and relative measures of skewness. 

2) Central tendency, dispersion and skewness are three different measures to 
analyse numerical data, Comment. . - - 

Exercises 

1) ~ r o m  the following frequency distribution of marks of students in an 
' 

examination, calculate the value of Karl Pearson7s coefficient df skewnkss: . 
Marks lessthan : 10 20 .. 30 40 50 60 70 . ' 80 

(Answer: 53, '= 17.66, Skp = 0.453) 

2) Calculate Pearson's Coefficient of Skewness from the table given below: 

' Life Time (In Hours) No. of Tubes 

looo-1100 22 

1100-1200 - - 6 

.: 
(Answer : Skp = 715.5 - 669.23 = 0.243) 

190.2 
-. ' 3) The following data shows the daily salis at a pe&ol station. calculate the meai 

median, standard deviation and coifficient bi skewness. 
I 



Mcssurcs of Skewness 
Quantity sold tin Litrep) No. of Days 

- 
(Answer : X = 1426, -Md = 1600 = 447.35, SK = 1.167) 

4) ' The following table gives the distribution of daily travelling allowance of 
salesmen in a company. Compute Bowley's Coefficient of Skewness and 
comment on its value. 

Trnvelling Allowance (in Rs.) No. of Salesmen 

100 - 120 14 

120 - 140 16 

140 - 1 60 20 

160 - 180 I X 

180- 2oU 15 

200 - 220 7 

189.33.+ 133.75 7 (2 X 160) 
= 0.145) (Answer : Sicl3 = 

189.33 - 133.75 

5) Calriilate an appropriate measure of skewness for the data given below: 

Age (Years) No. of Employees - 
Below 20 13 

20 - 25 29 

(I) Find a suitable measure of skewness from the following distribution: 

Annual1 Sales , 
( s in 0 0 0  : 0-20 20-51) 50- 100 100-250 250-So() 500- I OO() 

No. o f  Firms : 20 50 69 30 22 19 

203.75 + 39 .9S - (2 X 76.45) 
= 0.554) (Answer : Ski, = 203.75 - 39.95 

7) You arc givcn bclow the details relating to the wages in respect of two factories. 
From this it is concluded that the skewness and variability are the samc in both 
t hc factories. Point out t h t  mistakc or wrong. inference in sthe abovc statement. 

.- 
Factory A '. Factory B ' -.: 
(Rs.) (Ks.) 

Arithmetic Mean 50 -45 , .  
Mode ' 45 SO 
Variancc 1 OU 100 



Measures of d ~ s ~ e r s i o n  and 8) Calculate Karl Pearson's coefficient of skewness based on the empirical 
Skewness relationship that exists between the central tendencies in a moderately 

asymmetrical distribution: 

Mean = 23, Median = 24, Standard Deviation = 10. 
Is this distribution negatively or positively skewed? 

(Answer : = -0.3) 

9) The following is the position in a factory before and after the settlement of a; 
industrial dispute. Comment on the gains or losses from the point of view sf 
workers and that of management: 

Before After 
No. of Workers 3,000 2,900 
Mean of Wages (Rs.) 220 230 
Median of Wagec (Rs.) 250 240 
Standard Deviation 30 26 

Note : These questions and exercises will help you to understand the unit 
better. Try to write answer for them. But do not submit your answer to the 
University. These are for your practice only. 
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