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Unit -1

STATISTICS IN SOCIAL RESEARCH

9 Statistics in Social Research
1 Mean
M1 Median
M1 Mode
M Standard Deviation



Objectives:

-To know the application of statistics in social research

-To learn how to calculate mean,median,mode and standard deviatio

1.1 Application of Statistics in Social Research :

In the field of social sciences, the researcher is faced th&hproblem of subjective and
gualitative data relating to attitudesalues, skills, utility etc. Unless the qualitative data are
guantified, they can neither be objectively measured nor bei@itific value. Although Cohen and
Nagel are of the opinion that propositions affirmimgglitative, differences are the firdtuits of
enquiry in sciences, in real terms it is not enougtognize only the qualitative differences in day
to-day affairs or in sciences. Rather it becomes essential to know the magrisudb differences
accurately and exactly. This will enable ttesearcher to discover comprehensive principles, to have
pradical control over the subject and to formulaes, whichcan makeconfirmation or refutation in

an unambiguous and clear manner.

Due to theoretical and practical reasons, it is essentiatitbajualitative differences are to be
substituted by the quantitative distinctions. The researcher should have sufficient knoededdeg
such substitution and should be able to cognizelghring and justification. In order to avoid
absurdity and ears, while indicating the qualitative distinction, the researcher siibefpable of

examining the use of numbers in a careful marthewever while dealing with simple matters of

our day to dayife as well as in the field of different branchessofence, the

Searcher may not take recouteecomplicatedmethods foishowing the distinctions. Although it

may so happen that a bare common sense method serves the purpose of measurement
calculation, and the often difficult deduction of cansences fronpremises, sometimes we use the

more elaborate and intricatechnique for collection and estimation of evidenddowever, in the

field of social research the investigators anly make the statistical and quantitative analysis, but

also usethe qualitative techniques. When the situation so demandswhee it becomes
essential to lay emphasis on the depitherstanding of the problem and the need for
generalization isot great, the use of qualitative methods is the only eh®tarticularly when

we embark upon studying a particular caseam intensive manner, we must have to go for

qualitative analysiglue to the obvious reason that the quantitative techniquestomtyh the



generalizable aspects of a case or those aspeitts ark found commonly with others. In all depth
studies of singular cases the method of case history is used. The caseethalyis used as a
form of qualitative analysis of data involving tlvery careful and complete observation of a
person, a situation o&n institution. In the qualitative analysis of data emphasis is laid on
emotional aspects because of the presumption thaeriaions and sentiments are the real
foundation pillars of humabeings aswell as institutions. Therefore, without due emphasis
these qualitative aspects we cannot have insight intevidnkings of any social phenomenon.
After completion of coding and tabulation etc., the helgtafistics is taken for quantitative
analyss of data. The decisiaegarding the relevant kind of analysis is taken on the basis

of what the researcher wants to know. If, for example, the reseadhegrested in knowing

about the causal relationship betwdba independent and dependent aiales involved in

the studyt will be required to demonstrate the degree of association bebhegenhe variables.

Thus, to establish such a causal relationghi researcher must have to show that changes in

the independentariable leads to change the dependent variable.

While examining whether or not changes in the independeiatble are accompanied by changes in
the dependent variabtbe researcher should not embark upon testing the rancdiégated from
the respondent as it is a herculetask. Thatapart, it may lack in reliability and feasibility.
Therefore, whais really needed by the investigators is an approprsatemarization of the
association between variables for the ensieenple of respondents. That is why the statistical

analysisappears to be important in social research.

Statistics has most often been construed as a methesexrch alongwith or in opposition to
some such methods lilmase studies, the historical approach and the experimental mdtwelver,
such a clasfication frequently leads to incorretttinking and confusion. Therefore, it is wise to
regard statisticas supplying a kit of tools that can be very much useful in vasitwetions arising in
scientific research The science of statisti€sextremelyvaluable for the research worker in

planning,analyzing and interpreting the results of his investigations.

The term 'statistics' may be used in any of the following three
senses:
1 Simple data or quantitative information about facts.
2. Statistical methodfor handling numerical data.

3 Measures based on observations on some of the units

selected from the whole lot.



A layman accepts the first meaning of the term statistosas to denote the word in a plural
sense, such as, columns fajures, tables, zig zpgraphs or charts in newspapers relating to
population, production, national income, consumpteaxpenditure, demand and supply, sales,
imports, exports, birthsdeaths, accidents etc. However, the statistician recogranegher
meaning of the term 'ststics’, which refers to a quantitglculated from sample observations. In the
singular sense statistics is a science. According to Horace Secrist, "statstcgregates of facts
affected to a marked extent by multiplicitgauses, numerically exmsed, enumerated or estimated
&cording to reasonable standard of accuracy, collectedsiystamatic manner or a pdetermined

purpose and placed Elation to each other”. The science of statistics deals with :

1 Collection andsummarizatiorof data
2 Design of experiments and surveys

3 Measurement of the magnitude of variation in bexperimental and survey data.

4. Estimation of population parameters and provision of
various measures of the accuracy and precision of these
estimates.

5. Testing of hypothesesbout populations.

6. Study of the relationships among two or more variables.

The quantitative data, in order to be called statistics much
possesses the following characteristics,

1 Statistics are aggregate of facts: A single figure
relating to facts  such as, birth or death, even though  expressed
numerically cannot be called statistics, whereas the aggregates
of such figures would be called statistics. For example, a single
death in a town or a single birthin a village fails to reveal
anything unless sinc information is collected for a particular
time period or for different towns or Vvillages. By means of such
information, we can compare deaths or births over time or over
different towns or villages.

2. Statistics are affected to a considerable extent by
a number of causes The causation of any phenomenon  may
be attributed to a multiplicity  of  factors, both internal as well
as external. By the help of statistics, we are able to find out the
most  proximate cause that affects the  phenomenon. For  example,

the statistics of result of a college, is influenced by many factors



like quality of students, level of teaching, library facilities,
completion of courses etc. If data on all the relevant factors are
collected and analysed then it may be possiblto hold the causes

responsible for greater success of students in examination.

