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Business Statistics

UNIT -1

INTRODUCTION TO BUSINESS STATISTICS
For a layman, ‘Statistics’ means numerical information expressed in quantitative terms. This
information may relate to objects, subjects, activities, phenomena, or regions of space. As a
matter of fact, data have no limits as to their reference, coverage, and scope. At the macro
level, these are data on gross national product and shares of agriculture, manufacturing, and
services in GDP (Gross Domestic Product).

At the micro level, individual firms, howsoever small or large, produce extensive statistics on
their operations. The annual reports of companies contain variety of data on sales, production,
expenditure, inventories, capital employed, and other activities. These data are often field
data, collected by employing scientific survey techniques. Unless regularly updated, such data
are the product of a one-time effort and have limited use beyond the situation that may have
called for their collection. A student knows statistics more intimately as a subject of study like
economics, mathematics, chemistry, physics, and others. It is a discipline, which scientifically
deals with data, and is often described as the science of data. In dealing with statistics as data,
statistics has developed appropriate methods of collecting, presenting, summarizing, and

analysing data, and thus consists of a body of these methods.

MEANING AND DEFINITIONS OF STATISTICS

In the beginning, it may be noted that the word ‘statistics’ is used rather curiously in two
senses plural and singular. In the plural sense, it refers to a set of figures or data. In the
singular sense, statistics refers to the whole body of tools that are used to collect data,
organize and interpret them and, finally, to draw conclusions from them. It should be noted
that both the aspects of statistics are important if the quantitative data are to serve their
purpose. If statistics, as a subject, is inadequate and consists of poor methodology, we could
not know the right procedure to extract from the data the information they contain. Similarly,
if our data are defective or that they are inadequate or inaccurate, we could not reach the right

conclusions even though our subject is well developed.
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A.L. Bowley has defined statistics as: (i) statistics is the science of counting, (ii) Statistics
may rightly be called the science of averages, and (iii) statistics is the science of measurement
of social organism regarded as a whole in all its mani festations. Boddington defined as:
Statistics is the science of estimates and probabilities. Further, W.I. King has defined
Statistics in a wider context, the science of Statistics is the method of judging collective,
natural or social phenomena from the results obtained by the analysis or enumeration or
collection of estimates.

Seligman explored that statistics is a science that deals with the methods of collecting,
classifying, presenting, comparing and interpreting numerical data collected to throw some
light on any sphere of enquiry. Spiegal defines statistics highlighting its role in decision-
making particularly under uncertainty, as follows: statistics is concerned with scientific
method for collecting, organising, summa rising, presenting and analyzing data as well as
drawing valid conclusions and making reasonable decisions on the basis of such analysis.
According to Prof. Horace Secrist, Statistics is the aggregate of facts, affected to a marked
extent by multiplicity of causes, numerically expressed, enumerated or estimated according to
reasonable standards of accuracy, collected in a systematic manner for a pre-determined
purpose, and placed in relation to each other.

From the above definitions, we can highlight the major characteristics of statistics as follows:
Statistics are the aggregates of facts. It means a single figure is not statistics.

For example, national income of a country for a single year is not statistics but the same for
two or more years is statistics.

Statistics are affected by a number of factors. For example, sale of a product depends on a
number of factors such as its price, quality, competition, the income of the consumers, and so

on.

Statistics must be reasonably accurate. Wrong figures, if analysed, will lead to erroneous
conclusions. Hence, it is necessary that conclusions must be based on accurate figures.
Statistics must be collected in a systematic manner. If data are collected in a haphazard
manner, they will not be reliable and will lead to misleading conclusions.

Collected in a systematic manner for a pre-determined purpose.

Lastly, Statistics should be placed in relation to each other. If one collects data unrelated to

each other, then such data will be confusing and will not lead to any logical conclusions. Data
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should be comparable over time and over space.

TYPES OF DATA SOURCES

Statistical data are the basic raw material of statistics. Data may relate to an activity of our
interest, a phenomenon, or a problem situation under study. They derive as a result of the
process of measuring, counting and/or observing. Statistical data, therefore, refer to those
aspects of a problem situation that can be measured, quantified, counted, or classified. Any
object subject phenomenon, or activity that generates data through this process is termed as a
variable. In other words, a variable is one that shows a degree of variability when successive
measurements are recorded. In statistics, data are classified into two broad categories:
quantitative data and qualitative data. This classification is based on the kind of characteristics
that are measured.

Data sources could be seen as of two types, viz., secondary and primary. The two can be
defined as under:

Secondary data: They already exist in some form: published or unpublished - in an
identifiable secondary source. They are, generally, available from published source(s), though
not necessarily in the form actually required.

Primary data: Those data which do not already exist in any form, and thus have to be
collected for the first time from the primary source(s). By their very nature, these data require
fresh and first-time collection covering the whole population or a sample drawn from it.

SCOPE OF STATISTICS

Apart from the methods comprising the scope of descriptive and inferential branches of
statistics, statistics also consists of methods of dealing with a few other issues of specific
nature. Since these methods are essentially descriptive in nature, they have been discussed here
as part of the descriptive statistics. These are mainly concerned with the following:

(i) It often becomes necessary to examine how two paired data sets are related. For example,
we may have data on the sales of a product and the expenditure incurred on its advertisement
for a specified number of years. Given that sales and advertisement expenditure are related to

each other, it is useful to examine
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the nature of relationship between the two and quantify the degree of that relationship. As this
requires use of appropriate statistical methods, these falls under the purview of what we call
regression and correlation analysis.

(if) Situations occur quite often when we require averaging (or totalling) of data on prices
and/or quantities expressed in different units of measurement. For example, price of cloth may
be quoted per meter of length and that of wheat per kilogram of weight. Since ordinary
methods of totalling and averaging do not apply to such price/quantity data, special techniques
needed for the purpose are developed under index numbers. (iii) Many a time, it becomes
necessary to examine the past performance of an activity with a view to determining its future
behaviour. For example, when engaged in the production of a commodity, monthly product
sales are an important measure of evaluating performance. This requires compilation and
analysis of relevant sales data over time. The more complex the activity, the more varied the
data requirements. For profit maximising and future sales planning, forecast of likely sales
growth rate is crucial. This needs careful collection and analysis of past sales data. All such
concerns are taken care of under time series analysis.

(iv) Obtaining the most likely future estimates on any aspect(s) relating to a business or
economic activity has indeed been engaging the minds of all concerned. This is particularly
important when it relates to product sales and demand, which serve the necessary basis of
production scheduling and planning. The regression, correlation, and time series analyses
together help develop the basic methodology to do the needful. Thus, the study of methods and
techniques of obtaining the likely estimates on business/economic variables comprises the
scope of what we do under business forecasting.

Keeping in view the importance of inferential statistics, the scope of statistics may finally be
restated as consisting of statistical methods which facilitate decision- making under conditions
of uncertainty. While the term statistical methods is often used to cover the subject of statistics
as a whole, in particular it refers to methods by which statistical data are analysed, interpreted,
and the inferences drawn for decision making.

Though generic in nature and versatile in their applications, statistical methods have come to be
widely used, especially in all matters concerning business and economics. These are also being
increasingly used in biology, medicine, agriculture, psychology, and education. The scope of

application of these methods has started opening and expanding in a number of social science
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disciplines as well. Even a political scientist finds them of increasing relevance for examining
the political behaviour and it is, of course, no surprise to find even historians statistical data, for

history is essentially past data presented in certain actual format.

IMPORTANCE OF STATISTICS IN BUSINESS

There are three major functions in any business enterprise in which the statistical methods are
useful. These are as follows:

(i) The planning of operations: This may relate to either special projects or to the recurring
activities of a firm over a specified period.

(if) The setting up of standards: This may relate to the size of employment, volume of sales,
fixation of quality norms for the manufactured product, norms for the daily output, and so forth.
(iii) The function of control: This involves comparison of actual production achieved against
the norm or target set earlier. In case the production has fallen short of the target, it gives
remedial measures so that such a deficiency does not occur again. A worth noting point is that
although these three functions-planning of operations, setting standards, and control-are
separate, but in practice they are very much interrelated.

