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Statistics 

The word statistics has been derived from Latin word ‘status’ or Italian ‘Statista’ meaning statesman. During 
early period, these words were used for political state of the region. The word ‘Statista’ was used to keep the 
records of census or data related to wealth of a state. 

According to Croxton and Cowden, “Statistics is the collection, presentation, analysis and interpretation 
of numerical data”. 

Once the data are collected they need to be processed and analysed in accordance to the priorly decided 
research plan. 

Processing means the editing, coding, classification and tabulation of collected data so as to make it 
amenable to analysis. 

Analysis means the computation of certain measures as well as searching for patterns that can relate the 
different data groups. As G. B. Giles put it as, “in the process of analysis, relationships or differences 
supporting or conflicting with original or new hypotheses should be subjected to statistical tests of 
significance to determine with what validity data can be said to indicate any conclusions”. 

Processing Operations 

A. Editing 

Editing of data are a process of examining the collected raw data to detect errors and omissions and to 
correct these when possible. Editing is done to assure that  

• The data are accurate 

• The data are consistent with other facts with respect to the problem 

• The data are uniformly entered 

• The data are as complete as possible 

• The data have been arranged to facilitate coding and tabulation 

Editing is of two types: 

• Field Editing 

It is needed by the investigator for completing (translating or rewriting) what the respondent has 
written in abbreviated and/or in illegible form at the time of recording his responses.  

While doing such type of editing, the investigator must restrain himself and must not correct 
errors of omission by simply guessing what the informant would have said if the question had 
been asked. 
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• Central Editing 

This type of editing can be done when the data has been collected and recorded. Editor(s) may 
correct the obvious errors such as an entry in the wrong place. In case of inappropriate or 
missing replies, the editor can sometimes determine the proper answer by reviewing the other 
information in the schedule. If possible, the respondent can be contacted for clarification. The 
editor must strike out the answer if the same is inappropriate and he has no basis for determining 
the correct answer or the response.  

B. Coding 

It refers to the process of assigning symbols to answers so as to put the responses into a limited number of 
categories or classes appropriate to the research problem. The classes should be uniquely defined and 
each data item must have a class. The data hence can only be assigned to one single class only. 

Coding is necessary for efficient analysis and several replies may be reduced to a small number of classes 
which contain the critical information required for analysis. 

C. Classification 

The large volume of raw data need to be reduced to homogeneous groups to get meaningful relationships. 
To form these groups the classes need to be based on common characteristics. This can be done as 

• According to Attributes 

The classification is based on descriptive characteristics which refer to qualitative phenomenon 
that cannot be measured quantitatively; only their presence or absence in an individual item can 
be noticed. The data obtained on the basis of certain attributes are known as statistics of 
attributes. e.g. honesty, literacy, etc. 

Such classification can be simple classification or manifold classification.  

In simple classification only one attribute is considered and the data are divided into two classes; 
one having the items possessing the attribute and the other having items which do not possess the 
given attribute. 

In manifold classification two or more attributes are considered simultaneously and the data are 

divided into a number of classes given by the relation, 2n, where n is the number of attributes. 

• According to Class Intervals 

The classification is based on numerical characteristics which refer to quantitative phenomenon 
that can be measured through some statistical units. Such data are known as statistics of 
variables and are classified on the basis of class intervals. e.g. income, age, weight, etc. 

The entire data can be divided into a number of groups or classes called as ‘class-intervals’. 
Each group of class-interval has an upper limit as well as a lower limit which are known as class 
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limits. The difference between the two class limits is known as class magnitude. We can have 
classes with equal class magnitudes or with unequal class magnitudes. The number of items 
which fall in a given class is known as the frequency of the given class. All the classes or groups, 
with their respective frequencies taken together and put in the form of a table are described as 
group frequency distribution or simply frequency distribution.  

The objective of class-intervals is to display the data in such a way that it is meaningful for the 
analyst. Class-intervals with equal magnitudes are favoured but in some cases unequal 
magnitudes may result in better classification.  

While choosing class limits, the mid-point of the class-interval and the actual average of the 
items of that class interval should remain as close to each other as possible. 

If the data are of continuous type then exclusive type class intervals are used. One such case 
may be as (the text in bracket shows how it is read), 

10-20  (10 and under 20) 

20-30  (20 and under 30) 

30-40  (30 and under 40) 

The items whose values are equal to the upper limit of a class are part of the next higher class. 

If the data are of discrete nature i.e. if it can be stated in integers then inclusive type class 
intervals are used. One such case can be as 

11-20  (11 and under 21) 

21-30  (21 and under 31) 

31-40  (31 and under 41) 

D. Tabulation 

A large volume of data needs to be arranged in some kind of concise and logical order. This procedure is 
referred to as tabulation. Thus tabulation is an orderly arrangement of data in columns and rows. It is 
essential because of the following reasons, 

• It conserves space and reduces explanatory and descriptive statement to a minimum. 

• It facilitates the process of comparison. 

• It facilitates the summation of items and the detection of errors and omissions. 

• It provides a basis for various statistical computations.  

Tabulation can be classified as simple and complex tabulation.  

Simple type of tabulation gives information about one or more groups of independent questions while 
complex type of tabulation shows the division of data in two or more categories and as it is designed to 
give information concerning one or more sets of inter-related questions. 
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The principles for constructing statistical tables are (as per Research Methodology Methods and 
Techniques by C R Kothari), 

a. Every table should have a clear, concise and adequate title so as to make the table intelligible 
without reference to the text and this title should always be placed just above the body of the 
table.  

b. Every table should be given a distinct number to facilitate easy reference. 

c. The column headings (captions) and the row headings (stubs) of the table should be clear and 
brief.  

d. The units of measurement under each heading or sub-heading must always be indicated.  

e. Explanatory footnotes, if any, concerning the table should be placed directly beneath the  
table, along with the reference symbols used in the table.  

f. Source or sources from where the data in the table have been obtained must be indicated just 
below the table.  

g. Usually the columns are separated from one another by lines which make the table more readable 
and attractive. Lines are always drawn at the top and bottom of the table and below the captions. 

h. There should be thick lines to separate the data under one class from the data under another class 
and the lines separating the sub-divisions of the classes should be comparatively thin lines.  

i. The columns may be numbered to facilitate reference.  

j. Those columns whose data are to be compared should be kept side by side. Similarly, 
percentages and/or averages must also be kept close to the data.  

k. It is generally considered better to approximate figures before tabulation as the same would 
reduce unnecessary details in the table itself.  

l. In order to emphasise the relative significance of certain categories, different kinds of type, 
spacing and indentations may be used.  

m. It is important that all column figures be properly aligned. Decimal points and (+) or (–) signs 
should be in perfect alignment.  

n. Abbreviations should be avoided to the extent possible and ditto marks should not be used in the 
table.  

o. Miscellaneous and exceptional items, if any, should be usually placed in the last row of the table. 

p. Table should be made as logical, clear, accurate and simple as possible. If the data happen to be 
very large, they should not be crowded in a single table for that would make the table unwieldy 
and inconvenient. 

q. Total of rows should normally be placed in the extreme right column and that of columns should 
be placed at the bottom. 
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r. The arrangement of the categories in a table may be chronological, geographical, alphabetical or 
according to magnitude to facilitate comparison. Above all, the table must suit the needs and 
requirements of an investigation. 

Analysis 

Analysis can be categorised as  

Descriptive analysis is largely the study of distributions of one variable. It provides us with profiles of 
subjects on any of a multiple of characteristics. The analysis may be in respect of one variable 
(described as unidimensional analysis), or in respect of two variables (described as bivariate analysis) 
or in respect of more than two variables (described as multivariate analysis). Measures of Central 
Tendency (Mean, Median, Mode) and Measures of Dispersion (Range, Mean Deviation, Quartile 
Deviation, Standard Deviation, Variance) are its types. 