3. Statistics are expressed in numerical figures

Statistics are numerically expressed. They are related to
quantitative information, Unless the gualitative characteristics

are assigned certain scales or ranks, they are not amenable to
quantitative  measures of assessment. For example, if we say
that the rate of success of students in university examination is
high, it is expressed in qualitee terms. Hence, it does not

make statistics. On the contrary, if we say that the rate of success
of students has increased by ten percent in this year, it® wil

constitute a statistical statement.

Statistical data are collected or estimated Statistics

are enumerated or  estimated. In other words, data concerning
any phenomenon can be gathered by actual enumenagi@asurement. But when enumeration
is not actually feasible ot appears to be very expensive, data may be statisticdltyatsd. por
example, we can enumerate the pattern of food habithgagumber of vegetarians in a family

by actual counting. But order to know this number in the country, it will have teebgmated on

the basis of sampling procedure.

5. Statistics are estimated with reasonable standards
of  accuracy. Since  the  statistical estimations  are based on
sample surveys, these cannot maintain the precision and accuracy
based on actual counts or measurements. In the foregoing

example, the number of egetarians in a family can be known

with cent per cent accuracy. On the contrary, as regards the
national scenario, the accuracy can never be maintained to the
tune of cent per cent. The nature and object of any investigation
determines the degree of ccaracy. Statistics is not a  deterministic

phenomenon. Rather it is probabilistic and hence mathematical

accuracy is  difficut to be  achieved. Simultaneously,  for  purposeful



decisions, statistics are with reasonable standard of accuracy.

6. Statistics are systematically collected Statistical
data are collected in a careful and systematic manner. Theleftore the data are actually collected,
the investigator makespoper planning. A haphazard collection of data, without suifdhte is very

likely to lead to fallacious conclusions.

7. The purpose of collection of statistics is

predetermined:

The purpose and scope of inquiry must be
well defined in advance SO thathe collection of data are
predetermined. A  general purpose of inquiry is not  sufficient.

For example data on physical appearance of a student may be
irrelevant  for  considering  his  ability to get admission into a college
nevertheless, this will be definitely relevant for determgni  his

Physical personality.

8 The main objective of statistics is to facilitate a
comparative or relative study. Statistics are placed in relatido each other. Periedise or
regionwise comparisons of facts
and figures may be done. For exampleféte of fertility may
¢ compared over different periods or with different counti@ignificanceof certain figures may be

better appreciated whéimeyare compared with others of the same kind.

Keeping in view the objectives of data analysis, varigtetistical operations may be

employed. But generally statistical analysis commences with separate inspection of each
variable, called as single variable analysis or univariate analysis. Asara of a basic
descriptive study and as a preclude to more dermanalyses,the objective of single variable
analysis is to get aaccurate profile of the data by examining only a single variablg time.
The main purpose of the single variable analysisoisletermine the nature of variation in
the variables invaled inthe study and also to ascertain whether there is sufficient variation
response? so as to enable the investigator to incorporateatieble in the analysis. The
investigator reveals the variatioms responses by organizing the data statistyjcah terms

of frequency distribution and percentage distributivvihen all the response categories are



listed and thereafter all the cases fallingo each category are summed up, a frequency
distribution comesnto being. It serves the purpose of a prehary organizationof data
and presentsa clearcut picture than case by case listingf responses. For further
clarification of data the researcher malgo present the percentage of respondalusg with
frequencyin respect of each categoripercentage along with the frequenciesablesthe
readers as well as the researchers to embark opmparison and interpretation of responses
in an easier manneiThe size of a particular category is also made clearly visible with
reference to the sampla terms of percentage. Statistics alselps to examine the notable
properties of univariatdistributions in terms of central tendency, dispersion and shape.
Averages occupy a very significant place in statistical analysis. general characteristics
of the whole group can be eas#xpressed in the form of averages. In this context the 'central
tendency' is taken into consideration. It is a device to know the position of different groups,
characterizing what is typical imé data. The three main measures of central tendency are the

mean,the median and the mode.

1.2.1 Mean is also known as Arithmatic average, calculated duiding up all the
responses and dividing the sum total by tietéal number of respondents. As the most
popular and the be$drm of average, mean is required in all types of calculationsaaadlyses.
The following are the characteristics of meanaothmatic average.

(i) Itis calculated by dividing the sum of maaementdy total number of items.

{ii) While calculating mean, all the items are taken iatzount. Therefore, when we
know the total number atems and the average, the total values can be found
out.

(Hi) Mean can also be calculated when the totélthe measurements and the total
number of items are known.

(iv) Mean or arithmatic average does not depend upequency as in case of median
or mode.

(v) Mean or arithmatic average is based on the area formed

by the frequency curvdvi) The sum of the differences of all the values from the

mean is exactly equal to zero.

Median, another measure of central tendency, is the mid pairgt distribution. It is a
measurement of the size in which middkems are arranged in ascending or descendrdgr.
In the wordsof Bowley "the magnitude appertaining to the item half waythie series is

equal the median”. In other words, it is the value of the middle respaoreséalf of the



responses are placeabove it and the other half below it, when tikems are arrangeth

ascending or descending order. It has the followehgracteristics :

(i) It is the size of the middle iterti) The arrangement of the items are to be made in
ascending

or descending order of magnitude
(Hi) It is based on thpre-supposition that extreme shall be excluded from it.

The mode is that figure which occurs for the maximum nunadfetimes in a series. In
other words it is the value with tHaghest frequency.

Another property examined by statistical analysis is d&@paramong a set of variables.
This is also called the degree wdriability. The different measures of dispersion aif@):

range;'&) mean deviation; and (c) standard deviation.

Range is the simplest method of finding out the variabiiity which the difference
between the highest and Iowestasurement is found out. The difference between the
highestand the lowest limits is the range of dispersion or variability.

Mean deviation is the arithmatic average of deviation in whadoes of ach item from any
average is found out.

The most commonly used method of dispersion, standiawdhtion, is an improvement upon

mean deviation. This israeasure of the 'average' spread observations around the mean.

The shape of univariatdistribution is construed as the thisdatistical property, made
apparent through a graphipresentation. Such a presentation is called a frequency or
percentage polygon. Only when the three statistical propesieiscussed above are combined, a

goodpicture of the quantitativeata is provided.

