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Chapter 1: Introduction, Definitions, Scope, Functions & Limitations of Statistics 

 

Introduction:  

Origin and Development of Statistics: 

Statistics, in a sense, is as old as the human society itself. Its origin can be traced to 

the old days when it was regarded as the 'science of State-craft' and was the by-

product of the administrative activity of the State. The word 'Statistics' seems to 

have been derived from the Latin word ‘status' or the Italian word 'statista' or 

the German word 'statistik' each of which means a 'political state'. In ancient 

times, the government used to collect the information regarding the population and 

'property or wealth' of the country- the former enabling the government to have an 

idea of the manpower of the country (to safeguard itself against external aggression, if 

any), and the latter providing it a basis for introducing new taxes and levies. In India, 

an efficient system of collecting official and administrative statistics existed even 

more than 2,000 years ago, in particular, during the reign of Chandra Gupta Maurya ( 

324 -300 B.C.). From Kautilya's Arthshastra it is known that even before 300 B.C. a 

very good system of collecting 'Vital Statistics' and registration of births and deaths 

was in vogue. During Akbar's reign ( 1556 – 1605 A.D.), Raja Todarmal, the then 

land and revenue minister, maintained good records of land and agricultural statistics. 

In Aina, e-Akbari written by Abul Fazl (in 1596 - 97 ), one of the nine gems of Akbar, 

we find detailed accounts of the administrative and statistical surveys conducted 

during Akbar's reign. In Germany, the systematic collection of official statistics 

originated towards the end of the 18th century when, in order to have an idea of the 

relative strength of different Gennan States: information regarding population and- 

output - industrial and agricultural - was collected. In England, statistics were the 

outcome of Napoleonic Wars. The Wars necessitated the systematic collection of 

numerical data to enable the government to assess the revenues and expenditure with 

greater precision and then to levy new taxes in order to meet the cost of war. 

Seventeenth century saw the origin of the 'Vital Statistics.' Captain John Grant of 

London (1620 - 1674) , known as the 'father' of Vital Statistics, was the first man to 

study the statistics of births and deaths. Computation of mortality tables and the 

calculation of expectation of life at different ages by a number of persons, viz., Casper 

Newman,.Sir WiJliallt Petty (1623 " 1687 ), James Dodson: Dr. Price, to mention only 

a few, led to the idea of 'life insurance' and the first life insurance institution was 

founded in London in 1698. The theoretical development of the so-called modem 

statistics came during the mid of seventeenth century with the introduction of 'Theory 

of Probability' and 'Theory of Games and Chance', the chief contributors being 

mathematicians and gamblers of France, Germany and England. The French 

mathematician Pascal (1623 - 1662 ), after lengthy correspondence with another 

French mathematician P. Fermat (1601 - 1665 ) solved the famous 'Problem of 
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Points' posed by the gambler Chevalier de - Mere. His study of the problem laid the 

foundation of the theory of probability which is the backbone of the modern theory of 

statistics. Pascal also investigated the properties of the coefficients of binomial 

expansions and also invented mechanical computation machine. Other notable 

contributors in this field are : James Bemouli ( 1654 - 1705 ), who wrote the first 

treatise on the 'Theory of Probability'; De-Moivre (1667· - 1754) who also worked 

on probabilities and annuities arid published his important work "The Doctrine of 

Chances" in 1718, Laplace (1749 -, 1827) who published in l782 his monumental 

work on the theory of' probability, and Gauss (1777 - 1855), perhaps the most original 

Of all writers of statistical subjects, who gave .the principle of least squares and the 

normal law of errors. Later on, most of the prominent mathematicians of 18th, 19th 

and 20th centuries, viz., Euler, Lagrange, Bayes, A. Markoff, Khintchin, Kol· 

mogoroff, to mention only a few, added to the contributions in the field of probability. 

 Modern veterans in development of the subject are Englishmen. Francis Galton (1822 

– 1921) with his works on “regression” pioneered the use of statistical methods in the 

field of Biometry. Karl Pearson (1857-1936) the founder of the greatest statistical 

laboratory in England (1911) is the pioneer in correlation analysis, his discovery of the 

“ch square test”, the first and the most important of modern tests of significance, own 

for statistics a place as a science. Sir Ronald A Fisher (1890-1962) has known as the 

“Father of Statistics”, placed statistics on a very sound footing by applying it ot 

various diversified fields, such as genetics, biometry, education, agriculture etc. A part 

form enlarging the existing theory, he pioneer in introducing the concepts of “point 

estimation” (efficiency, sufficiency, principle of maximum likelihood etc), Fiducial 

inference and exact sampling distributions. He also pioneered the study of “analysis of 

variance” and design of experiments. His contributions won for statistics a very 

responsible position among sciences.  

Definitions of Statistics: Statistics has been defined differently by different authors 

from time to time. The reasons for a variety of definitions are primarily two. First, in 

modern times the field of utility of statistics has widened considerably. In ancient 

times statistics was confined only to the affairs of State but now it embraces almost 

every sphere of human activity. Hence a number of old definitions which were 

confined to a very narrow field of enquiry were replaced by new definitions which are 

much more comprehensive and exhaustive. Secondly, statistics has been defined in 

two ways. Some writers define it as “statistical data”, i.e., numerical statement of 

facts, while others define it as “statistical methods” i.e,. Complete body of the 

principles and techniques used in collecting and analysing such data. Some of the 

important definitions are given below:   

Definition by Webster: he defines statistics as “classified facts representing the 

conditions of the people in a State. Especially those facts which can be stated in the 

numbers or in any other tabular or classified arrangement”.  
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Definition by A L Bowley:  Statistics are numerical statement of facts in any 

department of enquiry placed in relation to each other. Statistics may be called the 

science of counting in one of the departments due to Bowley, obviously this is an 

incomplete definition as it takes into account only the aspect of collection and ignores 

other aspects such as analysis, presentation and interpretation. 

Bowley gives another definition for statistics, which states ‘statistics may be rightly 

called the scheme of averages’. This definition is also incomplete, as averages play an 

important role in understanding and comparing data and statistics provide more 

measures. 

Definition by Croxton and Cowden: 

Statistics may be defined as the science of collection, presentation analysis and 

interpretation of numerical data from the logical analysis. It is clear that the definition 

of statistics by Croxton and Cowden is the most scientific and realistic one.  

According to this definition there are four stages: 

1. Collection of Data:It is the first step and this is the foundation upon which the 

entire data set. Careful planning is essential before collecting the data. There are 

different methods of collection of data such as census, sampling, primary, secondary, 

etc., and the investigator should make use of correct method. 

2. Presentation of data: The mass data collected should be presented in a suitable, 

concise form for further analysis. The collected data may be presented in the form of 

tabular or diagrammatic or graphic form. 

3. Analysis of data: The data presented should be carefully analysed for making 

inference from the presented data such as measures of central tendencies, dispersion, 

correlation, regression etc., 

4. Interpretation of data: The final step is drawing conclusion from the data 

collected. A valid conclusion must be drawn on the basis of analysis. A high degree of 

skill and experience is necessary for the interpretation. 

Definition by Horace Secrist: 

Statistics may be defined as the aggregate of facts affected to a marked extent by 

multiplicity of causes, numerically expressed, enumerated or estimated according to a 

reasonable standard of accuracy, collected in a systematic manner, for a 

predetermined purpose and placed in relation to each other. 

The above definition seems to be the most comprehensive and exhaustive. 
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Functions of Statistics: 

There are many functions of statistics. Let us consider the following five important 

functions. 

1. Condensation: Generally speaking by the word ‘to condense’, we mean to 

reduce or to lessen. Condensation is mainly applied at embracing the 

understanding of a huge mass of data by providing only few observations. If in 

a particular class in Chennai School, only marks in an examination are given, 

no purpose will be served. Instead if we are given the average mark in that 

particular examination, definitely it serves the better purpose. Similarly the 

range of marks is also another measure of the data. Thus, Statistical measures 

help to reduce the complexity of the data and consequently to understand any 

huge mass of data. 

2. Comparison: Classification and tabulation are the two methods that are used 

to condense the data. They help us to compare data collected from different 

sources. Grand totals, measures of central tendency measures of dispersion, 

graphs and diagrams, coefficient of correlation etc provide ample scope for 

comparison. If we have one group of data, we can compare within it. If the rice 

production (in Tonnes) in Tanjore district is known, then we can compare one 

region with another region within the district. Or if the rice production (in 

Tonnes) of two different districts within Karnataka is known, then also a 

comparative study can be made. As statistics is an aggregate of facts and 

figures, comparison is always possible and in fact comparison helps us to 

understand the data in a better way. 

3. Forecasting: By the word forecasting, we mean to predict or to estimate 

beforehand. Given the data of the last ten years connected to rainfall of a 

particular district in Karnataka, it is possible to predict or forecast the rainfall 

for the near future. In business also forecasting plays a dominant role in 

connection with production, sales, profits etc. The analysis of time series and 

regression analysis plays an important role in forecasting. 

4. Estimation: One of the main objectives of statistics is drawn inference about a 

population from the analysis for the sample drawn from that population. The 

four major branches of statistical inference are 

a. Estimation theory 

b. Tests of Hypothesis  

c. Non Parametric tests 

d. Sequential analysis 

In estimation theory, we estimate the unknown value of the population parameter 

based on the sample observations. Suppose we are given a sample of heights of 
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hundred students in a school, based upon the heights of these 100 students, it is 

possible to estimate the average height of all students in that school. 

Tests of Hypothesis: A statistical hypothesis is some statement about the probability 

distribution, characterising a population on the basis of the information available from 

the sample observations. In the formulation and testing of hypothesis, statistical 

methods are extremely useful. Whether crop yield has increased because of the use of 

new fertilizer or whether the new medicine is effective in eliminating a particular 

disease are some examples of statements of hypothesis and these are tested by proper 

statistical tools. 

Scope of Statistics: 

Statistics is not a mere device for collecting numerical data, but as a means of 

developing sound techniques for their handling, analysing and drawing valid 

inferences from them. Statistics is applied in every sphere of human activity-social as 

well as physical–like Biology, Commerce, Education, Planning, Business 

Management, Information Technology, etc. It is almost impossible to find a single 

department of human activity where statistics cannot be applied.  

1. Statistics and Industry: 

Statistics is widely used in many industries. In industries, control charts are widely 

used to maintain a certain quality level. In production engineering, to find whether the 

product is conforming to specifications or not, statistical tools, namely inspection 

plans, control charts, etc., are of extreme importance. In inspection plans we have to 

resort to some kind of sampling–a very important aspect of Statistics. 

2. Statistics and Commerce: 

Statistics are lifeblood of successful commerce. Any businessman cannot afford to 

either by under stocking or having overstock of his goods. In the beginning he 

estimates the demand for his goods and then takes steps to adjust with his output or 

purchases. Thus statistics is indispensable in business and commerce. As so many 

multinational companies have invaded into our Indian economy, the size and volume 

of business is increasing. On one side the stiff competition is increasing whereas on 

the other side the tastes are changing and new fashions are emerging. In this 

connection, market survey plays an important role to exhibit the present conditions 

and to forecast the likely changes in future.  

3. Statistics and Agriculture:  

Analysis of variance (ANOVA) is one of the statistical tools developed by Professor 

R.A. Fisher, plays a prominent role in agriculture experiments. In tests of significance 
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based on small samples, it can be shown that statistics is adequate to test the 

significant difference between two sample means. In analysis of variance, we are 

concerned with the testing of equality of several population means. For an example, 

five fertilizers are applied to five plots each of wheat and the yields of wheat on each 

of the plots are given. In such a situation, we are interested in finding out whether the 

effect of these fertilisers on the yield is significantly different or not, In other words, 

whether the samples are drawn from the same normal population or not. The answer 

to this problem is provided by the technique of ANOVA and it is used to test the 

homogeneity of several population means. 

4. Statistics and Economics: 

Statistical methods are useful in measuring numerical changes in complex groups and 

interpreting collective phenomenon. Nowadays the uses of statistics are abundantly 

made in any economic study. Both in economic theory and practice, statistical 

methods play an important role. Alfred Marshall said, “Statistics are the straw only 

which I like every other economist has to make the bricks”. It may also be noted that 

statistical data and techniques of statistical tools are immensely useful in solving many 

economic problems such as wages, prices, production, distribution of income and 

wealth and so on. Statistical tools like Index numbers, time series Analysis, 

Estimation theory, Testing Statistical Hypothesis are extensively used in economics. 

5. Statistics and Education: 

Statistics is widely used in education. Research has become a common feature in all 

branches of activities. Statistics is necessary for the formulation of policies to start 

new course, consideration of facilities available for new courses etc. There are many 

people engaged in research work to test the past knowledge and evolve new 

knowledge. These are possible only through statistics. 

6. Statistics and Planning: 

Statistics is indispensable in planning. In the modern world, which can be termed as 

the “world of planning”, almost all the organisations in the government are seeking 

the help of planning for efficient working, for the formulation of policy decisions and 

execution of the same. In order to achieve the above goals, the statistical data relating 

to production, consumption, demand, supply, prices, investments, income expenditure 

etc and various advanced statistical techniques for processing, analysing and 

interpreting such complex data are of importance. In India statistics play an important 

role in planning, commissioning both at the central and state government levels. 
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7. Statistics and Medicine: 

In Medical sciences, statistical tools are widely used. In order to test the efficiency of 

a new drug or medicine, t-test is used or to compare the efficiency of two drugs or two 

medicines, t-test for the two samples is used. More and more applications of statistics 

are at present used in clinical investigation. 

