
 

 

 

 

 

DESCRIPTIVE 

STATISTICS 
 

 

 

 

BY 

TANUJIT CHAKRABORTY 

Indian Statistical Institute 

Mail : tanujitisi@gmail.com 



1 
 

Have Doubts?                                                                                                       Mail: tanujitisi@gmail.com 
 

AN INTRODUCTION TO STATISTICS 

 

STEPS AT A GLANCE: 

Collection of Data −> Summarization of Data −> Analysis of Data −> Interpretation of Data 

towards a VALID DECISION. 

 

WHAT IS THE MAIN PROBLEM IN STATISTICS? 

Answer: Given a sample (a set of outcomes), we are to say (infer) about the population or 

the model. Statistics primarily deals with situations in which the occurrence of some event 

can’t be predicted with certainty.  

 

WHAT ARE THE MAJOR OBJECTIVES OF STATISTICS? 

Answer: 1. To make inference about a population from an analysis of information 

contained in the sample data. 

2. To make assessments of the extent of uncertainty involved in these inferences.  

3. A third objective, no less important, is to design the process & the extent of sampling so 

that the observations from a basis for drawing valid & accurate inferences.  

 

GIVE THE DEFINITION OF STATISTICS? 

Answer: “Statistics” is a science of decision making on the basis of sample observations 

drawn from a population under uncertainty. That is, it is a mathematical discipline 

concerned with the collection of data, summarization of data, analysis of data & 

interpretation of data toward a valid decision.  

Encyclopedia Americana: As a name of a field of study, Statistics refers to the science & 

arts of obtaining & analyzing quantitative data with a view to make sound inferences in the 

face of uncertainty.  

Encyclopedia Britannica: As is commonly understood nowadays, Statistics is a 

mathematical discipline concerned with the study of masses of quantitative data of any 

kind.  
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WHAT IS THE MEANING OF THE TERM ‘STATISTICS’? 

Answer: As a singular noun it refers the science of collecting, analyzing & interpreting 

numerical data relating to an aggregate of individuals. As a plural noun it denotes the 

numerical & quantitative information, e.g., labor statistics, vital statistics.  

IS STATISTCS A SCIENCE? 

Answer: Any Science has for its objectives the formulation of laws for explaining 

phenomena in some part of the real world with a deterministic viewpoint. As Kendall 

explained, “Statistics is the branch of scientific method which deals with the data obtained 

by counting or measuring the properties of population of natural phenomena”. Indeed, we 

can call Statistical Methodology as Scientific Method. It is noted that STATISTICS is 

sometimes called the study of variation, i.e., a population or group without any variation & 

uncertainty is no interest to Statistics. So, Statistics is the scientific methodology which 

deals with the collection, classification & tabulation of numerical facts as a basis for 

explanation, description & comparison of social phenomena.  

Some Useful Definitions 

Statistical Data: The numerical data or measurements obtained in case of an enquiry into 

a phenomenon, marked by uncertainty & variability, constitute Statistical Data. Uncertainty 

& variability are two major characteristics of Statistical Data. Not all quantitative data is 

statistical data. Example of statistical data – Suppose we study the ‘Heights of students in a 

particular college’. Here we can’t predict the height of an individual with certainty & there 

will be variation in heights of students. Counter Example: Multiplication table in a tabular 

form is a quantitative data, but since there is no uncertainty & variability involved in the 

data so it’s not a Statistical Data. 

Population: A set or group of observations relating to a phenomenon under statistical 

investigation is known as statistical population or simply population. However, the term 

‘population’ implies an aggregate or collection of measurements on a given variable(s). 

Population is said to be finite or infinite according to whether the set contains a finite or 

infinite number of observations. Example – Measurements of heights in your college.  Note 

that: 1. Characteristics of a population are called parameters.  2. A population contains 

finite or infinite no of observations on a given variable(s).  

Sample: The set of data actually collected through a process of observation from selected 

items of any source is called a Sample. However, “Sample” is a subset of population or a 

true representation of population. Example − Measurements of heights of students of 

Statistics department in your college. Note that: 1. Characteristics of sample are called as 

Statistic. 2. A sample is taken in order to gather information about a population.  
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WRITE DOWN THE LIMITATIONS OF STATISTICS? 

Answer: 1. Statistics deals with quantitative data only. 2. Statistical law holds good only for 

aggregate of items or average individuals. It may not be true for a particular individual or 

item. 3. Inadequate knowledge of data interpretation may lead to invalid decision. There 

are some saying: “There are three kinds of lies –lies, white lies & Statistics”, “Figure won’t 

lie, but liars figure”, “Statistics is like a clay of which you can make a god or devil”. 

COMMENT ON THE FOLLOIWNGS: 

1. “In a study of ages & professions of deceased men, it was found that the 

profession with the lowest average age of death was ‘student’. So it appears that 

student profession is very dangerous.” 

Answer: It is obvious that every profession must have some basic education & it happens 

that the average age of every professional men must be higher than the age of the students. 

But it can happen that profession with lowest age of death was student. So the given 

statement is TRUE. But the conclusion made from the fact is incorrect. It can never be told 

that the student profession is dangerous. To conclude properly, we must have data for 

computing the proportions or percentages of deceased men in different professions. 

Therefore the conclusion made here is absurd.  

2. “A study of fighting in bars in which someone was killed found that 90% of the 

cases, the person who started fighting was the one who died”.  