So far, we were discussing about the univariate analysigshButivariate analysis, on the other
hand, examines the natusérelationship between two variables and commences wittréagion of
crosstabuldions. Necessary comparisons geicentaging crossbulations are made as per rules.
From theview point of statistics, generally in bivariate analysis the degfessociation between
variables are calculated. However, caust@rence arenot only drawn on the basis of the degree of
association, but also on empirical evidence as well as theomtsaptions. Both the theoretical
assumptions and empiricalidence are instrumental in determining the direction of influamck
non spuriausness. But 'association' of two variables dlas its importance. It is something more
than 'correlation’, whicindicates a deeper type of relationship. In 'associationtelagonship is

already there or accepted. What we have to stithe effedveness of this relationship.



Briefly speaking, in any statistical analysis, we desaitbequately the mass of data and attempt
on characterising whag typical in the group. That apart, we try to indicate the extewhich the
individuals in the groupvary; how they are distributeid respect of the variable being measured,
moreover, we also tryo exhibit the relationship of the different variables in the dat@ane

another and the differences between two or more grafupdividuals.

The researchedesires to dravgeneralization®n the basi®f the samples taken for the study.
These generalizationsare made applicable to the population or the research universe. The
researcher also infers causal relationship among variables. Jihijimg whetheror not we will
accept a hypothesis, we cannot solely rely on statistical evidence because statistical sttements
statements ofprobability. Rather, along with statisticalonfidence in the reliability of the

findings, we also need tlewidence in thealidity of the presupposition®f the study.

1.2MEASURES OF CENTRAL TENDENCY

In sociology usually individual data are not considered, ratleedeal with a group of data. In
order to describe the whoteass of unwieldy data a single value is requifgtatisticsprovides
us the tool to get a single value which can better describe the group otdegatral value or an
average. In our datp-day conversation we often use the word average. We talk abarage
monthly income, average size of famiyerage deathate or birth rate in a city. An average is a
single value thatepresents a group of values. It depicts the characteristic whitie group to the
maximum possible extent. An average nmay necessarily be a figure,can also be a qualitative
expressionBut in statistics usually average as a gqualitative expression is not used, rather we

attempt to define the average numerically.

A Definitions of an average
The word average has been defined in many ways by difflarémtrs. Some of them are :

1 According to Clark, "Average is an attempt to find one
single figure to describe whole of figures.”

2 According to A.E. Waugh "An average is a single value
selected fom a group of values to represent them in
some wag a value which is supposed to stand for whole
group of which it is a part, as typical of all the values

in a group.”

3 Croxton and Cowden have defined an average as a single



value within the range of the data that is used to
represent all of the wvalues in a series. Since an average
IS somewhere within the range of the data it is something
called a measure of central value."
From the above definitions, we may conclude that an avBrmagefigure which describes the series of
data. Since an averaggpresents the entire data, it's value lie somewhere withitwthextremes

of the series. So the average is also often reféorad a measure of central tendency.

A Objectives of an aveage

Basically there are two main objectives of an average. Hrese

() It helps to get a single value which can describthe series of data.An average can
represent thousands, lakinsgillions of single values. ktrystallizesthe whole series and helfzsget a
birds eye view of the whole mass of data. For exanmoéetically it is impossible to remember the
household income odll households of a city but with the help of an average wedcaw the
conclusion about the staadi of living of the city.

(i) It facilitates comparison. It enables the research&y compare two or more series.
Comparison can also be madegioint of time or over a period of time. For example, standiard
living of two cities of India can be comea by comparing theverage household income of those cities.
Similarly, the changa standard of living of a particular city can be known by compé#negverage per
capita income over a period of time. at different periods of time. However, whilenaking
comparison theresearcher should always consider the impact of multiplicitfoofes which

influences data.

A Requisites of a Good Average

() It should be based on all items.  An average should
be a good representative of the whole group. It shouldbe based
on each and every item of the series and if any item is changed
the average itself is altered. The average should be such a
measurement that any conclusion drawn on basis of it i$P
to whole of the series. If an avreage does not posses®fthepresentativeness its use is

virtually limited.

(i) It should be easy to understand. Statisticalmethoj are used to simplify the complex
nature of the problem. So’Advantage should be very simple to use and understand so tn even

common personsan be able to understand.



(Hi) An average should be simple to calculaté? average should not only be understandable, at the
samée"™® .should possess the quality of easy computation. So it skasydenough as to enable the

researcher compute easily. But fog sake of simplicity, accuracy should not be sacrificed.

(iv) The average should be capable of further algebraitreatment. The researcher should
prefer the average whids capable of furtbr mathematical analysis so that its utility wik
enhanced. For example, if we have computed average ingbmember of households of tveo more

cities then we shoulde able to compute the combined average.

(v) The average should be rigidly definedAn averageshould be definite and clearly ascertained
and should be expressieda single figure rather than a qualitative expression so thasibne and
only one interpretation. It should preferaltlg defined by an algebraic formula, so that if diéiet
people willuse the same it will give one and only one result. In this way, it should be free from

personal prejudices and bias of tieeearcher.

(vi) Average should not be unduly affected by extremebservations.Though an average is
based on each and evatigm, it should not be unduly affected by any one item. A sargll item or
very large item in the series may distort the valfithe average. So the researcher should be very

careful abouit.

(vii) The average should possess quality of sampling
stability. It states that when we select a number of san{Blésingly population we should expect

approximately the samlue from all samples by using an average.

* TYPES OF AVERAGES
The various types of measureserfitral tendency can broadclassified into following two groups.

1. Mathematical Average 2.Location Average
Besides the above two groups there are some other avékageloving Average,
Progressive Average etc. Biltese averagdsave limited practical application and

are not so popular.

A Arithmatic Mean

Arithmatic mean is the most popular, widely used and bmst of average. It
considers all the items of the series and capabferther algebraic treatment. It is
obtained by adding togethal the items and by dividing this total by the number of
items. Arithmatic mean may either be simple arithmatic meanwmighted

arithmatic mean.