Correlation analysis is the study of the joint variation of two or more variables for determining the 
amount of correlation between two or more variables. It also provide description about sample or 
population for their further analyses to explore the significance of their differences. Pearson 
correlation, Kendall rank correlation, Spearman correlation and the Point-Biserial correlation are its 
types. 

Inferential analysis is concerned with the various tests of significance for testing hypotheses in order 
to determine with what validity data can be said to indicate some conclusion or conclusions. It is also 
concerned with the estimation of population values. It is mainly on the basis of inferential analysis that 
the task of interpretation (i.e., the task of drawing inferences and conclusions) is performed. t-test, 
Analysis of Variance (ANOVA), Analysis of Covariance (ANCOVA), regression analysis are its types. 

Causal analysis is the study of the changes affected by one or more variables in another variable. It is 
thus a study of functional relationships existing between two or more variables. This analysis is termed 
as regression analysis. 

Statistics on the Basis of Distribution of Data 

Sample is that part from a data population which represents that particular population’s properties.  The 
selection of the sample should be random and unbiased.

Parametric Statistics refers to the statistical techniques that have been developed on the assumption that 
the data are drawn from a normal distribution following an interval scale.  

Nonparametric Statistics refers to the statistical techniques that are not based on the assumption that the 
data are drawn from a normal distribution or the data follow an interval scale. These are also known as 
distribution free statistics. The data with non-continuity are to be tackled with these statistics. 
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Descriptive Statistics 

Descriptive Statistics is defined as the procedures followed and the subsequent use of statistical tests to 
describe the raw data and to obtain a meaningful interpretation from it. So, it is about two operations, 

• Organising Data 

• Summarising Data 

Organising Data 

Univariate analysis involves the examination across cases of one variable at a time. There are four major 
statistical techniques for organising the data. These are:  

• Classification  

• Tabulation  

• Graphical Presentation  

• Diagrammatical Presentation  

A. Classification 

The arrangement of data in groups according to similarities is known as classification. Classification is 
done with following objectives:  

• Presenting data in a condensed form  

• Explaining the affinities and diversities of the data  

• Facilitating comparisons  

• Classification may be qualitative and quantitative  

• Frequency distribution.  

The raw data is organised according to the frequency of each value for a variable. Classification is the 
summary of such frequency distribution.  

Frequency distribution can be with ungrouped data and grouped data.  

The data are arranged either in ascending or descending order. Tally marks are used to count the 
occurrence of each data point. The frequency of occurrence of each score can be denoted by ‘f’. This is 
known as  Ungrouped frequency distribution. 

When there is a wide range of values in the data, they are organised into classes into groups of values 
describing one characteristic of the data. Such kind of frequency distribution is known as Grouped 
frequency distribution.  

Variables are of two kinds :  

• Continuous variables are the quantities that can take all the possible values in a specified range. 
e.g. age, weight, height. 
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• Discrete variables are the quantities that cannot take all the possible values in a specified range 
and have only certain specific values. e.g. marks, population. 

The range i.e. difference between the highest and lowest scores is first found out.  

The data are then organised into different classes To prepare a frequency distribution, we, first decide the 
range of the given data, that is, the difference between the highest and lowest scores. According to the 
range, the data are arranged into groups called as class-intervals.  The limits of the class-intervals are 
either exclusive (the items having values equal to the upper limit are part of the higher class) and 
inclusive (the items having values equal to the upper limit are part of the same class). Ordinarily, the 
number of classes should be between 5 to 30.  

There are different ways to arrange frequencies of a data array. Some of them are:  

A relative frequency distribution is a distribution that indicates the proportion of the frequency 
observed at each value.  

A cumulative frequency distribution corresponding to a class-interval is the sum of frequencies for that 
class and of all classes prior to that class.  

A cumulative relative frequency distribution is one in which the entry of any value of the class interval 
expresses that score’s cumulative frequency as a proportion of the total number of values.  

The following table shows these types, 

Cumulative frequency distribution is used to find percentiles. A percentile is the score at or below which a 
specified percentage of score in a distribution fall. For example, if the 40th percentile on a exam is 75, it 
means that 40% of the scores on the examination are equal to or less than 75.  
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Value Frequency Cumulative 
Frequency

Relative Cumulative 
Frequency

2 4 4 4/30

4 6 10 10/30

6 2 12 12/30

8 3 15 15/30

10 1 16 16/30

12 2 18 18/30

14 3 21 21/30

16 1 22 22/30

18 3 25 25/30

20 5 30 30/30

Total 30



B. Tabulation 

Tabulation is the process of presenting the classified data in the form of a table. A tabular presentation of 
data becomes more intelligible and fit for further statistical analysis. A table is a systematic arrangement 
of classified data in row and columns with appropriate headings and sub-headings.  

C. Graphical Presentation 

The frequency distribution is required to look and understand the data in a systematic way. This 
information can be displayed in graphical and diagrammatic forms. 

When the frequencies are plotted on a pictorial platform formed of horizontal and vertical lines, it is 
called as graph. The graphs are also known as polygon, chart or diagram.  

A graph is created on two mutually perpendicular lines called the X and Y–axes on which appropriate 
scales are indicated. The horizontal axis is called the abscissa and vertical is called the ordinate. The 
commonly used graphs are the bar graphs, line graphs, pie, pictographs, etc.  

Some important types of graphical patterns are,  

Histogram: It is a method to show continuous frequency distribution in a form of graph. In a histogram, 
the upper limit of a class is the lower limit of the following class. The histogram consists of series of 
rectangles, with its width equal to the class interval of the variable on horizontal axis and the 
corresponding frequency on the vertical axis as its heights.  

Frequency Polygon: Frequency polygons are a graphical device for understanding the shapes of 
distributions. They serve the same purpose as histograms, but are especially helpful for comparing sets of 
data. Frequency polygons are also a good choice for displaying cumulative frequency distributions.  

To create a frequency polygon, a class-interval is chosen. The middle values of the class-intervals known 
as class-marks are represented on the abscissa (X-axis). The corresponding frequency for each class-
interval is marked at the appropriate height as defined in the ordinate (Y-axis). Two extra class-intervals 
are included at the extremes of the abscissa i.e. at below the lowest value and above the highest value. 
The points are connected resulting in a curve which is the frequency polygon.  

Frequency polygons are useful for comparing distributions. This is achieved by overlaying the frequency 
polygons drawn for different data sets. 

Frequency Curve : A frequency curve is a smooth free hand curve drawn through frequency polygon. 
The objective of smoothing of the frequency polygon is to eliminate as far as possible the random or 
erratic fluctuations that is present in the data.  

Cumulative Frequency Curve or Ogive: The graph of a cumulative frequency distribution is known as 
cumulative frequency curve or ogive. Ogives are of two types, 
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• ‘Less than’ Ogive: In ‘less than’ ogive, the less than cumulative frequencies are plotted against 
the upper class boundaries of the respective classes. It is an increasing curve having slopes 
upwards from left to right. 

• ‘More than’ Ogive: In ‘more than’ ogive, the more than cumulative frequencies are plotted 
against the lower class boundaries of the respective classes. It is decreasing curve and slopes 
downwards from left to right.  

Let us consider a frequency distribution table and the graphical presentations based on it. 