Different authors have highlighted the importance of Statistics in business. For instance,
Croxton and Cowden give numerous uses of Statistics in business such as project planning,
budgetary planning and control, inventory planning and control, quality control, marketing,
production and personnel administration. Within these also they have specified certain areas
where Statistics is very relevant. Another author, Irwing W. Burr, dealing with the place of
statistics in an industrial organisation, specifies a number of areas where statistics is extremely
useful. These are: customer wants and market research, development design and specification,
purchasing, production, inspection, packaging and shipping, sales and complaints, inventory
and maintenance, costs, management control, industrial engineering and research.

Statistical problems arising in the course of business operations are multitudinous. As such, one
may do no more than highlight some of the more important ones to emphasis the relevance of
statistics to the business world. In the sphere of production, for example, statistics can be useful
in various ways.

Statistical quality control methods are used to ensure the production of quality goods.

Identifying and rejecting defective or substandard goods achieve this. The sale targets can be
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fixed on the basis of sale forecasts, which are done by using varying methods of forecasting.
Analysis of sales affected against the targets set earlier would indicate the deficiency in
achievement, which may be on account of several causes:

(1) targets were too high and unrealistic

(i)  salesmen's performance has been poor

(ili)  emergence of increase in competition

(iv)  poor quality of company's product, and so on.

These factors can be further investigated.

Another sphere in business where statistical methods can be used is personnel management.
Here, one is concerned with the fixation of wage rates, incentive norms and performance
appraisal of individual employee. The concept of productivity is very relevant here. On the
basis of measurement of productivity, the productivity bonus is awarded to the workers.
Comparisons of wages and productivity are undertaken in order to ensure increases in industrial
productivity.

Statistical methods could also be used to ascertain the efficacy of a certain product, say,
medicine. For example, a pharmaceutical company has developed a new medicine in the
treatment of bronchial asthma. Before launching it on commercial basis, it wants to ascertain
the effectiveness of this medicine. It undertakes an experimentation involving the formation of
two comparable groups of asthma patients. One group is given this new medicine for a
specified period and the other one is treated with the usual medicines. Records are maintained
for the two groups for the specified period. This record is then analysed to ascertain if there is
any significant difference in the recovery of the two groups. If the difference is really
significant statistically, the new medicine is commercially launched.

LIMITATIONS OF STATISTICS

Statistics has a number of limitations, pertinent among them are as follows:

(i) There are certain phenomena or concepts where statistics cannot be used. This is because
these phenomena or concepts are not amenable to measurement. For example, beauty,
intelligence, courage cannot be quantified. Statistics has no place in all such cases where

quantification is not possible.
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(i) Statistics reveal the average behaviour, the normal or the general trend. An application of
the 'average' concept if applied to an individual or a particular situation may lead to a wrong
conclusion and sometimes may be disastrous. For example, one may be misguided when told
that the average depth of a river from one bank to the other is four feet, when there may be
some points in between where its depth is far more than four feet. On this understanding, one
may enter those points having greater depth, which may be hazardous.

(iii) Since statistics are collected for a particular purpose, such data may not be relevant or
useful in other situations or cases. For example, secondary data (i.e., data originally collected
by someone else) may not be useful for the other person.

(iv) Statistics are not 100 per cent precise as is Mathematics or Accountancy. Those who use
statistics should be aware of this limitation.

(v) In statistical surveys, sampling is generally used as it is not physically possible to cover all
the units or elements comprising the universe. The results may not be appropriate as far as the
universe is concerned. Moreover, different surveys based on the same size of sample but
different sample units may yield different results.

(vi) At times, association or relationship between two or more variables is studied in statistics,
but such a relationship does not indicate cause and effect' relationship. It simply shows the
similarity or dissimilarity in the movement of the two variables. In such cases, it is the user
who has to interpret the results carefully, pointing out the type of relationship obtained.

(vii) A major limitation of statistics is that it does not reveal all pertaining to a certain
phenomenon. There is some background information that statistics does not cover. Similarly,
there are some other aspects related to the problem on hand, which are also not covered. The
user of Statistics has to be well informed and should interpret Statistics keeping in mind all
other aspects having relevance on the given problem.

Apart from the limitations of statistics mentioned above, there are misuses of it. Many people,
knowingly or unknowingly, use statistical data in wrong manner. Let us see what the main
misuses of statistics are so that the same could be avoided when one has to use statistical data.
The misuse of Statistics may take several forms some of which are explained below.

(i) Sources of data not given: At times, the source of data is not given. In the absence of the
source, the reader does not know how far the data are reliable. Further, if he wants to refer to

the original source, he is unable to do so.
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(if) Defective data: Another misuse is that sometimes one gives defective data. This may be
done knowingly in order to defend one's position or to prove a particular point. This apart, the
definition used to denote a certain phenomenon may be defective. For example, in case of data
relating to unemployed persons, the definition may include even those who are employed,
though partially. The question here is how far it is justified to include partially employed
persons amongst unemployed ones.

(iii) Unrepresentative sample: In statistics, several times one has to conduct a survey, which
necessitates to choose a sample from the given population or universe. The sample may turn
out to be unrepresentative of the universe. One may choose a sample just on the basis of
convenience. He may collect the desired information from either his friends or nearby
respondents in his neighborhood even though such respondents do not constitute a
representative sample.

(iv) Inadequate sample: Earlier, we have seen that a sample that is unrepresentative of the
universe is a major misuse of statistics. This apart, at times one may conduct a survey based on
an extremely inadequate sample. For example, in a city we may find that there are 1, 00,000
households. When we have to conduct a household survey, we may take a sample of merely
100 households comprising only 0.1 per cent of the universe. A survey based on such a small
sample may not yield right information.

(v) Unfair Comparisons: An important misuse of statistics is making unfair comparisons from
the data collected. For instance, one may construct an index of production choosing the base
year where the production was much less. Then he may compare the subsequent year's
production from this low base.

Such a comparison will undoubtedly give a rosy picture of the production though in reality it is
not so. Another source of unfair comparisons could be when one makes absolute comparisons
instead of relative ones. An absolute comparison of two figures, say, of production or export,
may show a good increase, but in relative terms it may turnout to be very negligible. Another
example of unfair comparison is when the population in two cities is different, but a
comparison of overall death rates and deaths by a particular disease is attempted. Such a
comparison is wrong. Likewise, when data are not properly classified or when changes in the
composition of population in the two years are not taken into consideration, comparisons of

such data would be unfair as they would lead to misleading conclusions.
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(vi) Unwanted conclusions: Another misuse of statistics may be on account of unwarranted
conclusions. This may be as a result of making false assumptions. For example, while making
projections of population in the next five years, one may assume a lower rate of growth though
the past two years indicate otherwise. Sometimes one may not be sure about the changes in
business environment in the near future. In such a case, one may use an assumption that may
turn out to be wrong. Another source of unwarranted conclusion may be

the use of wrong average. Suppose in a series there are extreme values, one is too high while
the other is too low, such as 800 and 50. The use of an arithmetic average in such a case may

give a wrong idea. Instead, harmonic mean would be proper in such a case.

(vii) Confusion of correlation and causation: In statistics, several times one has to examine
the relationship between two variables. A close relationship between the two variables may not
establish a cause-and-effect-relationship in the sense that one variable is the cause and the other
is the effect. It should be taken as something that measures degree of association rather than try

to find out causal relationship..

SUMMARY

In a summarized manner, ‘Statistics’ means numerical information expressed in quantitative
terms. As a matter of fact, data have no limits as to their reference, coverage, and scope. At the
macro level, these are data on gross national product and shares of agriculture, manufacturing,
and services in GDP (Gross Domestic Product).