A Calculation of Arithmatic Mean



A A. Mean from Individual Series (i) Direct
Method
Mean from individual series (where frequencies are not giwan)be calculated

by adding all the values of the variable aoy dividing total by the number of
items.

Steps
(i) Add together all the values whriable and obtain the
total.
i) Divide this total by number of observatiorg/mbolically,

Xy +Xo+Xg + o+ X
N

X

X

=X
N

or
Where
x X = Sum of all values of variable Xe. X, X5, X3... Xn.

Total N = Number of observations.

[llustration 1.
A researcher collects data of monthly income of 10 housebbhlwillage.

Calculate the Arithmatic Mean.
HouseNo: |1|2(3|4|5|6|7]|8]|9]|10

Income (in | 80|88|70|45|50|68|72|93|66|750

Solution

House No. Monthly Income (X) in

1 800

2 880

3 700

4 450

5 500

6 680

7 720

8 930

9 660

10 750

N =10 x X =7070

Arithmatic Mean

- =X
X="

7070
=49 _ 707
10 v

So averagéencomein that village isRs. 707.

(i) Mean from Individual Series (Short-Cut Method)



Arithmatic Mean of Individual series can also be calculatad taking an
arbitrary origin. The formula for calculatiryithmatic mean is

p— >d
X=A+ ~N

Where A is the assumed meadargenotes deviations of valuesken from Assumed
Meand = (Xd A)
Steps

1 Take any value, whethexxisting in data or not, as
assumed mean.

2. Take deviations of items from assumed meand =
(X-A) of each item.

3. Obtain sum of deviationse. "xd.
4. Apply the formula to calculate mean.

A 11l ustrati on

Arithmatic Mean for theprevious question can also daculated by shottut
method. (Let the Assumed Mean be 600)

House No. Monthly Income dxo A
4] {(X& 600)}
01 800 200
02 880 280
03 700 100
04 450 0 150
05 500 o 100
06 680 80
07 720 120
08 930 330
09 660 660
10 750 150
Id=1070
Let the assumed Mean be 600
i.e. A =600 - =
= 600 + 1970
=600 + 107
=707 (Ans).

The mean value of income is 707. Which is the sameaézilated by direct method.

Though in ungrouped data shauit method involves morealculations, forgrouped data
this method is time saving.

A B . Cal c ul aMeanofmnmdiscretetseries Ari t hmat i

A (i) Direct Met hod

In discrete series, Arithmatic Mean by direct method candleulated by multiplying
the values of the variables by their



respective frequencies. The products obtained are added agghihistal is divided by
number of items or observations. The formula is

X = X1+ Xofo + Xgfs+ + ..+ X f,
N

Y 2.$
- N

Where X isArithmetic Meanf is frequencyX is variable.

A Steps

1 Multiply each value of the variable by itespective
frequencyi.e. fx.

2 Obtain the sum of the product ok i.e. x fx.
3. Divide thelfx by total number of observations N, Where
N =xf,
lllustration 3.

Marks of 50 students of a class are given. Find the mean
marks.
Marks Secured 30 45 54 60 72 | 80

No. of Students 4 10 12 8 10 6

Solution
Let the marks be denoted by X and number of students
Mark(X) No. of Students f.X
30 04 120
45 10 450
54 12 648
60 08 480
72 10 720
80 06 480
N=x £50 x X=2898

= 57.96 (Ans.)

{i) ShortCutMethod
The mean from discrete series can also be calculateshbstcut method by taking
an arbitrary origin.

The formulais X a + 3£

Where A is the assumed mean of the series.
dis the deviation of each item from assumed miean(Xd A) N is the total number of
observations.e. xf,

Steps
(i) Take any value as Assumed Mean.
(i) Find out the deviations of each value from assumed mean
and denote it ad.

(Hi) Multiply the frequency of each value with respectoeviations and find out the
sum of the produdate. xfd.



(iv) Apply the formula to calculate Mean by shotit-method.

A lllustration
The previous illustration may also be solved by shmrt method.

A Solution

Let the assumed mean be @b A = 60

Marks No. of |d=(X-A) fd
X1 Students|i.e. (X-60)
30 04 o 30 0 120
45 10 0 15 0 150 6 342
54 12 o0 06 072
60 8 00 00
72 10 12 120 240
70 6 20 120

x f =50 xfd=0 102

X:Ai-%_i‘

= 60 — 2.04
= 57.96 (Ans.}

= 608 2.04=57.96 (Ans.)

C. Arithmatic Mean from Continuous Series

In a continuous series also the same procedure will be adéptediculate arithmatic
mean. Here midpoints of various clasgervals will be written down to replace class
intervals. Thefollowing methods can be adopted to calculate mean ftontinuous eries.

(i) Direct Method.(ii) ShortCut Method.(Hi) Step
deviation Method.
A Direct Met hod

Following steps are to be followed while calculating arithmatiean from continuous
series.

Steps

(i) Obtain mid points of each class and denote ima¢ii) Multiply the mid-points

by the respective frequencies
i.e. m.f.of each item. Get the total af.f, i.e.xmf. {Hi) Apply the formula to get

mean.
The formula to get mean of continuous series by direct method

—_th
X="N

N where X is the mean,

m is the midpoint cf each class interval,s the frequencyf each variable and N is
the total number of observationg. xf.

. Hlustration



The weekly wages of 50 labourers are given. Calcthat®dean.

Weekly Wages No. of Labourers
100 20 5
200 30 7
30- ;0 8
400 50 12
500 60 06
600 70 03
700 80 05
800 90 02
900 100 02

A Sol uti on

Weekly Wagesi Point (m) | No. of (f) m.f.
Labourers
100 20 15 05 75
200 30 25 07 175
300 40 35 08 280
400 50 45 12 540
500 60 55 06 330
600 70 65 03 195
700 80 75 05 375
800 90 85 02 170
900 100 95 02 190
xf=50 x mf= 2330

— __”JH.
X =

2330
50
= 46.6. (AIIS-)
(i) ShortCut Method
In case of shortut method in continuous series, the formusad is
Where X is the arithmatic ticain.

A is the assumed meaf,"represents frequencylm denotesdeviations of midvalues
from assumed meang. (md A) and Nthe total is number of observations.