Answer: It is very obvious that the data is collected from the persons who has survived in 
fighting, not from the dies persons; as a matter of fact the survived persons will not accept 
the guilt of killing his opponent fighters. If the data is collected from eye witnesses, it is 
expected to say something in favor of the survived person as the opponent fighter has 
already been dead, from the sympathetic ground. Hence, the data collected may not be 
reliable at all. This is an examples of situation where inadequate information takes into bad 
decisions. 
 

3.  “Blindly using any data happened to be available can lead to misleading 

information & bad decision.” 

Answer: There are two kinds of people: Some of them believe that the inferences based on 

statistical data are very reliable & trusty. And others don’t believe statistical results at all, 

they think it as a damned lies. But the fact is statistics is sometimes misused either 

deliberately or often due to lack of knowledge. Making conclusions based on inadequate 

information, deliberate manipulation & personal bias may lead to bad decision. Statistics 

are not to be blamed for all these. Statistics is like a clay of which you can make a god or a 

devil.  
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TYPES OF DATA 

Statistical data may be classified in the following ways: 

(i) Quantitative and Qualitative Data 

(ii) Frequency data, Non−frequency data. 

(iii) Nominal data, Ordinal data 

By Quantitative Statistical data we mean a sequence or a set of numerical measurements 

made on some of the objects in a specified population. Therefore we may say that these 

types of data arise if we are observing, for each individual of a group, a character which can 

be measured in numbers. Such a character will be referred to as a quantitative character or 

a variable.  

For example, the heights of 10 students of a college constitute quantitative data and the 

quantitative data are: 5’6”, 5’5”, 5’4”, 5’8”, 5’6”, 5’7”, 5’4”, 5’5”, 5’9” and 5’7”. The character 

“Height of students” is a quantitative character or variable.  

By Qualitative Statistical data we mean a set of observations in which each observation in 

the sample or population belongs to one of several mutually exclusive classes which are 

likely to be non−numerical. For this type of data, the character observed is not measurable 

in numerical terms. Such a character is called a qualitative character or an attribute. 

The “color of a flower” can be classified as red, blue, white and others. The colors of ten 

flowers in a garden are recorded as: R, W, O, B, R, W, W, R, O and R. The data is qualitative 

data and the character “color of flower’ is a qualitative character or an attribute.  

Discrete and Continuous Variables: 

When we study the data regarding quantitative characters, it is found that this may be of 

two types: 

In the first type (Discrete Variable), the character may take only some isolated values, like 

the number of members in a family and the number of letters in a word, etc.  

In the second type (Continuous Variable), the character can take any value within its range 

of variation. The height, weight, age of man are variables of this type. It is to be noted that 

in the second type, the actual measurements will present a discreteness, as for e.g.: when 

heights are given correct to the nearest ‘cm’. But this discreteness is completely artificial, 

being due to the limitations of measuring instruments.  

Variable of the first type are called discrete or discontinuous variables of the second type 

are called continuous. 
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Definition:  

A variable which can take only some isolated value is called a discrete variable.  

A variable which can take any value within its range of variation is called a continuous 

variable.  

 

Non−frequency type data: 

Time Series Data: When data are arranged according to the order of time, the data is 

known as time series data or historical data or chronological data. Here the values of one or 

more variables are given for different points or periods of time. Generally, in such a case, 

we are interested in the relationship between the time and the variable.  

Example: 

Time (in years) 
 

Production of Rice in W.B. (in tons) 
 

1990 
1991 
1992 
1993 
1994 
1995 
1996 

10 
11 
11.5 
12 
10.5 
12 
13 

 

Cross-sectional Data:  It is a type of data which is collected by observing many subjects 

(such as individuals, firms, countries, or regions) at the same or approximately the same 

point in time, or without regard to differences in time. 

Example: Here we study the changes in the value of the variable from a region to region.  

States  
 

Production of Rice (in tons) 
 

Bihar  
W.B.  
Orissa  
UP 
MP 
AP 
Tamil Nadu 

10 
16 
12 
14 
12 
11 
10 
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Frequency type data: 

Consider the data on one or more variables for different individuals, may be even for 

different points of time, for different regions, but the identity of the individuals is not 

important and can be ignored. Now, we are interested in the characteristics of the group 

formed by the individuals rather than in those of the individual themselves. These types of 

data is called frequency type data, for here we are interested in knowing how frequently 

each of the different values of a variable occurs in a set of data.  

Example: Marks distribution of First year students in a college: 

Marks  0−30          30−40         40−50           50−60        60−70         70−80       above 80 

No. of Students 20                30              40                   50             40                20                30 
 

Nominal data and Ordinal data: 

Data may be divided into several categories. Categorical data have two primary type. Data 

having categories without a natural ordering are called nominal data. Examples are data 

on religion affiliation with the categories Catholic, Protestant, Hindu, Muslim and others. 

For nominal data, the order of listing the categories is irrelevant. 

Many categorical data do have ordered categories, such data are called ordinal data. 

Examples are data on social class: upper, middle, lower; and on patient condition: good, fair 

and serious. Another example is data on political philosophy: liberal, moderate and 

conservative.  

DIFFERNT TYPES OF SCALE 

The theory of measurement consists of a set of separate or distinct theories, each 

concerning a distinct level of measurement. Here we will discuss four levels of 

measurement –nominal, ordinal, interval and ratio.  