At the micro level, individual firms, howsoever small or large, produce extensive statistics on
their operations. The annual reports of companies contain variety of data on sales, production,
expenditure, inventories, capital employed, and other activities. These data are often field data,
collected by employing scientific survey techniques. Unless regularly updated, such data are
the product of a one-time effort and have limited use beyond the situation that may have called
for their collection. A student knows statistics more intimately as a subject of study like
economics, mathematics, chemistry, physics, and others. It is a discipline, which scientifically
deals with data, and is often described as the science of data. In dealing with statistics as data,
statistics has developed appropriate methods of collecting, presenting, summarizing, and

analyzing data, and thus consists of a body of these methods.
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UNIT -2
MEASURES OF CENTRAL TENDENCY

INTRODUCTION

The description of statistical data may be quite elaborate or quite brief depending on two
factors: the nature of data and the purpose for which the same data have been collected. While
describing data statistically or verbally, one must ensure that the description is neither too brief
nor too lengthy. The measures of central tendency enable us to compare two or more
distributions pertaining to the same time period or within the same distribution over time. For
example, the average consumption of tea in two different territories for the same period or in a

territory for two years, say, 2003 and 2004, can be attempted by means of an average.

GROUPED DATA-ARITHMETIC MEAN

For grouped data, arithmetic mean may be calculated by applying any of the following
methods:

(i) Direct method, (ii) Short-cut method , (iii) Step-deviation method

CHARACTERISTICS OF THE ARITHMETIC MEAN

Some of the important characteristics of the arithmetic mean are:

1. The sum of the deviations of the individual items from the arithmetic mean is always zero.
This means I: (x - x ) = 0, where x is the value of an item and x is the arithmetic mean. Since
the sum of the deviations in the positive direction is equal to the sum of the deviations in the
negative direction, the arithmetic mean is regarded as a measure of central tendency.

2. The sum of the squared deviations of the individual items from the arithmetic mean is always
minimum. In other words, the sum of the squared deviations taken from any value other than
the arithmetic mean will be higher.

3. As the arithmetic mean is based on all the items in a series, a change in the value of any item
will lead to a change in the value of the arithmetic mean.

4. In the case of highly skewed distribution, the arithmetic mean may get distorted on account
of a few items with extreme values. In such a case, it may cease to be the representative

characteristic of the distribution.
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MEDIAN

Median is defined as the value of the middle item (or the mean of the values of the two middle
items) when the data are arranged in an ascending or descending order of magnitude. Thus, in
an ungrouped frequency distribution if the n values are arranged in ascending or descending
order of magnitude, the median is the middle value if n is odd. When n is even, the median is
the mean of the two middle values.

CHARACTERISTICS OF THE MEDIAN

1. Unlike the arithmetic mean, the median can be computed from open-ended distributions.
This is because it is located in the median class-interval, which would not be an open-ended
class.

2. The median can also be determined graphically whereas the arithmetic mean cannot be
ascertained in this manner.

3. As it is not influenced by the extreme values, it is preferred in case of a distribution having
extreme values.

4. In case of the qualitative data where the items are not counted or measured but are scored or

ranked, it is the most appropriate measure of central tendency.

MODE

The mode is another measure of central tendency. It is the value at the point around which the
items are most heavily concentrated. When the mode is ill-defined following method is used:

(i) Preparation of a grouping table: A grouping table has six columns, the first column
showing the frequencies as given in the problem. Column 2 shows frequencies grouped in
two's, starting from the top. Leaving the first frequency, column 3 shows frequencies grouped
in two's. Column 4 shows the frequencies of the first three items, then second to fourth item
and so on. Column 5 leaves the first frequency and groups the remaining items in three's.
Column 6 leaves the first two frequencies and then groups the remaining in three's. Now, the
maximum total in each column is marked and shown either in a circle or in a bold type.

(if) Preparation of an analysis table: After having prepared a grouping table, an analysis table
is prepared. On the left-hand side, provide the first column for column numbers and on the
right-hand side the different possible values of mode. The highest values marked in the

grouping table are shown here by a bar or by simply entering 1 in the relevant cell
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corresponding to the values they represent. The last row of this table will show the number of
times a particular value has occurred in the grouping table. The highest value in the analysis
table will indicate the class-interval in which the mode lies. The procedure of preparing both

the grouping and analysis tables to locate the modal class will be clear in this method.

GEOMETRIC MEAN

Apart from the three measures of central tendency as discussed above, there are two other
means that are used sometimes in business and economics. These are the geometric mean and
the harmonic mean. The geometric mean is more important than the harmonic mean. We
discuss below both these means. First, we take up the geometric mean. Geometric mean is
defined at the nth root of the product of n observations of a distribution.

The geometric mean is most suitable in the following three cases:

1. Averaging rates of change.

2. The compound interest formula.

3. Discounting, capitalization.

ADVANTAGES OF G. M.

1. Geometric mean is based on each and every observation in the data set.

2. Itis rigidly defined.

3. It is more suitable while averaging ratios and percentages as also in calculating growth rates.
4. As compared to the arithmetic mean, it gives more weight to small values and less weight to
large values. As a result of this characteristic of the geometric mean, it is generally less than the
arithmetic mean. At times it may be equal to the arithmetic mean.

5. It is capable of algebraic manipulation. If the geometric mean has two or more series is
known along with their respective frequencies. Then a combined geometric mean can be

calculated by using the logarithms.

LIMITATIONS OF G.M.
1. As compared to the arithmetic mean, geometric mean is difficult to understand.

2. Both computation of the geometric mean and its interpretation are rather difficult.
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3. When there is a negative item in a series or one or more observations havezero value, then
the geometric mean cannot be calculated. In view of the limitations mentioned above, the

geometric mean is not frequently used.

HARMONIC MEAN

The harmonic mean is defined as the reciprocal of the arithmetic mean of the reciprocals of
individual observations. The main advantage of the harmonic mean is that it is based on all
observations in a distribution and is amenable to further algebraic treatment. When we desire to
give greater weight to smaller observations and less weight to the larger observations, then the
use of harmonic mean will be more suitable. As against these advantages, there are certain
limitations of the harmonic mean. First, it is difficult to understand as well as difficult to
compute. Second, it cannot be calculated if any of the observations is zero or negative. Third, it
is only a summary figure, which may not be an actual observation in the distribution.

It is worth noting that the harmonic mean is always lower than the geometric mean, which is
lower than the arithmetic mean. This is because the harmonic mean assigns lesser importance
to higher values. Since the harmonic mean is based on reciprocals, it becomes clear that as
reciprocals of higher values are lower than those of lower values, it is a lower average than the

arithmetic mean as well as the geometric mean.
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UNIT -3
MEASURES OF DISPERSION AND SKEWNESS

INTRODUCTION

In the previous chapter, we have explained the measures of central tendency. It may be noted
that these measures do not indicate the extent of dispersion or variability in a distribution. The
dispersion or variability provides us one more step in increasing our understanding of the
pattern of the data. Further, a high degree of uniformity (i.e. low degree of dispersion) is a
desirable quality. If in a business there is a high degree of variability in the raw material, then it
could not find mass production economical.

Suppose an investor is looking for a suitable equity share for investment. While examining the
movement of share prices, he should avoid those shares that are highly fluctuating-having
sometimes very high prices and at other times going very low. Such extreme fluctuations mean
that there is a high risk in the investment in shares. The investor should, therefore, prefer those

shares where risk is not so high.

MEANING AND DEFINITIONS OF DISPERSION

The various measures of central value give us one single figure that represents the entire data.
But the average alone cannot adequately describe a set of observations, unless all the
observations are the same. It is necessary to describe the variability or dispersion of the
observations. In two or more distributions the central value may be the same but still there can
be wide disparities in the formation of distribution. Measures of dispersion help us in studying
this important characteristic of a distribution.

Some important definitions of dispersion are given below:

1. "Dispersion is the measure of the variation of the items." -A.L. Bowley

2. "The degree to which numerical data tend to spread about an average value is called the
variation of dispersion of the data.” -Spiegel

3. Dispersion or spread is the degree of the scatter or variation of the variable about a central
value." -Brooks & Dick

4. "The measurement of the scatterness of the mass of figures in a series about an average is

called measure of variation or dispersion.” -Simpson & Kajka It is clear from above that
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dispersion (also known as scatter, spread or variation) measures the extent to which the items
vary from some central value. Since measures of dispersion give an average of the differences
of various items from an average, they are also called averages of the second order. An average

Is more meaningful when it is examined in the light of dispersion.