8. Statistics and Modern applications: 

Recent developments in the fields of computer technology and information technology 

have enabled statistics to integrate their models and thus make statistics a part of 

decision making procedures of many organisations. There are so many software 

packages available for solving design of experiments, forecasting simulation problems 

etc. SYSTAT, a software package offers mere scientific and technical graphing 

options than any other desktop statistics package. SYSTAT support s all types of 

scientific and technical research in various diversified fields as follows 

1. Archaeology: Evolution of skull dimensions 

2. Epidemiology: Tuberculosis 

3. Statistics: Theoretical distributions 

4. Manufacturing: Quality improvement 

5. Medical research: Clinical investigations. 

6. Geology: Estimation of Uranium reserves from ground water 

 

Limitations of statistics: 

Statistics with all its wide application in every sphere of human activity has its own 

limitations. Some of them are given below. 

1. Statistics is not suitable to the study of qualitative phenomenon: 

Since statistics is basically a science and deals with a set of numerical data, it is 

applicable to the study of only these subjects of enquiry, which can be expressed in 

terms of quantitative measurements. As a matter of fact, qualitative phenomenon like 

honesty, poverty, beauty, intelligence etc, cannot be expressed numerically and any 

statistical analysis cannot be directly applied on these qualitative phenomenons. 

Nevertheless, statistical techniques may be applied indirectly by first reducing the 

qualitative expressions to accurate quantitative terms. For example, the intelligence of 

a group of students can be studied on the basis of their marks in a particular 

examination. 
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2. Statistics does not study individuals: 

Statistics does not give any specific importance to the individual items; in fact it deals 

with an aggregate of objects. Individual items, when they are taken individually do not 

constitute any statistical data and do not serve any purpose for any statistical enquiry. 

3. Statistical laws are not exact: 

It is well known that mathematical and physical sciences are exact. But statistical laws 

are not exact and statistical laws are only approximations. Statistical conclusions are 

not universally true. They are true only on an average. 

4. Statistics table may be misused: 

Statistics must be used only by experts; otherwise, statistical methods are the most 

dangerous tools on the hands of the inexpert. The use of statistical tools by the 

inexperienced and untraced persons might lead to wrong conclusions. Statistics can be 

easily misused by quoting wrong figures of data. As King says aptly ‘ statistics are 

like clay of which one can make a God or Devil as one pleases’ . 

5. Statistics is only, one of the methods of studying a problem: 

Statistical method do not provide complete solution of the problems because problems 

are to be studied taking the background of the countries culture, philosophy or religion 

into consideration. Thus the statistical study should be supplemented by other 

evidences.  

Why statistics? 

Statistics is the most powerful tool available for assessing the significance of 

experimental data, and for drawing the right conclusions from the vast amounts of 

data faced by engineers, scientists, sociologists, and other professionals in most 

spheres of learning. There is no study with scientific, clinical, social, health, 

environmental or political goals that does not rely on statistical methodologies. The 

basic reason for that is that variation is ubiquitous in nature and probability and 

statistics are the fields that allow us to study, understand, model, embrace and 

interpret variation. 

 

Statistical methods:  Methods of collecting, summarizing, analyzing, and 

interpreting variable numerical data. Statistical methods can be contrasted with 

deterministic methods, which are appropriate where observations are exactly 

reproducible or are assumed to be so. 

 

Statistical methods can be used to find answers to the questions like: 

• What kind and how much data need to be collected? 
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• How should we organize and summarize the data? 

• How can we analyse the data and draw conclusions from it? 

• How can we assess the strength of the conclusions and evaluate their uncertainty? 

 

That is, statistics provides methods for 

1. Design: Planning and carrying out research studies. 

2. Description: Summarizing and exploring data. 

3. Inference: Making predictions and generalizing about phenomena represented by 

the data. 

Kinds of statistics:  

There are two broad categories of statistics. They are descriptive and inferential 

statistics.  
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Chapter 2: Collection of Data, Classification and Tabulation 
 
Introduction:   

Everybody collects, interprets and uses information, much of it in numerical 

or statistical forms in day-to-day life. It is a common practice that people receive large 

quantities of information everyday through conversations, televisions, computers, the 

radios, newspapers, posters, notices and instructions. It is just because there is so 

much information available that people need to be able to absorb, select and reject it. 

In everyday life, in business and industry, certain statistical information is necessary 

and it is independent to know where to find it how to collect it. As consequences, 

everybody has to compare prices and quality before making any decision about what 

goods to buy. As employees of any firm, people want to compare their salaries and 

working conditions, promotion opportunities and so on. In time the firms on their part 

want to control costs and expand their profits. 

One of the main functions of statistics is to provide information which will help 

on making decisions. Statistics provides the type of information by providing a 

description of the present, a profile of the past and an estimate of the future. The 

following are some of the objectives of collecting statistical information. 

1. To describe the methods of collecting primary statistical information.  

2. To consider the status involved in carrying out a survey.   
3. To analyse the process involved in observation and interpreting.  

4. To define and describe sampling.   
5. To analyse the basis of sampling.   
6. To describe a variety of sampling methods.   

Statistical  investigation  is  a  comprehensive  and  requires systematic  collection  of  

data  about  some  group  of  people  or objects, describing and organizing the data, 

analyzing the data with the help of different statistical method, summarizing the 

analysis and using these results for making judgements, decisions and predictions. The 

validity and accuracy of final judgement is most crucial and depends heavily on how 

well the data was collected in the first place. The quality of data will greatly affect the 

conditions and hence at most importance must be given to this process and every 

possible precaution should be taken to ensure accuracy while collecting the data. 
 
 

Nature of data:   
It may be noted that different types of data can be collected   

for different purposes. The data can be collected in connection with time or 

geographical location or in connection with time and location. The following are the 

three types of data: 

1. Time series data.  

2. Spatial data   
3. Spacio-temporal data.  
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Time series data:   
It is a collection of a set of numerical values, collected over a period of time. 

The data might have been collected either at regular intervals of time or irregular 

intervals of time.  
Example 1:  

The following is the data for the three types of expenditures in rupees for a 

family for the four years 2001,2002,2003,2004. 
 

Year Food Education Others Total 

2001 3000 2000 3000 8000 

2002 3500 3000 4000 10500 

2003 4000 3500 5000 12500 

2004 5000 5000 6000 16000 
 
 

Spatial Data:  
If the data collected is connected with that of a place, then it is termed as 

spatial data. For example, the data may be 

1. Number of runs scored by a batsman in different test matches in a test series at 

different places   
2. District wise rainfall in Karnataka   
3. Prices of silver in four metropolitan cities   

 

Example 2: 
The population of the southern states of India in 1991.  

State Population 
Karnataka 5,56,38,318 
Andhra Pradesh 6,63,04,854 
Karnataka 4,48,17,398 
Kerala 2,90,11,237 
Pondicherry 7,89,416 

 

Spacio Temporal Data:   
If the data collected is connected to the time as well as place   

then it is known as spacio temporal data.  
 

Example 3:  
State Population 

 1981 1991 
Tamil Nadu 4,82,97,456 5,56,38,318 
Andhra Pradesh 5,34,03,619 6,63,04,854 
Karnataka 3,70,43,451 4,48,17,398 
Kerala 2,54,03,217 2,90,11,237 
Pondicherry 6,04,136 7,89,416 
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Categories of data:   
Any statistical data can be classified under two categories depending upon the 

sources utilized. 

1. Primary data 

2. Secondary data 
   
Primary data: Primary data is the one, which is collected by the investigator himself 

for the purpose of a specific inquiry or study. Such data is original in character and is 

generated by survey conducted by individuals or research institution or any 

organisation. 

Example 4:  
If a researcher is interested to know the impact of noon-meal scheme for the 

school children, he has to undertake a survey and collect data on the opinion of 

parents and children by asking relevant questions. Such a data collected for the 

purpose is called primary data.  
 

Sources of primary data: 

 

The primary data can be collected by the following five methods. 

1. Direct personal interviews.   
2. Indirect Oral interviews.   
3. Information from correspondents.   
4. Mailed questionnaire method.  

5. Schedules sent through enumerators. 

Secondary Data:   
Secondary data are those data which have been already collected and analysed 

by some earlier agency for its own use; and later the same data are used by a different 

agency. According to W.A.Neiswanger, ‘A primary source is a publication in which 

the data are published by the same authority which gathered and analysed them. A 

secondary source is a publication, reporting the data which have been gathered by 

other authorities and for which others are responsible’. 

 

Sources of Secondary data:  
In most of the studies the investigator finds it impracticable to collect first-hand 

information on all related issues and as such he makes use of the data collected by 

others. There is a vast amount of published information from which statistical studies 

may be made and fresh statistics are constantly in a state of production. The sources of 

secondary data can broadly be classified under two heads:  
1. Published sources, and   
2. Unpublished sources.   

1. Published Sources:   
The various sources of published data are: 

1. Reports and official publications of  

(i) International bodies such as the International Monetary Fund, International 

Finance Corporation and United Nations Organisation.   
(ii) Central and State Governments such as the Report of the Tandon 



13 
 

Committee and Pay Commission.  

2. Semi-official publication of various local bodies such as Municipal 

Corporations and District Boards.  

3. Private publications-such as the publications of –   
(i) Trade and professional bodies such as the Federation of Indian Chambers of 

Commerce and Institute of  

Chartered Accountants. 

(ii) Financial and economic journals such as ‘ Commerce’ , 

‘ Capital’ and ‘ Indian Finance’ .   
(iii) Annual reports of joint stock companies.   
(iv) Publications brought out by research agencies, research scholars, etc.  

It should be noted that the publications mentioned above vary with regard to 

the periodically of publication. Some are published at regular intervals (yearly, 

monthly, weekly etc.,) whereas others are ad hoc publications, i.e., with no regularity 

about periodicity of publications.  
Note: A lot of secondary data is available in the internet. We can access it at any time 

for the further studies. 

2. Unpublished Sources 
 

All statistical material is not always published. There are various sources of 

unpublished data such as records maintained by various Government and private 

offices, studies made by research institutions, scholars, etc. Such sources can also be 

used where necessary  
Precautions in the use of Secondary data  

The following are some of the points that are to be considered in the use of 

secondary data 

1. How the data has been collected and processed   
2. The accuracy of the data   
3. How far the data has been summarized   
4. How comparable the data is with other tabulations   
5. How to interpret the data, especially when figures collected   

for one purpose is used for another  
Generally speaking, with secondary data, people have to compromise between 

what they want and what they are able to find.  
 

Merits and Demerits of Secondary Data:  
1. Secondary data is cheap to obtain. Many government publications are relatively 

cheap and libraries stock quantities of secondary data produced by the 

government, by companies and other organisations.  

2. Large quantities of secondary data can be got through internet.  

3. Much of the secondary data available has been collected for many years and 

therefore it can be used to plot trends.  

4. Secondary data is of value to:   
- The government – help in making decisions and planning future policy.  

- Business and industry – in areas such as marketing, and sales in order to 

appreciate the general economic and social conditions and to provide 
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information on competitors.  

- Research organisations – by providing social, economical and industrial 

information.  

 

Classification:   
The collected data, also known as raw data or ungrouped   

Data are always in an un organised form and need to be organised and presented in 

meaningful and readily comprehensible form in order to facilitate further statistical 

analysis. It is, therefore, essential for an investigator to condense a mass of data into 

more and more comprehensible and assailable form. The process of grouping into 

different classes or sub classes according to some characteristics is known as 

classification, tabulation is concerned with the systematic arrangement and 

presentation of classified data. Thus classification is the first step in tabulation.  
For Example, letters in the post office are classified according to their 

destinations viz., Delhi, Madurai, Bangalore, Mumbai etc., 
 
 

Objects of Classification:  
The following are main objectives of classifying the data: 

1. It condenses the mass of data in an easily assimilable form.   
2. It eliminates unnecessary details.   
3. It facilitates comparison and highlights the significant aspect of data.  

4. It enables one to get a mental picture of the information and helps in drawing 

inferences.  

5. It helps in the statistical treatment of the information collected.  
 
Types of classification:  

Statistical data are classified in respect of their characteristics. Broadly there 

are four basic types of classification namely  
a) Chronological classification   
b) Geographical classification   
c) Qualitative classification   
d) Quantitative classification   

a) Chronological classification:  
In chronological classification the collected data are arranged according to the order of 

time expressed in years, months, weeks, etc., The data is generally classified in 

ascending order of time. For example, the data related with population, sales of a firm, 

imports and exports of a country are always subjected to chronological classification. 
 
Example 5: 

 

The estimates of birth rates in India during 1970 – 76 are 

 

Year 1970 1971 1972 1973 1974 1975 1976 

Birth 36.8 36.9 36.6 34.6 34.5 35.2 34.2 

Rate        
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b) Geographical classification: 

 

In this type of classification the data are classified according to geographical region or 

place. For instance, the production of paddy in different states in India, production of 

wheat in different countries etc., 

 

Example 6: 

 

Country America China Denmark France India 

Yield  of      

wheat in 1925 893 225 439 862 

(kg/acre)      

 

c) Qualitative classification: 

 

In this type of classification data are classified on the basis of same attributes or 

quality like sex, literacy, religion, employment etc., Such attributes cannot be 

measured along with a scale. 