(a) The Nominal Scale 

Definition: Measurement at its weakest level exists when numbers or other symbols are 

used simply to classify an object, person, or characteristic. When numbers or other symbols 

are used to identify the group to which various objects belong to, these numbers or 

symbols constitute a nominal scale.  

Examples:   The numbers on automobile license plates constitute a nominal scale. In India, 

a certain number or letter on license plate indicates the state in which the car owner 
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resides, each subclass in the nominal scale consists of a group of entities: all owners 

residing in the same state. 

In a nominal scale, the scaling operation is partitioning a given class into a set of mutually 

exclusive subclass. The members of any one subclass must be equivalent in the properly 

being scaled, that is, the only relation involved is that of equivalence.  

(b) The Ordinal or Ranking Scale 

Definition: It may happen that objects in one category of scale are not just different from 

the objects in other categories of that scale, but that they stand in some kind of relation to 

them. Typical relations among classes are: higher, more preferred, more difficult, etc. Such 

relations may be designated by carat (>), which means ‘greater than’.  

If the relation > holds for all pairs of classes so that a complete rank ordering of classes 

arise, we have an ordinal scale. 

Examples: In prestige or social acceptability, all members of the upper middle class are 

higher than (>) all members of the lower middle class. 

The fundamental difference between a nominal and an ordinal scale is that the ordinal 

scale incorporates not only the relation ‘equivalence’ (≡) but also the relation “greater 

than” (>). The scale is “unique upto a monotonic transformation” that is, it does not matter 

what numbers we give to a pair of classes, just as long as we give a higher number to the 

members of the class which is “greater” or “more preferred”.  

(c) The Interval Scale 

Definition: When a scale has all characteristics of an ordinal scale and when in addition the 

distances between any two numbers on the scale are of known size. In such a case, 

measurement has been achieved in the sense of an interval scale. An interval scale is 

characterized by a common and constant unit of measurement which assigns a real number 

to all pairs of objects in the order set. In this sort of scale, the ratio of any twp intervals, is 

independent of unit of measurement and of the zero point. In an interval scale, the zero 

point and the unit of measurement are arbitrary.  

Examples: We measure temperature on an interval scale. The unit of measurement and the 

zero point in measuring temperature are arbitrary –they differ for two scales: centigrade, 

Fahrenheit.   
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The interval scale is “unique up to a linear transformation”, that is, the information yielded 

by the scale is not affected by the transformation 𝑓(𝑥) = 𝑎𝑥 + 𝑏. In the temperature 

example,  

𝐹 =
9

5
𝐶 + 32. 

The interval scale is the first truly qualitative scale that we have discussed earlier.  

(d) The Ratio Scale 

Definition: When a scale has all the characteristics of an interval scale and in addition has a 

true zero point as its origin, it is called a ratio scale. In a ratio scale, the ratio of any two 

scale points is independent of the unit of measurement.  

Examples: We measure mass or weight in a ratio scale. The scale of kg or pounds has a true 

zero point. The ratio between any two weights is independent of the unit of measurement. 

The operations of arithmetic are permissible on the numerical values assigned to the 

objects themselves.  

 

COLLECTION OF DATA 

 

Primary data and Secondary data:  

The numerical facts or measurements obtained in the course of an enquiry into a 

phenomenon, marked by uncertainty, constitute statistical data. The statistical data may be 

already available or may have to be collected by an investigator or an agency. 

The statistical data may be of two broad types: (i) Primary data, (ii) Secondary data. 

Data is termed primary when the reference is to data collected for the first time by the 

investigator (or on his behalf). Data is termed secondary when the data is taken from 

records or data already available. The Meteorological Department regularly collects data on 

different aspects of the weather and climate such as amount of rainfall, humidity, maximum 

and minimum temperature of a certain place. These constitute primary data. To someone 

using them for a certain investigation the data will be secondary data.  
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Distinguish between Primary data and Secondary data: 

(1) Primary data are those which are to be collected for the first time by the investigator 

(or on his behalf) and the therefore, it is of original in nature, whereas Secondary data 

are those which do not originate from the investigator (or from the field of enquiry) but 

which are obtained from someone else’s records.  

(2) Primary data may be used with greater confidence because the investigator will himself 

decide upon the coverage of the data, whereas secondary data is not so reliable. The 

secondary data may contain mistakes due to errors in transcription made when figures 

were copied.  

There are two principal methods of data collection. Through a census, through a sample 

survey.  

Census implies complete enumeration of each and every element of the source. Data 

obtained by taking relevant measurement or observation of each and every element of the 

source constitute census data. When only some selected elements of the source (selected 

according to some valid procedure) are taken and measurement or observations of these 

selected elements are recorded, the data is said to be collected through a sample enquiry 

and is said to be sample data. 

 

The advantages of Sample Survey method over the Census method of enquiry are the 

following: 

(1) Reduced Cost: The sample method is more economical. 

 

(2) Greater scope: Complete enumeration is sometimes neither desirable nor feasible. In 

such cases only the sample method is to be adopted. Moreover, it is possible to collect 

more information in a sample enquiry than in a complete count.  

 

(3) Greater speed: Data can be collected more quickly and summarized with a sample than 

with a complete count or census.  