SIGNIFICANCE AND PROPERTIES OF MEASURING VARIATION

Measures of variation are needed for four basic purposes:

1. Measures of variation point out as to how far an average is representative of the mass. When
dispersion is small, the average is a typical value in the sense that it closely represents the
individual value and it is reliable in the sense that it is a good estimate of the average in the
corresponding universe. On the other hand, when dispersion is large, the average is not so
typical, and unless the sample is very large, the average may be quite unreliable.

2. Another purpose of measuring dispersion is to determine nature and cause of variation in
order to control the variation itself. In matters of health variations in body temperature, pulse
beat and blood pressure are the basic guides to diagnosis. Prescribed treatment is designed to
control their variation. In industrial production efficient operation requires control of quality
variation the causes of which are sought through inspection is basic to the control of causes of
variation. In social sciences a special problem requiring the measurement of variability is the
measurement of "inequality™ of the distribution of income or wealth etc.

3. Measures of dispersion enable a comparison to be made of two or more series with regard to
their variability. The study of variation may also be looked upon as a means of determining
uniformity of consistency. A high degree of variation would mean little uniformity or
consistency whereas a low degree of variation would mean great uniformity or consistency.

4. Many powerful analytical tools in statistics such as correlation analysis. The testing of
hypothesis, analysis of variance, the statistical quality control, regression analysis is based on
measures of variation of one kind or another.

A good measure of dispersion should possess the following properties

1. It should be simple to understand.

2. It should be easy to compute.

3. It should be rigidly defined.
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4. It should be based on each and every item of the distribution.

5. It should be amenable to further algebraic treatment.

6. It should have sampling stability.

7. Extreme items should not unduly affect it.

MEAURES OF DISPERSION

There are five measures of dispersion: Range, Inter-quartile range or Quartile Deviation, Mean
deviation, Standard Deviation, and Lorenz curve. Among them, the first four are mathematical
methods and the last one is the graphical method. These are discussed in the ensuing

paragraphs with suitable examples.
RANGE

The simplest measure of dispersion is the range, which is the difference between the maximum

value and the minimum value of data.

LIMITATIONS OF RANGE

There are some limitations of range, which are as follows:

1. It is based only on two items and does not cover all the items in a distribution.

2. It is subject to wide fluctuations from sample to sample based on the same population.

3. It fails to give any idea about the pattern of distribution. This was evident from the data
given in Examples 1 and 3.

4. Finally, in the case of open-ended distributions, it is not possible to compute the range.
Despite these limitations of the range, it is mainly used in situations where one wants to quickly
have some idea of the variability or' a set of data. When the sample size is very small, the range
is considered quite adequate measure of the variability. Thus, it is widely used in quality
control where a continuous check on the variability of raw materials or finished products is
needed. The range is also a suitable measure in weather forecast. The meteorological
department uses the range by giving the maximum and the minimum temperatures. This
information is quite useful to the common man, as he can know the extent of possible variation

in the temperature on a particular day.

[Type text] Page 18



Business Statistics

INTERQUARTILE RANGE OR QUARTILE DEVIATION

The interquartile range or the quartile deviation is a better measure of variation in a distribution
than the range. Here, avoiding the 25 percent of the distribution at both the ends uses the
middle 50 percent of the distribution. In other words, the interquartile range denotes the

difference between the third quartile and the first quartile.

MERITS OF QUARTILE DEVIATION

The following merits are entertained by quartile deviation:

1. As compared to range, it is considered a superior measure of dispersion.

2. In the case of open-ended distribution, it is quite suitable.

3. Since it is not influenced by the extreme values in a distribution, it is particularly suitable in

highly skewed or erratic distributions.

LIMITATIONS OF QUARTILE DEVIATION

1. Like the range, it fails to cover all the items in a distribution.

2. It is not amenable to mathematical manipulation.

3. It varies widely from sample to sample based on the same population.

4. Since it is a positional average, it is not considered as a measure of dispersion. It merely
shows a distance on scale and not a scatter around an average. In view of the above-mentioned

limitations, the interquartile range or the quartile deviation has a limited practical utility.

MEAN DEVIATION

The mean deviation is also known as the average deviation. As the name implies, it is the
average of absolute amounts by which the individual items deviate from the mean. Since the
positive deviations from the mean are equal to the negative deviations, while computing the

mean deviation, we ignore positive and negative signs.

MERITS OF MEAN DEVIATION
1. A major advantage of mean deviation is that it is simple to understand and easy to calculate.
2. It takes into consideration each and every item in the distribution. As a result, a change in the

value of any item will have its effect on the magnitude of mean deviation.
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3. The values of extreme items have less effect on the value of the mean deviation.
4. As deviations are taken from a central value, it is possible to have meaningful comparisons

of the formation of different distributions.

LIMITATIONS OF MEAN DEVIATION

1.1t is not capable of further algebraic treatment.

2. At times it may fail to give accurate results. The mean deviation gives best results when
deviations are taken from the median instead of from the mean. But in a series, which has wide

variations in the items, median is not a satisfactory measure.

3. Strictly on mathematical considerations, the method is wrong as it ignores the algebraic signs
when the deviations are taken from the mean.
In view of these limitations, it is seldom used in business studies. A better measure known as

the standard deviation is more frequently used.

STANDARD DEVIATION

The standard deviation is similar to the mean deviation in that here too the deviations are
measured from the mean. At the same time, the standard deviation is preferred to the mean

deviation or the quartile deviation or the range because it has desirable mathematical properties.

USES OF THE STANDARD DEVIATION

The standard deviation is a frequently used measure of dispersion. It enables us to determine as
to how far individual items in a distribution deviate from its mean. In a symmetrical, bell-
shaped curve:

(i) About 68 percent of the values in the population fall within: + 1 standard deviation from the
mean.

(i1) About 95 percent of the values will fall within +2 standard deviations from the mean.

(iii) About 99 percent of the values will fall within + 3 standard deviations from the mean.

The standard deviation is an absolute measure of dispersion as it measures variation in the same

units as the original data. As such, it cannot be a suitable measure while comparing two or
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more distributions. For this purpose, we should use a relative measure of dispersion. One such
measure of relative dispersion is the coefficient of variation, which relates the standard
deviation and the mean such that the standard deviation is expressed as a percentage of mean.
Thus, the specific unit in which the standard deviation is measured is done away with and the
new unit becomes percent.

) .. o o
CV (coefficient of variation) =—x 100
7,

SKEWNESS: MEANING AND DEFINITIONS

In the above paragraphs, we have discussed frequency distributions in detail. It may be repeated
here that frequency distributions differ in three ways: Average value, Variability or dispersion,
and Shape. Since the first two, that is, average value and variability or dispersion have already
been discussed in previous chapters, here our main spotlight will be on the shape of frequency
distribution. Generally, there are two comparable characteristics called skewness and kurtosis
that help us to understand a distribution. Two distributions may have the same mean and

standard deviation but may differ widely in their overall appearance.

[ Symmetrical Asymmetrical
Distribution Distribution
x=15 [——
=05
60 60 60
30 30 0
20
10 10 10 '1 O
O 51015202530 0 5 1015202530

Some important definitions of skewness are as follows:

1. "When a series is not symmetrical it is said to be asymmetrical or skewed." -Croxton &
Cowden.

2. "Skewness refers to the asymmetry or lack of symmetry in the shape of a frequency
distribution.” -Morris Hamburg.
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3. "Measures of skewness tell us the direction and the extent of skewness. In symmetrical
distribution the mean, median and mode are identical. The more the mean moves away from
the mode, the larger the asymmetry or skewness.” -Simpson & Kalka

4. "A distribution is said to be 'skewed' when the mean and the median fall at different points in
the distribution, and the balance (or centre of gravity) is shifted to one side or the other-to left
or right." —Garrett

The above definitions show that the term 'skewness' refers to lack of symmetry" i.e., when a
distribution is not symmetrical (or is asymmetrical) it is called a skewed distribution.

The concept of skewness will be clear from the following three diagrams showing a
symmetrical distribution. a positively skewed distribution and a negatively skewed distribution.
1. Symmetrical Distribution. It is clear from the diagram (a) that in a symmetrical distribution
the values of mean, median and mode coincide. The spread of the frequencies is the same on
both sides of the centre point of the curve.