Steps
(i) Obtain the mid point of each class interval and deeoted bym.



i) Take one assumed medni) Find thedeviations of respective migoints from

the
assumed mean and denote itdws = (nd A).
(iv) Multiply respective frequencies of each class withdits and obtainx fdm.

(v) Put the formula to obtain mean.

A 1Ill ustrati on
Calculate the arithmatimean by using the shecut methodof previous illustration.

Weekly No. of |Mid Point{dm(md A) fdm
Wages (X)| Labourer (m) ie.
S (Mo 55)
1038 20 05 15 0 40 d 2000
200 30 07 25 0 30 210
300 40 08 35 0 20 0 160
4008 50 12 45 0 10 d 120
5008 60 06 55 0 0
600 70 03 65 10 30
700 80 05 75 20 100
800 90 02 85 30 60
905 100 02 95 40 80
N=xf=50 -420
Mean of the above series can be calculated by the formula.
K= A+ Z}‘g’"
A= 55
Tfdm = —A420
N= 50

Substituting the values in the above formula, we get

= —420
X =55+ 50 ]
= 55 — 8.4

= 46.6 (Ans.)
(ili) Step Deviation Method

Mean from continuous series can also be calculated byddegtion formula,.e.

Where A = Assumed Mean
f = frequency

dééfmoA)

C
N = total number of observations.
m = mid-point of each class interval.
C = Class interval.

A lllustration
The same illustration can also be solved by step deviatiethod.

A Solution

Let the Assumed mean & in thisexample.



Weekly |No. ofLabourery Mid d(mA) fdt'
Wages Point |=(md 55)

, m—A

(X) f (m) d=""5
105 20 05 15 0 40 04 0 20
200 30 07 25 0 30 3 021
300 40 08 35 0 20 02 0 16
4008 50 12 45 0 10 01l 0 12
500 60 06 55 0 0 0
600 70 03 65 10 1 4
700 80 05 75 20 2 10
808 90 02 85 30 3 04
9038 100 02 95 40 4
N =50 xf do

x=A+§Nf‘i><c (here C = 10)

—42
=55+ —=
( 50 %< 10]

= 55 — 8.4
= 46.6 (Ans.)

Out of above three methods of calculation of mean from continuous series, the step
deviation method is the most widely used method, but where class intervals are unequal, this
methodcan not be used.

A Calculation of Arithmatic mean from Open
Ended Classes

Open ended classes are those in which lower limit of thediasts and upper limit of the
last class are not given. In suchsaries arithmatic mean can be calculated by making
the assumption about unknown limits.

A lllustration

Monthly income of 25households are given below. Find ¢l Arithmatic Mean.
Solution

Monthly No. of
income (in Rs.] Households
X)

06 100 03
10® 200 02
200 300 05
300 400 o7
above 400 08

In the above example, the lower limit of the first class apger limit of the last class are
missing. Arithmatic mean cannetalculated without making assumptions about unknown
its. Here we can assume lower limit of first class 0 apgerlimit of the last class 500.
Then mean can be calculated

Monthly Mid Point f f.m
income(in Rs.)| (M)

*)




05 100 50 03 150

103 200 150 02 300
20® 300 250 05 1250
30@® 400 350 o7 2450
40 500 450 . 08 3600

N =35 xfm- 9950

g2 B0 g (Ans)
=%

Merits of Arithmatic Mean

Arithmatic mean is the most popular, type of average.mHsits are

(i) It is the simplest average to understand and it is edsy to calculate.
(if) It is based on each and every item of the series.
(iti) Its value is always definite because it is rigidly defibgda formula. So everyone
who computes tharithmeticmean gets the same answer.
(iv) It is capable of further algebraic treatment as it is definyed rigid formula(v) It has
got sampling stability. The value afithmeticmean does not vary so largely when
different sampleare taken fronthe same population.

(vi) It can be calculated even when the whole of the sesiast given and only

some values are given.
(vii)  (vii) Itis the average which balances the values on egiuer of it.

Demerits of Arithmatic Mean

(i) Since arithmationean is based on each and everyligfnthe series, extreme or
abnormal (very small and vetgirge) items of the series unduly affect its valug. F
example, in a group, three students have secured4@0,35 marks and 4th
student has secured 95 ma,so+4ozssw+_9_§:;239;5oups is

But this figure is not the true representative of the gr@ugy single very large item
I.e. 95 has considerabinflated the average figure.

(i) Arithmatic mean of a series can be calculated onbllithe items of the series are
given because it is based all items. In a series of 100 items, if 99 itemsgven
but one item is missing, then also the arithmat&an can not be calculated.

(Hi) In case of open ended classes, arithmatic mean carmen@alculated without
making assumptions regardinmmknown limits. Sometimes assumption regarding
unknown limits may give faulty conclusion. Howeveistnot the case with median
and mode.

(iv) Though arithmatic mean is easy to understand, irelative sense it is time
consuming. Unlike the cases of mode and median, it can't be known by mere
observation.

(v) Sometimes the arithmatic mean gives absurd res&los. example, if we are
studying the average size of trideduseholds in a village, by usimgithmatic mean
we may get 5.6. This seems absurd as persons can't be ditiolédhctions.



(vi) It is useful in case of normal distribution only butather distributions it may not
give the correct result.
(vii) Arithmatic mean does not consider the distributiontlté series. It may give some

value in two differentlydistributed series. For example, marks of two tutagi@ups
of students may be given.

Group A Group B
40 90
45 40
50 30
55 25
60 65
X X =250 Xxg=250
iAz%Q=50 iB=%:5o

In the above two groups though mean marks are the sarts), these groups are
entirely different so far as their distributicdconcerned.

So we can say that although arithmatic mean is most popatar widely used,
nevertheless it should be used cautiouslpiider to avoid errorneous result.

Weighted Arithmatic Mean

The simple arithmatic mean gives equal weightage to alitdms but usually all items
don't have equal importance in teeries, some may be more important and some may be
lessimportant. In that case simple arithmatic average will not fulfi# very purpose of the
averagei.e. it will not give a value which will truely represent the series. In that case an
average is redred which will give more importance to the important items and lesser
importance to less important items, so that a true representatittee series can be find
out. The weighted average can fulftlhe requirement. As the name suggests weighted
mean gies different weights to different items as per their importancethe series.
Weighted mean can be calculated by both directsdradtcut method. The formulae are :

(i) For direct methnd

%, - ZWX
W= osw

Where X, is weighted mean.

