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Introduction to Statistics

1.1 Introduction

The word statistics was first used by a German scholar Gotifried Achenwall
about the middle of the 18" century as the science of Statecraft concerning the
collection and use of data by the state. According to another pioneer statistician Yule,
the word statistics occurred at the earliest in the book “The elements of universal
erudition” by Baron (1770). It was used again with rather a wider definition in 1787
by E.AW. Zimmermann in “A political survey of the present state of Europe”. It
appeared in Encyclopedia Britannica in 1797 and was used by Sir John Sinclair in
Britain in a series of volumes published between 1791 and 1799 giving a statistical
account of Scotland. In the 19" century, the word statistics acquired a wider meaning,
covering numerical data of almost any subject whatever and also interpretation of
data through appropriate analysis. The word data is used for numerical facts and a
single numerical fact is datum.

Since early 1920's with the growth in the experimental sciences there was a
need for reliable scientific methods for analyzing the results of experiments and
surveys. The modern subject of statistics evolves with many of the early developers
of statistical methodology being experimenters themselves with the incentive of their
own practical problems.

Although the gathering and presenting of information is still an important part
of statistics, the modern statistics is quite different from the early days. Statistics
now-a-days includes probability theory and applied mathematics. These days
computers have made to perform statistical analysis routinely which could not have
been contemplated in the past. Computers do not form a part of statistical theory but
may be useful in applying statistical theory to solve a practical problem.

Statistics has been defined as the mathematical science of making decisions
and drawing conclusions from data in situations of uncertainty. It includes




designing of experiments, collection, organization, summarization, analysis and
interpretation of numerical data.

In the above definition of statistics, we have only considered its scientifiz
meaning. In day to day usage, the word statistics refers to aumbers or facts, such as
statistics of births, statistics of deaths and statistics of road accidents etc. In some
other situations, it has a symbolic meaning such as “do not become a statistics on the
next weekend”, The word statistics is also the plural of ‘statistic’ which is a statistical
term and is a quantity calculated from the sample values.

Before proceeding further, some statistical terms and notations need to be
defined and discussed. We explain each of the terms through the following example:

Example 1.1: It was observed that out of 500 college students surveyed, 300 were
females. Is there evidence that more students in this college are females.

1.1.1. Definitions

Population: The total group under discussion or the group to which the results will
be generalized is called population. In the example 1.1, the set of all students in the
college is our population,

Sample: Sometimies the measurement of interest can not be made on the whole
population, then we choose a subset of population to draw inference about the
population. If the inferences from sample to population are going to be meaningful, it
is imperative that the sample should be representative of the population. In the
example 1.1, the set of 500 students being a subset of all college student, is our
sample.

Ratio: The ratio of A to B is the fraction A/B. In the example 1.1, there are 300
fermales and the remaining 200 are males. So, the male female ratio is 200/300.

Proportion: A proportion is a special ratio of a part to its total. In the example 1.1,
the proportion of females and males are 300/500 and 200/500 respectively. Proportion
becomes percentage when multiplied by 100.

The female percentage in the example 1.1 is (300/500) x 100 ie., 60%. 60% means
60 out of 100. The symbol % is abbreviation for percent.
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Parameter: It is a quantity computed from a population when the entire population is
available. Parameters are fixed or constant quantities and are not usually known. In
the examplel.1, the proportion of female students in the population is our parameter.

Statistic: It is a quantity computed from a sample. In the example 1.1, the proportion
of the female students in the sample of students is a statistic. Statistic is variable
because it varies from sample to sample.

Sampling Variability: As sample is a representative part of a population; there may
be more than one samples in a population. Therefore, all samples from the same
population may not be identical e.g. with reference to the example 1.1, another
sample of 500 students surveyed may not contain 300 female students.

Experiment: Any study in which the scientist ¢an control the allocation of treatments
to the experimental units is called an experiment. Every unit must be capable of
receiving every treatment, and the decision as to which unit receives which treatment
is determined by an allocation mechanism. This mechanism could be that the scientist
observes the unit and then decides which treatment to apply, which would be an
unsatisfactory allocation mechanism because of the possibility of the subjective bias,
or it could be to assign the treatments according to a rule which would be
scientifically acceptable. So, all allocation mechanisms do not lead to acceptable
inferences.

Sample Surveys: In a sample survey, there are no treatments. The units in the
population under study are listed in a frame and a-sample of units is selected from the
frame using a selection mechanism. So, the distinguishing feature of a survey is the
control over the selection of units.

The features which distinguishexperiments andsample surveys are control over
allocation and control over selection,

Constant: Quantities which don’t vary from individual to individual are called
constants e.g.

n=2314159, e=2.7T1828, 4, 25 eic.

Order Statistic: The order statistic (0S) of data ¥, Y5 Vi, Y, is just the
arrangement of data in order of magnitude, It is denoted by ¥y, ¥z, Yiay,... Yool
Y,1yis the minimum of ¥y ¥z ¥5_.. ¥, and ¥, is the maximum of ¥ ¥; 15 .. V¥,




¥i1y is minimum order statistic and ¥, is maximum order statistic. If the data

are arranged in increasing order of magnitude, the data are said to be arranged in
asceniding order and if the data are arranged in decreasing order of magnitude, the
data are said to be arranged in descending order.

Model: It is a mathematical statement used in studying the results of an
experiment or predicting the behaviour of future repetitions of the experiment.
The models involve probability distsibutions which describe the variability in
the characteristic of interest in the population and therefore, the variability we might

expect to getin different samples.

In the example 1.1, binomial model is apprcpriate where parameter is the
proportion of students who are females in the population.

A common model for describing the makeup of an observation states that it
consists of a mean plus an error so an observation can be described by means of °
simplest model as:

Yi=p+€; (1.1)

where, ¥; represents any individual observation, 4 (a Greek letter read as meu)
represents average or mean of the population and &, (a Greek letter read as epsilon)

represents a random error.
Random Error (€}): Random error is the chance variation in an observational process, [t
‘should not be confused with its synonym in common usage mistake, which means
human error.
Equation (1.1) can be written as;
ei=t-u (1.2)

€/'s are usually assumed to be from a population having zero mean. As the
random error sum to zero, so, there would be approximately equal number of positive
and negative deviations.

The term, (¥; - ) is known as deviation of an observation ¥; from mean .
Equation (1.1) represents the simplest form of the linear additive model. The
4 may be a single mean.
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1.1.2 Notations
Sigma (Z): It is a Greek letter and is used as a short-hand notation for sum. For

example,
i.e., if we have to add five numbers Y, V1, Ys, Ya. and Y5 | then
=1
Yt Ya+Ybk Yot Y, = Ef Yi

This tells us to sum all ¥, values starting at i = | (the lower limit) and

stopping at i = 5 (the upper limit). It is always assumed that consecutive integer
values are to be summed unless otherwise specified. Other examples are

)  Z2": ¥ e Dwhere D= {2,34.7}
32" =242+ 2% 7 :

where € is read as belongs to.

ii) If P(¥) denotes the probability then
ZP(Y)=P(2)+ P(3) + P(4) + P(7)
Ye b

Product (m): It is a Greek letter (read as pi) and is used here as a short-hand
notation for product. For example,

1"1:1’, =Y x¥, xY,x...xY,

i=]
If we have only three observations
¥, =2,Y,=3,Y, =5,

I 3
then EEF.-=Yt><Y1><Y,=2><3>=5=3I]

n!: Read as n factorial and is defined as:
n!=n.(n-1 )An-2)....(3). (2). (D
e 4!=432.1
=24

and =1
Note that 0! = |




1.2 Importance Of Statistics In Various Disciplines

Since the information collected in the form of data (observations) from any
field will almost always involve some sort of variability (uncertainty), so, this subject
has applications in almost all fields of research. The researchers use statistics in the
analysis, interpretation and communication of their research findings. Some examples
of the questions, which statistics might help to answer with appropriate data are:

i) how much better a yield of wheat do we get if we use a new fertilizer as
opposed to a commonly used fertilizer?

ii) are a company’s sales figures likely to increase in the next quarter?

iii) what dose of an insecticide be used successfully to monitor an insect
population?

iv) what is the likely weather in the coming season?
It is obvious that statistics has its application in almost every field where

research is carried out and findings are reported.

When Statistics is applied in Economics, it is called Econometrics, When it is
applied in biological sciences, it is called Biometry. Similary, Psychometry and others.
We give a briefaccount of its application in differnt fields as follows:

1.2.1 Social Sciences

In social sciences, one of the major objectives is to establish relationship that
exists between certain variables. This end is achieved through postulating hypothesis
and their testing by using different statistical techniques.

Most of the areas of our economy can be studied by econometric models
because they help in forecasting and forecasts are important for future planmng.

1.2.2 Plant Sciences

The most important aspect of statistics in plant sciences research is its role for
efficient planning of experiments and drawing valid conclusions. A technique in
statistics known as ‘Designs of Experiments’ helps introducing new varieties,
Optimum plot sizes can be worked out for different crops like wheat, cotton,
sugarcane and others under different environmental conditions using statistical
techniques.
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1.2.3 Physical Sciences

The application of Statistics in physical sciences is widely accepted. The
. researchers use these methods in the analysis, interpretation and communication of
their research findings, linear and nonlinear regression models are used to establish-
‘cause and effect relationship between different variables and also these days
computers have facilitated the experimentation and it is possible to simulate the
process rather than experimentation.

1.2.4 Medical Sciences

The interest may be in the effectiveness of new drugs, effect of environmental
factors. heritability. standardization of various records and other related problems.

Statistics comes to rescue. It helps to plan the next investigation in order to get
trustworthy information from the limited resources. It also helps to analyze the

current data and integrate the information with that previously existing.

1.3 Variables

A characteristic that varies from individual to individual in a population is
called a variable. The nature abhors constancy, so, the natural phenomena show
variability. For example, plant height, number of plants per plot. eye colour (black,
blue, green) etc.