2. Asymmetrical Distribution. A

distribution, which is not symmetrical, is called a skewed distribution and such a distribution
could either be positively skewed or negatively skewed as would be clear from the diagrams (b)
and (c).

3. Positively Skewed Distribution. In the positively skewed distribution the value of

the mean is maximum and that of mode least-the median lies in between the two as is clear
from the diagram (b).

4. Negatively Skewed Distribution. The following is the shape of negatively skewed
distribution. In a negatively skewed distribution the value of mode is maximum and that of
mean least-the median lies in between the two. In the positively skewed distribution the
frequencies are spread out over a greater range of values on the high-value end of the curve (the
right-hand side) thanthey are on the low-value end. In the negatively skewed distribution the
position is reversed, i.e. the excess tail is on the left-hand side. It should be

noted that in moderately symmetrical distributions the interval between the mean and the
median is approximately one-third of the interval between themean and the mode. It is this

relationship, which provides a means of measuring the degree of skewness.
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MEASURES OF SKEWNESS

There are four measures of skewness, each divided into absolute and relative measures. The
relative measure is known as the coefficient of skewness and is more frequently used than the
absolute measure of skewness. Further, when a comparison between two or more distributions
is involved, it is the relative measure of skewness, which is used. The measures of skewness
are: (i) Karl Pearson's measure, (ii) Bowley’s measure, (iii) Kelly’s measure, and (iv)

Moment’s measure.

SUMMARY

The average value cannot adequately describe a set of observations, unless all the
observations are the same. It is necessary to describe the variability or dispersion of the
observations. In two or more distributions the central value may be the same but still
there can be wide disparities in the formation of distribution. Therefore, we have to use
the measures of dispersion.

Further, two distributions may have the same mean and standard deviation but may differ
widely in their overall appearance in terms of symmetry and skewness. To distinguish between

different types of distributions, we may use the measures of skewness.
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UNIT -4
CORRELATION AND REGRESSION ANALYSIS
INTRODUCTION

Statistical methods of measures of central tendency, dispersion, skewness and kurtosis are
helpful for the purpose of comparison and analysis of distributions involving only one variable
I.e. univariate distributions. However, describing the relationship between two or more
variables, is another important part of statistics.
In many business research situations, the key to decision making lies in understanding the
relationships between two or more variables. For example, in an effort to predict the behavior
of the bond market, a broker might find it useful to know whether the interest rate of bonds is
related to the prime interest rate. While studying the effect of advertising on sales, an account
executive may find it useful to know whether there is a strong relationship between advertising
dollars and sales dollars for a company.
The statistical methods of Correlation (discussed in the present lesson) and Regression (to be
discussed in the next lesson) are helpful in knowing the relationship between two or more
variables which may be related in same way, like interest rate of bonds and prime interest rate;
advertising expenditure and sales; income and consumption; crop-yield and fertilizer used,
height and weights and so on.
In all these cases involving two or more variables, we may be interested in seeing:

v’ if there is any association between the variables;

v' if there is an association, is it strong enough to be useful;

v"if so, what form the relationship between the two variables takes;

v how we can make use of that relationship for predictive purposes, that is, forecasting;

and

v how good such predictions will be.

Since these issues are inter related, correlation and regression analysis, as two sides of a single
process, consists of methods of examining the relationship between two or more variables. If
two (or more) variables are correlated, we can use information about one (or more) variable(s)
to predict the value of the other variable(s), and can measure the error of estimations - a job of

regression analysis.
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WHAT IS CORRELATION?

Correlation is a measure of association between two or more variables. When two or more
variables very in sympathy so that movement in one tends to be accompanied by corresponding
movements in the other variable(s), they are said to be correlated.

“The correlation between variables is a measure of the nature and degree of association
between the variables”.

As a measure of the degree of relatedness of two variables, correlation is widely used in
exploratory research when the objective is to locate variables that might be related in some way
to the variable of interest.

TYPES OF CORRELATION

Correlation can be classified in several ways. The important ways of classifying correlation
are:

(i) Positive and negative,

(i) Linear and non-linear (curvilinear) and

(iii) Simple, partial and multiple.

Positive and Negative Correlation

If both the variables move in the same direction, we say that there is a positive correlation, i.e.,
if one variable increases, the other variable also increases on an average or if one variable
decreases, the other variable also decreases on an average On the other hand, if the variables
are varying in opposite direction, we say that it is a case of negative correlation; e.g.,

movements of demand and supply.

Linear and Non-linear (Curvilinear) Correlation

If the change in one variable is accompanied by change in another variable in a constant ratio, it

is a case of linear correlation.

Simple, Partial and Multiple Correlation
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The distinction amongst these three types of correlation depends upon the number of variables
involved in a study. If only two variables are involved in a study, then the correlation is said to
be simple correlation. When three or more variables are involved in a study, then it is a
problem of either partial or multiple correlation. In multiple correlation, three or more variables
are studied simultaneously. But in partial correlation we consider only two variables

influencing each other while the effect of other variable(s) is held constant.

CORRELATION ANALYSIS

Correlation Analysis is a statistical technique used to indicate the nature and degree of
relationship existing between one variable and the other(s). It is also used along with regression
analysis to measure how well the regression line explains the variations of the dependent
variable with the independent variable.

The commonly used methods for studying linear relationship between two variables involve
both graphic and algebraic methods. Some of the widely used methods include:

1. Scatter Diagram

2. Correlation Graph

3. Pearson’s Coefficient of Correlation

4. Spearman’s Rank Correlation

5. Concurrent Deviation Method

SCATTER DIAGRAM

This method is also known as Dotogram or Dot diagram. Scatter diagram is one of the simplest
methods of diagrammatic representation of a bivariate distribution. Under this method, both the
variables are plotted on the graph paper by putting dots. The diagram so obtained is called
"Scatter Diagram". By studying diagram, we can have rough idea about the nature and degree
of relationship between two variables. The term scatter refers to the spreading of dots on the
graph. We should keep the following points in mind while interpreting correlation: if the
plotted points are very close to each other, it indicates high degree of correlation. If the plotted
points are away from each other, it indicates low degree of correlation.

[Type text] Page 27



Business Statistics

>
v

- dala pc’mfs

R.‘&.[(:(l Pagitive
Correllakion

(@)

4.~<

High clegtee
of fostive
Correlation

©

P» <

-

' §

Low c(Q
°f fosilive
Cosnelation

—p <

5
aato0°
Perfect Negcd:u:
Correlation
» X
(b
%
N,
x
dote ¢

A
Hiﬁh degree
oj Neﬁa{we
Corxelalion

@)

¥ Low de
< o] N eg adwe
Correlation

» *
|ii » X

CORRELATION GRAPH

[Type text]

Page 28



Business Statistics

This method, also known as Correlogram is very simple. The data pertaining to two series are
plotted on a graph sheet. We can find out the correlation by examining the direction and
closeness of two curves. If both the curves drawn on the graph are moving in the same
direction, it is a case of positive correlation. On the other hand, if both the curves are moving

in opposite direction, correlation is said to be negative. If the graph does not show anydefinite

pattern on account of erratic fluctuations in the curves, then it shows an absence of correlation.

PEARSON’S COEFFICIENT OF CORRELATION
A mathematical method for measuring the intensity or the magnitude of linear
relationshipbetween two variables was suggested by Karl Pearson (1867-1936), a great British

Biometrician and Statistician and, it is by far the most widely used method in practice.

Karl Pearson’s measure, known as Pearsonian correlation coefficient between two variables X
and Y, usually denoted by r(X,Y) or rxy or simply r is a numerical measure of linear relationship
between them and is defined as the ratio of the covariance between X and Y, to the product of
the standard deviations of X and Y.

Properties of Pearsonian Correlation Coefficient

The following are important properties of Pearsonian correlation coefficient:

1. Pearsonian correlation coefficient cannot exceed 1 numerically. In other words it lies

between -1 and +1. Symbolically, -1 <r <1

Remarks: (i) This property provides us a check on our calculations. If in any problem, the
obtained value of r lies outside the limits + 1, this implies that there is some mistake in our
calculations.

(if) The sign of r indicate the nature of the correlation. Positive value of r indicates positive
correlation, whereas negative value indicates negative correlation. r = 0 indicate absence of
correlation.