 

(4) Greater Accuracy: It is possible to engage better trained personnel for collection of data 

in the case of a sample enquiry than in a complete count. Processing of data is also 

much easier with sample data. All these factors lead to greater accuracy in data 

collected. 
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Methods of Collection of Data: 

Statistical data are frequently obtained by a process in which the desired information is 

obtained from the source, either by having an enumerator visit to the informant, ask the 

necessary questions and enter the replies on a schedule, or by sending to the informant a 

list of questions (sometimes called a questionnaire) which he may answer at his 

convenience.  

Questionnaire: The term ‘questionnaire’ means a list of certain systematically arranged 

questions relating to the subject of enquiry. It is necessary that questionnaire is designed 

with due care so that necessary data may be easily collected.  

Schedule : In the schedule one finds a list of items, on which information will be collected, 

the exact forms of the questions to be put to the informants are not given and task of 

questioning, explaining the desired information is left to the investigator.  

Framing of Questionnaire or Schedule: 

Great care is to be taken in drafting a questionnaire or schedule, as this is the medium 

through which information is collected. Further it is also to be seen that the information 

collected is usable. Apart from care, expertise such as skill, wisdom, experience of the 

phenomenon under enquiry are needed in drafting a questionnaire. There are a few 

general points which should be borne in mind:  

(i) The questions put should be clear, concise and unambiguous. 

 

(ii) Delicate questions are to be put with greater care, often indirect questions 

should be put to get answers to some pertinent point. It is sometimes desirable 

to avoid very delicate questions.  

 

(iii) The size of the questionnaire/schedule should be small. It saves time, both for 

the enumerator and the respondent. A large questionnaire is likely to exhaust 

the patience of the respondent.  

 

(iv) There should be a natural, logical order in which questions are put. 

 

(v) It should be noted that the information collected through questions should be 

such that it is usable.  
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Distinguish between Questionnaire and Schedule: 

(a) A ‘questionnaire’ is a list of certain systematically arranged questions relating to the 

subject of enquiry, whereas a ‘schedule’ is a list of items on which information will be 

collected.  

 

(b) The exact forms of the questions to be put to the informants are given, in 

‘questionnaire’, whereas in schedule, the exact forms of the questions to be put to the 

informants are not given and task of questioning and explaining the desired 

information is left to the investigator. 

 

(c) In questionnaire, the answers to questions are recorded by the informants himself, 

whereas in a schedule answers are recorded by the investigator.  

Methods of Collection of Primary Data: 

Primary data is collected through census or sample. There are several ways of collecting 

such data and these are 

(i) The questionnaire method 

(ii) The interviewer method 

(iii) The method of direct observation 

 

In the questionnaire method, each informant or respondent is provided with a 

questionnaire, usually sent by mail with return postage prepaid, and is asked to supply the 

information in the form of answers to the questions.  

The merits of such a method are: 

(1) It is much less time consuming and is economical. 

(2) A much larger coverage can be made as, people in distant places can be reached without 

much difficulty.  

(3) It is advantageous in a situation where the persons concerned move to faraway place.  

The demerits are 

(1) The method can be adopted only in case of educated people. 

(2) The proportion of non−response is usually much larger. People do not have the time to 

spare nor are they willing to take the trouble of writing the answers themselves and of 

returning the questionnaire. Sometimes people also do not like to record information in 

their own handwriting and very often avoid answering delicate questions.   
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In the interviewer method, enumerators go from one informants to another and elicit the 

required information. This method is used in population census.  

The merits of such a method are:  

(1) Information so collected is more accurate, reliable and useful. The investigator can 

check and countercheck the information and get in the form in which he desires. 

(2) The investigator can put alternative questions suited to the educational and cultural 

level of the persons concerned.  

(3) In such cases, information can be collected by eliminating the bias and prejudices of the 

persons concerned.  

The demerits are: 

(1) Such a method can be adopted only when the enquiry is intensive and localized to a 

locality or a group. This cannot be used when the enquiry is extensive or is to be done in 

large areas. 

(2) Such as enquiry is subjective in the sense that the intelligence, tact, skill as well as 

personal bias of the investigator are all reflected in the process.  

 

In the method of direct observation, the enquirer or his assistant get the data directly 

from the field of enquiry without having to depend on the cooperation of informants. When 

data are needed on the height and weight of, say, 200 college students they will be 

approached individually and the height of each measured with a tape and the weight 

measured with weighing balance.  

The merits of this method are: 

(1) There is much lesser degree of subjectivity on the part of interviewer. 

(2) Information so collected is more accurate, reliable. 

The demerits are: 

(1) It is expensive and time consuming. 

(2) Thorough training of the enumerators is needed before they are sent to the field.  
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PRESENTATION OF DATA 

The methods of collections of statistical data were described in the last part. The data so 

collected is known as raw data. The raw data which is, in general, huge and unwieldy, needs 

to be organized and presented in meaningful and readily comprehended form in order to 

facilitate further statistical analysis. 

There are three broad ways of presenting data. These are: (1) Textual presentation, (2) 

Tabular presentation, (3) Graphic or diagrammatic presentation.  

(1) Textual Presentation: In textual presentation, data is presented along with the text; 

that is, data may be incorporated in a paragraph of text. 

Disadvantages: This is not a very effective and impressive device for statistical 

presentation, since it is necessary to read or at least scan, all of the paragraph before one 

can grasp the meaning of the entire set of figures, which takes up too much time. Most 

persons cannot easily comprehend the data presented in a paragraph of text, and it is 

especially difficult for the reader to single out individual figures. Data in this form are 

generally unarranged and unsystematic.  