X represents the variable items
W represents weights of each variable W, , W; .... etc.

Steps to Calculate

1 Obtain the product of each variable and corresponding
weightsi.e. WX and find out sum of the produce.
x WX.

2. Divide the total product by sum of weights.
In case ofgrouped data(i) Direct Method

v IW(X)
Xw="Tw



Where /X is the product of each variable with its frequency.

Steps

1 Find out product of each value and its frequeney/X.

2. Multiply each of the product with its corresponding
weighti.e. W(/X) of each item and obtair W(/X).
3. Apply the formula.

A (it )CutMetBddo r t
(a) Individual series

IWd,
IW

Kw=Aw+

Where A, is Assumed meardy is deviation of each valugom assumed mean.
W is weight of each variable.

(6) In case of grouped data the formula is :

XW:AW_,_.ZLNEI“;&Xl

Steps
(i) Take a valueas assumed mean A.
(i) Obtain the deviations of each value from assumed raeandenote id.

{Hi) Multiply the deviation of each item with it's weight amdbtain end. In case of
grouped data first obtain theroduct of deviation and corresponding frequency then
multiply each of the product with its weight.

(iv) Apply the formula.

In case of weighted average the important problem is seleofiomeights. Weights can
either be actual or be estimated.wéights are actual, there is no problem at all but when
weightsare, to be estimated the researcher has to be very carefulaskitming the weight.

[llustration

From the survey of income of a company following dataciected. Find out weighted
mean by using both direct asthortcut method and compare it with simple mean.

Designation/Cadre | Monthly Salary Strength of
Cadre
Managers 3,000 5
Deputy-Managers 2,000 10
Supervisors 1,500 30
Workers 700 50

Solution

In case of simple arithmatic mean the strength of cadrenwtllbe considered rather mean
will be calculated by giving equamportance to all cadre whereas in weighted mean it will
give more importance to most important items and lesser importenbes important items
according to its strength.

A Direct Method



Designation Monthly | Strength (WX)
salary (X) | of Cadre
W)
Manager 3,000 5 15,000
DeputyManager| 2,000 10 20,000
Supervisor 1,500 30 45,000
Labourer 700 50 35,000
x X=7,200] xW-95 x WX=
1 15 0NN
Ry = 20X LIS 19105
Whereas simple mean is X= %ZL%QQ
= 1,800
ShortCut Method
Formula is Xw_z Ay + Eszréx
Let the Assumed mean,/be 2,000
Monthl Strength
Desianation |income [Deviatio | of Cadre | Vtdx
X) (W)
Manager 3,000 1,000 5 5,000
Deputy-Managern 2,000 0 10 0
Supervisor 100 0 500 30 0 15,000
Worker 700 | 0 1,300 50 d 65,000
xWdx | d 75,000
ITW =95
iw:na+zayg£

W

—75000
95

= 2000—789.47
= 1210.5 (Ans.)

A When to Use Weighted Arithmatic Average

Weighted arithmatic average gives a fair and unbiasexhsure of central tendency.
Though simple arithmatic mean is usually used but there are certain case where weighted
averageshould be used. These are :

(i) When importance of all items in a distribution is regfual.

(i) When the classes of the same group contain widalying frequencies.

(Hi) Where there is a change either in the proportion of vabfieeems or in theroportion
of their frequencies.

(iv) When average will be calculated from a series of rapescentages and rates etc.
(v) When average is calculated from the components oféhnees.

= 2000 +

A GEOMETRIC MEAN

Geometric mean is the nth root of the productmmhumberof items of a series. If there
are two items, geometric meanttse square root of the product of those 2 items. Similarly if
there



are 3 items geometric mean is the cube root of the produlcosé items and so on. It is generally
used in higher statisticahalysis.

Symbolically Geometric mean is
GM= WX, . X, . Xy ... X,

Where, G.M stands for Geometric Mean.

nis number of items and X stands for values of variables.

Suppose the Marks of 2 students are 50, 40. The geometaic will be square root of 80, 50
1.e. GM — V80 < 50

“_—-‘J4000
= 63.35 (Amns.)

If number of items are more than two, calculation of squ@sebecomes very difficult. In such
cases calculations havelie done with help of logs.

In terms of logs, Geometric Mean is
log X, +log X, +log X3+ ... log X,

log G. M =

N
log X; +log X, +log X3+ ... logX
G.M=A_ntilog{ PETa T 08 T2 3 g ”}
N
=A11tilog|i§9ﬁé]

Steps
1 Find log of each item.
2. Find out sum of logs of all values of variables.
3. Divide the total by number of items.
4. Find the antilog of the value obtained in step 3.

A 1llustration

Calculate simple geometric mean fréotlowing items.

131 143 125 170 185
Solution
Variables Logarithms
131 2.1173
143 2.1553
125 2.0969
170 2.2304
185 2.2672
N=5 XlogX-10.8671
G.M = Antilog [—zj—‘l:’qui\
= Antilog [—“—_‘10‘8567 1‘]

= Antilog [2.1734]
— 149 (Nearer whole number)

A Merits of Geometric Me an

() Itis rigidly defined.(ii) It is based on all items of a series.
(Hi) Further algebraic treatment is possible in casgeashetric mean.



(iu) It has sampling stability.
N Demerits

(i) Itis difficult to calculate
(if) If one value in the series is 0 then geometric mean of the series will also be zero. In
that case this averagdll give absurd result(Hi) It gives equal weight to all values.
* HARMONIC MEAN

Harmonic Mean is defined as reciprocal asithmetic mean the reciprocal of individual
observations. Symbolicallgarmonic Mean is

N
HM=
o+ ¥, + 1K, + .+ 1K

N
2% ¢

Where, N is number of observations

X represents variable.

Steps
(i) Find the reciprocal values of all items of the ser{@ks. Find out sum of those

reciprocal values{Hi) Apply the formula to get harmonic meatiarmonic mean can

also be calculated in discrete adtinuous series. But use of harmonic mean is quite
restricted.