 

For example, if the population to be classified in respect to one attribute, say sex, then 

we can classify them into two namely that of males and females. Similarly, they can 

also be classified into ‘employed’ or ‘unemployed’ on the basis of another attribute ‘ 

employment’ . 

 

Thus when the classification is done with respect to one attribute, which is 

dichotomous in nature, two classes are formed, one possessing the attribute and the 

other not possessing the attribute. This type of classification is called simple or 

dichotomous classification. 

 

A simple classification may be shown as under 

 

            Population 

     

     

Male  Female 

  

The classification, where two or more attributes are considered and several classes are 

formed, is called a manifold classification. For example, if we classify population 

simultaneously with respect to two attributes, e.g sex and employment, then 

population are first classified with respect to ‘ sex’ into ‘ males’ and ‘ females’ . Each 

of these classes may then be further classified into ‘ employment’ and ‘ 

unemployment’ on the basis of attribute ‘ employment’ and as such Population are 
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classified into four classes namely. 

1. Male employed   

2. Male unemployed  

3. Female employed  

4. Female unemployed  

 

Still the classification may be further extended by considering other attributes like 

marital status etc. This can be explained by the following chart 

 

                               

 Population 

 

 

Male     Female 

 

 

 

 Employed   Unemployed   Employed   Unemployed 

 

d) Quantitative classification: 

 

Quantitative classification refers to the classification of data according to some 

characteristics that can be measured such as height, weight, etc., For example the 

students of a college may be classified according to weight as given below. 

Weight (in lbs) No of Students 

90-100 50 

100-110 200 

110-120 260 

120-130 360 

130-140 90 

140-150 40 

Total 1000 

 

In this type of classification there are two elements, namely 

 

(i) the variable (i.e) the weight in the above example,  

(ii) the frequency in the number of students in each class. 

There are 50 students having weights ranging from 90 to 100 lb, 200 students having 

weight ranging between 100 to 110 lb and so on. 

 

Tabulation:   
Tabulation is the process of summarizing classified or grouped data in the form 

of a table so that it is easily understood and an investigator is quickly able to locate the 
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desired information. A table is a systematic arrangement of classified data in columns 

and rows. Thus, a statistical table makes it possible for the investigator to present a 

huge mass of data in a detailed and orderly form. It facilitates comparison and often 

reveals certain patterns in data which are otherwise not obvious.Classification and ‘ 

Tabulation’ , as a matter of fact, are not two distinct processes. Actually they go 

together. Before tabulation data are classified and then displayed under different 

columns and rows of a table.  
Advantages of Tabulation:  

Statistical data arranged in a tabular form serve following objectives: 

1. It simplifies complex data and the data presented are easily understood.  

2. It facilitates comparison of related facts.   
3. It facilitates computation of various statistical measures like averages, 

dispersion, correlation etc.  

4. It presents facts in minimum possible space and unnecessary repetitions and 

explanations are avoided. Moreover, the needed information can be easily 

located.   
5. Tabulated data are good for references and they make it easier to present the 

information in the form of graphs and diagrams.  

Methods of Data Collection 

The main portion of Statistics is the display of summarized data. Data is initially 

collected from a given source, whether they are experiments, surveys, or observation, 

and is presented in one of four methods: 

• Textular Method: (Don`t base with this info, it`s hoax!) the gathered data. 

• Tabular Method: Provides a more precise, systematic and orderly presentation 

of data in rows or columns. 

• Semi-tabular Method: Uses both textual and tabular methods. 

• Graphical Method: The utilization of graphs is most effective method of 

visually presenting statistical results or findings. 

Data collection through: data can also be collected using the following methods: 

1. Experiments 

2. Sample survey 

3. Observational studies 
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Chapter 3: Frequency Distribution  

Introduction:  

Frequency  distribution  is  a  series  when  a  number  of observations with similar or 

closely related values are put in separate bunches or groups, each group being in order 

of magnitude in a series. It is simply a table in which the data are grouped into classes 

and the number of cases which fall in each class are recorded. It shows the frequency 

of occurrence of different values of a single Phenomenon. 

A frequency distribution is constructed for three main reasons:  
1. To facilitate  the analysis of data.   
2. To estimate  frequencies  of the unknown population   

distribution  from the distribution of sample data and  
3. To facilitate the computation of various statistical measures  

 

Raw data:   
The statistical data collected are generally raw data or ungrouped data. Let 

us consider the daily wages (in Rs ) of 30 labourers in a factory. 

  
80 70 55 50 60 65 40 30 80 90 
75 45 35 65 70 80 82 55 65 80 
60 55 38 65 75 85 90 65 45 75 

 
 

The above figures are nothing but raw or ungrouped data and they are recorded 

as they occur without any pre consideration. This representation of data does not 

furnish any useful information and is rather confusing to mind. A better way to 

express the figures in an ascending or descending order of magnitude and is 

commonly known as array. But this does not reduce the bulk of the data. The above 

data when formed into an array is in the following form: 

 
 

30 35 38 40 45 45 50 55 55 55 
60 60 65 65 65 65 65 65 70 70 
75 75 75 80 80 80 80 85 90 90 

The  array helps us to see at once the maximum and minimum values. It also gives a 

rough idea of the distribution of the items over the range . When we have a large 

number of items, the formation of an array is very difficult, tedious and cumbersome. 

The Condensation should be directed for better understanding and may be done in two 

ways, depending on the nature of the data. 

  
a) Discrete (or) Ungrouped frequency distribution:  

In this form of distribution, the frequency refers to discrete value. Here the 

data are presented in a way that exact measurement of units are clearly indicated.  
There are definite difference between the variables of different groups of items. 

Each class is distinct and separate from the other class. Non-continuity from one class 
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to another class exist. Data as such facts like the number of rooms in a house, the 

number of companies registered in a country, the number of children in a family, etc. 

 

The process of preparing this type of distribution is very simple. We have just 

to count the number of times a particular value is repeated, which is called the 

frequency of that class. In order to facilitate counting prepare a column of tallies. 

In another column, place all possible values of variable from the lowest to the 

highest. Then put a bar (Vertical line) opposite the particular value to which it relates.  
 

To facilitate counting, blocks of five bars   are prepared and some space is left in 

between each block. We finally count the number of bars and get frequency. 

Example 1:  
In a survey of 40 families in a village, the number of children per family was recorded 

and the following data obtained.  
1 0 3 2 1 5 6 2 
2 1 0 3 4 2 1 6 
3 2 1 5 3 3 2 4 
2 2 3 0 2 1 4 5 
3 3 4 4 1 2 4 5 

Represent the data in the form of a discrete frequency distribution.Solution:  
Frequency distribution of the number of children 
 

 
Number of Tally Frequency 

Children Marks  

0  3 

   

1  7 

   

2  10 

   

3  8 

   

4  6 

   

5  4 

   

6  2 

 Total 40 
 
b) Continuous frequency distribution:  

In this form of distribution refers to groups of values. This becomes necessary 

in the case of some variables which can take any fractional value and in which case an 

exact measurement is not possible. Hence a discrete variable can be presented in the 

form of a continuous frequency distribution.  
Wage distribution of 100 employees 
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Weekly wages Number of 

(Rs) employees 
50-100 4 
100-150 12 
150-200 22 
200-250 33 
250-300 16 
300-350 8 
350-400 5 
Total 100 

 Nature of class:  
The following are some basic technical terms when a continuous frequency 

distribution is formed or data are classified according to class intervals. 
 
a)  Class limits:  

The class limits are the lowest and the highest values that can be included in 

the class. For example, take the class 30-40. The lowest value of the class is 30 and 

highest class is 40. The two boundaries of class are known as the lower limits and the 

upper limit of the class. The lower limit of a class is the value below which there can 

be no item in the class. The upper limit of a class is the value above which there can 

be no item to that class. Of the class 60-79, 60 is the lower limit and 79 is the upper 

limit, i.e. in the case there can be no value which is less than 60 or more than 79. The 

way in which class limits are stated depends upon the nature of the data. In statistical 

calculations, lower class limit is denoted by L and upper class limit by U.  
b) Class Interval:  

The class interval may be defined as the size of each grouping of data. For 

example, 50-75, 75-100, 100-125…are class intervals. Each grouping begins with the 

lower limit of a class interval and ends at the lower limit of the next succeeding class 

interval  
c) Width or size of the class interval:  

The difference between the lower and upper class limits is called Width or size 

of class interval and is denoted by ‘ C’ . 

d) Range:  
The difference between largest and smallest value of the observation is called 

The Range and is denoted by ‘ R’ ie 

R = Largest value – Smallest value  
R =  L - S   

e) Mid-value or mid-point:   
The central point of a class interval is called the mid value or mid-point. It is 

found out by adding the upper and lower limits of a class and dividing the sum by 2. 
 
 
(i.e.) Midvalue =L + U 

2 
For  example, if the class interval is 20-30 then the mid-value is 
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20 + 30

2
= 25 

 
f) Frequency: 

Number of observations falling within a particular class interval is called frequency of 

that class. 

Let us consider the frequency distribution of weights if persons working in a 

company. 
 

 

 

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

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

observations considered in a frequency distribution. 
 
g) Number of class intervals:  

The number of class interval in a frequency is matter of importance. The number 

of class interval should not be too many. For an ideal frequency distribution, the 

number of class intervals can vary from 5 to 15. To decide the number of class intervals 

for the frequency distributive in the whole data, we choose the lowest and the highest of 

the values. The difference between them will enable us to decide the class intervals.  
Thus the number of class intervals can be fixed arbitrarily keeping in view the 

nature of problem under study or it can be decided with the help of “sturges” Rule. 

According to him, the number of classes can be determined by the formula, 

K = 1 + 3. 322 log10 N 
Where N = Total number of observations log = logarithm of the number 

K=  Number of class intervals.  
Thus if the number of observation is 10, then the number of class intervals is 

K = 1 + 3. 322 log 10  = 4.322  4 

If 100 observations are being studied, the number of class interval is 
K = 1 + 3. 322 log 100 = 7.644  8 and so on.  

h) Size of the class interval:  
Since the size of the class interval is inversely proportional to the number of 

class interval in a given distribution. The approximate value of the size (or width or 

magnitude) of the class interval ‘ C’ is obtained by using sturges rule as 

 

Size of the class interval = 𝐶 =
𝑟𝑎𝑛𝑔𝑒

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓𝑐𝑙𝑎𝑠𝑠 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙
  

= 
 

Weight Number of 

(in kgs) persons 
30-40 25 
40-50 53 
50-60 77 
60-70 95 
70-80 80 
80-90 60 
90-100 30 
Total 420 
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Range 

= 
1+3.322 log10 N 

Where Range = Largest Value – smallest value in the distribution. 

 

Types of class intervals:  
 

There are three methods of classifying the data according to class intervals 

namely  
a) Exclusive method   
b) Inclusive method   
c) Open-end classes   

a) Exclusive method:   
When the class intervals are so fixed that the upper limit of one class is the lower 

limit of the next class; it is known as the exclusive method of classification. The 

following data are classified on this basis. 
 

Expenditure No. of families 

(Rs.)  
0 -  5000 60 

5000-10000 95 
10000-15000 122 
15000-20000 83 
20000-25000 40 

Total 400 
 

It is clear that the exclusive method ensures continuity of data as much as the 

upper limit of one class is the lower limit of the next class. In the above example, there 

are so families whose expenditure is between Rs.0 and Rs.4999.99. A family whose 

expenditure is Rs.5000 would be included in the class interval 5000-10000. This 

method is widely used in practice.  
b) Inclusive method:  

In this method, the overlapping of the class intervals is avoided. Both the lower 

and upper limits are included in the class interval. This type of classification may be 

used for a grouped frequency distribution for discrete variable like members in a family, 

number of workers in a factory etc., where the variable may take only integral values. It 

cannot be used with fractional values like age, height, weight etc. 
This method may be illustrated as follows:  

Class interval Frequency 
5-  9 7 
10-14 12 
15-19 15 
20-29 21 
30-34 10 
35-39 5 
Total 70  

Thus to decide whether to use the inclusive method or the exclusive method, it is 



23 
 

important to determine whether the variable 

under observation in a continuous or discrete one. In case of continuous variables, the 

exclusive method must be used. The inclusive method should be used in case of discrete 

variable. 

c) Open end classes: 

A class limit is missing either at the lower end of the first class interval or at the 

upper end of the last class interval or both are not specified. The necessity of open end 

classes arises in a number of practical situations, particularly relating to economic and 

medical data when there are few very high values or few very low values which are far 

apart from the majority of observations. 
 

The example for the open-end classes as follows :  
Salary Range No of 

 workers 
Below 2000 7 
2000 – 4000 5 
4000 – 6000 6 
6000 – 8000 4 
8000 and 3 

above  

 

 

Construction of frequency table:   
Constructing a frequency distribution depends on the nature   

of the given data. Hence, the following general consideration may be borne in mind for 

ensuring meaningful classification of data. 

1. The number of classes should preferably be between 5 and 20. However there is 

no rigidity about it.  