Advantage: There is the advantage, however, that the writer can direct attention to, and 

thus emphasize, certain figures and can also call attention to comparisons of importance.  

(2)  Tabular Presentation: In this presentation, data are arranged in a systematic way in 

rows and columns. Huge and unwieldy raw data can be neatly condensed in a table, by 

classifying data according to suitable groups or classes.  

A table will have at least the four essential parts: title, stub, caption, body. There may also 

be present a footnote and prefatory note.  

Title: A title should accompany every table and is customarily placed above the table. The 

title should be clearly warded and should state briefly what data are shown in the table.  

When more than one table is included in a study, it is desirable to number the tables 

consecutively in order that each one may be identified by number rather than by title.  

Stub: The extreme left part of the table; that is, the left hand column and its heading is 

called “stub”, which is meant to describe the nature of the rows.  

Caption: It is the heading of the other columns i.e., the upper part of the table which gives a 

description of the various columns is the caption of the table. The units of measurements 

for the data for each column are given in caption.  
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Body: The body is the principal part of the table, where all the relevant figures are 

exhibited.  

Footnotes and Prefatory Note: A Prefatory note, one or more footnotes and a source note 

may be appended to a table. The prefatory note is, placed just below the title and in small 

or less prominent type. The prefatory note provides an explanation concerning the entire 

table or a substantial part of it. Explanations concerning individual figures, or a column or 

row of figures, should be given in footnotes.  

(3) Graphic or Diagrammatic representation of data: The important types of diagram 

which are used in statistical work are being described below.  

 

(a) Line diagram:  

When statistical data {(𝑥𝑖, 𝑦𝑖), 𝑖 = 1(1)𝑛} on two variables x and y are plotted in reference 

to x−axis and y−axis where both the axes are in arithmetic scale, the n pairs given n points 

on the graph, which are next joined by line segments. The resulting diagram is known as 

line diagram.  

Line diagrams are frequently used for picturing time series data. Whenever time series 

data are represented by a line diagram, the time is shown in the x−axis and the other 

variable is placed on the y−axis. When considering the statistical data over a period of time, 

we are sometimes interested in the amount of change that has taken place, then the line 

diagrams are useful. Comparison of series differing not materially in the magnitude of 

individual items is possible with the line diagram.  
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Semi−logarithmic Chart: 

A semi−logarithmic or ratio chart is a variant of line diagram where the vertical scale is 

logarithmic but the horizontal scale is of the arithmetic type. Comparison of series differing 

material in the magnitude of individual items is possible with the ratio chart. To compare 

the relative growth or decline of two or more series, one may use ratio chart.    

Logarithmic Scale: The construction of Logarithmic scale involves spacing the vertical 

scale values in proportion to the differences between their logarithms; that is, the vertical 

distance are proportional to the differences between the logarithms. An alternative 

approach to an understanding of the logarithmic scale does not involve logarithms is that 

equal distances measured along a logarithmic scale represent equal ratio. 

(b) Bar diagrams: 

Bar diagrams are the simplest and most used geometric forms for visual representation of 

data. Bar diagrams are of the following types: 

(1) Simple bar diagram:  

A Bar diagram which consists of a number of rectangles (usually called bars) is used for 

one−dimensional comparison. It is used to show absolute changes in magnitudes overtime 

(chronological) or space (geographical/regional). Changes in time or space, as the case may 

be, are shown along the x−axis with equally spaced magnitudes. Rectangles of equal width 

are drawn with lengths varying with the magnitude represented. While a line graph is not 

suitable for representation of data classified geographically or qualitatively, a bar diagram 

is suitable for representation of such data.  

                                     

Vertical bars should also be used for data classified quantitatively. When making 

comparisons of data classified qualitatively or geographically, on the other hand, horizontal 

bars are generally used. 

 



16 
 

Have Doubts?                                                                                                       Mail: tanujitisi@gmail.com 
 

(2) Multiple Bar Diagram:  

A multiple bar diagram is used for two or three dimensional comparison. For comparison 

of magnitudes of one variable in two or three aspects, or for comparison of magnitudes of 

two or three variables, a group of rectangles placed side by side is used. The bars are to be 

distinguished by shading or coloring to show the variables represented. 

 

(3) Subdivided bar diagram:  

The different components of a variable may be shown by subdivided bar diagram. Here as 

in the case of simple bar diagram, bars are drawn to represent the total magnitudes of the 

variable; one bar to represent each time period or geographical area. Then each bar is 

divided into several segments, each segment representing a component of the total. To 

distinguish between different components, different shading are used and explained in the 

body. The various components of the variable are to be represented in the same order in 

different bars to facilitate easy comparison.  
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In the subdivided bar diagrams, the heights of the rectangles, drawn is proportional to the 

magnitudes of the variable.  

Instead of considering absolute magnitudes of the variable, magnitudes of components may 

be indicated in terms of percentage of the total of the variable: the percentages are 

expected to give a better idea of the relative importance of each categories. For this 

purpose, a bar of suitable length is taken, its total area being regarded as 100 and then this 

area is divided in such a way that the area of each part represents the percentage for the 

corresponding category.  

In order to draw a subdivided bar diagram, it is convenient to form beforehand a table of 

percentage.  