Let Y represents the variable and Y; (read as Y subscript i) represents the ith
observation. The variables, ¥,, ¥,,....,¥ form a set of n observations on the variable

Y. For example. we measure the height of 5 wheat plants and observe that the height

of first plant is 87 cm, the height of second plant is 90 cm, the height of third planis 92 ¢cm,
the height of fourth plant is 89 cm and the height of fifth plant is 95 cm.
Here, ¥, =87 cm, and ¥, is 95 cm. )

A variable may be fixed or mathematical when its value can be determined
before hand i.e., amount of fertilizer to be applied to a plot, amount of insecticide
applied to control insect pests. A variable may be random when its value cannot be
exactly determined i.e., vield from a plot, the response to an insecticide. Variables
are usually of two types:

i) Quantitative variable “ii) Qualitative variable




A quantitative variable is one which is capable of assuming a numerical value.
For example, height of plants, weight of grains or number of students in a class.

1.3.1 Quantitative variable

Quantitative variables can further be placed into two types depending upon
the type of measurement possible.

i) Continuous variables ii) Discrete variables

A continuous variable is one that can take all possible values in an interval on

the number line. For example, atmospheric pressure, plant height, student height and
temperature.

A discrete variable is also known as discontinuous variable. It is one that can
take only isolated points on the number line. Usually these values are positive
integers as these arise from counting. For example, number of students in a class,
number of plants per plot, number of insects in a unit area, number of grains per
plant.

1.3.2 Qualitative or Categorical variable

A qualitative variable also known as categorical variable is one which is not
capable of taking numerical measurements. An observation is made when an
individual is allocated to one of several mutually exclusive categories. Observations
falling in each class can only be counted. For example, sex (either male or female),
general knowledge (poor, moderate, good), colour (blue, green, red etc.).

Example 1.2: A sample of 5 students from a class was selected and each one of them
was asked which brand of soap they use. Their responses were as follows:

Lux, Rexona, Lux, Capry, Rexona
Identify the type of variable?

Solution: As we can only categorize these observations into different brands of soap,
s0, the observations arise from a categorical variable.
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Example 1.3: There are 7 sections of class XI in an intermediate college. The number
of students in each section is as follows:
41, 45,47, 37, 35,45, 42
Identify the type of variable?
Solution: This data set arises from a quantitative variable because the observations
are numerical values. Again the variable is discrete because the observations are
isolated points on a number line.

1.4 Descriptive And Inferential Statistics

Generally, rough and crude form of the data is obtained from experiments and
surveys that needs to be organized and summarized in order to describe its sense.
This is where the descriptive statistics comes in to help us. It provides procedures for:

i) organizing the data collected from the sample,

ii)  summarizing the data. It includes graphic representation and calculation of
summary values like measures of central value and measures of variability that
we call statistic (mean, proportion, variance).

iii) presenting the summaries in an understandable form for the others,

One may be interested to generalize the results of the data. For example, based
upon the descriptive statistics, one might be willing to estimate the value of his
measure of a central value, had he gathered data about all the subjects possessing the
given character rather than a sample. This procedure of inferring about the
characteristics of the population based upon the characteristics of its sample is called
inferential stafistics.

The discipline strengthening inferential statistics is probability theory. So, our
generalizations of results always involve some risks. Thus, we always make

probabilistic statements and we really don't prove anything. For example, we say that

the probability is high that an experimental variable affected the dependent variable.



The whole issue of descriptive and inferential statistics can be described with
the help of what we call Statistical Problem.

The distinguishing feature of a statistical problem is that we are trying to say

something about a population based on a sample from the population only, taking into
account the variability within the samples. Before we do this, we must make some
assumptions about the manner in which the data was produced (these are embodied in
a statistical model). Based on the model and data, statistical methods are designed
which allow us to work back and make statements about the underlying population.
The main aspects of the statistical problem are:

i a clear definition of the population of interest and objectives,
L. the design of experiment or the sampling procedure,
iii., the collection, organization and analysis of data,

iv. the selection of suitable model and the process of making statements about the
population based on sample information.

Figure 1.1 illustrates clearly the main aspects of statistics. Often the
underlying population will be clearly defined, in other situations the population may
only be hypothetical corresponding to what might have happened in an infinite series
of repetition of the experiment concerned.

Sample data gathered on a subject
Experiment of the population

Population Interest is in "
some parameter
describing the population | Inference
About Model List of assumptions about

population the way the data.are collected

Figure 1.1: Statistical problem — Real world situation
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1.5 Sources of Data

Keeping in view the objectives of the study, data are collected by individual
research workers or by organizations through sample surveys or éxperiments. The
data collected may be

i) primary data ii) secondary data
By primary data we mean the raw data, which has just been collected from the
source and has not gone through any kind of statistical treatment like sorting and

tabulation.

By secondary data we mean the data, which has already been collected by

someone, that has undergone a statistical treatment like sorting and tabulation etc.

1.5.1 Sources of primary data

The sources of primary data are primary units like basic experimental units,
individuals, households and the following methods are usually used to collect data
from primary units. The method used depends very much on the nature of the primary

unit.

i: Personal Investigation: The researcher conducts the experiment or survey by himself
and collects data from it. The data collected is generally accurate and reliable. This is
only feasible in case of small scale laboratory, field experiments or pilot surveys and
is not practicable for large scale experiments and surveys because it will take too

much time.

ii: Through Investigators: The trained investigators are employed to collect the data.
In case of surveys, they contact the individuals and fill in the questionnaires after
asking the required infnm}atiﬂm A gquestionnaire is an inquiry form having a number
of questions designed to obtain information from the respondents. This method is
usually employed by most of the organizations. This method gives a reasonably
accurate information but it is very costly.
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iii: Through questionnaire: The required information is obtained by sending
questionnaire to the selected individuals by mail who fill in the questionnaire and

return it to the investigator. This method is cheap but non-response rate is very high as
most of the respondents don’t bother to fill in the questionnaire and send it back.

iv: Through local sources: The local representatives or agents are asked to send
requisite information who provide the information based upon their own experience.
This method is quick but gives only rough estimates.

vi Through telephone: The information may be obtained by contacting the
individuals on telephone. This method is quick and gives accurate information.

vi: Through internet: With the introduction of information technology, the people
may be contacted through internet and the individuals may be asked to provide the
pertinent information.

It is important to go through the primary data and locate any inconsistent
observations before it is given a statistical treatment.

1.5.2 Sources of Secondary Data
The secondary data may be available from the following sources.

i: Government organizations: Federal and Provincial Bureau of Statistics, Crop
Reporting Service-Agriculture Department, Census and Registration Organizations
etc.

ii: Semi-government organizations i.e., Municipal committees, District Councils,
commercial and financial institutions like banks etc.

iii: Teaching and r&ilear{:h organizations.
iv: Research journals and newspapers.

v : Internet




Chapter J' Introduction 1o Statistics

Exercise 1 Ans on Page 250

1.1

1.2

1.3
1.4

1.5

1.6
1.7
1.8

Define the word statistics and explain its different meanings?

Define the following terms:

il} Population and sample i) Parameter and statistic

Distinguiéh between qualitative and quantitative variables?

i) Write the following using a summation sign with appropriate index?

8) Y4Y +..4Y, b F+Y +¥+Y,]

©) (Y- + (Y)Y, -p)? d)  bYy +bY,+....+bY,

ii) Expand the following summation and product signs?
5 8 - S
a) 1Y, b) X (Y, —p) c) T¥
=l i=5 =l
4 3 L] i
d) 3%, -9) e) n, D m(a¥,)
=2 = j= -
4
g m(X,-Y)

Classify the following as categorical, discrete or continuous variable:

i) Sex of an insect. ii) Weights of plants.

fii) Major crops of Pakistan. iv) Level of satisfaction.

v) Teaching standards. vi) Temperature measured in
Fahrenheit.

Explain in detail the main aspects of a Statistical problem?
Define Descriptive and Inferential Statistics and differentiate between them.

Distinguish between primary and secondary data and give different sources
from which these are obtained.




1.9

1.10

Fill in the blanks:

i)

i)
iit})
iv)

v)

vi)

vii)

viii)

ix)

x)

The purpose of the sample is to draw inference about
Proportion is always or equal to one.
The quantity computed from population is called
The quantity computed from sample is called

The quantity which does not vary from individual to individual is called

Sum of the random errors equal to

A variable is called when its value cannot be exactly
determined.
A variable that takes numerical values is called variable.

The procedure of inferring about the population characteristics using the
sample is called
First hand collected data is called

Against each statement write T for true and F for false statement.

i)
i)
iii)
iv)
V)
vi)
vii)
viii)
ix)

x)

The value calculated from the population is called parameter.
Statistics deals with single fact.

Statistics can be placed in relation to each other.

Primary data and ungrouped data are same,

A collection of observations is called data.

A variable can assume the same value.

A discrete variable can assume finite values between two given limits.
Height measurements of students is quantitative variable. B
The word Statistics is at present used in four ways.

A small part of the population is called sample.
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2.1 Introduction

Most scientific experiments are conducted in an attempt to answer some specific
questions and generally result in the collection of data in the form of batches of numbers,
usually referred to as sample. To extract information from the sample, there is need to
organize and summarize the collected data. There are many ways of describing a sample.
Commonly, we use either, a graph or a small set of numbers which summarize some
properties of the sample such as its centre and spread.

2.2 Classification

‘The term classification is the process of arranging observations into different
classes or categories according to some common characteristics.

The data may be classified by one or more characteristics at a time. When data
is classified according to one characteristic, it is called one-way classification,. When
the data is classified by two characteristics at a time, it is called two-way
classification. Similarly, the data classified by three characteristics is ca]Ied three-way
claz,mﬁcatmn

2.3 Tabulation

The process of making tables or arranging data into rows and columns is
called tabulation. Tabulation may be simple, double, triple or complex depending
upon the number of characteristics involved. Tables are the most common form of
documentation used by the scientists.