!ভািশষ চD Page !  of !11 45

Class Class Mark Frequency
Less Than 

Cumulative 
Frequency

More Than 
Cumulative 
Frequency

10 - 20 15 3 3 40

20 - 30 25 5 8 37

30 - 40 35 7 15 32

40 - 50 45 4 19 25

50 - 60 55 2 21 21

60 - 70 65 8 29 19

70 - 80 75 3 32 11

80 - 90 85 6 38 8

90 - 100 95 2 40 2
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D. Diagrammatic Presentation 

A diagram is a visual form for the presentation of statistical data. It is used only for presentation of the 
data in visual form whereas graphic presentation can be used for further analysis. There are different 
forms of diagram e.g., Bar diagram, Sub-divided bar diagram, Multiple bar diagram, Pie diagram and 
Pictogram. 

Bar Diagram: This is known as dimensional diagram also. Bar diagram is most useful for categorical 
data. A bar is defined as a thick line. Bar diagram is drawn from the frequency distribution table 
representing the variable on the horizontal axis and the frequency on the vertical axis. The height of each 
bar will be corresponding to the frequency of the variable. 

Let us consider the frequency distribution of  colours of flowers in a nursery. 

Pie Diagram: It is also known as angular 
diagram. A pie chart or diagram is a circle 
d i v i d e d i n t o c o m p o n e n t s e c t o r s 
corresponding to the frequencies of the 
variables in the distribution.  

A circle represents 3600. Each sector is 
proportional to the frequency of the variable 
in the group.  

After the calculation of the angles for each 
component, segments are drawn in the circle 
in succession corresponding to the angles at 
the centre for each segment.  

Different segments are shaded with different 
colours, shades or numbers.  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Data Frequency
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Multiple Bar Diagram: This diagram is used when comparison are to be shown between two or more 
sets of interrelated phenomena or variables. A set of bars for the phenomena are drawn side by side 
without any gap. To distinguish between the different bars in a set, different colours or shades are used. 

Sub-divided Bar Diagram: It is used to study the sub classification of a phenomenon. For each sub-
category of the data the bar is divided and shaded. The portion of the bar occupied by each sub-class 
reflects its proportion in the total.  

The data can also be represented in the form of percentages. 

Let us consider the area under cultivation for Wheat, Rice and Millets. 
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Year
Area Under Cultivation (in Thousand Hectares)

Wheat Rice Millets Total

2001-02 4605 2854 765 8224

2002-03 4703 2967 856 8526

2003-04 4276 2876 778 7930

2004-05 4542 3032 732 8306

2005-06 4735 2832 1002 8569

Multiple Bar Diagram

A
re

a 
U

nd
er

 C
ul

tiv
at

io
n 

(in
 th

ou
sa

nd
 h

ec
ta

re
s)

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Year

2001-02 2002-03 2003-04 2004-05 2005-06

Wheat Rice Millets



A percentage frequency distribution can be formed for the above data as follows, 
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Sub-divided Bar Diagram
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Year
Area Under Cultivation (in Percentage)

Wheat Rice Millets Total

2001-02 56 34.7 9.3 100

2002-03 55.16 34.8 10.04 100

2003-04 53.92 36.27 9.81 100

2004-05 54.68 36.5 8.82 100

2005-06 55.26 33.05 11.69 100



Pictograms: They are known as cartographs as well. In a pictogram an appropriate picture is used to 
represent the data. The number of picture or the size of the picture being proportional to the values of the 
different magnitudes to be presented. Pictograms present only approximate values. Let us consider the 
population of Indian cities in the 2011 census. 

Let one human figure be equal to 2,000,000. 
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Summarising Data 

To understand the trends of the variables a comparison is required between two or more series of the same 
type. The frequency distribution needs to be further investigated to study the characteristics of data. The 
types of summary statistics are,  

• Measures of Central Tendency 

• Measures of Dispersion 

• Measures of Asymmetry 

A. Measures of Central Tendency 

In most data sets, the observations tend to cluster around a value of an observation located some where in 
the middle of all observations. Hence it becomes imperative to identify or calculate this typical central 
value to describe the characteristics of the entire data set. This descriptive value is the measure of central 
tendency and methods of compiling this central value are called measures of central tendency. 

The characteristics of measures of central tendency are,  

• It should be rigidly defined. 

• It should be readily comprehensible and easy to compute. 

• It should be based on all observations. 

• It should be amenable for further mathematical treatment. 

• It should be least affected by the fluctuation of sampling.  

There are three types of measures of central tendency, 

• Mean 

• Median 

• Mode 

I. Mean 

Mean is the average of all the scores in a discrete or continuous distribution. It is the most 
commonly used measure of central tendency. Arithmetic mean, Geometric mean and Harmonic 
mean are the different types of mean.  

The mean is responsive to the exact position of each score. It helps to summarise the important 
features of a data set and enables us to get them compared. It is amenable to algebraic treatment and 
is useful for further statistical calculations such as to find standard deviation. It is a relatively stable 
measure of central tendency.  

The limitation of mean is its dependence on the values of extreme items. If some values are too 
different while the others in the data set group around each other, the mean may lead to wrong 
impressions.  
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Arithmetic Mean: The arithmetic mean is the sum of all the values in a distribution divided by the 
total number of such values.  

If X1, X2, X3, … , Xn are the different n values of a data set then the arithmetic mean of this 
distribution is given by, 

Where, 

X̅ = Arithmetic mean 

Xi = Value of the ith item where i = 1, 2, 3, ... , n 

n = Number of values in the data set 

Let us consider the marks of students in Criminology in RTMNU Examinations, 

26, 32, 36, 29, 32, 31, 37, 31, 37, 33, 30, 39, 34, 42, 32, 28, 38, 34, 36, 28 

Hence, the arithmetic mean for this distribution is given as, 

If X1, X2, X3, … , Xk are the different values of a data set of n items having corresponding 
frequencies  f1, f2, f3, … , fk  respectively then the arithmetic mean of this distribution is given 
by, 

Where, 

X̅ = Arithmetic mean 

Xi = Value of the ith item where i = 1, 2, 3, ... , k 

fi = Frequency of the ith item where i = 1, 2, 3, ... , k 

n = Σfi = Number of items 
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X = X1 + X2 + X3 + ...+ Xn
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Let us consider the following frequency distribution, 

Hence, the arithmetic mean for this distribution is given as, 

This type of calculation is called the Long Method to calculate the Arithmetic mean. Another 
method called as the Short Method can be used to the Arithmetic mean. 

In the short method, we assume a mean for the distribution in the beginning. Let us call that 
X̅AM. There is no standard rule to select the assumed mean but the best method is to take the 
midpoint of an interval somewhere near the centre of the distribution or midpoint of that 
interval which contains the largest frequency. 

Let X’ be the difference between the assumed mean and the actual value then we get 

Where, 

X̅ = Arithmetic mean 

X̅AM = Assumed mean 

Xi’ = Xi - X̅AM  = Difference between Assumed Mean and values of the ith item where i = 1, 2,  
3, ... , k 

fi = Frequency of the ith item where i = 1, 2, 3, ... , k 

n = Σfi = Number of items 
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X =
fiXi∑
fi∑ = 2250

40
= 56.25

X = XAM +
fiXi

'
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Class Class Mark (Xi) Frequency (fi) fiXi

10 - 20 15 3 45

20 - 30 25 5 125

30 - 40 35 6 210

40 - 50 45 4 180

50 - 60 55 3 165

60 - 70 65 2 130

70 - 80 75 8 600

80 - 90 85 6 510

90 - 100 95 3 285

Total 40 2250



Let the assumed mean for the above distribution be X̅AM = 55. Then we get 

Hence, the arithmetic mean for this distribution is given as, 

In some distributions the weight of the value carries an importance and in such cases 
Weighted Mean  is calculated. If X1, X2, X3, … , Xn are the different values of a data set of n 
items having corresponding weights  w1, w2, w3, … , wn  respectively then the mean of this 
distribution is given by, 