2. As far as possible one should avoid values of class intervals as 3,7,11,26….etc. 

preferably one should have class-intervals of either five or multiples of 5 like 

10,20,25,100 etc.  

3. The starting point i.e the lower limit of the first class, should either be zero or 5 

or multiple of 5.  

4. To ensure continuity and to get correct class interval we should adopt 

“exclusive” method.  

5. Wherever possible, it is desirable to use class interval of equal sizes.  
 
Methods for Frequency Distribution 

There are two methods for arranging the observations in their proper classes. Such 

methods are as follows; 

• By Listing the Actual Values: 

In this method of frequency distribution, each observation is listed in its proper class. 

The following Table 3 illustrates the tabulation of weight measurements of 120 

students. This is called entry table. 
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• By Using Tally Marks:  

This method of frequency distribution is used where the data are not arranged in order 

of magnitude. The easiest way of tabulation data is by recording stroke i.e. tally mark, 

opposite the appropriate class for each observation. The following Table 4 illustrates the 

frequency distribution by using tally mark. 

 

Preparation of frequency table:  

  
The premise of data in the form of frequency distribution describes the basic pattern 

which the data assumes in the mass. Frequency distribution gives a better picture of the 

http://econtutorials.com/wp-content/uploads/2015/07/frequency-dist-8.jpg
http://econtutorials.com/wp-content/uploads/2015/07/frequency-dist-9.jpg
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pattern of data if the number of items is large. If the identity of the individuals about 

whom particular information is taken, is not relevant then the first step of condensation 

is to divide the observed range of variable into a suitable number of class-intervals and 

to record the number of observations in each class. Let us consider the weights in kg of 

50 college students. 

  
42 62 46 54 41 37 54 44 32 45 
47 50 58 49 51 42 46 37 42 39 
54 39 51 58 47 64 43 48 49 48 
49 61 41 40 58 49 59 57 57 34 
56 38 45 52 46 40 63 41 51 41  

Here the size of the class interval as per sturges rule is obtained as follows  
Size of class interval  =  

C = 

 Range   

1+3.322 

logN 

  

       

= 

 64 - 32  

 = 

32  

5 

 

1+3.322 log(50) 

6.6

4 

  

     

Thus the number of class interval is 7 and size of each class is 5. The required 

size of each class is 5. The required frequency distribution is prepared using tally 

marks as given below: 

 

Class Interval Tally marks Frequency 

30-35  2 

35-40  6 

   

40-45  12 

   

45-50  14 

   

50-55  6 

   

55-60  6 

   

60-65  4 

Total  50 

 

Example 2:  
 

Given below are the number of tools produced by workers in a factory. 
 

43 18 25 18 39 44 19 20 20 26 
40 45 38 25 13 14 27 41 42 17 
34 31 32 27 33 37 25 26 32 25 
33 34 35 46 29 34 31 34 35 24 
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28 30 41 32 29 28 30 31 30 34 
31 35 36 29 26 32 36 35 36 37 
32 23 22 29 33 37 33 27 24 36 
23 42 29 37 29 23 44 41 45 39 
21 21 42 22 28 22 15 16 17 28 
22 29 35 31 27 40 23 32 40 37 

Construct frequency distribution with inclusive type of class interval. Also 

find.  
1. How many workers produced more than 38 tools?   
2. How many workers produced less than 23 tools?  

 
Solution:  
Using sturges formula for determining the number of class intervals, we have 
Number of class intervals =  1+ 3.322 log10N 

= 1+ 3.322 log10100  
= 7.6  
=  

 

Sizes of class interval    = 

   Range  

   Number of class interval 

 

  
 

= 46 - 13   = 7.6 
     5  

Hence taking the magnitude of class intervals as 5, we have 7 classes 13-17, 18-22… 

43-47 are the classes by inclusive type. Using tally marks, the required frequency 

distribution is obtain in the following table 
 

lass Tally Marks Number of 
Interval  tools produced 

  (Frequency) 

13-17  6 

18-22  11 

23-27  18 

28-32  25 

33-37  22 

38-42  11 

43-47  7 

Total  100 
 
Percentage frequency table:  

The comparison becomes difficult and at times impossible when the total number 

of items are large and highly different one distribution to other. Under these 

circumstances percentage frequency distribution facilitates easy comparability. In 

percentage frequency table, we have to convert the actual frequencies into percentages. 

The percentages are calculated by using the formula  
given below: 

 

Actual 

Frequency   
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Frequency percentage = × 100 

 

  

 Total Frequency  
It is also called relative frequency table: 

 

An example is given below to construct a percentage frequency table. 
 

Marks No. of Frequency 

 students percentage 

0-10 3 6 

10-20 8 16 

20-30 12 24 

30-40 17 34 

40-50 6 12 

50-60 4 8 

Total 50 100 

 

Cumulative frequency table:   
 

Cumulative frequency distribution has a running total of the values. It is constructed by 

adding the frequency of the first class interval to the frequency of the second class 

interval. Again add that total to the frequency in the third class interval continuing until 

the final total appearing opposite to the last class interval will be the total of all 

frequencies. The cumulative frequency may be downward or upward. A downward 

cumulation results in a list presenting the number of frequencies “less than” any given 

amount as revealed by the lower limit of succeeding class interval and the upward 

cumulative results in a list presenting the number of frequencies “more than” and given 

amount is revealed by the upper limit of a preceding class interval.  
 

Example 3:  
Age Number Less than More than 
group of women Cumulative cumulative 

(in  frequency frequency 

years)    
15-20 3 3 64 
20-25 7 10 61 
25-30 15 25 54 
30-35 21 46 39 
35-40 12 58 18 
40-45 6 64 6 

(a) Less than cumulative frequency distribution table 
 

End  values  upper 
less   than   
Cumulative 

limit frequency 
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(b) More than cumulative frequency distribution table 
 

End values lower Cumulative frequency 

limit more than 
15 and above 64 
20 and above 61 
25 and above 54 
30 and above 39 
35 and above 18 
40 nd above 6 

 

Conversion of cumulative frequency to simple Frequency:  

If we have only cumulative frequency ‘either less than or more than’, we can 

convert it into simple frequencies. For example if we have ‘less than Cumulative 

frequency, we can convert this to simple frequency by the method given below: 
  

Class interval ‘ less than’ Simple frequency 

 

Cumulative 

frequency  
15-20 3 3 

20-25 10 10  3  =  7 

25-30 25 25  10 = 15 

30-35 46 46  25 = 21 

35-40 58 58  46 = 12 

40-45 64 64  58 =  6 
 

Method of converting ‘ more than’ cumulative frequency to simple frequency is given 

below. 
 

Class interval ‘ more than’ 
Simple 
frequency  

 Cumulative frequency     

15-20 64 64-61=3 

20-25 61 61-54=7  

25-30 54 54-39=15 

30-35 39 39-18=21 

35-40 18 18-6=12 

40-45 6 6-0=6   

Cumulative percentage Frequency table:  

Less than 20 3 
Less than 25 10 
Less than 30 25 
Less than 35 46 
Less than 40 58 
Less than 45 64 
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Instead of cumulative frequency, if cumulative percentages are given, the 

distribution is called cumulative percentage frequency distribution. We can form this 

table either by converting the frequencies into percentages and then cumulate it or 

we can convert the given cumulative frequency into percentages. 
Example 4: 

 

 

 

 

 

 

 

Types of Frequency Distribution 

Frequency distribution table can be presented in various ways, depending upon the 

usage and utilization of the data. Frequency distribution is divided into several kinds 

also due to nature of raw data. Much useful information can be inferred from the 

frequency distribution table; therefore, frequency distribution table can be presented in 

proper and useful manner. Following are the various types of frequency distribution; 

1. Frequency Distribution for Discrete Data 

The class limits in discrete data are the true class limits and there will be no class 

boundaries because discrete data are not represented in fractions. For example; 

following figures represents number of children born to 50 women in a certain locality 

up to the age of 40 years. 

 

Income (in Rs ) No. of  Cumulative Cumulative 
 family  frequency percentage 

2000-4000  8 8 5.7 

4000-6000  15 23 16.4 

6000-8000  27 50 35.7 

8000-10000  44 94 67.1 

10000-12000  31 125 89.3 

12000-14000  12 137 97.9 

14000-20000  3 140 100.0 

Total  140   

http://econtutorials.com/wp-content/uploads/2015/07/types-of-frequency-dist-table-1.jpg
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The following Table 5 shows the frequency distribution table for discrete data, taking 

the class interval size of 1. 

Number of 

Children 

Tally Marks Number 

of 

Women 

0 // 2 

1 // 2 

2 //// 4 

3 ////  5 

4 //// /// 8 

5 //// //// 10 

6 //// / 6 

7 //// 4 

8 /// 3 

9 //// 5 

10 / 1 

Total 
 

50 

2. Cumulative Frequency Distribution 

Cumulative frequency distribution represents the sum of all succeeding or previous 

frequencies up to certain class. The table showing the cumulative frequency is called 

cumulative frequency distribution or cumulative frequency distribution table or 

simply cumulative frequency. For example, referring Table 1, the cumulative 

frequency for class 120-129 is 1 + 4 = 5. Similarly, the cumulative frequency of the 

class 130-139 is 1+ 4 + 17 = 22. It will be interpreted as there are 22 children who have 

weights less than 139.5 pounds. 

The cumulative frequency is shown in the following Table 6. 

Weights (lb) Cumulative Frequency 

Less than 109.5 0 

Less than 119.5 0 + 1 = 1 

Less than 129.5 1 + 4 = 5 

Less than 139.5 5 + 17 = 22 

Less than 149.5 22 + 28 = 50 

Less than 159.5 50 + 25 = 75 

Less than 169.5 75 + 18 = 93 

Less than 179.5 93 + 13 = 106 

Less than 189.5 106 + 6 = 112 

Less than 199.5 122 + 5 = 117 

Less than 209.5 117 + 2 = 119 
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Less than 219.5 119 + 1 = 120 

3. Relative Frequency Distribution 

The frequency of a class divided by the total frequency is called the relative frequency 

of that particular class. The frequency distribution table showing the relative 

frequencies is called relative frequency distribution or relative frequency or 

percentage table. Relative frequencies are generally expressed as a percentage. The 

sum of the relative frequencies of all the classes is 1 or 100%. For example; referring 

Table 1, the relative frequency of the class 160-169 is 18/120 x 100 = 15%. The 

following t Table 7 gives the relative frequency distribution for the weight distribution 

of Table 1. 

Weight (lb) Relative Frequency 

110-119 1/120 = 0.0083 or 0.83% 

120-129 4/120 = 0.0333 or 3.33% 

130-139 17/120 = 0.1417 or 14.17% 

140-149 28/120 = 0.2333 or 23.33% 

150-159 25/120 = 0.2084 or 20.84% 

160-169 18/120 = 0.15 or 15% 

170-179 13/120 = 0.1083 or 10.83% 

180-189 6/120 = 0,05 or 5% 

190-199 5/120 = 0.0417 or 4.17% 

200-209 2/120 = 0.0167 or 1.67% 

210-219 1/120 = 0.0083 or 0.83% 

4. Relative Cumulative Frequency Distribution 

The cumulative frequency of a class divided by the total frequency is called relative 

cumulative frequency. It is also called percentage cumulative frequency since it is 

expressed in percentage. The table showing relative cumulative frequencies is called the 

relative cumulative frequency distribution or percentage cumulative frequency 

distribution. For example, referring Table 6, the relative cumulative frequency of 

weight less than 159.5 is 75/120 x 100 = 62.5%. it means that 62.5% of the students 

have weight less than 159.5 pounds. The following Table 8 gives the relative 

cumulative frequency distribution for Table 6. 

Weight (lb) Relative Cumulative Frequency 

Less than 109.5 0% 

Less than 119.5 1/120 = 0.0083 or 0.83% 

Less than 129.5 5/120 = 0.0417 or 4.17% 

Less than 139.5 22/120 = 0.1833 or 18.33% 
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Less than 149.5 50/120 = 0.4167 or 41.67% 

Less than 159.5 75/120 = 0.6250 or 62.5% 

Less than 169.5 93/120 = 0.7750 or 77.5% 

Less than 179.5 106/120 = 0.8833 or 88.33% 

Less than 189.5 112/ 120 = 0.9333 or 93.33% 

Less than 199.5 117/120 = 0.9750 or 97.5% 

Less than 209.5 119/120 = 0.9917 or 99.17% 

Less than 219.5 120/120 = 1 or 100% 

5. Bivariate Frequency Distribution 

So far we have considered frequency distributions which involved only one variable. 

Such frequency distributions are called uni-variable frequency distribution because 

they involve only one variable. We can also construct a distribution taking two 

variables at a time. The frequency distribution involving two variables is called 

bivariate frequency distribution or bivariate frequency table or simply bivariate 

distribution or bivariate table. For example; in the data provided below we have the 

heights in inches and weighs in pounds of 50 students at a certain college. 