2.3.1 Construction of tables
Following are the parts of table out of which first four are main part.

i) Title: A title is the heading at top of the table. The title should be brief and self
explanatory. It describes the contents of the table.




ii) Column Captions and Box head: The headings for different columns are called
column captions and this part of column captions is called Box-head. The column
captions should be brief, clear and arranged in order of importance.

iii) Row Captions and Stub: The headings for different rows are called row captions
and the part of the table containing row captions is called Stub. Row captions should
be brief, clear and arranged in order of importance.

iv) Body of the Table and Arrangements of the data: The entries in different cells
‘of column and rows in a table are called body of the table. It is the main part of the
table. The data may be arranged qualitatively, quantitatively, chronologically,
geographically or alphabetically. .

v) Source Note: Source notes are given at the end of the table which indicate the
compiling agency, publication, the data and page of the publication.

vi) Spacing and ruling: To enhance the effectiveness of a table, spacing and ruling
is used. It is also used to separate certain items in the table. Thick or double lines or
single lines are used to separate row captions and column captions. To indicate no
entry in a cell of the table, dots (...) or dashes(-—) are used. Zeroes are not used in a
table for this purpose. ’

vii) Prefatory Notes and Footnotes: The prefatory note is given after the title of the
table and the footnotes are given at the bottom of the table. Both are used to explain the
contents of the table. The footnotes are usually indicated by* * *.

2.4 Frequency Distribution

To extract information from a data set, first and important step is to presentitina
compact form. A frequency distribution is a compact form of data in a table which
displays the categories of observations according to their magnitudes and frequencies
such that the similar or identical numerical values are grouped together. The categories
arc also known as groups, class intervals or classes. The number of values falling in a
particular category is called the frequency of that category. Itis usually denoted by /.

The relative frequency, denoted by r.f of a category is the proportion of
observed frequency to the total frequency and is obtained by dividing observed
frequency by the total frequency. The sum of the relative frequencies should be
one (1) except for rounding error. The relative frequencies are important for making
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comparisons between two or more distributions. Otherwise, the different sample sizes
of the data sets may distort comparisons.

The frequency distribution may be made for continuous data, discrete data

and categorical data.

Following steps are taken into account while making a frequency distribution

for continuous data:

i)

Calculate range of the data, where

Range = maximum value in the data. — minimum value in the data
Decide about the number of classes. The minimum number of classes may be
determined by the formula

Number of classes ¢ = 1+ 3.3 log(n) (2.1)
or c=+vn (approximately) (2.2)
where n is the total number of observations in the data,

This gives roughly the number of classes. There are certain other
formulae suggested to decide the number of classes. Classes are the groups of
data values constituting the frequency table. Usually, the classes of equal
width are defined by the numerical limits or boundaries. Each class has a
starting point called its lower limit and its end point called its upper limit.

The class limits are the end points of the class intervals both included
in class interval. It is convenient to choose the end points of the class interval
so that no observation falls on them. This can be obtained by expressing the
end points to one more place of decimal than the observations themselves. For
this purpose, class limits are usually converted to class boundaries to achieve

“continuity in the grouped data. This is done by expressing the upper limit of

the first class to one more decimal place without changing the width of the
class and starting the second class from the same value as is the end of the
first class and so on. The upper values in the classes are included in the next
class so that the classes do not overlap.

The number of classes are important. Neither we should make too few
wide classes in which most of the variation in the data is lost nor we should




iii)

v)

15

have too many narrow classes in which the real values in the data are hardly
grouped.

Decide about width of the class. It is usually abbreviated by h and is obtained
by the following relation:

B range
number of classes

h= x (approximately) (2.3)
o

It should be noted that always a convenient near number is chosen and
it is not necessary to follow the rules of rounding because we are only
grouping the data.

The decision about the starting point of the first class is arbitrary usually, it 18
started before the minimum value in such a way that the mid point, the average of
lower and upper class limits of the first class is properly placed.

Now. an observation is taken and a mark of vertical bar is made for a class
itbelongs. Arunning tally is kept till the last observation. The tally count  [H

indicates five.

Example2.1: Student - Height Data

The height (in cms) of 30 students measured at the time of registration is

given by

91,89, 88,87,89,91,87,92,90,98,95,97,96, 100, 101,96, 98,99, 98, 100, 102,
99,101, 105, 103,107,105, 106, 107, 112.

Make a suitable frequency distribution.

Solution: To construct a frequency distribution proceedas to follows:

i)

Range = Maximum value minimum value (2.4)
In this data maximum value is 112 and minimum value is 87.
So, Range=112 87=25

Approximate number of classes or class intervals are number of classes ¢ is given
by




iii)

iv)

v)
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=1+ 3.3 log(30)
=1+33(1.4771)
= 5.87443

= 6 (approximately)

Width of the class interval (k) = range / number of classes

428
"6
=4.167

=5 (approximately)
5 is chosen for convenience, one may take 4 if he / she wishes so.

Minimum value is 87, we start the first class from 86 with width of

the class as 5, so, our first class is 86-90 with mid point 88, the average of
lower and upper class limits ie., (86+90)/2=88. Similarly, other classes are
91-95, 96-100, . . . ., 111-115, It is clear that maximum value 112 is included
in the last class.

It is convenient to choose the end points of the class interval so that no
observation falls on them. This can be obtained by expressing the end points
to one more place of decimal than the observations themselves. Therefore,
suitable class boundaries for this data would be 85.5 — 90.5, 90.5 - 95.5, . . .,
110.5 = 115.5. In the class boundaries, the upper values in the classes are
included in the next class so that the classes are mutually exclusive i.e., 90.5 is
the upper value of the first class and is lower value of the second class. In
counting this would be included in the second class interval.

The class centres ¥i's are the middles of the classes. The class centres
are also known as mid or middle points and are obtained either by averaging
class limits or class boundaries i.e Y; is the middle of the first class

Y, =(855+90.5)/2=88
The other mid points are 93,98, .. . ., 113 respectively.

Starting from first observation, all the 30 observations are assigned to the
classes they belong. The first observation 87 falls in the first class 86-90, a
tally mark is made in the tally column against this class. The second




observation 90 belongs to the first class 86-90, a tally mark is made in tally
column against this class and so on, the last observation 112 belongs to the
last class 111—115. The number of tally marks in the ta]jy column against each
class gives the frequency of that class. The frequency distribution is given in

Table 2.1
Table2.1:  Tally count and frequency distribution for the example 2.1.
Class limits | Class boundaries b Tally Frequency
86-90 85.5-90.5 88 T | 6
91-95 90.5-95.5 93 111 4
96-100 95.5-100.5 98
101-105 100.5-105.5 103 N | 6
106-110 105.5-110.5 108 i 3
111-115 110.5-115.5 113 : :
Total | 30

It is clear from the frequency table that 6 students have height between 85.5
and 90.5 cms, 4 students have height between 90.5 and 95.5 cms and so on and I
student has height between 110.5 and 115.5 cms.

The relative frequency for a class can be computed by dividing its frequency
by the total frequency. The frequency distribution with relative frequencies is given in
Table 2.2.

Table 2.2: Frequency distribution with relative frequencies

Class
hotmsdnites. | . rf
855905 |6 |630 =0200

90.5-95.5 4 |4/30 =0.133
95.5-100.5 |10 | 10/30 =0.333
100.5-105.5 |6 | 6/30 =0.200
105.5-110.5 |3 |3/30 =0.100
110.5-115.5 [ 1. | /30 =0.033

Total 30 ~ 1.000




Chapter 2' Representation of Data

It should be noted that the sum of the relative frequencies is one except for
rounding error. '

For discrete data: In case of discrete data, each observation is a whole number. So.
while making a frequency distribution, the possible values are written in a column
and a tally count of each value is made for the data. The number of tally count for
each value is its frequency. The corresponding relative frequency is obtained by
dividing each frequency by the total number of observations. The sum of the relative
frequencies should be 1 except for rounding error,

For categorical data: In case of categorical data, the categories are placed in a
column and a tally count is made for each category going through the data set which
gives the frequency of each category.

Example 2.2: The observations about the number of rotten potatoes from twenty
equal sized samples taken from a store are available as follows:
1 3:4:3,0,1,2,3,1,1,0,2,1,0,2.3.0,0,1.3
Make a frequency table
Solution: The tally count and frequency table is made by going through each
observation of the data and for each observation making a mark, vertical bar | against
the appropriate value of the variable. In this data, the values of the variable vary from
0 to 4. These are written in a column and a tally count is kept going through the
whole data. The resulting frequency distribution is given in Table 2.3. -
Table 2.3: Tally count and frequency distribution for the example 2.2.

Number of
rotten Tally f r.f
potatoes

0 M 5 5/20=0.25
1 M | 6 6/20 = 0.30
2 HANE 4 4/50 = 0.20
3 [ 4 4/20 = 0.20
4 | 1 1/20 = 0.05

Total =20 1.00

If the range of observations in the data is large, the same method is adopted as
has been explained for the continuous data.



Open-end classes
In- connection with the frequency  Age group | Frequency
tables, the térm open  end classes 1s Below 5 20
sometimes used. It means that in a frequency 5-14 37
table, either the lower limit of the Ist class or 1524 67
25-34 90

the upper limit of the last class is not a fixed 35— a4 <
number. It may happen that both of these are 4; —54 0

not fixed numbers. The frequency tables with 55_ 64 T
open end classes are formed in some practical 65— 74 45 |
situations. The frequency table about the age 75 and above 20

e

of people in a certain locality is given in the
adjacent table:

2.5 Cumulative Frequency Distribution

A cumulative frequency distribution is a table that displays class intervals and
the corresponding cumulative frequencies. The cumulative frequency is denoted by
c.f and for a class interval it is obtained by adding the frequencies of all the preceding
classes including that class. It indicates the total number of values less than or equal
to the upper limit of that class.