Where, 

X̅ = Arithmetic mean 

Xi = Value of the ith item where i = 1, 2, 3, ... , n 

wi = Weight of the ith item where i = 1, 2, 3, ... , n 

n = Number of items 
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X = XAM +
fiXi

'

i=1

k

∑

fi
i=1

k

∑
= 55 + 50

40
= 55 +1.25 = 56.25

X = w1X1 +w2X2 +w3X3 + ...+wnXn

w1 +w2 +w3 + ...+wn

X =
wiXi

i=1

n

∑

wi
i=1

n

∑

Class Class Mark 
(Xi)

Frequency 
(fi)

Xi’ = Xi - X̅AM fiXi’

10 - 20 15 3 -40 -120

20 - 30 25 5 -30 -150

30 - 40 35 6 -20 -120

40 - 50 45 4 -10 -40

50 - 60 55 3 0 0

60 - 70 65 2 10 20

70 - 80 75 8 20 160

80 - 90 85 6 30 180

90 - 100 95 3 40 120

Total 40 50



Let us consider that a student got 70 in Assignment, 85 in Seminar, 60 in Preliminary 
Examination and 55 in Final Examination in a particular subject. Let Assignment carry 20%, 
Seminar 15 %, Preliminary Exam 25% and Final Examination 40% weightage then we get 

Hence, the arithmetic mean for this distribution is given as, 

The mean for the above distribution without the weights would have been 67.5. 

Geometric Mean: The geometric mean is used to determine the average rate of growth when the 
growth rate is determined by multiplication of previous data. It is used for cases like growth of 
population or rate of interest. Geometric mean only works with positive numbers. Negative 
numbers could result in imaginary results depending on how many negative numbers are in a set. 

If X1, X2, X3, … , Xn are the different n values of a data set then the geometric mean of this 
distribution is given by, 

Where, 

X̅GM = Geometric mean 

Xi = Value of the ith item where i = 1, 2, 3, ... , n 

n = Number of values in the data set 

Let us find the geometric mean of the data series of the marks of criminology. The mean is 
given by 
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X =
wiXi∑
wi∑ = 6375

100
= 63.75

XGM = X1 i X2 i X3 i ...i Xn( )1/n = X1 i X2 i X3 i ...i Xn
n

XGM = Xi
i=1

n

∏⎛⎝⎜
⎞
⎠⎟
1/n

= Xi
i=1

n

∏n

XGM = Xi
i=1

n

∏n = 2.353×103020 = 33.005

Test Marks (Xi) Weight (wi) wiXi

Assignment 70 20 1400

Seminar 85 15 1275

Preliminary 
Exam

60 25 1500

Final Exam 55 40 2200

Total 100 6375



If X1, X2, X3, … , Xk are the different values of a data set of n items having corresponding 
frequencies  f1, f2, f3, … , fk  respectively then the  geometric mean of this distribution is given 
by, 

Where, 

X̅GM = Geometric mean 

Xi = Value of the ith item where i = 1, 2, 3, ... , k 

fi = Frequency of the ith item where i = 1, 2, 3, ... , k 

n = Σfi = Number of items 

Let us consider the previously used distribution 

Hence, the geometric mean for this distribution is given as, 
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XGM = X1
f1 i X2

f2 i X3
f3 i ...i Xk

fk( )1/n = X1
f1 i X2

f2 i X3
f3 i ...i Xk

fkn

XGM = Xi
fk

i=1

k

∏⎛⎝⎜
⎞
⎠⎟
1/n

= Xi
fk

i=1

k

∏n

XGM = Xi
fi

i=1

k

∏n = 5.6535 ×106740 = 49.41

Class Class Mark (Xi) Frequency (fi) Xi fi

10 - 20 15 3 3375

20 - 30 25 5 9765625

30 - 40 35 6 1838265625

40 - 50 45 4 4100625

50 - 60 55 3 166375

60 - 70 65 2 4225

70 - 80 75 8 1001129150390625

80 - 90 85 6 377149515625

90 - 100 95 3 857375

Total 40



Harmonic Mean: The harmonic mean is used for the situations when we have desired rates of 
average. It is the reciprocal of the arithmetic mean of the reciprocal. 

If X1, X2, X3, … , Xn are the different n values of a data set then the harmonic mean of this 
distribution is given by, 

Where, 

X̅ HM = Harmonic mean 

Xi = Value of the ith item where i = 1, 2, 3, ... , n 

n = Number of values in the data set 

Let us find the harmonic mean of the data series of the marks of criminology. The mean is 
given by 

If X1, X2, X3, … , Xk are the different values of a data set of n items having corresponding 
frequencies  f1, f2, f3, … , fk  respectively then the harmonic mean of this distribution is given 
by, 

Where, 

X̅ = Harmonic mean 

Xi = Value of the ith item where i = 1, 2, 3, ... , k 

fi = Frequency of the ith item where i = 1, 2, 3, ... , k 

n = Σfi = Number of items 
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XHM = n
1
X1

+ 1
X2

+ 1
X3

+ ...+ 1
Xn

XHM = n
1
Xii=1

n

∑

XHM = n
1
Xii=1

n

∑
= 20
0.6105

= 32.76

XHM = f1 + f2 + f3 + ...+ fk
f1
X1

+ f2
X2

+ f3
X3

+ ...+ fk
Xn

XHM =
fi

i=1

k

∑
fi
Xii=1

k

∑
= n

fi
Xii=1

k

∑



Let us consider the previously used distribution 

Hence, the harmonic mean for this distribution is given as, 

If the intervals are inclusive type, 0.5 should be subtracted from the lower limit and 0.5 
should be added to the upper limit. 

II. Median 

Median is is the value of the middle item of series when it is arranged in ascending or descending 
order of magnitude. It divides the series into two halves; in one half all items have values less than 
median, whereas in the other half all items have values higher than median.  

Median is less sensitive to extreme values in the distribution. An extreme data point having a value 
quite large or small than the other in the series is called an outlier. Where outliers are present, it is 
better to use the Median as the central tendency measure.  

The median at times can be misleading when the data has a very wide range of values with 
minimum at one extreme and maximum at another extreme. The median depends only on the value 
of the mid point data point and does not represent the complete data. Hence it is not the 
representative of the entire sample.  

It is denoted by M or X̃. Median is a positional average and is used only in the context of qualitative 
phenomena like in estimating intelligence. Median is not useful where items need to be assigned 
relative importance and weights. It is not frequently used in sampling statistics.  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XHM =
fi

i=1

k

∑
fi
Xii=1

k

∑
= 40
0.95

= 42.11

Class Class Mark (Xi) Frequency (fi) fi/Xi 

10 - 20 15 3 0.2

20 - 30 25 5 0.2

30 - 40 35 6 0.17

40 - 50 45 4 0.09

50 - 60 55 3 0.05

60 - 70 65 2 0.03

70 - 80 75 8 0.11

80 - 90 85 6 0.07

90 - 100 95 3 0.03

Total 40 0.95



For an ungrouped data series having n data points, the median can be found as 

When n is odd the median is the (n+1)/2 th value of the series. 

Suppose we have the series: 17, 16, 19, 25, 41, 29, 31. On arranging the series in 
ascending order we get; 16, 17, 19, 25, 29, 31, 41. Since n is 7 here, the (n+1)/2 th 
value is the 4th value i.e. 25. 

 When n is even the median is the mean of (n/2) th and ((n/2)+1) th value of the series. 

The marks of Criminology can be arranged in the ascending order as; 26, 28, 28, 29, 30, 
31, 31, 32, 32, 32, 33, 34, 34, 36, 36, 37, 37, 38, 39, 42. Since n is 20 here, the (n/2) th 
and ((n/2)+1) th values are the 10th and 11th values i.e. 32 and 33 respectively. Hence, 
the median is X̃ = (32 + 33)/2 = 32.5. 