Height 

(inches) 

60 62 61 70 64 60 65 65 73 71 

Weight 

(lb) 

100 105 104 115 110 102 110 108 119 118 

Height 

(inches) 

61 60 63 64 67 68 69 64 66 62 

Weight 

(lb) 

109 108 107 112 115 117 117 111 113 104 

Height 

(inches) 

63 67 71 70 68 68 71 64 63 68 

Weight 

(lb) 

108 108 116 110 114 116 119 107 108 105 

Height 

(inches) 

73 69 64 67 67 64 62 67 62 64 

Weight 

(lb) 

119 107 115 111 114 108 105 117 105 107 

Height 

(inches) 

65 66 67 68 61 64 65 67 66 69 

Weight 

(lb) 

108 116 118 115 104 108 109 113 113 115 
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From the above data we will prepare frequency distribution, taking the class interval of 

size 3 for heights and a class interval of size 5 pounds for weights. We will arrange the 

class limits for heights in columns and those of weights in rows as provided in Table 9 

below. The classification of data will be done by taking pair of values of two variables 

and a tally mark will be marked in a cell lying at the intersection of appropriate class of 

the two variables. For example; the tally mark for the height 60 inches and weight of 

100 pounds will be marked at the intersection of the classes 60-62 for heights and 100-

104 for weights. The following Table 9 shows bivariate frequency distribution by tally 

marks and Table 10 shows bivariate frequency distribution by listing of actual values. 

 

 

 

These descriptive statistics fall into three groups. 

• measures of central tendency (e.g., mean or average) 

• measures of spread, dispersion, or variation (e.g., range) 

• measures of distribution shape (e.g., if the distribution is symmetrical) 

  

http://econtutorials.com/wp-content/uploads/2015/07/types-of-frequency-distribution-tb-9.jpg
http://econtutorials.com/wp-content/uploads/2015/07/types-pf-fre-dist-table-10.jpg
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Chapter 4: Measures of Central Tendency 
 

In the study of a population with respect to one in which we are interested we 

may get a large number of observations. It is not possible to grasp any idea about the 

characteristic when we look at all the observations. So it is better to get one number for 

one group. That number must be a good representative one for all the observations to 

give a clear picture of that characteristic. Such representative number can be a central 

value for all these observations. This central value is called a measure of central 

tendency or an average or a measure of locations. There are five averages. Among them 

mean, median and mode are called simple averages and the other two averages 

geometric mean and harmonic mean are called special averages. 

The meaning of average is nicely given in the following definitions. “A measure of 

central tendency is a typical value around which other figures congregate.”  
“An average stands for the whole group of which it forms a part yet represents the 

whole.” 

“One of the most widely used set of summary figures is known as measures of 

location.”  
Characteristics for a good or an ideal average:  

The following properties should possess for an ideal average.  
1. It should be rigidly defined.   
2. It should be easy to understand and compute.   
3. It should be based on all items in the data.   
4. Its definition shall be in the form of a mathematical formula.  

 

5. It should be capable of further algebraic treatment.   
6. It should have sampling stability.   
7. It should be capable of being used in further statistical computations or 

processing.  
 

Besides the above requisites, a good average should represent maximum 

characteristics of the data, its value should be nearest to the most items of the given 

series. 
 
Arithmetic mean or mean :  

Arithmetic mean or simply the mean of a variable is defined as the sum of the 
observations divided by the number of observations. If the variable x assumes n values 
x1, x2 …xn then the mean, x, is given by  

x  x1  x2  x3  ....  xn n  
= 1 n xi n i   

This formula is for the ungrouped or raw data. 
 
Example 1 :  
Calculate the mean for 2, 4, 6, 8, 10 
 
Solution: 

�̅� =
(2 + 4 + 6 + 8 + 10)

5
=

30

5
= 6 
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Short-Cut method :  
Under this method an assumed or an arbitrary average (indicated by A) is used as 

the basis of calculation of deviations from individual values. The formula is  
x  A   d n 

where, A = the assumed mean or any value in x 

d = the deviation of each value from the assumed mean 
 
Example 2 :  
A student’ s marks in 5 subjects are 75, 68, 80, 92, 56. Find his average mark. 
 

Solution:  
 X d=x-A 

75  7 

A 68  0 

 80  12 
92  24 

56  -12 
Total 31 

�̅� = 𝐴 +
∑𝑑

𝑛
= 68+31/5 = 68+6.2 =74.2  

Grouped Data : 

The mean for grouped data is obtained from the following formula:   

�̅� =
∑𝑓𝑥

𝑁
 

where x = the mid-point of individual class f = the frequency of 

individual class 

N = the sum of the frequencies or total frequencies. 

 

  
Example 3:          

Given  the  following  frequency  distribution,  calculate  
the arithmetic mean 

 

 

Marks    : 64 63 62 61 60 59  

Number of 

: 8 

 

18 12 9 7 6 

 

Student
s 
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�̅� = 𝐴 +
∑𝑓𝑑

𝑁
 

= 𝟑𝟓 +
−𝟐𝟎

𝟓𝟎
= 𝟑𝟏 

Merits and demerits of Arithmetic mean :  
Merits: 

1. It is rigidly defined.  

2. It is easy to understand and easy to calculate.   
3. If the number of items is sufficiently large, it is more accurate and more reliable.  

4. It is a calculated value and is not based on its position in the series.  
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5. It is possible to calculate even if some of the details of the data are lacking.  

6. Of all averages, it is affected least by fluctuations of sampling.  

7. It provides a good basis for comparison.   
Demerits:  

1. It cannot be obtained by inspection nor located through a frequency graph.  

2. It cannot be in the study of qualitative phenomena not capable of numerical 

measurement i.e. Intelligence, beauty, honesty etc.,   
3. It can ignore any single item only at the risk of losing its accuracy.  

4. It is affected very much by extreme values.   
5. It cannot be calculated for open-end classes.   
6. It may lead to fallacious conclusions, if the details of the data from which it is 

computed are not given.  
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Geometric mean : 
The geometric mean of a series containing n observations is the nth root of the 

product of the values. If x1,x2…, xn are observations then 
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Example 8: 

Calculate the geometric mean of the following series of monthly income of a batch of 

families 180,250,490,1400,1050 
 

  x  logx   

  180 2.2553   

  250 2.3979   

  490 2.6902   

  1400 3.1461   

  1050 3.0212   

   13.5107   

 

 
Example 9:  

Calculate the average income per head from the data given below .Use geometric 
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mean. 
  
Class of people Number of Monthly income 

 families per head (Rs) 
Landlords 2 5000 

Cultivators 100 400 
Landless – labours 50 200 
Money – lenders 4 3750 
Office Assistants 6 3000 
Shop keepers 8 750 
Carpenters 6 600 
Weavers 10 300 

Solution: 
 

Class of people Annual Number Log x f logx 
 income of   

 ( Rs) X families   

  (f)   
Landlords 5000 2 3.6990 7.398 
Cultivators 400 100 2.6021 260.210 
Landless – 200 50 2.3010 115.050 

labours     
Money – lenders 3750 4 3.5740 14.296 
Office 
Assistants 3000 6 3.4771 20.863 
Shop keepers 750 8 2.8751 23.2008 
Carpenters 600 6 2.7782 16.669 
Weavers 300 10 2.4771 24.771 

  186  482.257  
 

 
Merits of Geometric mean : 

1. It is rigidly defined  

2. It is based on all items   
3. It is very suitable for averaging ratios, rates and percentages  

4. It is capable of further mathematical treatment.   
5. Unlike AM, it is not affected much by the presence of extreme values   

Demerits of Geometric mean:  
1. It cannot be used when the values are negative or if any of the observations 

is zero  

2. It is difficult to calculate particularly when the items are very large or when 
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there is a frequency distribution.   
3. It brings out the property of the ratio of the change and not the absolute 

difference of change as the case in arithmetic mean.   
4. The GM may not be the actual value of the series.  

 
 

Positional Averages:  
These averages are based on the position of the given observation in a series, 

arranged in an ascending or descending order. The magnitude or the size of the values 

does matter as was in the case of arithmetic mean. It is because of the basic difference 

that the median and mode are called the positional measures of an average.  
 

Median :  
The median is that value of the variate which divides the group into two equal 

parts, one part comprising all values greater, and the other, all values less than median.  
 

Ungrouped or Raw data :  
Arrange the given values in the increasing or decreasing order. If the number of 

values are odd, median is the middle value 

.If the number of values are even, median is the mean of middle two values. 

By formula 
 

 
 
Example 11: 

When odd number of values are given. Find median for the following data 

25, 18, 27, 10, 8, 30, 42, 20, 53 

Solution: 
Arranging the data in the increasing order 8, 10, 18, 20, 25, 27, 30, 42, 53  

The middle value is the 5th item i.e., 25 is the median Using formula 

 

 
Example 12 : 

When even number of values are given. Find median for the following data  
5, 8, 12, 30, 18, 10, 2, 22 
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Solution:  
Arranging the data in the increasing order 2, 5, 8, 10, 12, 18, 22, 30 

Here median is the mean of the middle two items (ie) mean of (10,12) 

ie   
 

 
 

Example 13:  
The following table represents the marks obtained by a batch of 10 students in 

certain class tests in statistics and Accountancy. 

  
Serial No 1 2 3 4 5 6 7 8 9 10 
Marks 53 55 52 32 30 60 47 46 35 28 
(Statistics)           
Marks 57 45 24 31 25 84 43 80 32 72 
(Accountanc

y)           

Indicate in which subject is the level of knowledge higher ? 
 
Solution:  
For such question, median is the most suitable measure of central tendency. The mark 

in the two subjects are first arranged in increasing order as follows:  
Serial 
No      1   2      3    4   5 6 7  8 9  10  

Marks in      28  30   32    35   46 47 

52 

 53 55  60  

Statistics                                

Marks in      24  25   31    32   43 45 57  72 80  84  

Accountan

cy                               
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Therefore the level of knowledge in Statistics is higher than that in Accountancy.  
 

Grouped Data:  
In a grouped distribution, values are associated with frequencies. Grouping can be in 

the form of a discrete frequency distribution or a continuous frequency distribution. 

Whatever may be the type of distribution , cumulative frequencies have to be 

calculated to know the total number of items.  
 

Cumulative frequency : (cf)  
Cumulative frequency of each class is the sum of the frequency of the class and the 

frequencies of the pervious classes, ie adding the frequencies successively, so that the 

last cumulative frequency gives the total number of items. 

 

Discrete Series:  
Step1: Find cumulative frequencies.  
Step2:   

find      (
𝑁+1

2
) 

 
Step3: See in the cumulative frequencies the value just greater than 

(
𝑁 + 1

2
) 

 
Step4: Then the corresponding value of x is median.  
Example 14:  

The following data pertaining to the number of members in a family. Find 

median size of the family. 

 
 

Number of 1 2  3  4 5 6  7 8 9 10   11 12  

members  x                    

Frequency 1 3  5  6 10 13  9 5 3 2   2 1  

F                    
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Solution: 

    X  f   cf          

    1   1   1          

    2   3   4          

    3   5   9          

    4   6   15          

    5   10   25          

    6   13   38          

    7   9   47          

    8   5   52          

    9   3   55          

    10   2   57          

    11   2   59          

    12   1   60          

      60      

 

 

 

 

 

 

  

 

 

 

  

      

Median = 𝑠𝑖𝑧𝑒 𝑜𝑓 (
𝑁+1

2
) 𝑡ℎ 𝑖𝑡𝑒𝑚 = (60+1)/2 = 30.5th item 

  
The cumulative frequencies just greater than 30.5 is 38.and the value of x corresponding 
to 38 is 6.Hence the median size is 6 members per family. 

Note: 

It is an appropriate method because a fractional value given by mean does not 

indicate the average number of members in a family. 

Continuous Series: 

The steps given below are followed for the calculation of median in 

continuous series. 

Step1: Find cumulative frequencies. 

 
Step3: See in the cumulative frequency the value first greater than 

 



46 
 

Note :  
If the class intervals are given in inclusive type convert them into exclusive type 

and call it as true class interval and consider lower limit in this.  
Example 15: 

The following table gives the frequency distribution of 325 workers of a factory, 

according to their average monthly income in a certain year. 

  Income group (in Rs)  
Number of 
workers 

  Below 100  1  

  100-150  20  

  150-200  42  

  200-250  55  

  250-300  62  

  300-350  45  

  350-400  30  

  400-450  25  

  450-500  15  

  500-550  18  

  550-600  10  

  600 and above  2  

     325  
Calculate median 
income      

Solution:      

 Income group Number of  Cumulative  

 (Class-interval) workers  frequency  

   (Frequency)  c.f  

 Below 100 1   1  

 100-150 20   21  

 150-200 42   63  

 200-250 55   118  

 250-300 62   180  

 300-350 45   225  

 350-400 30   255  

 400-450 25   280  

 450-500 15   295  

 500-550 18   313  

 550-600 10   323  

 600 and above 2   325  

   325     
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𝑁

2
=

325

2
= 162.5 

 

Here l =250, N=325, f=62, c=50, m=118 

 

𝑥 = 250 + (
162.5 − 118

62
) × 50 = 250 + 35.89 = 285.89 

Example 16: 

Calculate median from the following data 

 

Value 0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 

Frequency 5 8 10 12 7 6 3 2 

 

Value F True class 

interval 

cf 

0-4 5 0.5-4.5 5 

5-9 8 4.5-9.5 13 

10-14 10 9.5-14.5 23 

15-19 12 14.5-19.5 35 

20-24 7 19.5-24.5 42 

25-29 6 24.5-29.5 48 

30-34 3 29.5-34.5 51 

35-39 2 34.5-39.5 53 

 ∑f=53   

 

 

  

 

  
 

Example 17:  
Following are the daily wages of workers in a textile. Find the 

median. 
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Solution :We are given upper limit and less than cumulative frequencies. First find the 

class-intervals and the frequencies. Since the values are increasing by 100, hence the 

width of the class interval equal to 100. 
 