(iii) The following table sums up the degrees of correlation corresponding to various values of

r
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Value of r Degree of correlation
+1 perfect correlation
+0.90 or more very high degree of correlation

sufficiently high degree of

+0.75 to £0.90 )
correlation

+0.60 to =0.75 moderate degree of correlation

10,30 to £0.60 only the possibility of a

correlation
less than =030 possibly no correlation
0 absence of correlation

Probable Error of Correlation Coefficient

The correlation coefficient establishes the relationship of the two variables. After ascertaining
this level of relationship, we may be interested to find the extent upto which this coefficient is
dependable. Probable error of the correlation coefficient is such a measure of testing the
reliability of the observed value of the correlation coefficient, when we consider it as satisfying
the conditions of the random sampling.

If r is the observed value of the correlation coefficient in a sample of N pairs of observations
for the two variables under consideration, then the Probable Error, denoted by PE (r) is
expressed as PE(r) = 0.6745 SE(r)

There are two main functions of probable error:

1. Determination of limits: The limits of population correlation coefficient are r + PE(r),
implying that if we take another random sample of the size N from the same population, then
the observed value of the correlation coefficient in the second sample can be expected to lie
within the limits given above, with 0.5 probability.

When sample size N is small, the concept or value of PE may lead to wrong conclusions.

Hence to use the concept of PE effectively, sample size N it should be fairly large.
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2. Interpretation of 'r': The interpretation of 'r'" based on PE is as under:
If r <PE(r), there is no evidence of correlation, i.e. a case of insignificant correlation.
If r > 6 PE(r), correlation is significant. If r < 6 PE(r), it is insignificant.

If the probable error is small, correlation exist where r > 0.5

SPEARMAN’S RANK CORRELATION

Sometimes we come across statistical series in which the variables under consideration are not
capable of quantitative measurement but can be arranged in serial order. This happens when we
are dealing with qualitative characteristics (attributes) such as honesty, beauty, character,
morality, etc., which cannot be measured quantitatively but can be arranged serially. In such
situations Karl Pearson’s coefficient of correlation cannot be used as such. Charles Edward
Spearman, a British Psychologist, developed a formula in 1904, which consists in obtaining the
correlation coefficient between the ranks of N individuals in the two attributes under study.
Suppose we want to find if two characteristics A, say, intelligence and B, say, beauty are
related or not. Both the characteristics are incapable of quantitative measurements but we can
arrange a group of N individuals in order of merit (ranks) w.r.t. proficiency in the two
characteristics. Let the random variables X and Y denote the ranks of the individuals in the
characteristics A and B respectively. If we assume that there is no tie, i.e., if no two individuals
get the same rank in a characteristic then, obviously, X and Y assume numerical values ranging
from 1 to N.

Repeated Ranks

In case of attributes if there is a tie i.e., if any two or more individuals are placed together in
any classification w.r.t. an attribute or if in case of variable data there is more than one item
with the same value in either or both the series then Spearman’s Eq.(4.8) for calculating the
rank correlation coefficient breaks down, since in this case the variables X [the ranks of
individuals in characteristic A (Lst series)] and Y [the ranks of individuals in characteristic B

(2nd series)] do not take the values from 1 to N.

LIMITATIONS OF CORRELATION ANALYSIS
As mentioned earlier, correlation analysis is a statistical tool, which should be properly used so

that correct results can be obtained. Sometimes, it is indiscriminately used by management,
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resulting in misleading conclusions. We give below some errors frequently made in the use of
correlation analysis:

1. Correlation analysis cannot determine cause-and-effect relationship. One should not assume
that a change in Y variable is caused by a change in X variable unless one is reasonably sure
that one variable is the cause while the other is the effect. Let us take an example.

Suppose that we study the performance of students in their graduate examination and their
earnings after, say, three years of their graduation. We may find that these two variables are
highly and positively related. At the same time, we must not forget that both the variables
might have been influenced by some other factors such as quality of teachers, economic and
social status of parents, effectiveness of the interviewing process and so forth. If the data on
these factors are available, then it is worthwhile to use multiple correlation analysis instead of
bivariate one.

2. Another mistake that occurs frequently is on account of misinterpretation of the coefficient
of correlation. Suppose in one case r = 0.7, it will be wrong to interpret that correlation
explains 70 percent of the total variation in Y. The error can be seen easily when we calculate
the coefficient of determination. Here, the coefficient of determination r2 will be 0.49. This
means that only 49 percent of the total variation in Y is explained.

Similarly, the coefficient of determination is misinterpreted if it is also used to indicate causal
relationship, that is, the percentage of the change in one variable is due to the change in another
variable.

3. Another mistake in the interpretation of the coefficient of correlation occurs when one
concludes a positive or negative relationship even though the two variables are actually
unrelated. For example, the age of students and their score in the examination have no relation
with each other. The two variables may show similar movements but there does not seem to be
a common link between them. To sum up, one has to be extremely careful while interpreting
coefficient of correlation. Before one concludes a causal relationship, one has to consider other
relevant factors that might have any influence on the dependent variable or on both the
variables. Such an approach will avoid many of the pitfalls in the interpretation of the
coefficient of correlation. It has been rightly said that the coefficient of correlation is not only
one of the most widely used, but also one of the widely abused statistical measures.
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REGRESSION ANALYSIS
INTRODUCTION

In business, several times it becomes necessary to have some forecast so that the management
can take a decision regarding a product or a particular course of action. In order to make a
forecast, one has to ascertain some relationship between two or more variables relevant to a
particular situation. For example, a company is interested to know how far the demand for
television sets will increase in the next five years, keeping in mind the growth of population in
a certain town. Here, it clearly assumes that the increase in population will lead to an increased
demand for television sets. Thus, to determine the nature and extent of relationship between
these two variables becomes important for the company.

In the preceding lesson, we studied in some depth linear correlation between two variables.
Here we have a similar concern, the association between variables, except that we develop it
further in two respects. First, we learn how to build statistical models of relationshipsbetween
the variables to have a better understanding of their features. Second, we extend the models to
consider their use in forecasting.

For this purpose, we have to use the technique - regression analysis - which forms the subject-
matter of this lesson.

WHAT IS REGRESSION?

In 1889, Sir Francis Galton, a cousin of Charles Darwin published a paper on heredity, “Natural
Inheritance”. He reported his discovery that sizes of seeds of sweet pea plants appeared to
“revert” or “regress”, to the mean size in successive generations. He also reported results of a
study of the relationship between heights of fathers and heights of their sons. A straight line
was fit to the data pairs: height of father versus height of son. Here, too, he found a “regression
to mediocrity” The heights of the sons represented a movement away from their fathers,
towards the average height. We credit Sir Galton with the idea of statistical regression. While
most applications of regression analysis may have little to do with the “regression to the
mean” discovered by Galton, the term “regression” remains. It now refers to the
statistical technique of modeling the relationship between two or more variables. In

general sense, regression analysis means the estimation or prediction of the unknown
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value of one variable from the known value(s) of the other variable(s). It is one of the
most important and widely used statistical techniques in almost all sciences - natural,
social or physical.

In this lesson we will focus only on simple regression —linear regression involving only two
variables: a dependent variable and an independent variable. Regression analysis for studying

more than two variables at a time is known as multiple regressions.

INDEPENDENT AND DEPENDENT VARIABLES
Simple regression involves only two variables; one variable is predicted by another variable.
The variable to be predicted is called the dependent variable. The predictor is called the
independent variable, or explanatory variable. For example, when we are trying to predict the
demand for television sets on the basis of population growth, we are using the demand for
television sets as the dependent variable and the population growth as the independent or
predictor variable.
The decision, as to which variable is which sometimes, causes problems. Often the choice is
obvious, as in case of demand for television sets and population growth because it would make
no sense to suggest that population growth could be dependent on TV demand! The population
growth has to be the independent variable and the TV demand the dependent variable.
If we are unsure, here are some points that might be of use:
e If we have control over one of the variables then that is the independent. For example,
a manufacturer can decide how much to spend on advertising and expect his sales to be
dependent upon how much he spends
e It there is any lapse of time between the two variables being measured, then the latter
must depend upon the former, it cannot be the other way round
e If we want to predict the values of one variable from your knowledge of the other

variable, the variable to be predicted must be dependent on the known one

LINEAR REGRESSION

The task of bringing out linear relationship consists of developing methods of fitting a straight
line, or a regression line as is often called, to the data on two variables. The line of Regression
is the graphical or relationship representation of the best estimate of one variable for any given
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value of the other variable. The nomenclature of the line depends on the independent and
dependent variables. If X and Y are two variables of which relationship is to be indicated, a line
that gives best estimate of Y for any value of X, it is called Regression line of Y on X. If the
dependent variable changes to X, then best estimate of X by any value of Y is called
Regression line of X on Y.