For a grouped data series, cumulative frequencies (F) are calculated (either less than or more 
than). The class-interval in which the median lies called as median class, i.e. considering the 
cumulative frequencies as ungrouped data and using the methods described above, is 
ascertained. The value of the median for less than type cumulative frequency is given by, 

 
Where, 

M = X̃ = Median 

Xl = Lower limit of the median class 

f0 = Frequency of the median class 

n = Σf = Number of items  

Fl = Cumulative frequency of the interval preceding the median class 

h = Size of the median class 

Let us consider the frequency distribution, 
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M = !X = Xl +
n / 2( )− Fl

f0
× h

Class (X) Frequency 
(f)

Less than Cumulative 
Frequency (F)

More than Cumulative 
Frequency (F)

10 - 20 3 3 40

20 - 30 5 8 37

30 - 40 6 14 32

40 - 50 4 18 26

50 - 60 3 21 22

60 - 70 2 23 19

70 - 80 8 31 17

80 - 90 6 37 9

90 - 100 3 40 3



Here, n = 40. Hence, the mid-point value is n/2 = 20 which lies in the interval 50 - 60. If we 
consider Less than cumulative frequency then we get the median as, 

The value of the median for more than type cumulative frequency is given by, 

 
Where, 

M = X̃ = Median 

Xu = Upper limit of the median class 

f0 = Frequency of the median class 

n = Σf = Number of items  

Fu = Cumulative frequency of the interval succeeding the median class 

h = Size of the median class 

Here, n = 40. Hence, the mid-point value is n/2 = 20 which lies in the interval 50 - 60. If we 
consider More than cumulative frequency then we get the median as, 

III.Mode 

In French la mode means the fashion. Hence, Mode is the most commonly or frequently occurring 
value in a data series. It is generally the size of the item which has maximum frequency. It is a 
positional average and is not affected by the values of extreme items.  

It is not amenable to algebraic treatment and sometimes remains indeterminate when there are two 
or more modal values in a series. Mode is not stable from sample to sample and is affected more by 
sampling fluctuation.  

It is denoted by Z or X̊. It is particularly useful in the study of popular sizes. For example, a 
manufacturer of shoes is usually interested in finding out the size most in demand so that he may 
manufacture a larger quantity of that size. Mode can be helpful to such needs. 
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M = !X = Xl +
n / 2( )− Fl

f0
× h

M = !X = 50 + 40 / 2( )−18
3

×10 = 56.67

M = !X = Xu −
n / 2( )− Fu

f0
× h

M = !X = Xm −
n / 2( )− Fu

f0
× h

M = !X = 60 − 40 / 2( )−19
3

×10 = 56.67



For an ungrouped data series having n data points, a frequency distribution is obtained. The 
data point having highest frequency is the mode of the data series. 

The marks of Criminology can be arranged as;  

Since, 32 marks has the highest frequency, it is the mode of the data series. 

For a grouped data series, we find the class-interval which has the highest frequency. This is 
called the modal class. The mode is given by 

Where, 

Z = X̊ = Mode 

Xl = Lower limit of the modal class 

f0 = Frequency of the modal class 

fl = Frequency of the interval preceding the modal class 

fu = Frequency of the interval succeeding the modal class 

h = Size of the modal class 

Let us consider our frequency distribution, we get 

Here, 70-80 is the modal class as it has the highest frequency. Hence, the mode of this 
distribution is given as, 

If the data series has two or more modes (bimodal or multimodal), the mode is found using 
the empirical formula, 

X̊ = 3X̃ - 2X̅  

Mode = 3 Median - 2 Mean 
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Z = X
o
= Xl +

f0 − fl
2 f0 − fl − fu

× h

Z = X
o
= Xl +

f0 − fl
2 f0 − fl − fu

× h

Z = X
o
= 70 + 8 − 2

2 i 8( )− 2 − 6 ×10 = 77.5

Marks 26 28 29 30 31 32 33 34 36 37 38 39 42

Frequency 1 2 1 1 2 3 1 2 2 2 1 1 1

Class 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Frequency 3 5 6 4 3 2 8 6 3



B. Measures of Dispersion 

Measures of central tendencies show the general magnitude of the data and the centre of the distribution. 
But there may be distributions which may have common mean, median and mode as well as identical 
frequencies and may differ considerably in their scatter about the measures of central tendency. 

Measures of dispersion helps us to measure this scatter. 

The characteristics of measures of dispersion are,  

• They are used to test to what extent an average represents the characteristics of a data. If the 
variation is small then it indicates high uniformity of values in the distribution and the average 
represents the characteristics of the data. On the other hand if variation is large then it indicates 
lower degree of uniformity and unreliable average.  

• They help to identify the nature and cause of variation. Such information is useful to control the 
variation.  

• They help in the comparison of the spread in two or more sets of data with respect to their 
uniformity or consistency.  

• They facilitate the use of other statistical techniques such as correlation and regression analysis. 

There are four major types of measures of dispersion, 

• Range 

• Quartile Deviation 

• Mean Deviation 

• Standard Deviation 

I. Range 

Range is the simplest measure of dispersion. It is defined as the difference between the extreme 
values of the data series. It is ideal for preliminary work or for situations where precision is not of 
utmost importance. It is denoted by R. 

Range is dependent only on the two extreme values and hence is affected greatly by fluctuations of 
sampling. Range is mostly used as a rough measure of variability and is not considered as an 
appropriate measure in serious research studies. 

For an ungrouped distribution, the data is arranged in either ascending or descending order. 
The difference between the highest and the lowest value gives the range of the series.  

The marks of Criminology can be arranged in the ascending order as; 26, 28, 28, 29, 30, 31, 
31, 32, 32, 32, 33, 34, 34, 36, 36, 37, 37, 38, 39, 42.  

The range is given by,  

 R = 42 - 26 = 16 
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For a grouped distribution, the range is the difference between the upper limit of the 
maximum interval and the lower limit of the minimum interval of the series. 

Let us consider our frequency distribution, we get 

The range is given by,  

 R = 100 - 10 = 90 

II. Quartile Deviation 

If for a frequency distribution the middle part of the distribution has a larger number of values than 
the extreme part, another measure of dispersion can be used. For this we consider the middle part of 
the distribution between the first (Q1) and third (Q3) quartile.  

Each quartile represents one-fourth of the entire distribution. The 25th percentile is the first quartile, 
the point below which lies 25% of the scores. The 75th percentile is the first quartile, the point 
below which lies 75% of the scores. The range between these two quartiles is called the inter-
quartile range and the median lies at the centre of the inter-quartile range. The median is 
incidentally the second quartile (Q2). 

Quartile Deviation or the Semi Inter-Quartile Range is the half of the quartile range. Thus it is 
given as, 

Quartile deviation doesn’t represent the entire data and is affected by sampling fluctuations.  

The coefficient of quartile deviation (sometimes called the quartile coefficient of dispersion) 
allows to compare dispersion for two or more sets of data. The formula is: 

If one set of data has a larger coefficient of quartile deviation than another set then that data set’s 
interquartile dispersion is greater. 

For an ungrouped distribution, the data is arranged in either ascending or descending order. 
The first (Q1) and third (Q3) quartiles are found out and then from that quartile deviation is 
found. 

Suppose we have the series: 17, 16, 19, 25, 41, 29, 31. On arranging the series in ascending 
order we get; 16, 17, 19, 25, 29, 31, 41.  