   Class   f  c.f  

  interval       

  0-100    5  5  

  100-200   7  12  

  200-300   8  20  

  300- 400   12  32  

  400-500   8  40  

  500-600   5  45  

  600-700   7  52  

  700-800   8  60  

  800-900   8  68  

  900-1000   7  75  

        75    

𝑁

2
=

75

2
= 37.5 

𝑥 = 𝑙 + (

𝑁
2

− 𝑚

𝑓
) × 𝑐 = 400 + (

37.5 − 32

8
) × 100 = 400 + 68.75 = 468.75 

Example 18: 
Find median for the data given below.  

Marks Number of students 
Greater than 10 70 
Greater than 20 62 

Greater than 30 50 
Greater than 40 38 

Greater than 50 30 
Greater than 60 24 

Greater than 70 17 
Greater than 80 9 

Greater than 90 4 

Wages Number of 

( in Rs.) workers 
less than 100 5 
less than 200 12 

less than 300 20 
less than 400 32 

less than 500 40 
less than 600 45 

less than 700 52 
less than 800 60 

less than 900 68 

less than 1000 75 
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Solution :  
Here we are given lower limit and more than cumulative frequencies.  

Class interval   f    More than c.f Less than c.f  

10-20    8      70 8  

20-30    12      62 20  

30-40    12      50 32  

40-50    8      38 40  

50-60    6      30 46  

60-70    7      24 53  

70-80    8      17 61  

80-90    5      9 66  

90-100    4      4 70  

    70          
𝑵

𝟐
=

𝟕𝟎

𝟐
= 𝟑𝟓 

𝒙 =  𝒍 + (

𝑵
𝟐

− 𝒎

𝒇
) × 𝒄 = 𝟒𝟎 + (

𝟑𝟓 − 𝟑𝟐

𝟖
) × 𝟏𝟎 = 𝟒𝟎 + 𝟑. 𝟕𝟓 = 𝟒𝟑. 𝟕𝟓 

Example 19: 

Compute median for the following data. 
 

Mid-Value 5 15 25 35 45 55 65 75 
Frequency 7 10 15 17 8 4 6 7 

Solution :  
Here values in multiples of 10, so width of the class interval is 10. 
 

 Mid x  

C.

I  f c.f  

  5  0-10 7 7  

  15  10-20 10 17  

  25  20-30 15 32  

  35  30-40 17 49  

  45  40-50 8 57  

  55  50-60 4 61  

  65  60-70 6 67  

  75  70-80 7 74  

        74   

𝑁

2
=

74

2
= 37 

𝑥 = 𝑙 + (

𝑁
2

− 𝑚

𝑓
) × 𝑐 = 30 + (

37 − 32

17
) × 10 = 32.94 
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Merits of Median :  
1. Median is not influenced by extreme values because it is a positional 

average.  

2. Median can be calculated in case of distribution with open-end intervals.  
3. Median can be located even if the data are incomplete.   
4. Median can be located even for qualitative factors such as ability, honesty 

etc.  

Demerits of Median :  
1. A slight change in the series may bring drastic change in median value.  

2. In case of even number of items or continuous series, median is an 

estimated value other than any value in the series.   
3. It is not suitable for further mathematical treatment except its use in mean 

deviation.  

4. It is not taken into account all the observations.   
Quartiles :   

The quartiles divide the distribution in four parts. There are three quartiles. The 
second quartile divides the distribution into two halves and therefore is the same as the 
median. The first (lower) quartile (Q1) marks off the first one-fourth, the third (upper) 
quartile (Q3) marks off the three-fourth.   
Raw or ungrouped data:  
First arrange the given data in the increasing order and use the formula for Q1 
and Q3 then quartile deviation, Q.D is given by  

 

Q.D = 
𝑸𝟑 –𝑸𝟏

𝟐
 

Where 𝑸𝟏 = (
𝒏+𝟏

𝟒
) 𝒕𝒉 𝒊𝒕𝒆𝒎  𝑎𝑛𝑑 𝑄3 = 3 × (

𝑛+1

4
) 𝑡ℎ 𝑖𝑡𝑒𝑚 

Example 22 :  
Compute quartiles for the data given below 25,18,30, 8, 15, 5, 10, 35, 40, 45 

Solution : 

5, 8, 10, 15, 18,25, 30,35,40, 45 
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Example 23:  

Compute quartiles for the data given bellow. 
 

       X  5  8   12  15   19  24 30   

 

 

  f  4  3   2  4   5   2 4   
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Solution 

                                 

              

x 

   

f 

  

c.f 

           

                              

           5    4   4            

           8    3   7            

           12    2   9            

           15    4   13            

           19    5   18            

           24    2   20            

           30    4   24            

           Total 24                
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Example 24:  
The following series relates to the marks secured by students in an 

examination.  
Marks No. of students 

0-10 11 
10-20 18 
20-30 25 
30-40 28 
40-50 30 
50-60 33 
60-70 22 
70-80 15 
80-90 12 
90-100 10 

 

Find the quartiles  
Solution : 
 

C.I. f cf 
0-10 11 11 
10-20 18 29 
20-30 25 54 
30-40 28 82 
40-50 30 112 
50-60 33 145 
60-70 22 167 
70-80 15 182 
80-90 12 194 
90-100 10 204 

 204  

 

(
𝑁

4
) = (

204

4
) = 51 

3 (
𝑁

4
) = 3 × 51 = 153 

 

𝑄1 = 𝑙1 + (

𝑁
4

− 𝑚1

𝑓1
) × 𝑐1 = 20 + (

51 − 29

25
) × 10 = 20 + 8.8 = 28.8 

 

𝑄3 = 𝑙3 + (
3 (

𝑁
4

) − 𝑚3

𝑓3
) × 𝑐3 = 60 + (

153 − 145

22
) × 13 = 60 + 4.36 = 64.36 
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Deciles for Raw data or ungrouped data 
 
Example 25:  
Compute D5 for the data given below 5, 24, 36, 12, 20, 8  
Solution :  

Arranging the given values in the increasing order 5, 8, 12, 20, 24, 36 

 

𝐷5 = (
5(𝑁 + 1)

10
) 𝑡ℎ 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 = (

5(6 + 1)

10
) 𝑡ℎ 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛

= (3.5)𝑡ℎ 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 = 3𝑟𝑑 𝑖𝑡𝑒𝑚 +
1

2
(4𝑡ℎ 𝑖𝑡𝑒𝑚 − 3𝑟𝑑 𝑖𝑡𝑒𝑚)

= 12 + 1/2(20 − 12 = 12 + 4 = 16  
 
Deciles for Grouped data : Example 26: 
Calculate D3 and D7 for the data given below 
 
Class 

0-10 10-20 

 

20-30 30-40 

40-

50 50-60 60-70 

 

Interval 

  

            

Frequency : 5  7  12 16 10 8 4  

 

 

Solution :             

   C.I f  c.f     

   0-10  5  5      

   10-20  7  12     

   20-30  12  24     

   30-40  16  40     

   40-50  10  50     

   50-60  8  58     

   60-70  4  62     

     62        

 

 

𝐷3 𝑖𝑡𝑒𝑚 = (
3𝑁

10
) 𝑡ℎ 𝑖𝑡𝑒𝑚 =

3 ×62

10
𝑡ℎ 𝑖𝑡𝑒𝑚 = 18.6 𝑡ℎ 𝑖𝑡𝑒𝑚, Which lies in the interval 

20-30 

 

𝐷3 = 𝑙 +
3(

𝑁

10
)−𝑚

𝑓
× 𝑐 = 20 +

18.6−12

12
× 10 = 20 +5.5 = 25.5 
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𝐷7 𝑖𝑡𝑒𝑚 = (
7𝑁

10
) 𝑡ℎ 𝑖𝑡𝑒𝑚 =

7 × 62

10
𝑡ℎ 𝑖𝑡𝑒𝑚 =

434

10
𝑡ℎ 𝑖𝑡𝑒𝑚

= 43.4 𝑡ℎ 𝑖𝑡𝑒𝑚 which lies in the interval (40 − 50) 

 

𝐷7 = 𝑙 + (

7𝑁
10

− 𝑚

𝑓
) × 𝑐 = 40 + (

43.4 − 40

10
) × 10 = 40 + 3.4 = 43.4 

 

Percentiles :  
The percentile values divide the distribution into 100 parts each containing 1 percent 

of the cases. The percentile (Pk) is that value of the variable up to which lie exactly 

k% of the total number of observations. 

Relationship : 
P25 = Q1 ; P50 = D5 = Q2 = Median and P75 = Q3 

Percentile for Raw Data or Ungrouped Data :  
Example 27:  
Calculate P15 for the data given below: 5, 24 , 36 , 

12 , 20 , 8  
Arranging the given values in the increasing order. 5, 8, 12, 20, 

24, 36 

 

𝑃15 = (
15(𝑛 + 1)

100
) 𝑡ℎ 𝑖𝑡𝑒𝑚 =

15 × 7

100
𝑡ℎ 𝑖𝑡𝑒𝑚 = 1.05 𝑡ℎ 𝑖𝑡𝑒𝑚

= 1𝑠𝑡 𝑖𝑡𝑒𝑚 + 0.05 (2𝑛𝑑 𝑖𝑡𝑒𝑚 − 1𝑠𝑡 𝑖𝑡𝑒𝑚) = 5 + 0.05(8 − 5)

= 5 + 0.15 = 5.15 

 

Percentile for grouped data :       

Example 28:             

 Find P53 for the following frequency distribution. 

 

 

Class  0-5   

5-10  

 10-15  15-20 20-25 25-30 30-35 35-40 

interval                 
                 

Frequency  5   8  12  16 20 10 4  3 
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Solution
: 

      Class Interval  Frequency  C.f    

       0-5    5  5    

       5-10    8  13    

       10-15    12  25    

       15-20    16  41    

       20-25    20  61    

       25-30    10  71    

       30-35    4  75    

       35-40    3  78    

       Total   78     

 

 

 

 
Mode :  

The mode refers to that value in a distribution, which occur most frequently. 

It is an actual value, which has the highest concentration of items in and around it.  
According to Croxton and Cowden “ The mode of a distribution is the value 

at the point around which the items tend to be most heavily concentrated. It may be 

regarded at the most typical of a series of values”. 

It shows the centre of concentration of the frequency in around a given value. 

Therefore, where the purpose is to know the point of the highest concentration it is 

preferred. It is, thus, a positional measure. 

Its importance is very great in marketing studies where a manager is interested 

in knowing about the size, which has the highest concentration of items. For example, 

in placing an order for shoes or ready-made garments the modal size helps because 

this sizes and other sizes around in common demand. 
 
Computation of the mode: Ungrouped or Raw 

Data: 

For ungrouped data or a series of individual observations, mode is often found 

by mere inspection. 

Example 29:  
2 , 7, 10, 15, 10, 17, 8, 10, 2  

Therefore  Mode = M0 =10 
In some cases the mode may be absent while in some cases there may be 

more than one mode. 
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Example 30:  
1. 12, 10, 15, 24, 30 (no mode)  

2. 7, 10, 15, 12, 7, 14, 24, 10, 7, 20, 10   
Therefore the modes are  7 and 10 

 
Grouped Data:  
For Discrete distribution, see the highest frequency and corresponding value of X is 

mode. 

Continuous distribution :  
See the highest frequency then the corresponding value of class interval is called the 

modal class. Then apply the formula. 

𝑀𝑜𝑑𝑒 = 𝑀0 = 𝑙 +
∆1

∆1 + ∆2
× 𝑐     

 

𝑤ℎ𝑒𝑟𝑒 𝑙 = 𝑙𝑜𝑤𝑒𝑟 𝑙𝑖𝑚𝑖𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 𝑐𝑙𝑎𝑠𝑠 

∆1 = 𝑓1 − 𝑓0 

∆2 = 𝑓1 − 𝑓2𝑓1 

frequency of the modal class 
f0 = frequency of the class preceding the modal class  
f2 = frequency of the class succeeding the modal class 

The above formula can also be written as 

𝑚𝑜𝑑𝑒 = 𝑙 +
𝑓1 − 𝑓2

2𝑓1 − 𝑓0 − 𝑓2
× 𝑐 

 
Remarks : 

1. If (2f1-f0-f2) comes out to be zero, then mode is obtained by the following 
formula taking absolute differences within vertical lines.  

    

2. 𝑀0 = 𝑙 +
𝑓1−𝑓0

(𝑓1−𝑓0)+(𝑓1−𝑓2)
× 𝑐 

3. If mode lies in the first class interval, then f0 is taken as zero.  

4. The computation of mode poses no problem in distributions with open-end 

classes, unless the modal   
value lies in the open-end class. 