A 11l ustration
Calculate the Harmonic Mean of the following values.
20 250 15 300 5 150 100
A Sol uti on
Values (X) Reciprocal Values (1/X)
20 1/20 = 0.05
250 1/250 = 0.004
15 1/15 = 0.06
300 1/300 = 0.003
5 1/5=0.2
150 1/150 = 0.006
100 1/100 = 0.01
X=7 x 1/x=0.333
N
HM-= Tix
7
~ 0.333
= 21.02
Merits

(i) Itis rigidly defined and its value is preciqd) It is based on all
observations(Hi) It is capable of further algebraic treatmgint) It has
sampling stability.

A Demerits



() Itis difficult to understand and calculat@) Harmonic mean gives more
weightage to small items.

1.2.2 MEDIAN

By definition median refers to the middle item of the sewibsch is arranged either in
ascending on descending order. The median divides the series into two equal parts. One part
containsthe values less than the median value, other part containalilnes more than the
median value. Unlike arithmatic meavhich is calculated from the value of every item in
the series median is a positional measure. The term positions meansfplhegem. For
example if here are 9 items in the series,ttedian is the 5th item of the series. Suppose a
series consistsf 5 items and these are 30, 50, 60, 80, and 90. In this seregban is 60
and in another series the items are 01, 10, 60/®5Hee also the median is 60. In case of
arithmatic meanghange in one item, changes the average value, where as of casdian
if items other than central value change the medavdhnot change. Thus median is the
positional measure. In casd series hawmg even no. of items, there is no exact item in the
middle item. In such cases, median is arbitrarily taken asWwwatfbetween 2 middle items.
Suppose there are 20 items isexies, the median is 10.5tle. average of 10th and 11th
item. So when no. oftems N is even, median is a derived value.

A Calculation of median : (IndividuaDbservations)
Steps
1 Arrange the data in ascending or descending order of
magnitude.

2 In a series of odd number of values, the mediaN—;—lI be thitem.

So in odd number series, add 1 to N and divide by 2.

In a series composed of even no. of items, median can be estimated by finding arithmatic
mean of middle two values i.adding two values in the middle and dividing by two. Here
also

: . N+1 :
median= size c—;— th item.
lllustration 1.
In an 1.Q Test, 7 students got scores like 45, 30, 50, 65, 55, 80 and 70. Find the median value.
A Solution

Serial No. Data in ascending order
01 30
02 45
03 50
04 55
05 65
06 70
07 80

Median issize oN—;—lth item.i.e. 7+ 1th itemi.e. 4th item.

2
In the above series, size of 4th item is 55. So median is 55.
(Ans)
A 1l lustration 2.

In an another I.Q. test 10 students secured scores like2384, 40, 60, 85, 65, 56, 70, 35.
Find the median.



A Sol uti on

Serial No. Data in ascending order
01 30
02 35
03 40
04 52
05 54
06 56
07 60
08 65
09 70
10 85

So median is size N—gﬂl th item.
Here N is 10

10+1, . .
5 th item ie. 11/2 = 5.5th item.

So median is size of

Size of 5.5th item is = Size of 5th item;Size of 6th item

=54+56

2 =55 (Ans.)

A (B) Computation of Median (Discrete Series)

Steps

1 Arrange the data iascending or descending order of
magnitude.

2. Find out cumulative frequencies.
N+1
3.Calculate 2 .Now in the cumulative frequencglumn find out the cumulative
frequency either equab N—;l or higher than that.The value correspondirtg that cumulative

frequency is median.

A lllustration

In a survey the researcher gets the following data. Finllienlan.

Income (in Rs.) No. of Persons
1100 2
800 7
1500 5
2500 10
2200 12
3000 6
4000 3
3800 5
4500 1

1000 5
N =56




Solution

Income in No. of Persons Cumulative
ascending order frequency
800 7 7
1000 5 12
1100 2 14
1500 5 19
2200 12 31
2500 10 41
3000 6 a7
3800 5 52
4000 3 55
4500 1 56
N+1 .28 556+1
2 -2
Size of 28.5th item is 220@Ans.)
A C. Cad Maaliant (Gohtinuouseries)
Steps

1 Arrange the data in ascending or descending order.
2. Calculate cumulative frequency of each class.

3. Determine the class where value of median lies. Median
class is that class where N~th item lies.

4. After ascertaining the Median Class, the following
formula can be used to find out exact value of median.

Med=L+‘l\&;'—C.[Xi

Where L = Lower limit of Median Class.
C.f- Cumulative frequency of the class preceedimgMedian Class.
f = Simple frequency of Median Class.
i = Class interval of Median Class.

IHlustration

A researcher collected the following data on weekly wdgéboworkers of a company.
Find the Median.

Weekly Wages No. of Workers
03 50
500 100
10® 150
150 200
20® 250
250 300
300 350
350 400
400 450
450 500

Nlo Nl ©W~NN OTW

zZ

45




A Sol uti on

Wages No. of Workers Cf
09 50 3 3
505 100 5 8

10® 150 2 10

150 200 7 17

200 250 3 20

250 300 9 29

30® 350 1 30

35® 400 5 35

400 450 4 39

45 500 6 45

N =45

Median class is that class where N/2th item lies

N/2 = 45/2 = 22.5

So median class is 280300

Med:L—n——l\w—?C—'ﬁxi

=250+225—;2£x10

- 250+ 2210

Merits of Median

1

N

o kW

7.

It is rigidly defined which satisfies the most important
requirement of good average.

It is easy to locatand easy to understand without any
difficulty.

It is not affected by magnitude of extreme deviations.
It is very useful in open ended classes.

It is very useful in skewed distribution.

While dealing qualitative data median is most
approprate average to use.

Median can also be determined graphically.

A Demerits

1

N

oA~

When there are wide variations in a series, the meudiay not be a good
representative.

It is not suitable for further algebraic treatment.

Calculation of Median necessitatesangement of datahereas other averages do
not require. In case of largeimber of items, arrangement of data is quite tedious.
It is affected by sampling fluctuations thanthmeticmean.