Since n is 7 here, the first quartile (Q1) is the (n+1)/4 th is the 2nd value i.e. 17 and the third 
quartile (Q3) is the 3(n+1)/4 th is the 6th value i.e. 31.  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Q = Q3 −Q1
2

Q3 −Q1
Q3 +Q1

Class 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

Frequency 3 5 6 4 3 2 8 6 3



Hence, the quartile deviation and the coefficient of quartile deviation are respectively given 
by, 

The marks of Criminology can be arranged in the ascending order as; 26, 28, 28, 29, 30, 31, 
31, 32, 32, 32, 33, 34, 34, 36, 36, 37, 37, 38, 39, 42.  

Since n is 20 here, the first quartile (Q1) is the mean of n/4 th and (n/4)+1 th value i.e. the 5th 
and 6th values which are 30 and 31 respectively. Hence, Q1 = 30.5. The third quartile (Q3) is 
the mean of 3n/4 th and (3n/4)+1 th value i.e. the 15th and 16th values which are 36 and 37 
respectively. Hence, Q1 = 36.5.  

Hence, the quartile deviation and the coefficient of quartile deviation are respectively given 
by, 

For a grouped distribution, cumulative frequencies (F) are calculated (either less than or more 
than). The value of the quartiles for less than type cumulative frequency is given by, 

 

Where, 

Q1 = First Quartile 

Q3 = Third Quartile 

Xl = Lower limit of the class which has the first or third quartile 

f0 = Frequency of the class which has the first or third quartile 

n = Σf = Number of items  

Fl = Cumulative frequency of the interval preceding the class which has the first or third   
quartile 

h = Size of the median class 
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Q = Q3 −Q1
2

= 31−17
4

= 3.5

Coefficient = Q3 −Q1
Q3 +Q1

= 31−17
31+17

= 0.29

Q = Q3 −Q1
2

= 36.5 − 30.5
4

= 1.5

Coefficient = Q3 −Q1
Q3 +Q1

= 36.5 − 30.5
36.5 + 30.5

= 0.089

Q1 = Xl +
n / 4( )− Fl

f0
× h

Q3 = Xl +
3n / 4( )− Fl

f0
× h



Let us consider the frequency distribution, 

Here, n = 40. Hence, the first and third quartile will be n/4 = 10  and 3n/4 = 30 which lies in 
the interval 30 - 40 and 70 - 80 respectively. If we consider Less than cumulative frequency 
then we get the quartiles as, 

Hence, the quartile deviation and the coefficient of quartile deviation are respectively given 
by, 

The value of the quartile for more than type cumulative frequency is given by, 

 

Where, 

Q1 = First Quartile 

Q3 = Third Quartile 

Xu = Upper limit of the class which has the first or third quartile 
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Q1 = Xl +
n / 4( )− Fl

f0
× h = 30 + 40 / 4( )− 8

6
×10 = 33.33

Q3 = Xl +
3n / 4( )− Fl

f0
× h = 70 +

3 i 40( ) / 4( )− 23
8

×10 = 78.75

Q = Q3 −Q1
2

= 78.75 − 33.33
4

= 11.355

Coefficient = Q3 −Q1
Q3 +Q1

= 78.75 − 33.33
78.75 + 33.33

= 0.405

Q1 = Xu −
n / 4( )− Fu

f0
× h

Q3 = Xu −
3n / 4( )− Fu

f0
× h

Class (X) Frequency 
(f)

Less than Cumulative 
Frequency (F)

More than Cumulative 
Frequency (F)

10 - 20 3 3 40

20 - 30 5 8 37

30 - 40 6 14 32

40 - 50 4 18 26

50 - 60 3 21 22

60 - 70 2 23 19

70 - 80 8 31 17

80 - 90 6 37 9

90 - 100 3 40 3



f0 = Frequency of the class which has the first or third quartile 

n = Σf = Number of items  

Fu = Cumulative frequency of the interval succeeding the class which has the first or third   
quartile 

h = Size of the median class 

Here, n = 40. Hence, the first and third quartile will be n/4 = 10  and 3n/4 = 30 which lies in 
the interval 70 - 80 and 30 - 40 respectively. If we consider More than cumulative 
frequency then we get the quartiles as, 

Hence, the quartile deviation and the coefficient of quartile deviation are respectively given 
by, 

III.Mean Deviation 

Deviation is a measure of difference between the observed value of a variable and some other 
reference value. The sign of the deviation (positive or negative), shows the direction of that 
difference (the deviation is positive when the observed value exceeds the reference value). The 
magnitude of the value indicates the size of the difference.  

Mean deviation or average deviation is the average of deviation for all the values of a given data 
series.  

For a grouped distribution, mean deviation can be expressed as, 

For deviations about Mean (X̅), mean deviation is given as, 

For deviations about Median (X̃), mean deviation is given as, 
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Q1 = Xu −
n / 4( )− Fu

f0
× h = 80 − 40 / 4( )− 9

8
×10 = 78.75

Q3 = Xu −
3n / 4( )− Fu

f0
× h = 40 −

3 i 40( ) / 4( )− 26
6

×10 = 33.33

Q = Q1 −Q3

2
= 78.75 − 33.33

4
= 11.355

Coefficient = Q1 −Q3

Q1 +Q3

= 78.75 − 33.33
78.75 + 33.33

= 0.405

δ X =
Xi − X

i=1

n

∑
n

δ !X =
Xi − !X

i=1

n

∑
n



For deviations about Mode (X̊), mean deviation is given as, 

Where, 

𝛿 = Mean deviation 

X̅ = Arithmetic mean 

X̃ = Median 

X̊ = Mode 

Xi = Value of the ith item where i = 1, 2, 3, ... , n 

n = Number of values in the data set 

For the marks of criminology, arithmetic mean is 33.25, median is 32.5 and mode is 32. Hence, 
we get 
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δ
X
o =

Xi − X
o

i=1

n

∑
n

Marks | Xi - X̅ | | Xi - X̃ | | Xi - X̊ |
26 7.25 6.5 6
32 1.25 0.5 0

36 2.75 3.5 4

29 4.25 3.5 3

32 1.25 0.5 0

31 2.25 1.5 1

37 3.75 4.5 5

31 2.25 1.5 1
37 3.75 4.5 5

33 0.25 0.5 1

30 3.25 2.5 2

39 5.75 6.5 7

34 0.75 1.5 2

42 8.75 9.5 10
32 1.25 0.5 0

28 5.25 4.5 4

38 4.75 5.5 6

34 0.75 1.5 2

36 2.75 3.5 4

28 5.25 4.5 4
Total 67.5 67 67



The mean deviation about the arithmetic mean is, 

The mean deviation about the median is, 

The mean deviation about the mode is, 

For an ungrouped distribution, mean deviation can be expressed as, 

For deviations about Mean (X̅), mean deviation is given as, 

For deviations about Median (X̃), mean deviation is given as, 

For deviations about Mode (X̊), mean deviation is given as, 

Where, 

𝛿 = Mean deviation 

X̅ = Arithmetic mean 

X̃ = Median 

X̊ = Mode 

Xi = Value of the ith item where i = 1, 2, 3, ... , k 

fi = Frequency of the ith item where i = 1, 2, 3, ... , k 

n = Σfi = Number of items 
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δ X =
Xi − X

i=1

n

∑
n

= 67.5
20

= 3.375

δ !X =
Xi − !X

i=1

n

∑
n

= 67
20

= 3.35

δ
X
o =

Xi − X
o

i=1

n

∑
n

= 67
20

= 3.35

δ X =
fi Xi − X

i=1

k

∑

fi
i=1

k

∑

δ !X =
fi Xi − !X

i=1

k

∑

fi
i=1

k

∑

δ
X
o =

fi Xi − X
o

i=1

k

∑

fi
i=1

k

∑



For the frequency distribution used earlier, arithmetic mean is 56.25, median is 56.67 and mode 
is 77.5. Hence, we get 

The mean deviation about the arithmetic mean is, 

The mean deviation about the median is, 

The mean deviation about the mode is, 

Coefficient of mean deviation is found by dividing the mean deviation by the average used in 
finding out the mean deviation itself. It is a relative measure of dispersion and is used in 
statistical studies for judging the variability.  