REGRESSION LINE OF Y ON X
For purposes of illustration as to how a straight line relationship is obtained, consider the
sample paired data on sales of each of the N = 5 months of a year and the marketing

expenditure incurred in each month.
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UNIT -5

INDEX NUMBERS
INTRODUCTION

In business, managers and other decision makers may be concerned with the way in which the
values of variables change over time like prices paid for raw materials, numbers of employees
and customers, annual income and profits, and so on. Index numbers are one way of describing
such changes.

If we turn to any journal devoted to economic and financial matters, we are very likely to come
across an index number of one or the other type. It may be an index number of share prices or a
wholesale price index or a consumer price index or an index of industrial production. The
objective of these index numbers is to measure the changes that have occurred in prices, cost of
living, production, and so forth. For example, if a wholesale price index number for the year
2000 with base year 1990 was 170; it shows that wholesale prices, in general, increased by 70
percent in 2000 as compared to those in 1990. Now, if the same index number moves to 180 in
2001, it shows that there has been 80 percent increase in wholesale prices in 2001 as compared
to those in 1990.

With the help of various index numbers, economists and businessmen are able to describe and
appreciate business and economic situations quantitatively. Index numbers were originally
developed by economists for monitoring and comparing different groups of goods.

It is necessary in business to understand and manipulate the different published index serieses,
and to construct index series of your own. Having constructed your own index, it can then be
compared to a national one such as the RPI, a similar index for your industry as a whole and
also to indexes for your competitors. These comparisons are a very useful tool for decision

making in business.
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WHAT ARE INDEX NUMBERS?

“Index numbers are statistical devices designed to measure the relative changes in the
level of a certain phenomenon in two or more situations”. The phenomenon under
consideration may be any field of quantitative measurements. It may refer to a single variable
or a group of distinct but related variables. In Business and Economics, the phenomenon under
consideration may be:

[ the prices of a particular commodity like steel, gold, leather, etc. or a group of commodities
like consumer goods, cereals, milk and milk products, cosmetics, etc.

1 volume of trade, factory production, industrial or agricultural production, imports or exports,
stocks and shares, sales and profits of a business house and so on.

] the national income of a country, wage structure of workers in various sectors, bank deposits,
foreign exchange reserves, cost of living of persons of a particular community, class or
profession and so on.

The various situations requiring comparison may refer to either

] the changes occurring over a time, or

[ the difference(s) between two or more places, or

] the variations between similar categories of objects/subjects, such as persons, groups of

persons, organisations etc. or other characteristics such as income, profession, etc.
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The utility of index numbers in facilitating comparison may be seen when, for example we are
interested in studying the general change in the price level of consumer goods, i.e. good or
commodities consumed by the people belonging to a particular section of society, say, low
income group or middle income group or labour class and so on. Obviously these changes are
not directly measurable as the price quotations of the various commodities are available in
different units, e.g., cereals (wheat, rice, pulses, etc) are quoted in Rs per quintal or kg; water in
Rs per gallon; milk, petrol, kerosene, etc. in Rs per liter; cloth in Rs per miter and so on.
Further, the prices of some of the commodities may be increasing while those of others may be
decreasing during the two periods and the rates of increase or decrease may be different for
different commodities. Index number is a statistical device, which enables us to arrive at a
single representative figure that gives the general level of the price of the phenomenon
(commodities) in an extensive group.

According to Wheldon: “Index number is a statistical device for indicating the relative
movements of the data where measurement of actual movements is difficult or incapable of
being made.”

FY Edgeworth gave the classical definition of index numbers as follows: “Index number shows
by its variations the changes in a magnitude which is not susceptible either of accurate
measurement in itself or of direct valuation in practice.”

On the basis of above discussion, the following characteristics of index numbers are apparent:
1. Index Numbers are specialized averages: An average is a summary figure measuring the
central tendency of the data, representing a group of figures. Index number has all these
functions to perform. L R Connor states, "in its simplest form, it (index number) represents a
special case of an average, generally a weighted average compiled from a sample of items
judged to be representative of the whole". It is a special type of average — it averages variables
having different units of measurement.

2. Index Numbers are expressed in percentages: Index numbers are expressed in terms of
percentages so as to show the extent of change. However, percentage sign (%) is never used.

3. Index Numbers measure changes not capable of direct measurement: The technique of
index numbers is utilized in measuring changes in magnitude, which are not capable of direct

measurement. Such magnitudes do not exist in themselves.
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Examples of such magnitudes are 'price level’, 'cost of living', 'business or economic activity'
etc. The statistical methods used in the construction of index numbers are largely methods for
combining a number of phenomena representing a particular magnitude in such a manner that
the changes in that magnitude may be measured in a meaningful way without introduction of
serious bias.

4. Index Numbers are for comparison: The index numbers by their nature are comparative.
They compare changes taking place over time or between places or between like categories.

In brief, index number is a statistical technique used in measuring the composite change in
several similar economic variables over time. It measures only the composite change, because
some of the variables included may be showing an increase, while some others may be showing
a decrease. It synthesizes the changes taking place in different directions and by varying extents
into the one composite change. Thus, an index number is a device to simplify comparison to
show relative movements of the data concerned and to replace what may be complicated

figures by simple ones calculated on a percentage basis.

USES OF INDEX NUMBER

The first index number was constructed by an Italian, Mr G R Carli, in 1764 to compare the
changes in price for the year 1750 (current year) with the price level in 1500 (base year) in
order to study the effect of discovery of America on the price level in Italy. Though originally
designed to study the general level of prices or accordingly purchasing power of money, today
index numbers are extensively used for a variety of purposes in economics, business,
management, etc., and for quantitative data relating to production, consumption, profits,
personnel and financial matters etc., for comparing changes in the level of phenomenon for two
periods, places, etc. In fact there is hardly any field or quantitative measurements where index
numbers are not constructed. They are used in almost all sciences — natural, social and physical.
The main uses of index numbers can be summarized as follows:

1. Index Numbers as Economic Barometers

Index numbers are indispensable tools for the management personnel of any government
organisation or individual business concern and in business planning and formulation of
executive decisions. The indices of prices (wholesale & retail), output (volume of trade, import

and export, industrial and agricultural production) and bank deposits, foreign exchange and
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reserves etc., throw light on the nature of, and variation in the general economic and business
activity of the country. They are the indicators of business environment. A careful study of
these indices gives us a fairly good appraisal of the general trade, economic development and

business activity of the country. In the world of G Simpson and F Kafka:“Index numbers are today

one of the most widely used statistical devices. They are used to take the pulse of the economy and they have

come to be used as indicators of inflationary or deflationary tendencies.”

Like barometers, which are used in Physics and Chemistry to measure atmospheric pressure,
index numbers are rightly termed as “economic barometers”, which measure the pressure of
economic and business behaviour.

2. Index Numbers Help in Studying Trends and Tendencies

Since the index numbers study the relative change in the level of a phenomenon at different
periods of time, they are especially useful for the study of the general trend for a group
phenomenon in time series data. The indices of output (industrial and agricultural production),
volume of trade, import and export, etc., are extremely useful for studying the changes in the
level of phenomenon due to the various components of a time series, viz. secular trend,
seasonal and cyclical variations and irregular components and reflect upon the general trend of
production and business activity. As a measure of average change in extensive group, the index
numbers can be used to forecast future events. For instance, if a businessman is interested in
establishing a new undertaking, the study of the trend of changes in the prices, wages and
incomes in different industries is extremely helpful to him to frame a general idea of the
comparative courses, which the future holds for different undertakings.