The relative frequencies, cumulative frequencies and cumulative relative
frequencies for data for the example 2.1 are given in Table 2.4.

Table 2.4: Cumulative distribution for the example 2.1.

Class
boundaries f rf ef e.rd
85.5-90.5 6 6/30 6 6/30 =0.200
90.5-95.5 4 4/30 6+4 "~ =10 10/30 = 0.333
95.5-100.5 10 10/30 10+10=20 20/30 = 0.667
100.5-105.5 6 6/30 20+6 =26 26/30 = 0.867
105.5-110.5 3 3/30 26+3 =29 29/30 = 0.967
110.5-115.5 | | 1/30 29+1 =30 30/30 = 1.000

As the cumulative frequency of a class indicates the total number of value:
less than or equal to the upper limit of that class, so, the cumulative frequency of 2
for a class 95.5 — 100.5 means that 20 values are less than 100.5 and similarly, th
cumulative frequency of the last class 110.5 — 115.5 is 30 indicating that 30 values
are less than 115.5.
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If we want to compare two or more distributions, we compute relative cumulative
frequencies or percentage cumulative frequencies because these would be comparable.
Ctnciwise, the differences in sample sizes will distort comparisons.

The cumulative relative frequencies which are the proportions of the
cumulative frequency, denoted by c.rf are obtained by dividing the cumulative

frequency by the total frequency. The c.r.f of a class can also be obtained by adding |
the relative frequencies of the preceding classes including that class. As cumulative
relative frequencies are proportions, the multiplication by 100 gives corresponding
percentage cumulative frequencies.

The relative cumulative frequencies are obtained by dividing the cumulative
frequency by the total frequency i.e., for the first class interval it is 6/30 = 0.2, for the
second class interval it is 10/30 = 0.33 and so on. The percentage cumulative
frequency for each class can be obtained by multiplying its cumulative relative
frequency by 100. The percentage cumulative frequency for 0.200 is (0.200) (100) =
20. The percentage cumulative frequency for 0.0333 is (0.333) (100) = 33.3 and so
on, the percentage cumulative frequency for 1.000is (1.000) (100) = 100.

2.5.1 Cumulative frequency distribution for discrete data

The cumulative frequency distribution for the discrete data is obtained in the
same way as for the continuous data ie., the cumulative frequency of a class is
obtained simply by adding the preceding frequencies including the frequency for that
class. The relative frequencies and the cumulative frequencies for the data of example
2.2, are given below in Table 2.5.

Table 2.5: Cumulative frequency distribution of the example 2.2.

" Number of |
rotten I r.f cf c.r.f
potatoes
0 5 5/20 5 5720
1 6 6/20 11 11720
2 4 4/20 15 15/20
3 4 4/20 19 19/20
' 4 1 b 120 20 20/20
|  Total R
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Example 2.4: Find out the relative frequency distribution for the following data.
Where x denotes the number of hours worked in a day by a person in a locality of 265

people.

X 6 7 8 9 10 11 12 13
f | 24 66 80 48 28 14 4 1
Solution:
X frequency Relative frequency
6 24 24/265 =0.09
7 - 66 66/265 = 0.25
8 80 80/265=0.30
9 48 48/265=0.18
10 28 28/265=0.11
11 14 14/265 = 0,05
12 4 4/265 = 0.02
13 1 1/265 = 0.00
Total 265 1.00

Example 2.5: Find out the relative cumulative frequency distribution from the
following data of example 2.4.

x 6 7 8 9 10 11 12 13
J 24 66 80 48 28 14 4 1
Solution:

X f c.f c.r.f.

6 24 24 24/265 = 0.09
7 66 24 + 66 =90 90/265 = 0.25
8 80 90 +80=90 170/265 = 0.30
9 48 170 +48 =90 218/265=0.18
10 28 218 +28=90 246/265=0.11
11 14 246+ 14=190 260/265 =0.05
12 4 260+ 4=90 264/265=10.02
13 1 264+ 1=90 265/265 =0.00

Total 265 | 0 ememee- e e— -

2.6 Graphic representation of Data

There are reasons for drawing graphs. The most compelling being that one
simple graph says more than twenty pages of prose. Many graphs just represent a
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summary of data that has been collected to support a particular theory. It is usually
suggested that the graphic representation of the data should be looked at before
proceeding for the format statistical analysis.

Common uses of graphs

i)

ii)

i)

iv)

Graphs are useful for checking assumptions made about the data, ie., the
probability distribution assumed.

The graphs provide a useful subjective impression as to what the results of the
format analysis should be. This serves as a check on calculations and
statistical methodology used. Always believe your common sense before
arithmetic calculations because for some problems calculations will be
obvious from a graph.

Graphs often suggest the form of a statistical analysis to be carried out,
particularly, the graph of model fitted to the data.

Graphs give a visual representation of the data or the results of statistical
analysis to the reader which are usually easily understandable and more
attractive.

Some graphs are useful for checking the variability in the observations and
outliers can be easily detected.

QOutliers are the data values which are highly inconsistent with the main body

of the data. These may arise because of mistakes in copying, coding or may be some
values that are different from the rest of the data just their own.

Important points for drawing graphs

There are a number of points worth keeping in mind when drawing graphs.

The most important of these are:

i)

ii)

iv)

clearly label axis with the names of the variables and units of
measurement.

keep the units along each axis uniform regardless of the scales chosen for
axis.

keep the diagram simple. Avoid any unnecessary details.
a clear and concise title should be chosen to make the graph meaningful



v) if the data on different graphs are to be measured, always use identical
scales.

vi) in the scatter plots, don’t join up the dots. This makes it likely that you
will see apparent patterns in any random scatter of points.

The general approach, which should be used to analyze the data, is as follows:

i) construct an appropriate diagram and summary of the data and come to an
initial impression concerning the question posed. This is known as
exploratory data analysis.

iii) follow this up with an appropriate formal analysis of data.

iii)  compare the results of the formal analysis with your initial impression, and
worry if they differ greatly.

The methods described here are appropriate for data on a single variable.
Usually, the data will be measured on a continuous scale or at least if this is not the
case, then the set of possible values will be reasonably large. The types of graphs
commonly used are given below:

2.6.1 Simple Bar Diagram
To get an impression of the distribution of a discrete or categorical data set, it
is usual to represent it by a bar diagram. To construct a bar diagram, the values of the
variable or categories are taken along x-axis and a bar with height equal to its
frequency is drawn on each category.
Table 2.5 (a): Frequency distribution for the data 2.2.

. Nomsher ol Tally Frequency
The first si&p is to make a | rotten potatoes

tally count of the data to help us to 0 ML 5

make a frequency distribution. The l M &

procedure is explained on the 3 T 4

cxm't}ple 2.2. The frequency 3 11 4

distribution is given in table 2.5 (a). 4 : .
Total 20
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To construct a bar diagram, the number of rotten potatoes are taken along
x-axis. The rotten potatoes vary from 0 to 4, so we mark the x-axis with 0,1,2.3 and 4.
The value 0 has frequency 5, so a bar of height 5 is drawn along y-axis at point 0 on
x-axis. Similarly a bar of height 6 is drawn along y-axis at point 1 on x-axis; a bar of
height 4 is drawn along y-axis at point 2 and 3 on x-axis and finally a bar of height 1

is drawn on point 4. It is shown in figure 2.1.
7

(o] L ]
5%

Frequency

4
i
2
I

!

0 1 2 3 4
Mumber of rotten potatoes

Figure 2.1: Bar diagram of rotten potatoes.

The gaps between the bars in the bar chart emphasize the gaps between the
values that the discrete variable can take.

2.6.2 Multiple Bar Diagram

It is an extension of the simple bar diagram and is used to represent tyo or
more related sets of data in the form of groups of simple bars. Its main purpose is to
compare same characteristics of a variable.

Example 2.6: Following data is about the production of wheat in different localities
of the Punjab for years 1987 to 1989,

Production in Kg. (thousands)

Year 1987 1988 1989
Locality I 500 600 200
Locality II 600 700 400

Locality 11T 800 700 500

Draw an appropriate diagram for this data?
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Solution: The appropriate diagram seems to be a multiple bar diagram because 3

bars, one of each locality, for each year will make the comparison between the
production of three localities overtime.

To draw multiple bar diagram, the years are taken along x-axis and for each
year three bars are drawn along y-axis, one for each locality to indicate the
production. The bars showing production for year 1987 for three localities are put
together, the bars for 1988 for three localities are put together and the bars for 1989
for three localities are put together and are shown in Figure 2.2. The bars are shaded
individually to differentiate from each other.

1000 Production M Localityl.
00
Gl

ELocality2
E Localityl

400
100
0

1987 1988 1989
Figure 2.2: Multiple bar diagram of different localities.

2.6.3 Sub-divided Bar Diagram ( Cumpuﬂent Bar Diagram)

There are certain situations where the simple bar diagram represents the totals
and it is possible to divide it further into different segments. For example, if the
simple bar denotes the total population of insects caught in a field then it is possible
to sub-divide it into male and female proportions.

Example 2.7: There were 500 people of blood group A (kind 1). 300 of blood group
B (kind 2) and 400 of blood group O (kind 3). After classification, it was observed
that for kind 1 there were 200 females, for kind 2 there were 100 females and for kind
3 there were 200 females.

Draw an appropriate diagram for this data?

Solution: The sub-divided bar diagram is useful in this situation to represent the
number of males and females in each category. First construct simple bars and then
divide it according to the number of males and females in each blood group category.
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The simple bar and sub-divided bar diagrams are shown in Figure 2.3(a) and
2.3 (b) respectively.