Example 31:  
Calculate mode for the following : 

 

C- I f 
0-50 5 
50-100 14 
100-150 40 
150-200 91 
200-250 150 
250-300 87 
300-350 60 
350-400 38 
400 and above 15 
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Solution:  
The highest frequency is 150 and corresponding class interval is 200 – 250, which 

is the modal class. 
Here l=200,f1=150,f0=91, f2=87, C=50 

 
Determination of Modal class :  

For a frequency distribution modal class corresponds to the maximum 

frequency. But in any one (or more) of the following cases. 

i.If the maximum frequency is repeated  
ii.If the maximum frequency occurs in the beginning or at the end of the 

distribution 

iii.If there are irregularities in the distribution, the modal class is determined by 

the method of grouping. 
 

Steps for Calculation :  
 

We prepare a grouping table with 6 columns 

1. In column I, we write down the given frequencies.  

2. Column II is obtained by combining the frequencies two by two.  
3. Leave the 1st frequency and combine the remaining frequencies two by two 

and write in column III   
4. Column IV is obtained by combining the frequencies three by three.  

5. Leave the 1st frequency and combine the remaining frequencies three by 

three and write in column V  
6. Leave the 1st and 2nd frequencies and combine the remaining frequencies 

three by three and write in   
Column VI  

Mark the highest frequency in each column. Then form an analysis table to find 

the modal class. After finding the modal class use the formula to calculate the modal 

value.  
 

 

Example 32: 

 
Calculate mode for the following frequency distribution. 
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Class 0- 5- 10- 15- 20- 25- 30- 35- 
interval 5 10 15 20 25 30 35 40 
Frequenc
y 9 12 15 16 17 15 10 13 

 

Grouping Table  
C I f 2 3 4 5 6  

0-  5 9 
21 

 

36 

   

5-10 12 

27 

   

 

43 

  

10-15 15 

31 

   

  

48 

 

15-20 16 

33 

   

 

48 

  

20-25 17 

32 

   

 

42 38 

 

25-30 15 

25 

  

   

30-35 10 

23 

    

     

35-40 13 

     

      

 

Analysis Table 
 

Columns 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40  

1     1 
1 

   

2     1    

3    1 1 
1 

   

4    1 1    

5  1 1 1 

1 

    

6   1 1     

Total  1 2 4 5 2    

The maximum occurred corresponding to 20-25, and hence it is the modal 

class.  
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Merits of Mode:  
1. It is easy to calculate and in some cases it can be located mere inspection  

2. Mode is not at all affected by extreme values.   
3. It can be calculated for open-end classes.   
4. It is usually an actual value of an important part of the series.  

5. In some circumstances it is the best representative of data.   
 

Demerits of mode:  
1. It is not based on all observations.   
2. It is not capable of further mathematical treatment.  
3. Mode is ill-defined generally, it is not possible to find mode in some cases. 

4. As compared with mean, mode is affected to a great extent, by sampling 

fluctuations.  

5. It is unsuitable in cases where relative importance of items has to be 

considered 

 

Chapter 5: Measures of Dispersion 

Introduction :   
The measure of central tendency serve to  locate the   

center of the distribution, but they do not reveal how the items are spread out on either 

side of the center. This characteristic of a frequency distribution is commonly referred 

to as dispersion. In a series all the items are not equal. There is difference or variation 

among the values. The degree of variation is evaluated by various measures of 

dispersion. Small dispersion indicates high uniformity of the items, while 

large  dispersion  indicates  less  uniformity. 
For  
example 

consider the following marks of two 

students.   

 Student I Student II   

 68 85   

 75 90   

 65 80   

 67 25   

 70 65   
 

Both have got a total of 345 and an average of 69 each. The fact is that the 

second student has failed in one paper. When the averages alone are considered, the 

two students are equal. But first student has less variation than second student. Less 

variation is a desirable characteristic.  
Characteristics of a good measure of dispersion:  

An ideal measure of dispersion is expected to possess the following properties 

1. It should be rigidly defined 

2. It should be based on all the items.  

3. It should not be unduly affected by extreme items.  
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4. It should lend itself for algebraic manipulation.   
5. It should be simple to understand and easy to calculate  

 

7.2 Absolute and Relative Measures :   
There are two kinds of measures of dispersion, namely 1.Absolute measure of 

dispersion 

2.Relative measure of dispersion.  
Absolute measure of dispersion indicates the amount of variation in a set of 

values in terms of units of observations. For example, when rainfalls on different days 

are available in mm, any absolute measure of dispersion gives the variation in rainfall 

in mm. On the other hand relative measures of dispersion are free from the units of 

measurements of the observations. They are pure numbers. They are used to compare 

the variation in two or more sets, which are having different units of measurements of 

observations. 
 

The various absolute and relative measures of dispersion are listed below. 

Absolute measure Relative measure  
1. Range 1.Co-efficient of Range 

2.Quartile deviation    2.Co-efficient of Quartile deviation 

3.Mean deviation 3. Co-efficient of Mean deviation 

4.Standard deviation   4.Co-efficient of variation 

 

Standard Deviation : 

Karl Pearson introduced the concept of standard deviation in 1893. It is the 

most important measure of dispersion and is widely used in many statistical formulae. 

Standard deviation is also called Root-Mean Square Deviation. The reason is that it is 

the square–root of the mean of the squared deviation from the arithmetic mean. It 

provides accurate result. Square of standard deviation is called Variance.  
Definition:  

It is defined as the positive square-root of the arithmetic mean of the Square of 

the deviations of the given observation from their arithmetic mean.  
The standard deviation is denoted by the Greek letter   (sigma)  
Calculation of Standard deviation-Individual Series :  

There are two methods of calculating Standard deviation in an individual 

series. 

a) Deviations taken from Actual mean   
b) Deviation taken from Assumed mean  

 

a) Deviation taken from Actual mean:  
This method is adopted when the mean is a whole number. 
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b) Deviations taken from assumed mean:  

This method is adopted when the arithmetic mean is fractional value. 

Taking deviations from fractional value would be a very difficult and tedious 

task. To save time and labour, We apply short –cut method; deviations are taken 

from an assumed mean. The formula is: 

𝝈 =  √
∑𝒅𝟐

𝒏
− (

∑𝒅

𝒏
)

𝟐

 

 
 
Where d-stands for the deviation from assumed mean = (X-A) 
Steps: 

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

2. Find out the deviations from the assumed mean; i.e., X-A denoted by d and 

also the total of the deviations ∑d   
3. Square the deviations; i.e., d2 and add up the squares of deviations, i.e, d2  
4. Then substitute the values in the following formula:  

𝝈 =  √
∑𝒅𝟐

𝒏
− (

∑𝒅

𝒏
)

𝟐

 

Note: We can also use the simplified formula for standard deviation.  
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Example 9: 

Calculate the standard deviation from the following data. 14, 22, 9, 15, 20, 17, 

12, 11 

Solution: 

Deviations from actual mean. 
 

        Values (X) 𝑥 = �̅�  (𝑥 − �̅�)2  

  

  

              

  14  -1 1  

    22  7 49  

    9  -6 36  

    15  0 0  

    20  5 25  

    17  2 4  

    12  -3 9  

    11  -4 16  

    120   140  

         

 

 
 

Example 10:  
The table below gives the marks obtained by 10 students in statistics. 
Calculate standard deviation.  
Student Nos 

:  1 2  3 4  5 6 7 8 9 10   

Marks :   43 48 65 57 31 60 37 48 78 59   
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Solution:  (Deviations from assumed 

mean) 

 Nos.    Marks (x)   d=X-A (A=57)   d2   

                              

  1           43     -14    196   

  2           48     -9     81   

  3           65     8     64   

  4           57     0     0   

  5           31     -26    676   

  6           60     3     9   

  7           37     -20    400   

  8           48     -9     81   

  9           78     21    441   

  10        59     2     4   

                           

 n = 10              d=-44   d2 =1952   

                         

 

 
 

Calculation of standard deviation: Discrete Series: 

There are three methods for calculating standard deviation in discrete 

series: 

(a) Actual mean methods   
(b) Assumed mean method   
(c) Step-deviation method.  

 

 

(a) Actual mean method:  

Steps: 

1. Calculate the mean of the series.   
2. Find deviations for various items from the means i.e.,   

x- x = d.  
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3. Square the deviations (= d2 ) and multiply by the respective frequencies(f) we 
get fd2  

4. Total to product ( fd2 ) Then apply the formula:  

𝜎 = √
∑𝑓𝑑2

∑𝑓
 

 

If the actual mean in fractions, the calculation takes lot of time and labour; 

and as such this method is rarely used in practice.  
(b) Assumed mean method:  

Here deviation are taken not from an actual mean but from an assumed mean. 

Also this method is used, if the given variable values are not in equal intervals.  
Steps:  

1. Assume any one of the items in the series as an assumed mean and 

denoted by A.  

2. Find out the deviations from assumed mean, i.e, X-A and denote it by d.  

3. Multiply these deviations by the respective frequencies and get the fd   
4. Square the deviations (d2 ).  
5. Multiply the squared deviations (d2) by the respective frequencies (f) 

and get fd2.   
6. Substitute the values in the following formula:  

𝜎 = √(
∑𝑓𝑑2

∑𝑓
) − (

∑𝑓𝑑

∑𝑓
)

2

 

 
 

 

Example 

11: 

Where d = X-A , N = ∑f.     

          

Calculate Standard deviation from the following 

data.   

X : 20 22 25 31 35 40 42 45  

f : 5 12 15 20 25 14 10 6  
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(c) Step-deviation method: 

  
6. Substitute the values in the following formula to get the standard 

deviation.  
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Example 12:  
Compute Standard deviation from the following data 

Marks : 10 20 30 40 50 60   

No.of students: 8 12 20 10 7 3   

Solution:           

  Marks x F 

d  = 

 

x  

30   fd fd 2  

    

10 

      

           

  10 8  -2   -16 32   

  20 12  -1   -12 12   

  30 20  0   0 0   

  40 10  1   10 10   

  50 7  2   14 28   

  60 3  3   9 27   

   N=60       fd  =5 
 

fd 2  

          = 109  
 

 
Calculation of Standard Deviation –Continuous series:  

In the continuous series the method of calculating standard deviation is almost the 

same as in a discrete series. But in a continuous series, mid-values of the class 

intervals are to be found out. The step- deviation method is widely used. 

 

The formula is, 
 
 
 
 
 

 
Steps: 

1.Find out the mid-value of each class.  
2.Assume the center value as an assumed mean and denote it by A 

3.Find out 𝑑 =
𝑚−𝐴

𝑐
 

 
4.Multiply the deviations d by the respective frequencies and get fd 
5.Square the deviations and get d  2  
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6.Multiply the squared deviations (d 2) by the respective frequencies and get 
fd 2  

7.Substituting the values in the following formula to get the standard deviation 
 
 
 

Example 13:  
The daily temperature recorded in a city in Russia in a year is given below.  

Temperature C 0 No. of days 
-40 to –30 10 
-30 to –20 18 

-20 to –10 30 
-10 to 0 42 

0 to 10 65 
10 to 20 180 

20 to 30 20 

   365 
 
Calculate Standard Deviation 

Solution:  
   Mid No. of  d  =  

fd  2 

 

Temperature value days  m- (-5n ) fd  

   (m) f  10n     

-40 to -30 -35 10  -3  -30 90  

-30 to -20 -25 18  -2  -36 72  

-20 to -10 -15 30  -1  -30 30  

-10   to  - 0 -5 42  0  0 0  

0 to 10 5 65  1  65 65  

10 to 20 15 180  2  360 720  

20 to 30 25 20  3  60 180  

           

    N=365    
∑fd  = ∑fd  2 

 

        
389 =1157 
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 No Cases Options N= AM= 

Deviation 

(d) 

  

SD( ) 

  

1 

Individual 

  

Scores 

  

Number 

of 

scores 
 =( )/N X-  

 

A=Any 

score 

Number 

of 

scores 
 = A+ ( )/N X-A 

 

2 

Scores 

with 

frequency 

  
 

 = /N X-  
 

A=Any 

score  

 = A + 

/N 
X-A 

 

3 

Class 

interval 

  

with 

frequency 

  
 

 = /N X-  
 

A = 

Any 

mid 

point 

 

 = A+ [

/N]*i 
d=(X-A)/i 

 

  

Hint: For Standard Deviation always remember the common formula: 
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Depending on the options, you can substitute f=1 and i=1 to get the correct 

formula as per the above table.  
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Merits and Demerits of Standard Deviation: Merits:  

1. It is rigidly defined and its value is always definite and based on all the 

observations and the actual signs of deviations are used.   
2. As it is based on arithmetic mean, it has all the merits of arithmetic mean.  

3. It is the most important and widely used measure of dispersion.  
4. It is possible for further algebraic treatment.   
5. It is less affected by the fluctuations of sampling and hence stable.  

6. It is the basis for measuring the coefficient of correlation and sampling.  
 
Demerits:  

1. It is not easy to understand and it is difficult to calculate.  

2. It gives more weight to extreme values because the values are squared up.  

3. As it is an absolute measure of variability, it cannot be used for the purpose of 

comparison.  

 

Chapter 6: Coefficient of Variation :   
The   Standard   deviation   is   an  absolute   measure   of   

dispersion. It is expressed in terms of units in which the original figures are collected 

and stated. The standard deviation of heights of students cannot be compared with the 

standard deviation of weights of students, as both are expressed in different units, i.e 

heights in centimeter and weights in kilograms. Therefore the standard deviation 

must be converted into a relative measure of dispersion for the purpose of 

comparison. The relative measure is known as the coefficient of variation. 