3. Index Numbers Help in Formulating Decisions and Policies

Index numbers of the data relating to various business and economic variables serve an
important guide to the formulation of appropriate policy. For example, the cost of living index
numbers are used by the government and, the industrial and business concerns for the
regulation of dearness allowance (D.A.) or grant of bonus to the workers so as to enable them
to meet the increased cost of living from time to time.

The excise duty on the production or sales of a commaodity is regulated according to the index
numbers of the consumption of the commodity from time to time. Similarly, the indices of
consumption of various commodities help in the planning of their future production. Although
index numbers are now widely used to study the general economic and business conditions of

the society, they are also applied with advantage by sociologists (population indices),
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psychologists (IQs”), health and educational authorities etc., for formulating and revising their
policies from time to time.

4. Price Indices Measure the Purchasing Power of Money

A traditional use of index numbers is in measuring the purchasing power of money. Since the
changes in prices and purchasing power of money are inversely related, an increase in the
general price index indicates that the purchasing power of money has gone down.

5. Index Numbers are Used for Deflation

Consumer price indices or cost of living index numbers are used for deflation of net national
product, income value series in national accounts. The technique of obtaining real wages from
the given nominal wages (as explained in use 4 above) can be used to find real income from
inflated money income, real sales from nominal sales and so on by taking into account

appropriate index numbers.

TYPES OF INDEX NUMBERS

Index numbers may be broadly classified into various categories depending upon the type of
the phenomenon they study. Although index numbers can be constructed for measuring relative
changes in any field of quantitative measurement, we shall primarily confine the discussion to
the data relating to economics and business i.e., data relating to prices, production (output) and
consumption. In this context index numbers may be broadly classified into the following three

categories:

1. Price Index Numbers: The price index numbers measure the general changes in the prices.
They are further sub-divided into the following classes:

(i) Wholesale Price Index Numbers: The wholesale price index numbers reflect the changes
in the general price level of a country.

(i1) Retail Price Index Numbers: These indices reflect the general changes in the retail prices
of various commodities such as consumption goods, stocks and shares, bank deposits,
government bonds, etc.

(ili) Consumer Price Index: Commonly known as the Cost of living Index, CPl is a
specialized kind of retail price index and enables us to study the effect of changes in the price

of a basket of goods or commaodities on the purchasing power or cost of living of a particular
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class or section of the people like labour class, industrial or agricultural worker, low income or
middle income class etc.

2. Quantity Index Numbers: Quantity index numbers study the changes in the volume of
goods produced (manufactured), consumed or distributed, like: the indices of agricultural
production, industrial production, imports and exports, etc. They are extremely helpful in
studying the level of physical output in an economy.

3. Value Index Numbers: These are intended to study the change in the total value (price
multiplied by quantity) of output such as indices of retail sales or profits or inventories.
However, these indices are not as common as price and quantity indices.

Various indices can also be distinguished on the basis of the number of commodities that go
into the construction of an index. Indices constructed for individual commodities or variable

are termed as simple index numbers. Those constructed for a group of commodities or
variables are known as aggregative (or composite) index numbers. Here, in this lesson, we

will develop methods of constructing simple as well as composite indices.

SIMPLE INDEX NUMBERS

A simple price index number is based on the price or quantity of a single commodity. To
construct a simple index, we first have to decide on the base period and then find ratio of the
value at any subsequent period to the value in that base period - the price/quantity relative. This

ratio is then finally converted to a percentage.

COMPOSITE INDEX NUMBERS

The preceding discussion was confined to only one commodity. What about
price/quantity changes in several commodities? In such cases, composite index numbers
are used. Depending upon the method used for constructing an index, composite indices
may be:

1. Simple Aggregative Price/ Quantity Index

2. Index of Average of Price/Quantity Relatives

3. Weighted Aggregative Price/ Quantity Index

4. Index of Weighted Average of Price/Quantity Relatives
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SIMPLE AGGREGATIVE PRICE/ QUANTITY INDEX

Irrespective of the units in which prices/quantities are quoted, this index for given
prices/quantities, of a group of commodities is constructed in the following three steps:

(1) Find the aggregate of prices/quantities of all commodities for each period (or place).

(if) Selecting one period as the base, divide the aggregate prices/quantities corresponding to
each period (or place) by the aggregate of prices/ quantities in the base period.

(iii) Express the result in percent by multiplying by 100.

INDEX OF AVERAGE OF PRICE/QUANTITY RELATIVES

This index makes an improvement over the index of simple aggregative prices/quantities as it is
not affected by the difference in the units of measurement in which prices/quantities are
expressed. However, this also suffers from the problem of equal importance getting assigned to
all the commodities.

Given the prices/quantities of a number of commodities that enter into the construction of this
index, it is computed in the following two steps:

(i) After selecting the base year, find the price relative/quantity relative of each commodity for
each year with respect to the base year price/quantity. As defined earlier, the price
relative/quantity relative of a commodity for a given period is the ratio of the price/quantity of
that commaodity in the given period to its price/quantity in the base period.

(if) Multiply the result for each commodity by 100, to get simple price/quantity indices for each
commodity.

(iii) Take the average of the simple price/quantity indices by using arithmetic mean, geometric

mean or median.

WEIGHTED AGGREGATIVE PRICE/QUANTITY INDICES

We have noted that the simple aggregative price/quantity indices do not take care of the
differences in the weights to be assigned to different commodities that enter into their
construction. It is primarily because of this limitation that the simple aggregative indices are of

very limited use. Weighted aggregative Indices make up this deficiency by assigning proper
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weights to individual items. Among several ways of assigning weights, two widely used ways
are:

(i) to use base period quantities/prices as weights, popularly known as Laspeyre’s Index, and

(i) to use the given (current) period quantities/prices as weights, popularly known as Paasche’s
Index.

Laspeyre’s Index

Laspeyre’s Price Index, using base period quantities as weights 1s obtained as

(]
Pl zmxlﬂ{) e (€
ZPOQ’U

Laspeyre’s Quantity Index, using base period prices as weights is obtained as

q.
Q[i.a . ZJ’IPO .T].O

- Z("opo

0 .. (¢

Paasche’s Index

Paasche’s Pr1'|ce Index, using base period quantities as weights 1s obtained as

pre - 2P 0

= U
" pog,

Paasche’s Quantity Index. using base period prices as weights 1s obtained as

o ZM.HOO e
Z‘%Pr

INDEX OF WEIGHTED AVERAGE OF PRICE/QUANTITY RELATIVES

An alternative system of assigning weights lies in using value weights. The value weight v or
any single commodity is the product of its price and quantity, that is, v = pqg.
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If the index of weighted average of price relatives is defined as

P, = ..(6-23)
X
then v can be obtained either as
(i) the product of the base period prices and the base period quantities denoted as

vo that is, vo= poqo , Or

(ii) the product of the base period prices and the given period quantities denoted
as v; that 1s, v;= pp ¢q;

When v is vo= pg qo , the index of weighted average of price relatives, is expressed as

{2
P, = Si e (6-24)

Zpogo

It may be seen that , 7, 1s the same as the Laspeyre’s aggregative price index.

Similarly, When v is v; = po ¢;, the index of weighted average of price relatives, is expressed

as
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a0
P
P, = d

o Zpoqs'

It may be seen that , P, 1s the same as the Paasche’s aggregative price index.

If the index of weighted average of quantity relatives is defined as

3 »{ﬁxmoJ
Go

Oy = ZV e et

then v can be obtained either as

(i) the product of the base period quantities and the base period prices denoted as

vo that 18, vo= qopo , Or

(ii) the product of the base period quantities and the given period prices denoted

as v; that 1s, v; = gop;
When v 1s vp= qopo , the index of weighted average of quantity relatives, is expressed as

o]
0

Z(IOPO

0G0 = .(6-27)
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It may be seen that O, is the same as the Laspeyre’s aggregative quantity index.

Similarly, When v is v; = v; = ¢y p;, the index of weighted average of quantity relatives, is

Z[gopi[;—;xl()()ﬂ

> q,p;

It may be seen that ,Q,, 1s the same as the Paasche’s aggregative quantity index.

expressed as

. (6-28)

iQDf =
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