2585528
~58E8888828

Kidl Kind2 Kind3
Figure 2.3(a) Figure 2.3(b)
Figure 2.3: Simple and sub-divided bar diagrams
2.6.4 Pie Diagram

The Pie chart or Pie diagram is a division of a circular region into different
sectors. It is constructed by dividing the total angle of a circle of 360 degrees into
different components. The angle Q for each sector is obtained by the relation:

Component Part %
Total

= 360

Each sector is shaded with different colours or marks so that they look
separate from each other.

It is a useful wayrof displaying the data where division of a whole into
component parts needs to be presented. It can also be used to compare such divisions
at different times.

Example 2.8: The data are available regarding total production of urea fertilizer and
its use on different crops. Total production of urea is 200 thousand (kg) and its
consumption for different crops wheat, sugarcane, maize and lentils is 75,80, 30 and
15 thousands (kg) respectively. Make an appropriate diagram to represent these data?

Solution: The appropriate diagram seems to be a pie chart because we have to present
a whole into 4 component parts. To construct a pie chart, we calculate the
proportionate arc of circle, i.e.,

(15 x 360= 135, 8! %360 = 144, A % 360 = 54, £X3ﬁ{] =27
200 200 200 200
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Proportionate are of acircle (in degrees) { or different crops are in Table 2.6.
Table 2.6: Proportionate arc of a circle for crops.

] Crops Fertilizer Proportionate arc of
{thousand kg) the circle
Wheat 75 1 s 360°=135°
200
Sugarcane 80 -BE x360= {44.:
200
Maize 30 30 360’ 54
200
Lentils 15 1 L 360%=27°
200 :
Total 200 360°

Draw a circle of an appropriate radius, make the angles clockwise or anti-
clockwise with the help of protractor or any other device i.e., for wheat make an angle
of 135 degrees, for sugarca%e an angle of 144 degrees, for maize an angle of 54
degrees and for lentils an angle of 27 degrees and hence circular region is divided into
4 sectors. Shade each sector with different colours or marks so that they look separate
from each other. The pie diagram is given in figure 2.4.

EHLentils

Bl Maze LN

£l W heat

Sugarcane

Figure 2.4
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2.6.5 Histogram

A histogram is a useful graphic representation of data to get a visual
impression about its distribution. It is constructed from the grouped data by taking
class boundaries along x-axis and the corresponding frequencies along y-axis. If the
data are in the ungrouped form, then first step is to arrange the data in the form of the
srouped frequency distribution before making a histogram. The histogram may be
constructed for the following two types of qualitative data.

i) Continuous grouped data ii) Discrete grouped data
Histogram: For Continuous grouped data X

For the continuous grouped data the frequency distribution may be with equal
class width or with unequal class width depending upon the nature of the data. To
draw a histogram from the continuous grouped frequency distribution, the falluwmg
steps are taken. The first two steps are common for equal / unequal class width but
the third step is different.

i) Mark class boundaries of the classes along x-axis.
i) Mark frequencies along y-axis.

iii)  Draw a rectangle for each class such that the height of each rectangle is
proportional to the frequency corresponding to that class. This is the case
when classes are of equal width as they often are.

iv) If the classes are of unequal width, then the area instead of height of each
rectangle is proportional to the frequency corresponding to that class and
the height of each rectangle is obtained by dividing the frequency of the
class by the width of that class.

Histogram: For Equal class Interval (data of table 2.1)
To construct a histogram, take following steps:

i} Mark the class boundaries 85.5 — 90.5, 90.5 — 95.5, ...., 110.5 = 115.5 on
X-axis.

ii) Maximum frequency is 10, so label y-axis from (to 10.

1ii) The frequency of the Ist class is 6, so the rectangle is raised uptill 6, the
rectangle of the second class is raised uptill 4 and so on, the last rectangle is '-
raised to height 1. The histogram is shown in Figure 2.5.
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10

i

Figure 2.5: Histogram
of student height data.

b B5.5 905 955 1005 1055 1105 1155
Class houndaries

It may be noted that the area under a histogram can be calculated by adding up '

the areas of all the rectangles that constitute the histogram. The area of one rectangle

is obtained by the multiplication of width of the class by the corresponding frequency
Le.,

Area of a single rectangle = width of the class x frequency of the class.

The area of above histogram is
3(6) + 5(4) + 5(10) + 5(6) + 5(3) + 5(1) = 150

Histogram: For Unequal Class Intervals

The principal reason for making histogram with equal class intervals is that
the frequencies from class to class are directly comparable. However, there may be
situations where unequal class intervals are appropriate. Firstly, in highly skewed
distribution and secondly, the grouping of similar cases. In such situations while
constructing a histogram, the width of the classes should be taken into account
because the area of each rectangle is proportional to the frequency. This can be
achieved by adjusting the heights of the rectangles. The height of each rectangle is
obtained by dividing the frequency of the class by the width of that class.
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Classes Frequency
Example 2.9: The frequency distribution of oA 5
ages (in years) of 51 members of a locality is
available adjacent table. Draw a histogram 4=4 10
for this data? 8-12 12
12-16 14
16-22 6
22-30 4

Solution: A look at this data, indicates that the width of the class intervals is not
equal as first class has width 2; second, third, fourth classes have width 4, fifth has 6
and the last class has width 8 so, there is need to adjust the heights of the rectangles
i.e., for the first class we have 2 as width of class and 5 as frequency, so height of the
first class is 5/2=2.5. Similarly, for the others 10/4=2.5, 12/4=3, 14/4=3.5, 6/6=1.0,
4/8=0.5. These heights are also called adjusted frequencies. The width of the class
and corresponding height of rectangles are in table 2.7

Table 2.7: Frequency distribution of the example 2.6 with adjusted heights.

Classes Frequency ::r:::s (aﬂdjlizdﬂf&r:cqf:;l;)
> 5 2 5 =25
dLg 10 4 10/4 =25
§—12 12 4 12/4 =3.0
12- 16 14 4 14/4 =35
16 — 22 6 6 6/6 = 1.0
22 - 30 4 8 4/8 =05

Taking class boundaries along x-axis and corresponding adjusted frequencies

along y-axis, rectangles are drawn and the histogram is given in Figure 2.6.
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Class boundaries

Figure 2.6: Histogram for unequal class intervals.
Histogram: discrete data

It should be noted that bar graphs are usually drawn for discrete and
categorical data but there are some situations where there is need to make
approximations, the histogram may be constructed.

-~ To construct a histogram for d:screte grouped data, following steps are taken:
i) .markpossible values alongxiakis.
ii) mark frequencies along y-axis.
iii) draw a rectangle centered on each value with equal width on each side
possibly 0.5 to either side of the value.

The procedure is explained for the example 2.2.

The rotten potatoes vary from 0 to 4 so, x-axis is marked 0, 1, 2, 3, 4. The
maximum frequency is 6 so, y-axis is marked from 0 to 6. A rectangle is drawn
centered on each value whose height is equal to the corresponding frequency. The
resulting diagram for the data is given in Figure 2.7.

Frequency
6
i
4 i T l
; ST
1] _!_ _|r_ 1 I E
0 1 2 3 4

Number of rotten potatoes

Figure 2.7: Histogram for rotten potatoes.
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Advantages: The advantages of the histogram as compared to the unprocessed data

are:
i) it gives range of the data.
i) it gives location of the data.

iii) it gives clue about the skewness of the data.

iv) it gives information about the out of control situation.

2.6.6 Frequency polygon and frequency curve

A frequency polygon is a closed geometric figure used to display a frequency
distribution graphically. Following steps are taken to make a frequency polygon from
a frequency distribution. . :

i) Calculate mid values of the class boundaries.

ii) Mark these mid values along x-axis.

iii) Mark the frequencies along y-axis.

iv) Mark corresponding frequencies against each mid point, join them and
extend it to x-axis.

It can also be obtained by joining the upper mid points of the rectangles of a
histogram and extending ends to the x-axis. The distance from the x-axis to the
plotted point corresponds to the frequency of the class. The frequency polygon
smoothed is called frequency curve, which is useful to have a visual impression about
the data i.e., it may help to know about the symmetry or skewness of the data. If we
are i:]tcrcsté';l to compare two distributions number of observations less than this is ~
zero. For the grouped data of the example 2.1, it is shown in figure 2.8. It is clear that
cumulative frequency polygon is an increasing function which starts from the lower
class boundary of the first class at zero height and ends at the upper boundary of the

' last class with height equal to total frequency. |
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Figure 2.8: Frequency Polygon
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This graph may be drawn using upper class boundaries and cumultative
relative frequencies in which case it is called cumulative frequency function or
polygon and can be used to locate certain values. It can be used to locate the
quartiles or percentiles of the data. The figure 2.9 indicates the observation
corresponding tothe c.r.f. of 0.25

ef cr.f
30 1.000
20 0,667
10 O LR D 0.333
0.25
0 93.37 0

855 90.5 100.5- 1055 110.5 110.5 115.5

Upper class boundaries
Figure 2.9: Cumulative frequency polygon of students height data.
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We multiply the cumulative relative frequeﬂ(:i'(.*'.;“'ﬁy hundred to get
. corresponding percentage cumulative frequencies. The c.r.f. polygon becomes the
percentages along y-axis instead of c.r.f. The graph on the right hand side of figure
2.9 becomes percentage cumulative frequency polygon if we replace 0.200 by 20, the
percentage cumulative frequency for 0.2000 as (0.200) (100) = 20: 0.333 by 33.3, the
percentage cumulative frequency for 0.333 as (0.333) (100) = 33.3 and so on 1.00 by
100, the percentage cumulative frequency for 1.