The main limitation of mean deviation is that while calculating it we ignore the sign of the 
deviations and consider all values as positive and hence is not used in inferential statistics. 
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δ X =
fi Xi − X

i=1

k

∑

fi
i=1

k

∑
= 912.5

40
= 22.81

δ !X =
fi Xi − !X

i=1

k

∑

fi
i=1

k

∑
= 913.34

40
= 22.83

δ
X
o =

fi Xi − X
o

i=1

k

∑

fi
i=1

k

∑
= 1045
40

= 26.125

Class
Class 
Mark 
(Xi)

Freq
uency 

(fi)
|Xi - X̅| fi|Xi - X̅| |Xi - X̃| fi|Xi - X̃| |Xi - X̊| fi|Xi - X̊|

10 - 20 15 3 41.25 123.75 41.67 125.01 62.5 187.5

20 - 30 25 5 31.25 156.25 31.67 158.35 52.5 262.5

30 - 40 35 6 21.25 127.5 21.67 130.02 42.5 255

40 - 50 45 4 11.25 45 11.67 46.68 32.5 130

50 - 60 55 3 1.25 3.75 1.67 5.01 22.5 67.5

60 - 70 65 2 8.75 17.5 8.33 16.66 12.5 25

70 - 80 75 8 18.75 150 18.33 146.64 2.5 20

80 - 90 85 6 28.75 172.5 28.33 169.98 7.5 45

90 - 100 95 3 38.75 116.25 38.33 114.99 17.5 52.5

Total 40 912.5 913.34 1045



IV.Standard Deviation

Another alternative method to find a measure of dispersion is to find mean of the squares of the 
deviation about an average. Such a measure of dispersion is called Mean Square Deviation. If A is 
an average for a given series having n values of Xi’s, then the mean square deviation is given as, 

The positive square root of this, denoted by sA, is called the Root Mean Square Deviation of X 
about A. Hence, 

For grouped data having frequency fi corresponding to Xi, the root mean square deviation is given 
as, 

The root mean square deviation about the arithmetic mean (X̅) is called the Standard Deviation 
and is generally denoted by σ. It was first used by Karl Pearson. Thus standard deviation can be 
described as, 
                     
   and 

for ungrouped and grouped distributions respectively.  

The standard deviation indicates the average of distance of all the scores around the mean and is 
expressed in the same unit as the data. This is most widely used method of variability.  

A low value of standard deviation shows that the data are close to the mean whereas a high value 
shows that the data are spread out over a large range of values. 

Standard deviation may serve as a measure of uncertainty. If the difference between mean and 
standard deviation is very large then the theory being tested probably needs to be revised. The mean 
with smaller standard deviation is more reliable than with large standard deviation. The smaller 
standard deviation shows the homogeneity of the data. 

The value of standard deviation is based on every observation in a set of data. It is the only measure 
of dispersion amenable to algebraic treatment and hence is used in further statistical analysis. 

The square of the standard deviation is called the Variance and was first coined by R. A. Fisher. It 
can be described as, 
                    
   and 

for ungrouped and grouped distributions respectively.  
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To compare two or more distributions in respect of dispersion, a new measure can be used. For this 
we divide the standard deviation by the arithmetic mean that was used to find the standard 
deviation. This is called the coefficient of standard deviation and is given as, 

When this coefficient of standard deviation is multiplied by 100, the resulting figure is known as 
coefficient of variation and is given as,  

It is a useful statistical method for comparing the degree of variation from one data series to 
another, even if the means are drastically different from each other. It is given as a percentage and is 
used to compare the consistency or variability of two more series. The higher the of V  or CV, 
higher the variability and lower the value, higher is the consistency of the data. 

For the marks of criminology, arithmetic mean is 33.05. Hence, we get 
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V = σ
X

CV = 100σ
X

Marks Xi - X̅ (Xi - X̅)2

26 -7.25 52.5625
32 -1.25 1.5625

36 2.75 7.5625

29 -4.25 18.0625

32 -1.25 1.5625

31 -2.25 5.0625

37 -3.75 14.0625

31 -2.25 5.0625
37 3.75 14.0625

33 -0.25 0.0625

30 -3.25 10.5625

39 5.75 33.0625

34 0.75 0.5625

42 8.75 76.5625
32 -1.25 1.5625

28 -5.25 27.5625

38 4.75 22.5625

34 0.75 0.5625

36 2.75 7.5625

28 -5.25 27.5625
Total 327.75



The standard deviation, variance and coefficient of variation for the above distribution is given as, 

For the frequency distribution used earlier, arithmetic mean is 56.25. Hence, we get 

The standard deviation, variance and coefficient of variation for the above distribution is given as, 
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σ = 1
n

Xi − X( )2
i=1

n

∑ = 327.75
20

= 4.048

var =σ 2 = 16.386

CV = 100σ
X

= 100 × 4.048
33.25

= 12.17%

σ = 1
n

fi Xi − X( )2
i=1

n

∑ = 25637.5
40

= 25.3167

var =σ 2 = 640.9353

CV = 100σ
X

= 100 × 25637.5
56.25

= 45.01%

Class Class Mark 
(Xi)

Frequency 
(fi)

Xi - X̅ (Xi - X̅)2 fi(Xi - X̅)2

10 - 20 15 3 -41.25 1701.5625 5104.6875

20 - 30 25 5 -31.25 976.5625 4882.8125

30 - 40 35 6 -21.25 451.5625 2709.375

40 - 50 45 4 -11.25 126.5625 506.25

50 - 60 55 3 -1.25 1.5625 4.6875

60 - 70 65 2 8.75 76.5625 153.125

70 - 80 75 8 18.75 351.5625 2812.5

80 - 90 85 6 28.75 826.5625 4959.375

90 - 100 95 3 38.75 1501.5625 4504.6875

Total 40 6014.0625 25637.5



C. Measures of Asymmetry 

When the items in a series have such values that they are perfectly symmetrical about a central line, the 
distribution form a curve which is called the normal curve, bell-shaped curve or Gaussian curve. One 
such curve is shown as follows, 

Normal curves are of symmetrical distribution, i.e. the left half of the 
normal curve is a mirror image of the right half.  

The first and third quartiles of a normal distribution are equidistant 
from the median. For the curve the mean, median and mode all have 
the same value. 

The normal curve is unimodal, having only one peak or point of 
maximum frequency (mode) in the middle of the curve.  

The curve is asymptotic in nature i.e. height of the curve descends 
gradually at first, then faster and finally slower as one moves away from the centre of the curve with it 
never touching the horizontal axis.  

A large number of items fall relatively close to the mean on either side. As the distance from the mean 
increases, the items become fewer. The normal curve involves a continuous distribution. 

I. Skewness 

Skewness is the degree of asymmetry of the distribution. The frequency distributions in which items 
of the series are more concentrated at one end of the scale are called skewed distributions. Thus, 
skewness refers to the extent to which a distribution of data points is concentrated at one end or the 
other.  

Skewness and variability are usually related, the more the skewness the greater the variability. 
Skewness has both direction as well as magnitude. In actual practice, frequency distributions are 
rarely symmetrical; rather they show varying degree of asymmetry or skewness. In such 
distributions, the mode, median and mean don’t coincide.  

If the frequency curve of a distribution has a longer tail to the right side of the origin, the 
distribution is said to be skewed positively. The mass of the distribution is concentrated on the left 
of the figure. The distribution is said to be right-skewed, right-tailed or skewed to the right. 