 

(c) Pie diagram:  

When an aggregate is divided into different components, we may be interested in the 

relative importance of the different components, rather than their absolute contribution to 

the aggregate. For representing breakdown of an aggregate into components a pie diagram 

is used. For pie diagram, one circle is used and the area enclosed by it being taken as 100. It 

is then divided into a number of sectors by drawing angles at the centre, the area of each 

sector representing the corresponding percentage. Since the full angle at the center is  

360°, it is clear that for any particular category the angle (in degrees) should be 3.6 times 

the corresponding percentage.  
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FREQUENCY DISTRIBUTION 

When observations on discrete or continuous variables are available on a single 

characteristic of a large number of members often it becomes necessary to condense the 

data as far as possible without losing any information of interest. If the data is 

non−frequency type, then the first step of condensation is to classify different values or is 

to divide the observed range of the variable into a suitable member of groups or classes, 

according to their increasing order in terms of magnitude and to record the number of 

observations corresponding to each distinct value or falling in each class.  

Frequency: Number of times a variate value is repeated is called the frequency of the 

variate value. E.g., suppose there are 7 girl students who have secured 54 marks, 7 is the 

frequency of 54 marks.  

The number of variate values belonging to a group or class is called the frequency of the 

class. If there are 12 people with monthly income Rs. 5000−7000, 12 is the frequency of the 

income group Rs. 5000−7000.  

A table showing the distribution of the frequencies in the different values or classes is 

called a frequency table. A Frequency distribution shows how the total frequency is 

distributed over different variate values or different classes.  

Frequency distributions: 

(A)  Discrete (Discontinuous) Variates: 

We consider now how a frequency distribution table is to be constructed in the case of a 

discrete variable by taking a particular example.  

Example: Four similar coins were tossed 20 times. The number of heads x in each of the 20 

tosses were noted: 

0, 1, 4, 2, 1, 3, 2 

4, 0, 1, 2, 2, 3, 1 

    1, 2, 3, 2, 2, 3 

Construct a frequency distribution table.  

It should be noted that there is only five distinct values of the variable x, and they are 0, 1, 

2, 3, 4.  

Represent each value by a tally (/), for example, corresponding to a particular value 0, we 

put a tally (І) to the value 𝑥 = 0;  
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Similarly we continue putting tallies for each value. We continue upto four tallies and the 

fifth tally us put cross wise (\) so that it becomes clear at once that the lot contains five 

tallies, i.e., there are five values. A gap is left after a lot of five tallies, before starting again to 

mark the tallies after each lot.  

Table 1: Frequency distribution of number heads in tossing four coins 

Values Tally Marks Frequency 

 

0 

1 

2 

3 

4 

 

// 

///// 

/////  // 

//// 

// 

 

 

2 

5 

7 

4 

2 

 

Total  20 

 

The advantage of tally marks is that the single visit to the data is sufficient to construct or 

count the frequency.  

(B) Continuous Variate: 

We shall now consider construction of a frequency distribution table of a continuous 

variable. 

Example: The heights of 50 students to the nearest centimeter are as given below: 

151, 147, 145, 153, 156                                           152, 159, 153, 157, 152 

144, 151, 157, 147, 150                                           157, 153, 151, 149, 147 

151, 147, 155, 156, 151                                           158, 149, 147, 153, 152 

149, 151, 153, 150, 152                                           154, 150, 152, 149, 151 

151, 154, 155, 152, 154                                           152, 156, 155, 154, 150 

Homework: Construct a frequency distribution table.  
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Class intervals and class limits: The interval defining a class is known as a class interval. 

For above example, 145−146, 147−148, …. are class intervals. 

The end numbers describing a class interval are known as class limits; the smaller number 

is the lower class limit and the larger number is the upper class limit. The end numbers 145 

and 146 of the class interval are the class limits; the smaller number 145 is lower class 

limit and the larger number 146 is the upper class limit.  

Smoothening of a Grouped distribution: 

If the data are being collected concerning heights of individuals, reported to the nearest 

centimeter, persons reported with heights 145 cm, would vary between 144.5 cm to 145.5 

cm. For a frequency distribution of continuous variate, the class intervals do not constitute 

the continuous distribution, i.e., the upper limit of the previous class is not the lower limit 

of the following class, it has to be made continuous. The simple way to do this is to find the 

difference of the upper limit of the preceding class and lower limit of the following class. 

Subtract half of the difference from the lower limit of the following class and add the same 

to its upper limit. Continue this process for all classes.  

Thus the smoothened frequency distribution will be: 

 Classes  Frequency 

144.5−146.5 

146.5−148.5 

148.5−150.5 

150.5−152.5 

152.5−154.5 

154.5−156.5 

156.5−158.5 

158.5−160.5 

2 

5 

8 

15 

9 

6 

4 

1 

Total  50 
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Class boundaries and class width: 

After making a frequency distribution continuous, i.e., in a smoothened frequency 

distribution, the end numbers of a class interval are called class boundaries; the smaller 

number is known as lower class boundary and the larger number is known as upper class 

boundary. The class boundaries of the 1st class: 144.5−146.5, are the numbers 144.5 and 

146.5.  

The difference between the upper and lower class boundaries is known as the width of the 

class. Here the width of the class: 145−146 or 144.5−146.5, is 146.5−144.5= 2cm and is the 

same for all classes. 