Consider the following steps to draw a cumulative frequency polygon for
discrete variable.

i) Choose horizontal axis on a graph paper and mark the data points from the
smallest to the largest.

ii) Mark the vertical axis from zero to total frequency.

iii) Make a vertical jump of
height equal to its frequency at
the first point. Move horizontally
from the top of this point until

20 ==

15

you are exactly above the second
data point and make a jump
equal to its frequency at the
~second point. Repeat this for all

Cumulative frequency
=

the datla values. The cumulative 0 I : : :
frequency polygon for data of Na. of Potatias
the example 2.2 is shown in

Figure 2.10. Figure 2.10: Cumulative frequency polygon.

It is clear from Figure 2.10 that there is a jump at each data value whose
height is equal to its frequency. The cumulative frequency polygon is flat and
horizontal between the data values. It starts from a height of zero on the left and goes
to a height of total frequency at the right, being increasing function between smallest
and largest values of the data set.

This graph may be drawn by taking data values along x-axis and the
corresponding cumulative relative frequencies or percentage cumulative frequencies




along y-axis, the relative frequencies being as heights at each point in such case it is
called discrete cumulative frequency function or percentage cumulative frequency
function or polygon.

2.6.7 Scatter Plots

Very often, many variables are measured on each individual. For example, we
may consider two variables, haigﬁl and weight of each individual in a class. Now, the
resulting data set consists of n pairs of observation such as (x;, yi), i =1, 2, ..., m
where each x; denotes height and each y; denotes weight. This is called a bivariate
data set. A plot of two variables useful in such situations is scatter plot. It is obtained |
by taking one variable on x-axis and the other on y-axis. Each pair of values (x; y;), i
=1, 2, ...., n; in the data set will contribute as a point in this bivariate plot and we
usually put a cross (x) or dot (.) at the intersection of values.

A scatter plot is the best way of studying bivariate problems. The bivariate data are
usually of the following types:
i) Paired measurements on the same variable

The data come from the situations where experimental units are deliberately
paired. For example, the use of twins in the biological and psychological experiments.
Here we would expect results within a pair of twins to be more alike than
observations between different pairs. In such situations, the main interest is to
investigate whether variables are dependent and if so what form of the relationship
between the variables actually is.

Example 2.10: Data are recorded on milk yield of cows in the morning and in the
evening.
Morning values: 45,6.0,5.5,3.5,45,6.5,7.0,5.0,45, 6.5
I-Evening values: 5.5,65,6.0,55,7.0,5.5,8.0,6.0,85,7.0

The interest is whether the characteristic measured varies in any systematic
pattern over the day. '

Snlful:i.l:;n: As both the measurements are on same variable, the interest is therefore,
not just in relationship between morning and evening measurements but also in
comparing them. The line of equality is a useful visual aid for this type of data. For




Chapter ln Representation of Data

the scatter plot we take the morning values along x-axis and evening values along
y-axis.

Al the intersection of 4.5 and 5.5, we put a dot (.), similarly for 6.0, 6.5 and so
on. The scatter plot is shown in Figure 2.11.

4.0
8.0+ *
1.0 * *

6.0 _ L S

5.0+

Evening values
.
&*
L

4.04
3.04

1'” 1 T ¥ ¥ T 1
2.0 3.0 40 5.0 6.0 70 8.0

Morning values -
Figure: 2.11 Scatter plot of morning and evening values

Line of equality is at an angle of 45° as indicated in Figure 2.11 alongwith
scatter plot. It is clear that most of the points are above the line of equality and so the
milk yield in the morning and evening is not the same and more milk is obtained in
the evening as compared with the moming.

With this data we can also look at the differences between morning and
evening values and treat this as a one sample problem. However, we would no longer
be able to see if the change was related to the initial value.

ii) Two related measurements

The pair of values may come from two variables which are related to each
other. For example, samples of soil nitrogen and yield of a variety are taken in each of
seven randomly selected agriculture locations. In such situations, it doesn’t make any
sense to compare them as both the measurements are not on the same variable,

Scatter plots are also drawn to examine the relationship between two related
measurements. '
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Example 2.11: Samples of soil nitrogen and yield are taken in each of seven
randomly selected agriculture locations. The soil nitrogen and yield are:

Location 1 2 3 4 5 6 7
Soil nitrogen | 85 | 7.0 | 65 6.0 7.0 R.0 1.5
yield (kg) 90 | 75 | 6.0 | 45 6.0 7.0 6.0

Here, the question arises whether the soil nitrogen and yield are related?

Solution: It makes no sense to compare them as both the measurements are not on the
same variable.

For scatter diagram, we take soil nitrogen along x-axis and yield along

y-axis. The scatter plot is in figure 2.12.

increases.

10.04
9.0
8.0
7.0
f.0+
5.04

Yield

4.04
3.04
2.01

1.0

0.0

The scatter plot indicates that as the soil nifrogen increases, yield also

5

.0 5.5 6.0

6.5

Lol T T

1.0 s 8.0 8.3 8.0

Soil nitrogen
Figure 2.12: Scatter plot of soil nitrogen and yield.

2.7 Bivariate Frequency Distribution

The constructed frequency distribution, considering two variables at a time is
called bivariate ' frequency distribution. The pairs of observations are taken into
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account while constructing a bivariate frequency distribution. The procedure to
construct a bivariate frequency is the same except n pair of values (x; y;), i=1,2, .....,n are
allocated at the intersection of classes of both the variables.

Example 2.12: A sample of 25 students was taken and their heights in feet (x) and
weights in kilograms (y) were measured, The pairs below are (height, weight).
(5.5, 60), (5.0, 55), (4.3, 46), (5.3, 67), (4.9, 48), (5.9, 69),
(5.4, 67), (4.8, 55), (3.3, 57), (5.8, 67), (5.3, 57), (5.7, 65),
(5.8, 63), (5.9, 65), (4.8, 49), (5.3, 55), (5.1, 60), (5.7, 65),
(4.7, 50), (4.5, 50), (5.3, 60), (4.6, 53), (5.4, 62), (5.2, 59),
(4.7, 55).

Solution: The minimum and maximum height is 4.3 and 5.9 feet respectively. The
minimum and maximum weight is 46 and 69 kilogram respectively.

For height, we take 4 classes with an interval of 0.5. So, the class limits for
height are 4.0-4.4, 4.5-4.9, 5.0-5.4, 5.5-5.9. The corresponding class boundaries are
3.95-4.45, 4.45-4.95, 4.95-5.45, 5.45-5.95. As usual, the class boundaries have been
obtained by averaging the upper class limit of one class and the lower class limit of
the next class i.e., the first class boundary is

(4.4+4.5)/2 = 4.45 and so on.

For weight, we take 5 classes with an interval of 5.0. So, the class limits are
44-49, 50-54, 55-59, 60-64, 65-69. The corresponding class boundaries are 44.5 -49.5,
49.5-54.5, 54.5-59.5, 59.5-64.5, 64.5-69.5.

Starting from first pair, all the 25 pairs are assigned to the classes they belong.
The first pair (5.5,60) falls in the class with height (5.45-5.95) and weight (59.5-64.5),
a tally mark is made in the table against their interaction. The second pair (5.0, 55)
_ belongs to the class with height (4.95-5.45) and weight (54.5-59.5), a tally mark is
made in table against their interaction and so on, the last pair (4.7, 55) belongs to the
class with the height (4.45-4.95) and weight (54.5-59.5). The number of tally marks
in each cell gives the frequency of the class with certain height and weight boundaries.
The bivariate frequency distribution is given in Table 2.7. (a) and 2.7 (b).
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Table 2.8 (a): Bivariate frequency table

Height

Weight

3.95-4.45

4.45-4.95

4.95-5.45

5.45-5.95

44.5-49.5

l

49.5-54.5

]

54.5-59.5

|

M

59.5-64.5

64.5-69.5

M

Table 2.8 (a) is the bivariate frequency distribution (or table) after making a

tally count.
Table 2.8 (a)
Height
Weight 3.95-4.45 4.45-4.95 495-545 | 545595
44.5-49.5 1 2
49.5-54.5 _ 3
54.5-59.5 ' 2 5
59.5-64.5 - -3 2
64.5-69.5 2 5

It is clear from the bivariate frequency table that there is one individual with

weight between 44.5-49.5 kg and height between 3.95-4.45 feet. There are two

individuals with weight between 44.5-49.5 kg and height between 4.45-4.95 feet and

s0 on, there are 5 individuals with weight between 64.5-69.5 kg and height between-
5.45-5.95 feet.

]
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What are different methods of representation of statistical data. .
Define the Histogram, the frequency polygon and the frequency curve.

What do you understand by classification and tabulation? Discuss their
importance in a statistical analysis.

f}isﬁﬁg&ish between one-way and two-way tables. lllustrate your answers

with examples. Also explain the following;

i) Classification according to attributes.

ii) Class limits.

i)  Length of class interval.

iv)  Class frequency.

The following table gives the details of monthly budgets of two families.
Represent these figures through a suitable diagram.

Items Family 4 Family B
Food Rs. 600 Rs. 800
Clothing Rs. 100 Rs. 100
House rent Rs. 400 3 Rs. 500
Fuel and lighting Rs. 100 Rs. 100
Miscellaneous Rs. 300 Rs. 500
Total Rs. 1500 Rs. 2000

-

Represent the following data through pie diagram.

Items of Expenditure Amount
Food 4000
Clothing 1000
House Rent 2500
Education 1000
Fuel and light 600
Miscellaneous 2000




2.7  Define frequency Histogram. Draw a Histogram for the following frequency
distribution giving the steps involved.

Mid values (X) | 32 37 42 47 52 ) 62 67
Frequency (f) 3 17 28 47 54 31 14 4

28 i a) Write down the important points for drawing graphs?

b) In order to estimate the mean length of leaves from a certain tree, a
sample of 100 leaves was chosen and their lengths are measured in
millimeter. A grouped frequency table was set up and the results were
as follows:

Mid value 22 | 27 |'32 | 37|42 | 47 | 52 | 5F | 62
Frequency 3 5 8 12 | 18 | 24 | 20 8 2

ii. a) Display the table in the form of a frequency polygon.

b} What are the boundaries of the interval whose mid pointis 3.7 cm?