Similarly, if the frequency curve of a distribution has a longer tail to the left side of the origin, the 
distribution is said to be skewed negatively. The mass of the distribution is concentrated on the 
right of the figure. The distribution is said to be left-skewed, left-tailed or skewed to the left. 

In case of positively skewed distribution;  

Mode < Median < Mean 

In case of negatively skewed distribution;  

Mean < Median < Mode 
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  Positively Skewed          Negatively Skewed 

The measures of skewness can be found using any of the following methods 

Pearson’s First Coefficient of Skewness 

The formula is given as, 

Where, 

Sk1 = Pearson’s first coefficient of skewness 

X̅ = Arithmetic mean 

X̊ = Mode 

σ  = Standard Deviation 

Pearson’s Second Coefficient of Skewness 

The formula is given as, 

Where, 

Sk2 = Pearson’s second coefficient of skewness 

X̅ = Arithmetic mean 

X̃ = Median 

σ  = Standard Deviation 
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Bowley’s Coefficient of Skewness 

The formula is given as, 

Where, 

SkB = Bowley’s coefficient of skewness 

Q1, Q2, Q3 = First, Second and Third Quartile 

Fisher-Pearson Moment Coefficient of Skewness 

The formula is given as, 

For ungrouped data 

Where, 

SkFP = Fisher-Pearson moment coefficient of skewness 

X̅ = Arithmetic mean 

σ  = Standard Deviation 

Xi = Value of the ith item where i = 1, 2, 3, ... , n 

n = Number of values in the data set 

For grouped data 

Where, 

SkFP = Fisher-Pearson moment coefficient of skewness 

X̅ = Arithmetic mean 

σ  = Standard Deviation 

Xi = Value of the ith item where i = 1, 2, 3, ... , k 

fi = Frequency of the ith item where i = 1, 2, 3, ... , k 

n = Σfi = Number of items 
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II. Kurtosis 

Kurtosis is the measure of flat-toppedness of a curve. A bell shaped curve or the normal curve is 
Mesokurtic because it is kurtic in the centre; but if the curve is relatively more peaked than the 
normal curve, it is called Leptokurtic whereas a curve is more flat than the normal curve, it is 
called Platykurtic.  

Moment Coefficient of Kurtosis 

The formula is given as, 

For ungrouped data 

Where, 

β2 = Moment coefficient of kurtosis 

X̅ = Arithmetic mean 

σ  = Standard Deviation 

Xi = Value of the ith item where i = 1, 2, 3, ... , n 

n = Number of values in the data set 

For grouped data 
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Where, 

β2 = Moment coefficient of kurtosis 

X̅ = Arithmetic mean 

σ  = Standard Deviation 

Xi = Value of the ith item where i = 1, 2, 3, ... , k 

fi = Frequency of the ith item where i = 1, 2, 3, ... , k 

n = Σfi = Number of items 

The value of the coefficient of kurtosis for a mesokurtic curve is 3. For a leptokurtic curve, the 
value is greater than 3 and for a platykurtic curve it is less than 3. A positive value indicates a heavy 
tail i.e. more data in the tails of the curve while a negative value indicates a light tail i.e. less data in 
the tails. 

For the marks of criminology, arithmetic mean is 33.05, median is 32.5, mode is 32, first quartile 
is 30.5, third quartile is 36.5 and standard deviation is 4.48. Hence, we get 
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Marks Xi - X̅ (Xi - X̅)3 (Xi - X̅)4

26 -11.05 -381.0781 2762.8164

32 -1.05 -1.9531 2.4414

36 2.95 20.7969 57.1914

29 -4.05 -76.7656 326.2539
32 -1.05 -1.9531 2.4414

31 -2.05 -11.3906 25.6289

37 3.95 52.7344 197.7539

31 -2.05 -11.3906 25.6289

37 3.95 52.7344 197.7539

33 -0.05 -0.0156 0.0039
30 -3.05 -34.3281 111.5664

39 5.95 190.1094 1093.1289

34 0.95 0.4219 0.3164

42 8.95 669.9219 5861.8164

32 -1.05 -1.9531 2.4414

28 -5.05 -144.7031 759.6914
38 4.95 107.1719 509.0664

34 0.95 0.4219 0.3164

36 2.95 20.7969 57.1914

28 -5.05 -144.7031 759.6914

Total 304.8755 12753.1405



The various coefficients are, 

1. Pearson’s First Coefficient of Skewness 

2. Pearson’s Second Coefficient of Skewness 

3. Bowley’s Coefficient of Skewness 

4. Fisher-Pearson Moment Coefficient of Skewness 

5. Moment Coefficient of Kurtosis 

The distribution has positive skewness i.e. it is right skewed and is slightly platykurtic owing to its 
positive coefficient of kurtosis that is quite close to 3. 

For the frequency distribution used earlier, arithmetic mean is 56.25, median is 56.67, mode is 
77.5, first quartile is 33.33, third quartile is 78.75 and standard deviation is 25.3167. Hence, we 
get 
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Sk1 =
X − X

0

σ
= 33.25 − 32

4.048
= 0.309

Sk2 =
3 X − !X( )

σ
=
3× 33.25 − 32.5( )

4.048
= 0.556

SkB =
Q3 +Q1 − 2Q2

Q3 −Q1
=
36.5 + 30.5 − 2 × 32.5( )

36.5 − 30.5
= 0.333

SkFP =

1
n

Xi − X( )3
i=1

n

∑
σ 3 =

304.8755
20( )

4.0483
= 0.229

β2 =

1
n

Xi − X( )4
i=1

n

∑
σ 4 =

12753.1405
20( )

4.0484
= 2.375

Class Class 
Mark (Xi)

Freque
ncy (fi)

Xi - X̅ (Xi - X̅)3 fi(Xi - X̅)3 (Xi - X̅)4 fi(Xi - X̅)4

10 - 20 15 3 -41.25 -70189.4531 -210568.3593 2895314.9414 8685944.8242

20 - 30 25 5 -31.25 -30517.5781 -152587.8905 953674.3164 4768371.582

30 - 40 35 6 -21.25 -9595.7031 -57574.2186 203908.6914 1223452.1484

40 - 50 45 4 -11.25 -1423.8281 -5695.3124 16018.0664 64072.2656

50 - 60 55 3 -1.25 -1.9531 -5.8593 2.4414 7.3242

60 - 70 65 2 8.75 669.9219 1339.8438 5861.8164 11723.6328

70 - 80 75 8 18.75 6591.7969 52734.3752 123596.1914 988769.5312

80 - 90 85 6 28.75 23763.6719 142582.0314 683205.5664 4099233.3984

90 - 100 95 3 38.75 58185.5469 174556.6407 2254689.9414 6764069.8242

Total 40 -55218.749 26605644.531



The various coefficients are, 

1. Pearson’s First Coefficient of Skewness 

2. Pearson’s Second Coefficient of Skewness 

3. Bowley’s Coefficient of Skewness 

4. Fisher-Pearson Moment Coefficient of Skewness 

5. Moment Coefficient of Kurtosis 

The distribution has negative skewness i.e. it is left skewed and is platykurtic. 
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Sk1 =
X − X

0

σ
= 56.25 − 77.5

25.3167
= −0.8394

Sk2 =
3 X − !X( )

σ
=
3× 56.25 − 56.67( )

25.3167
= −0.0498

SkB =
Q3 +Q1 − 2Q2

Q3 −Q1
=
78.75 + 33.33− 2 × 56.67( )

78.75 − 33.33
= −0.0277

SkFP =
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σ 3 =

−55218.749
40( )

25.31673
= −0.0851
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σ 4 =
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= 1.6191
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