General Rules for Construction of Frequency Distribution: 

First, find the smallest and largest observations in the raw data supplied and find the range, 

i.e., the difference between the largest and the smallest observations.  

Secondly, divide the range into a convenient number of class intervals having equal sizes. 

Sometimes it may be necessary to consider a slightly higher value than the exact range, so 

as to get a convenient number of class intervals of equal size. The number of class intervals 

taken should not be less than six or eight and greater than 15.  

Another point to be borne in mind is that the midpoints coincide with actually observed 

data. However, whenever class boundaries are considered, it should be seen that no 

observation falls on the class boundaries. Sometimes the data is such that it is not possible 

to have all class intervals of equal size, in such case class intervals of unequal size, 

especially the class intervals at each end, may be conveniently taken.  

Thirdly, find the numbers of observations falling in each class interval (or between 

corresponding class boundaries). This is best done by using tally marks. 

Relative frequency and frequency density 

Relative frequency of a class of a frequency distribution with n values is defined as  

𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑙𝑎𝑠𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛
 

=
𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑙𝑎𝑠𝑠

𝑛
 

Frequency density of a class of a frequency distribution is defined as 

𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑙𝑎𝑠𝑠

𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑙𝑎𝑠𝑠
 



22 
 

Have Doubts?                                                                                                       Mail: tanujitisi@gmail.com 
 

General Frequency Distribution or Grouped data, with equal class width 

Class boundaries  
 

Class Marks  Frequency  Relative 
Frequency  

Frequency 
Density  

(𝑥1 −
𝑐

2
) − (𝑥1 +

𝑐

2
) 𝑥1 𝑓1 𝑓1/𝑛 𝑓1/𝑐 

 
 
 

(𝑥1 +
𝑐

2
) − (𝑥1 +

3𝑐

2
) 

𝑥1 + 𝑐 𝑓2 𝑓2/𝑛 𝑓2/𝑐 

⋮ 
⋮ 

⋮ 
⋮ 

   

(𝑥1 +
𝑖 − 1̅̅ ̅̅ ̅̅ 𝑐

2
) − (𝑥1 +

𝑖 + 1̅̅ ̅̅ ̅̅ 𝑐

2
) (𝑥1 +

𝑖

2
𝑐) 

𝑓𝑖  𝑓𝑖/𝑛 𝑓𝑖/𝑐 
 

⋮ 
⋮ 

⋮ 
⋮ 

   

(𝑥1 +
𝐾 − 1̅̅ ̅̅ ̅̅ ̅̅ 𝑐

2
) − (𝑥1 +

𝐾 + 1̅̅ ̅̅ ̅̅ ̅̅ 𝑐

2
) (𝑥1 +

𝐾

2
𝑐) 

𝑓𝐾  𝑓𝐾/𝑛 𝑓𝐾/𝑐 
 

Total  
 

 n 1  

 

Frequency Distribution of Grouped data with unequal class width 

Class 
boundaries  

Class marks  Frequency  Relative 
Frequency  

Frequency 
Density 

𝑐0 −−𝑐1 
 

𝑐0 + 𝑐1
2

 
𝑓1 𝑓1/𝑛 𝑓1/(𝑐1 − 𝑐0) 

 
𝑐1 −−𝑐2 

 

𝑐1 + 𝑐2
2

 
𝑓2 𝑓2/𝑛 𝑓2/(𝑐2 − 𝑐1) 

 
𝑐2 −−𝑐3 

 

𝑐2 + 𝑐3
2

 
𝑓3 𝑓3/𝑛 𝑓3/(𝑐3 − 𝑐2)  

 
⋮ 
⋮ 

𝑐𝑖 −−𝑐𝑖+1 
 

⋮ 
⋮ 

⋮ 
⋮ 

𝑐𝑖 + 𝑐𝑖+1
2

 

⋮ 
⋮ 

⋮ 
⋮ 
𝑓𝑖  

 
⋮ 
⋮ 

⋮ 
⋮ 

𝑓𝑖/𝑛 

⋮ 
⋮ 

𝑓𝑖/(𝑐𝑖+1 − 𝑐𝑖) 
 
 

𝑐𝐾−1 −−𝑐𝐾 
 

𝑐𝐾−1 + 𝑐𝐾
2

 

 

𝑓𝐾  𝑓𝐾/𝑛 𝑓𝐾/(𝑐𝐾 − 𝑐𝐾−1) 
 

Total  
 

 n 1  
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Graphical representation of a Frequency Distribution: 

It is convenient to represent the frequency distribution by means of a diagram which 

conveys the salient features of the data at a glance. It facilitates the comparison of two 

frequency distributions. 

The following types of graphs are used in representing frequency distributions: 

Frequency – Polygon:  

For an ungrouped frequency distribution, measuring variate−value along x−axis and 

frequency along y−axis, and plotting points with abscissa as the variate values and the 

ordinates as the corresponding frequencies; joining the plotted points by straight line, one 

to the next, the diagram so obtained is called a frequency Polygon. 

For a grouped frequency distribution, we erect at the abscissa corresponding to the centre 

of each class−interval an ordinate equal to the frequency per unit interval in that interval. 

The ends of these ordinate are joint by straight line, one to the next. 