2.9 In a locality, total area is 500 acres where 250 acres are under sugarcane, 125
acres are under maize, 60 acres are under wheat and the remaining 65 acres
are under other crops. Make a pie-diagram to represent the distribution of
acreage under different crops.

2.10 A biologist was interested to know whether male spiders are longer or female
spiders. He collected random samples of female and male green lynx spiders
given below. Advise him?

Length of female (in mm)  Length of male (in mm)
57 32 41 5B 82 99 59 -84
6.1 63 7.0 57 96 70 66 78
7.5 64 65 47 75 2E.. B3 83
62 54 62 58 80 9.1 63 B84
48 59 52 638 8.7 74 79 102
56 55

2.11 i)What is meant by tabulation? Explain the main steps which are generally
taken in tabulation?
i) What is a frequency distribution? How is it constructed?
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2.12  The following data gives the lifetime in minutes, recorded to the nearest tenth

of a minute of 50 sprayed insects.
12 22 07 39 1.7 19 14 18 20 43
25 09 34 28 37 35 04 28 11 D2
39 63 25 21 13 21 03 04 24 21
35 29 12 53 17 27 18.48 32 16
26 18 23 13 31 15 26 59 28 23
Using 8 intervals with the lowest starting at 0.1

i) Form a frequency distribution and a cumulative frequency distribution.

ii) Also draw Histogram and frequency polygon for the frequency distribution so

formed.
213 i) What are the advantages of diagrammatic representation?
ii) Explain the following:
a) A Bar diagram b). Subdivided bar diagram

¢) Multiple bar diagram.
2.14 The following data gives the record of a company’s savings over the years.
Draw a bar diagram to represent it
Year 1950 | 1951 | 1952 [1953 [1954 [1955 [ 1956 | 1957 |
Rs.(000) 1010 | 2050 | 3458 | 1980 |2300 |1295 |1520 | 1070 ]

2.15 Draw a sub-divided bar diagram to represent the male and female population
of four divisions of Punjab in 1961,

Division Male Female Both Sexes
Lahore 35 30 65
Multan 35 31 66
Sargodha 32 28 60
Rawalpindi 21 19 40

L

2.16 The following information is available about the age (in years) and their
weights in kilograms (age, weight). Make a scatter plot and bivarite
frequency distribution. .

(20, 60), (15, 55), (14, 45), (17,60), (16, 48), (22, 70), (16, 63),

(14, 55), (18, 57), (19, 67), (21, 67), (17, 65), (13, 60), (15, 60),
(17, 49), (19, 65), (23, 73), (21, 65), (22, 70), (14, 50), (16, 60),
(19, 59), (15, 62), (17, 59), (24, 75).
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2.17  Fillin the blanks:

2.18

i)

it}

iii)

iv)

V)

vi)

vii)

viii)

ix)

Classification is the of arranging data according to some
common characteristics.

A table has at least parts.

In an open-end frequency distribution, either the class limit
of group or upper limit of the class are not
given.

In Histogram, with unequal class intervals. the area of each rectangle is
to class frequency.

An ogive is a polygon.

A frequency table can be represented graphically by a

A Histogram is a bar Chart with space

between its bars.
The area of each bar is _ to the frequency it represents.

If mid-points of the tops of the consecutive bars in a Histogram are

joined by straight lines, a is obtained.

Against each statement write T for true and F for false statement.

i)
ii)
i)
iv)
v)

wi)

viii}
ix}

x)

Grouped data and primary data are same.

The class mark is also named as mid point.

A table has at least three parts.

The graph of a tilme series is called Histogram.

Cumulative frequencies are decreasing.

" The data 10, 5, 7. 6. 4 is the example of grouped data.

The two fold division is also named as Dichotomy.
Data can be presented by means of graph.
A graph of cumulative frequency curve is called polygon.

In constructing a Histogram, midpoints are to be taken along x-axis.
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3.1 Introduction

The diagrammatic representation of a set of data can give us some impressions
about its distribution. Even then, there remains a need for a single quantitative
measure which could be used to indicate the centre of the distribution. The measures
commonly used for this purpose are mean, median and mode. Geometric mean and
harmonic mean are also sometimes used. These measures are single values, which
represent the given data and are known as averages or measures of location or
measures of central tendency. The name measures of location arises as these
measures give an indication where to locate a distribution; The decision as to which
measure is to be used depends upon the particular situation under consideration.

Properties of a good average are: -

i) It is well defined. ii) It is easy to calculate.
iii) It is easy to understand. iv) It is based on all the values.
v) It is capable of mathematical treatment.

The important types of averages are:

i) Arithmetic mean and ii) Geometric mean
Weighted mean.

ii) Harmonic mean iv) Median

v) Mode

3.2 Arithmetic Mean And Weighted Mean

Arithmetic Mean is calculated by adding up all the observations and dividing
the sum by the total number of observations. The Greek letter 4 (meu) is used as a
symbol for the population mean.



The population mean of N observations Y, Y;,.....¥, is defined as:

H = #(}’, S g T o

SRR

N i
Y
TN
The p is a parameter, a fixed value and is usually unknown in practice. It is
also called as arithmetic mean, abbreviated as AM. The estimate of population mean
1 is sample mean and is denoted by Y. Y is a statistic and its value varies from

sample to sample drawn from the population. The sample mean Y of n observations
¥i+ Vayeeenn ¥, from a population is defined as:

(3.1

= =) (3.2)

The sample mean is a good estimate of the population mean as it is an
unbiased statistic. Unbiased simply means that if means are calculated for all
possible samples drawn from the population, the mean of these sample means would
be equal to the population mean. The arithmetic mean has the same units as the
original observation i.e., if the original observations are in centimeters, the unit of
mean would be in centimeters.

Example 3.1: Arithmetic mean for ungrouped data.

Following are the data on students heights (cms).
87, 91, 89, 88, 89, 91, 87, 92, 90, 98.
There are ten observations and their sum is 902.

Total
|¥; |89 |91 [89 [88 [89 [91 [87 [92 [90 |98 902

Arithmetic mean(?}: &
n

_ %02
10
=90.20 cm.




Chapter 3 Measurement of Location

3.2.1 Updating or correcting the mean

It may happen that an observation was overlooked while calculating the mean.
In such situations, the observation may be incorporated.

Suppose that in the above example 3.1, it was found later on that the last
observation is 94 instead of 98. To correct the mean, we proceed as follows:
The mean of n observation is given by:

- T :
Y=="—=>»y=nY
n Z
= 10(902) = 9020
The corrected total can be obtained by subtracting 98 and adding 94 from the total
9020 so0 the corrected sum is given by

Corrected £ ¥=9020 -98 + 94 = 9016

So corrected mean is given by

F=2%

n
=9016/10
=90.16

A.M for grouped data

When data is lengthy, it is usually grouped into different classes and Y is
calculated by the following formula:
_. fi o+ fiyatet fiy,

Jitifs Fuit Ly

Y

gl E,f: Yi 2 ;f;.‘"x . (3.3)
T |
21 '

where k is the number of classes. y, is the mid point of the ith class and f is the

corresponding frequency. Here, it is assumed that each of the observations is equal
to the mid point of the class in which it occurs. This causes the value of arithmetic

| mean a bit different for grouped data when the same is calculated from ungrouped
data. This difference is called grouping error.

<ls
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Example 3.2: Find arithmetic mean consider the grouped student height data as in
the table 2.1.

Solution: The first two columns indicate ﬁ‘equenc:,; distribution and the columns 3
and 4 are useful to calculate mean according to the definition.

C1 f; Mid pointy; | fv;
86-90 6 88 528
91-95 4 93 372
96-100 10 98 980
101-105 g 103 618
106-110 3 108 324
1115 | 1 13 113
Total 30 -—- 2935
3/ =295
Y f =30

v =Arithmetic mean = S

2.1

_ 2935
N
=97.8333cm
3.2.2 Properties of arithmetic mean
i) The algebraic sum of the deviations of the observations from their mean is zero.
ie.,
Xy -¥)=0 .. (34)

It can be proved as:
i{?}‘?} = EN:P}—n‘Y

1=l 1=1

=Y y-nY -
=y y—n 2

i

= 0 .. Y is constant for any specific values of ¥,
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for grouped data

% i){:yi ' if;yr
A GoR =R e ——  aype=—

—il f;yf_zj; ffyr'

Numerically, it can be easily seen from the following sample

v Total
v & | 4 9 5 & p 7 [ & 130
e R TR T T T R i R T T PR R
Y = (2+4+5+6+7+6)
6
=E =5
6

We see that 3 (y, ~y)=0
ii) Sometimes, it is desirable to calculate the combined mean of two or more
sample means using the individual sample means and their sample sizes. It.

would be denoted by Yc. The combined mean is calculated as:

e ¥ +n¥ +..+n7 (3.5)
' L e
& —
> nl
- im] P
k
2 n

e.g., the combined mean for two groups is given by

Yo =M Yi+ n, Y,
n, +n,

If}'] =3 with ;=3 and Yz =4 with n1=2,then Ye is given by



¥ 3(3)+2(4)
342

17

5

=3.40

Similarly, Y. can be calculated for more than two groups.

(iii)  The sum of squares of the deviations of the observations f rom their mea
minimum 1.e.,

> (¥ - ¥)’is minimum (3.6)
I=l

forungrouped data

Z (¥, — ¥)*is minimum for frequency distribution.