The coefficient of variation is obtained by dividing the standard deviation by 

the mean and multiply it by 100. symbolically,  
Coefficient of variation (C.V) = 

𝜎

𝑥 ̅
 × 100 

 
If we want to compare the variability of two or more series, we can use C.V. 

The series or groups of data for which the C.V. is greater indicate that the group is 

more variable, less stable, less uniform, less consistent or less homogeneous. If the 

C.V. is less, it indicates that the group is less variable, more stable, more uniform, 

more consistent or more homogeneous.  
Example 15:  

In two factories A and B located in the same industrial area, the average 

weekly wages (in rupees) and the standard deviations are as follows: 
 

Factory Average 

Standard 

Deviation No. of workers 
A 34.5 5 476 

B 28.5 4.5 524 
 

1. Which factory A or B pays out a larger amount as weekly wages?   
2. Which  factory A or  B  has  greater  variability in individual   

wages? 

Solution: 

Given N1 =  476, X1  = 34.5, 𝜎1 = 5 
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N2 = 524, X2 = 28.5, 𝜎 2 = 4.5 
 
1. Total wages paid by factory A   

= 34.5 X 476  
= Rs.16.422   

Total wages paid  by factory B  
= 28.5 X 524  

= Rs.14,934.  

Therefore factory A pays out larger amount as weekly wages. 
 
2. C.V. of distribution of weekly wages of factory A and B are 
 
 

 
 

 

Factory B has greater variability in individual wages, since C.V. of factory B is 

greater than C.V of factory A  
 

Example 16:  
Prices of a particular commodity in five years in two cities are given below: 
  

Price in city A Price in city B 
20 10 
22 20 

19 18 
23 12 

16 15 

 

Which city has more stable prices? 
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Solution:  
Actual mean method 

 

  City A                    City B   

Prices 

 
Deviat
i 

ons 

      

dx2 

 

Prices Deviations dy2 

 

           

(X)  

from 

X=20                  (Y) from Y =15   

  dx                    dy   

20  0          0        10  -5 25  

22  2          4        20  5 25  

19  -1          1        18  3 9  

23  3          9        12  -3 9  

16  -4          16       15  0 0  

                               

x=100  dx=0     dx2=30  y=75 dy=0 dy2  

                             =68  
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Chapter 7: CORRELATION 

 

Introduction:  
The term correlation is used by a common man without knowing that he is 

making use of the term correlation. For example when parents advice their children to 

work hard so that they may get good marks, they are correlating good marks with hard 

work. 

The study related to the characteristics of only variable such as height, weight, 

ages, marks, wages, etc., is known as univariate analysis. The statistical Analysis 

related to the study of the relationship between two variables is known as Bi-Variate 

Analysis. Some times the variables may be inter-related. In health sciences we study 

the relationship between blood pressure and age, consumption level of some nutrient 

and weight gain, total income and medical expenditure, etc., The nature and strength 

of relationship may be examined by correlation and Regression analysis. 

Thus Correlation refers to the relationship of two variables or more. (e-g) 

relation between height of father and son, yield and rainfall, wage and price index, 

share and debentures etc.  
Correlation is statistical Analysis which measures and analyses the degree or 

extent to which the two variables fluctuate with reference to each other. The word 

relationship is important. It indicates that there is some connection between the 

variables. It measures the closeness of the relationship. Correlation does not indicate 

cause and effect relationship. Price and supply, income and expenditure are correlated.  
Definitions:  

1. Correlation Analysis attempts to determine the degree of relationship 

between variables- Ya-Kun-Chou.  

2. Correlation is an analysis of the covariation between two or more 

variables.- A.M.Tuttle.  

Correlation expresses the inter-dependence of two sets of variables upon each other. 

One variable may be called as (subject) independent and the other relative variable 
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(dependent). Relative variable is measured in terms of subject. 
 
Uses of correlation:  

1. It is used in physical and social sciences.  

2. It is useful for economists to study the relationship between variables like 

price, quantity etc. Businessmen estimates costs, sales, price etc. using 

correlation.   
3. It is helpful in measuring the degree of relationship between the variables 

like income and expenditure, price and supply, supply and demand etc.   
4. Sampling error can be calculated.   
5. It is the basis for the concept of regression.  

Types of Correlation:  
Correlation is classified into various types. The most important ones are 

i) Positive and negative.   
ii) Linear and non-linear.   
iii) Partial and total.   
iv) Simple and Multiple.   

Positive and Negative Correlation:  
It depends upon the direction of change of the variables. If the two variables 

tend to move together in the same direction (ie) an increase in the value of one 

variable is accompanied by an increase in the value of the other, (or) a decrease in the 

value of one variable is accompanied by a decrease in the value of other, then the 

correlation is called positive or direct correlation. Price and supply, height and weight, 

yield and rainfall, are some examples of positive correlation. 

If the two variables tend to move together in opposite directions so that 

increase (or) decrease in the value of one variable is accompanied by a decrease or 

increase in the value of the other variable, then the correlation is called negative (or) 

inverse correlation. Price and demand, yield of crop and price, are examples of 

negative correlation. 

 

Linear and Non-linear correlation:  
If the ratio of change between the two variables is a constant then there will be 

linear correlation between them. 
 
Consider the following.  
X 2 4 6 8 10 12 
Y 3 6 9 12 15 18 

 

Here the ratio of change between the two variables is the same. If we plot 

these points on a graph we get a straight line.  
 

If the amount of change in one variable does not bear a constant ratio of the 

amount of change in the other. Then the relation is called Curvi-linear (or) non-linear 

correlation. The graph will be a curve. 

Simple and Multiple correlation:  
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When we study only two variables, the relationship is simple correlation. For 

example, quantity of money and price level, demand and price. But in a multiple 

correlation we study more than two variables simultaneously. The relationship of 

price, demand and supply of a commodity are an example for multiple correlation. 

 

Partial and total correlation:  
The study of two variables excluding some other variable is called Partial 

correlation. For example, we study price and demand eliminating supply side. In 

total correlation all facts are taken into account. 

 

Methods of representing correlation: 

1. Scatter diagram 

2. Correlation graph 

3. Coefficient of correlation 

4. Coefficient of correlation by rank differences 

5. Coefficient of correlation of concurrent deviation 

6. Method of least square 

Computation of correlation:  
When there exists some relationship between two variables, we have to 

measure the degree of relationship. This measure is called the measure of correlation 

(or) correlation coefficient and it is denoted by ‘ r’ .  

Rank Correlation:  
It is studied when no assumption about the parameters of the population is 

made. This method is based on ranks. It is useful to study the qualitative measure of 

attributes like honesty, colour, beauty, intelligence, character, morality etc.The 

individuals in the group can be arranged in order and there on, obtaining for each 

individual a number showing his/her rank in the group. This method was developed by 

Edward Spearman in 1904. It is defined 

 

 
Note: Some authors use the symbol  for rank correlation. D2 = sum of squares 
of differences between the pairs of ranks. n = number of pairs of observations.  

The value of r lies between –1 and +1. If r = +1, there is complete agreement in 

order of ranks and the direction of ranks is also same. If r = -1, then there is complete 

disagreement in order of ranks and they are in opposite directions. 
Computation for tied observations: There may be two or more items having equal 
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values. In such case the same rank is to be given. The ranking is said to be tied. In 
such circumstances an average rank is to be given to each individual item. For 
example if the value so is repeated twice at the 5th rank, the common rank to   
 

 
 

Where m is the number of items whose ranks are common and should be 

repeated as many times as there are tied observations. 
 
 

Example 6:  
In a marketing survey the price of tea and coffee in a town based on quality was 

found as shown below. Could you find any relation between and tea and coffee 

price. 
 

  Price of tea 88  90 95  70 60  75  50   

  Price of coffee 120  134 150  115 110  140  100   

                 

 Price of   Rank   Price of  Rank D    D2  

  tea      coffee             

 88   3     120   4 1    1   

 90   2     134   3 1    1   

 95   1     150   1 0    0   

 70   5     115   5 0    0   

 60   6     110   6 0    0   

 75   4     140   2 2    4   

 50   7     100   7 0    0   

                    D2 = 6  
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The relation between price of tea and coffee is positive at 0.89. Based on 

quality the association between price of tea and price of coffee is highly positive. 

Example 7:  
In an evaluation of answer script the following marks are awarded by the examiners. 
 

1st 88 95 70 960 50 80 75 85 

2nd 84 90 88 55 48 85 82 72 

 

Do you agree the evaluation by the two examiners is fair?  
x     R1     y R2 D D2  

88     2    84 4 2 4  

95     1    90 1 0 0  

70     6    88 2 4 16  

60     7    55 7 0 0  

50     8    48 8 0 0  

80     4    85 3 1 1  

85     3    75 6 3 9  

              30  

 
r = 0.643 shows fair in awarding marks in the sense that uniformity has arisen in 
evaluating the answer scripts between the two examiners.  
 

Example 8:  
Rank Correlation for tied observations. Following are the marks obtained by 10 
students in a class in two tests. 
  
Student
s A B C D E F G H I J 
Test 1 70 68 67 55 60 60 75 63 60 72 
Test 2 65 65 80 60 68 58 75 63 60 70  
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Calculate the rank correlation coefficient between the marks of two tests.  
Student Test 1 R1 Test 2 R2 D D2 
A 70 3 65 5.5 -2.5 6.25 
B 68 4 65 5.5 -1.5 2.25 
C 67 5 80 1.0 4.0 16.00 
D 55 10 60 8.5 1.5 2.25 
E 60 8 68 4.0 4.0 16.00 
F 60 8 58 10.0 -2.0 4.00 
G 75 1 75 2.0 -1.0 1.00 
H 63 6 62 7.0 -1.0 1.00 
I 60 8 60 8.5 0.5 0.25 
J 72 2 70 3.0 -1.0 1.00 

      50.00 

 

60 

is repeated 3 times in test 

1.        

60,65 is repeated twice in test 2.        

m = 3; m = 2; m = 2      

 

 
Interpretation: There is uniformity in the performance of students in the two tests. 

 

 

ALGORITHM TO FIND MEAN OR AVERAGE 

 

(Average Algorithm) This algorithm is used to find the mean or Average of N 

numbers. Suppose DATA is an array variable and it has N numeric value. Formula to 

find Average  or Mean of N Numbers is given below. 

MEAN = (Sum of all N Numbers) / N 

Algorithm for this problem is as: 

Step1: Start 

Step2: Read: DATA[1: N] 

Step3: [Initialize] Sum := 0 
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Step4: Repeat for i := 1 to N by 1 

                        Sum := DATA[i] + Sum 

            [End of for loop] 

Step5: Mean := Sum / N 

Step6: Print: ‘Average of N number is Mean’ 

Step7: Stop 

FLOWCHART TO FIND MEAN OR AVERAGE 

 

ALGORITHM TO FIND MODE 

(Mode Algorithm) Suppose an array having name DATA can have N numeric values 

is given. This algorithm will find the mode of the N numbers. 

Step1: Start 

Step2: [Initialize] Count := 0 

Step3: Take N input for DATA array 

Step4: Repeat for i := 1 to N by 1 

                        [Initialize] Temp_count := 0 

                        Repeat for j:= 1 to N by 1 

                                    If ( DATA[i] == DATA[j]) then: 

http://i2.wp.com/www.bscshortnote.com/wp-content/uploads/2015/03/FLOWCHART-TO-FIND-MEAN-OR-AVERAGE-OF-N-NUMBERS.png
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                                                Temp_count := Temp_count + 1 

                                    [End of If structure] 

                        [End of inner loop] 

                        If (Temp_count>Count) then: 

                                    Count := Temp_count 

                        [End of if structure] 

            [End of outer loop] 

Step5: Print: ‘Mode of N numbers is Count’ 

Step6: Stop 

FLOWCHART TO FIND MODE 

 

ALGORITHM TO FIND MEDIAN 

(Median Algorithm) Imagine an array DATA with N numeric values is given. 

Primarily the array is unsorted. This algorithm first sort the array in ascending order 
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then it finds the median of N numbers. Depending upon the N there can be two 

possibilities: When N is odd then the median is (N + 1)/2. And when N is even then 

the median is average of the values of N/2 and N/2 + 1. 

Step1: Start 

Step2: Take N input for DATA array 

Step3: Print: ‘Sort the DATA array in ascending order’ 

Step4: Repeat for i := 1 to N by 1 

Repeat for j := i + 1 to N by 1 

If DATA[i] > DATA[j] then: 

temp = DATA[i] 

DATA[i] = DATA[j] 

DATA[j] = temp 

[End of If structure] 

[End of inner loop] 

[End of outer loop] 

Step5: If N%2 ≠ 0 

Median := (N + 1)/2 

Print: ‘Median is Median.’ 

Else 

P := N/2 

Q := N/2 + 1 

Median := (DATA[P] + DATA[Q])/2 

Print: ‘Median is Median.’ 

[End of If structure] 

Step6: Stop 
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FLOWCHART TO FIND MEDIAN 

When Numbers are not Sorted. To find Median of N numbers, first these numbers 

have to be sorted. 

 

 