Table 1: Frequency distribution showing the number of boys on the registers of 

primary schools in a State 

Age (in years) No. of boys (in 
thousands) 

Frequency per unit interval (Frequency density) 

2−5 150 150/(5 − 2) = 50 
5−9 2066 2066/(9 − 5) = 518.5 
9−12 1497 1497/(12 − 9) = 499 
12−13 477 477 
13−14 496 496 
14−15 143 143 
15−16 162 162 
 

Histogram:  

For a given grouped frequency distribution, we first mark off along the x−axis all the 

class−interval on a suitable scale. With the class−intervals a bases we draw rectangles with 

areas proportional to the frequencies of the class intervals. For equal class intervals, the 

heights of the rectangles will be proportional to the frequencies, while for unequal class 

intervals, the heights will be equal (or proportional) to the frequency densities of the 

classes.  

Homework: Draw Frequency Polygon & Histogram from the Data given in Table 1. 
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FREQUENCY CURVES: 

If the class intervals be made smaller, and at the same time the number of observations 

increased so that the class frequencies may remain sizeable (or finite), the frequency 

polygon and the histogram will approach more and more closely to a smooth curve. Such 

an ideal limit to the polygon or the histogram is called a frequency curve. The frequency 

curve can be obtained by drawing a smooth free hand curve through the vertices of the 

frequency polygon, or through the midpoints of the top of the rectangles of the histogram. 

In the frequency curve the area between the ordinates whatever is proportional to the 

number of observations falling between the corresponding values of the variable. Thus, the 

number of observations falling between the values of the variable 𝑥1 and 𝑥2 in the above 

figure will be proportional to the area of the shaded strip. 

SOME COMMON TYPES OF FREQUENCY CURVE: 

(1) The symmetrical or Bell Shaped 

In this type the class−frequencies decrease to zero symmetrically on either side of a central 

maximum. (Graph 1) 

(2) The moderately asymmetrical (skew) 

In this case the class frequencies decrease with markedly greater rapidity on one side of 

the maximum than on the other. 

Asymmetrical curves are also said to be “skew”. If the longer tail of a curve lies to the right, 

the curve is called (positively skewed) skewed to the right or (negatively skewed) skewed 

to the left if it lies to the left. (Graph 2 & 3) 
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(3) The extremely asymmetrical or J−shaped 

In this type the class−frequencies run up to a maximum at one end of the range. 

Consider the frequency distribution of deaths from scarlet fever for 5 years intervals, the 

maximum number of deaths occur at the beginning of life i.e., in the age group 0−5, the 

distribution is J−shaped.  

(4) The U−Shaped 

This type exhibits a maximum frequency at the ends of the range and a minimum towards 

the centre. 

CUMULATIVE FREQUENCY AND CUMULATIVE FREQUENCY CURVE 

The number of observations which are less than or equal to a specified value x is called the 

cumulative frequency of x of “less than” type. The number of observations which are 

greater than or equal to a specified value x is called the cumulative frequency of x of 

“greater than” type.  

Discrete variate: 

Let a discrete variate x takes the value 𝑥𝑖  with frequency 𝑓(𝑥𝑖), 𝑖 = 1, 2, 3, …. 

 Then 𝐹(𝑥) = ∑ 𝑓(𝑥𝑖)𝑥𝑖≤𝑥
, the total frequency of less than or equal to x, is known as 

cumulative frequency of x of less than type.  

Clearly,  

𝐹(𝑥) =

{
 
 

 
 

0             𝑖𝑓 𝑥 < 𝑥1
𝑓1                    𝑖𝑓 𝑥1 ≤ 𝑥 < 𝑥2
𝑓1 + 𝑓2            𝑖𝑓 𝑥2 ≤ 𝑥 < 𝑥3
𝑓1 + 𝑓2 + 𝑓3     𝑖𝑓 𝑥3 ≤ 𝑥 < 𝑥4

⋮
⋮

 

F(x) is a discontinuous function at each 𝑥𝑖, 𝑖 = 1, 2, 3, …. The function F(x) is called the Step 

function. The graph or curve of F(x) is known as step diagram.  

Continuous variate: (Grouped frequency distribution) 

Consider the number of all observations which are less than or equal the upper class 

boundary of a given class interval: this number is the sum of the frequencies up to and 

including that class to which the upper boundary corresponds. This sum is known as the 

cumulative frequency up to and including that class. 
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Table: Cumulative frequency (less than) table of heights of 50 students: 

Class interval  Frequency                                    Cumulative frequency 
Less than                                                  greater than  

145−146 
147−148 
149−150 
151−152 
153−154 
155−156 
157−158 
159−160 

2 
5 
8 
15 
9 
6 
4 
1 

2 
7 
15 
30 
39 
45 
49 
50 

50 
48 
43 
35 
20 
11 
5 
1 

Total     
  

The cumulative frequency distribution is represented by joining the points obtained by 

plotting the cumulative frequencies along the vertical axis and the corresponding upper 

class boundaries along the x−axis. The corresponding polygon obtained by joining the 

points by straight lines, is known as cumulative frequency polygon or ogive (less than 

type).  

Similarly we can construct another cumulative frequency distribution (more than type) by 

considering the sum of frequencies greater than the lower class boundaries of the classless. 

The graph obtained by joining the points obtained by plotting the cumulative frequencies 

(more than) along the vertical axis and the corresponding lower class boundaries along the 

x−axis is known as cumulative frequency polygon or ogive (“greater than” type).  
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