[t means that when we take the sum of squares of the deviations from an
value a other than ¥ , then

Y G- a'>) (- ¥
i=] i=]
It can be proved as:

> - a=Y -7+ 7-0a)
=] i=]

-

=Z [, - ?1+{?~a)T

=Y (- PP+ nF-at+20-a)Y - T)
i=1 =1

=Y - D+ T - a) +0 as Y (¥, - )=
i=1

i=1
Now ) (¥, = a)’is the sum of two terms which are both positive, i.
1=}

> (¥, - ¥)'andn(Y - a)® are positive being squares. So, D (¥, = a)’

i=1 =1
greater than single tf:l'TI"IZ (¥ - ¥)ie,
' =l

Y (- o>y (¥ - 7

i=] fm]
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The mean is affected by the change of origin. If a constant 4 is added to each
of the observations ¥, ¥, ....., Y, having mean Y , then the mean increases by
that constant.By addinga to all the observations we havea+Y;, a+ Y3, ....a+Y,
and the mean would be a+ ¥ . For a = 10, mean woubd be 10 + Y, and

similarly, if a is subtracted from each Y; then the mean is F-uo

The man is affected by the change of scale. If ¥}, Y5, ......¥, have mean Y

then the mean after multiplying each observation by a constant a, is the mean
multiplied by that constant. The mean of a¥;, a¥3, ...,al,. i.e.,

a¥Y, +aY, +...+ a¥,

Y=
n
all, + ¥ +..+Y )
- o
2 ¥
= a i=]
n
= a¥
Y Y e Y, are multiplied by 10 then the resulting mean would be 10 Y.

3.2.3 Calculation of A.M. by coding / short-cut method

The arithmetic mean may be calculated by the following formula:.

2 D,
v i=]

F = ag¢E

(3.7)
n
Where D; = (Y; — a) and a is an arbitrary value called provisional mean. The

relation (3.7) can be derived as follows:-

"

I8 ¢

¥ = m
n
Y (Y-a+a)
= i=1
n
_Z (Y -a) 3y D
R | S N where, Y, —a =D,

i

n 1
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This is for ungrouped data, and similarly, for grouped data

&

- > D,

Y=a+=— (3.8)
Efl

If the class intervals are equal then the arithmetic mean may also be calculated as:

Y =a+ - xh (3.9)
!
=l
.Y —a A
where u; = ’h and /= common width of the classes.
~ Example 3.3: Find A.M. for the data of the examples 3.1 and 3.2 by short cut
method.

Solution: Taking 90 as an arbitrary origin.

¥ 87 91 B89 B8 89 91 87 92 90 98 | Total
Di=YF50 |-3 1 -1 2 -1 1 -3 2 0 8 2

¥k
n
=90+ i
10
=90.20 cm
Arithmetic meah for grouped data of the example 3.2 taking a = 98
h C.1 fi Y, | D=Y-98 fiDy
86 — 90 6 88 -10 —-60
91 - 95 4 93 -5 20
96 - 100 10 98 0 0
101 — 105 6 103 5 30
106 - 110 3 108 10 30
111-115 1 113 15 15
Total 30 - - -5
J|.
_ 21, D,
Y=a+ =
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_08+ [:E]

30
=98 - 0.1667
=97.8333 cm

3.2.4 Merits of arithmetic mean

i) It is rigidly defined by mathematical formula.

i) It is easy to calculate,

1ii) It is easy to understand.

iv) It is based upon all the values.

V) It is stable statistic in repeated sampling experiments.

vi) Sum of the observations can be found if mean and number of
observations are known.

3.2.5 Demerits of arithmetic mean

i) It is very sensitive to any marked departure from the bell shaped

j distribution and hence is not suitable for skewed distributions.

ii) It gives fallacious and misleading conclusions when there is too
much variation in data.

i) It is greatly affected by extreme values.

iv) It can not be calculated for open-end classes without assuming
open ends.

3.2.6 Weighted Mean
Arithmetic mean is used when all the observations are given equal importance
but there are certain situations in which the different observations get different
- weights. In these situations, weighted mean denoted by P is prefl;rred. The weighted
mean of ¥, ¥,,.....,¥, with sorresponding weights Wy, Wy, W, s calculated as:
Wl +w Y, +..+w Y
Wt W,

Y. =

S0, 5y

£3.10)




Example 3.4: The following data is about the percentage kill (¥;) and the number of
insects (w,) used in a study, the interest is to calculate the mean of the percentage
kill.

Y; 88 85.7 521 333 120
w; | 44 42 24 16 b

zwY
Solution: Weighted Mean = Y=
W,
Now Tw; Y, = 44(88) + 42 (85.7) + 24 (52.1) + 16 (33.3) + 6 (12)
=9326.6
and EIwi=44+42+24+16+6
=132
therefore Y= ?E
132
= 70.65606%

3.3 Geometric Mean

Geometric mean is useful measures of central tendency for positive values. It
is appropriate for averaging rates and ratios. It may be appropriately calculated only
for ratio scale data.

The geometric mean is defined as the nth root of the product of n positive
numbers. If we have n positive values Yy, ¥, ...., ¥, then geometric mean, denoted
by G.M is defined by

GM= 3fY x¥,..xY, (3.11)

=(¥ix Y.... % l”,,}”"
Taking log of both sides, we get.

Log GM= % (log¥, +log ¥, +...+log¥)

te l):lﬂg?,.

R =l

or G.M = antilog [lilt}g Yr} (3.12)

R =l
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This measure is useful when dealing with relative values such as to find the
average of percentage changes, independent ratios and index numbers. The formula
for grouped data is:

Gy = \’ @Y E) .+ (XY (3.13)

Where n= if,.

Ja]
1
G.M.= [(¥)/ X(Y,)" X.. X (Y, )4 ]
Taking log, we get
|
log (GM)= —[ filog (Y,) + filog (Y2) +.... + f, log (¥,)]

1=

[i log(¥))

= |- =

i

or  G.M =antilog [-:: % % log{lj}] (3.14)

Example 3.5: Calculate geometric mean for the following ungrouped data of the
percentage changes in the weight of eight animals.
45, 30, 35, 40, 44, 32, 42, 37
Solution: we know that

G.M = antilog {iiing]’,}
n

i=]

Log (G.M) = lilﬂg}"’.

M =l
“ % [ log45 + log30 + Tog35 + logd0 + logdd-+log3?
+ log 42 + log 37].
1
= S1.6532+ 14771+ 1,541 + 1.6021 + 16434+ 1.5051

+ 1.6232 + 1.5682].
12.61 '

8
= 1.57705
=  G.M =antilog (1.57705)
=37.7616




Example 3.6: Compute G.M by using the basic definition for the observations:
0.5, 100, 2.7, 348, 47

Solution: Geometric mean of five observations is given by
|

GM. =Y x YaxVixYix¥s)?
!
=[(0.5) (1.0) (2.7) (3.48) @4.71) |
= 1.8577

Example 3.7: The grouped data available on insect growth population for age and
corresponding frequencies are given.

Class boundaries | fi | Yj LogV: | filog Y
0-4 2 z 0.3010 0.6021

4-8 5 6 0.7782 3.8908
8§-12 7 10 1.0000 7.0000
12-16 8 14 1.1461 9.1690

16 - 20 f 18 1.2553 8.7869
20-24 4 22 1.3424 5.3697

24 - 28 1 26 1.4150 1.4150
Total 34 -- -- 36.2334

Find geometric mean for the above data
k
Solution: »G.M = antilog [l Y [ log(y, }j|.
ni=l

Where n= 3 f,

To compute G.M. we calculate column 3, 4 & 5 of table
Y. flog¥, =36.2334

>f =34
2334
thus G.M. = antilog P }
34
= antilog (1.0657)

=11.6329

Example 3.8: A man gets a rise of 10% in salary at the end of his first year of service
and further rise of 20% and 25% at the end of the second and third years respectively.
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The rise in each case being calculated on his salary at the beginning of the year. To
what annual percentage increase is this equivalent?

Solution: Suppose the initial salary of the man = 100
Increase after first year = 10%
Salary at the end of the year= 100+ 10 =110
Salary at the end of the second year = 100 + 20 =120
Salary at the end of the third year =100+ 25 =125

L
(G.M. = (110 %120 x 25)* = 118.16
Annual percentage increase = 118.16 — 100 = 18.16%

Example 3.9: The frequency distribution given below has been derived from the use
of working origin. If D = ¥ -18, find Arithmetic Mean and Geometric Mean.

D -12 -8 -4 0 4 8 12 16
I 2 5 8 18 22 13 8 4
Solution: Here, D=Y- 18 or Y=D + 18
D i Y ¥ log ¥ flog ¥
-12 2 6 12 0.776815 [ 1.55630
-8 5 10 50 1.00000 | 5.00000
-4 8 14 112 1.14613 | 9.16904
0 18 18 324 2.25527 | 22.59490
4 22 22 484 1.34242 | 29.53324
8 13 26 338 1.41497 18.9461
12 8 30 240 1.47712 | 11.81696
16 4 34 136 1.53148 | 6.12592
Total 80 - 1696 -~ 104.19097
Arithmetic Mean = ¥ = 2JY
xf
_ 1696
80
=21.2

and G.M = Antilog [—E%]




= Antilog [___1[}4,19[]9? J
| 80
=20.06
3.3.1 Properties of geometric mean
1) - If there are k sets, each with observations n,, n, .... .a, and G, G, Gﬂ

as their geometric means. Then the combined geometric mean Geom of
total observations is given by

&
Y n, logG,
2
=l
ii) If there are two sets each consisting of n positive observations ¥,.Y,,....%,

with geometric mean G, and X, X ..., X, with geometric mean o,

then the geometric mean G of the ratio Z=Y/X is the ratio of their
geometric means Le.,

G (3.16)

]
Q@

This can easily be proved as under:

(Y, XY, x...xY o

I
(X %X, Kok X

G

il

G,





































































































































































































































































































































































































































































































































































































