Median is more likely to be affected by the fluctuatiofisampling than the
arithmatic average.

A Use of Median

Median is useful in the opeended distributions. It is usad social phenomenon and
also in abstract phenomenon wherathematical expression is difficult.

A Other Related Positional Measures



Besices median, there are other measures which divideri@s into equal parts like,
quartile, deciles and percentiles.

The values which divide the given series into 4 equal pegtknown as quartiles. There
are 3 quartiles the first quartil®);) also known as lower quartile covers 25% items of the
seriesand 75% items have values are equal to the value of med@vedts 50% of items. In
a series 50% of items have values l#sm Q and 50% of items have values more than Q
Qs is third or ugper quartile which covers first 75% of items. Only 25%tefns of a series
have values more tharnsQ

A Computationof Quartiles

The procedure for calculation of quartile is same as thamexdian. In ungrouped data
whereas in grouped data we adtbIN whereas in continuous series we donot add 1 to N.

A Formulae

Q. is size tl\%:_llh item in ungrouped data and Q is sifeN/4th item in continuous series.

Q:is size 05%1 item in ungrouped series and N/2tbm in continuous series.

Qzis size of 3(N + 1) th item in individual and descrete series
4

Andis Qzis size oi%l\lth in continuous series.
lllustration
Calculate the value @; and Q quatrtiles from the followinglata.
Interval f
06 5 2
5 10 3
1® 15 5
159 20 7
20 25 1
25 30 4
- 30 35 4
N =26
Solution
Interval f Cf
00 5 2 2
50 10 3 5
100 15 5 10
150 20 7 17
200 25 1 18
25 30 4 22
30 35 4 26

Q, is size of N/4th item.

Nio = % = 6.5th item.

6.5th item lies in 10—15 class.
Ny
Q-L+M—Cr

B 6.5—5
=l 40—

1.5
=10+ 5 =< 5
=10 + 1.5 = 11.5
Q3 is size of %th item.

3N _ 3x26

103 Ea)s 24imans



Similarly Deciles and percentiles are other ParMatues.Pecilesare the values which divide the
series into two equal parts. Obviously there are 9 Deciles. These are denoted as p D2 , D3 ... D9.
These can also be calcufpdeas that of Median and quartiles. For example

D1 is size of N/I¢h item incontinuous series.

: . AN : :
D4 is the size of 7ot item in continuous series.
D8 is the size O%th item in continuous series.

Percentiles are the values which divide the distribution into 100 equal parts. There are 99
percentiles. These are deted ashe value B, ;€ poo. The Values of B is equal to Median Value
as it lies at the middle of series. These percentiles can also be calculated as that of other partition

values. For example.
P1lis size of Elgdlth th item in individual ad descrete series.

Whereas in continuous seriesi®size 01%61;11 item.

Similarly, Pss is size 35@301}11 item in individual anl descrete series and in continuous
series By is

%E—’(%lth th item andso on.

1.2.3MODE
Mode is the most common item of the series. The mode or nwdal value is that value in the
distribution which occurs the large number of times. It is the value which occurs more
frequently.
According to Croxton and Cowden, "The mode thafis the value at the
'stripoint around which the itemt® be most heavily concentrated."”



The word mode is derived from the french word (la mdttenean a popular
phenomenon, mode is thus a most poplilarthe series. It is the value which has the
greatest frequency'ty in its immediate neighbourhood. It is the most typicshionable
value in the series. It is the value around whiohcentrate heavily in the series
Diagramatically,

FREGNENCY
—

A\ J

: MODAL VALUES ————
A Computation of Mode

Though calculation of precise value of mode is not easwever there are several elementary
methods for calculation ohode.

A Calculation of Mode

A. Individual series/observations. Inthe individual series the mode can be calculated by
counting the numdr of times, the various values repeat themselves and the value odaigts for
maximum number of times is the modal value.

A lllustration
Calculate the mode from the following data regardingribeks of 10 students.

SlI. No. Marks Obtained

01 30

2 22

3 24

4 45

5 30

6 55

7 70

8 45

9 45

10 75
Solutions:

Marks Number of times it occurs
22 01
24 .01
30 02
45 03
55 01
70 01
75 01

N =10

The number 45 occurs for the largest number of times. So 45 is the mode of the above series.



A B. Calculation of Mode (Discrete Series)

In case of discrete series mode can be computed bylsservation as here data is already
grouped. In this series thvalue which has highest frequency can be known as mode. But sometimes
the mode determined by ingpien may not give right picture especially in those cases where
frequency preceeding succeeding modal frequency vary only by small magnitudihdse cases
mode can be determined by grouping table.

A lllustration
Monthly income of 50 employees of a factory is given. Buidnode.

Monthly Income No. of Employees
1000 2
2000 5
3000 4
4000 7
5000 06
6000 15
7000 03
8000 03
9000 04
10000 01
N =50
Solution
Monthly Income No. of Employees
1000 02
2000 05
3000 04
4000 07
5000 06
6000 15
7000 03
8000 03
9000 04
10000 01
N =50

In the above exercise, mode can be determined by seer inspection.

There are maximum of 15 employees who get Rs. 6000 as mamtiyme. The item 6000 has
highest frequency and itenpseceeding/succeeding 6000 has very insignificant frequency. So
here mode is 6000ANs.)

A Solution by grouping tabl e

In the process of computation of mode, inspection methodgwdl errorneousesult where
the difference between the maximuraguency and frequency preceeding it or succeeding it is
very small.In such cases grouping table can be used to compute mode.

Steps
1 Arrange the values of ascending/descending order frequeoiceah value are to
be written down againorresponding values.
2. Add the frequencies in two's and total will be dawn in lines between values

added. This can kba two ways, first add frequencies of values 1 &2 and 3 & 4
5&6 etc. secondly add frequees of valuesl &2 and 3 & 4 5&6 etc3. Add the



frequencies in three's and valuestten down in lines between values addexl
done in 3 ways.
(i) Add the frequencies of item number 1,2&3, etc

(i) Add the frequencies of item number &8, 5,6&7 etc.
(i) Lastly frequencies of item number 3,4 &5,6,7&8 shduédaddedIf necessary
frequencies will be added in four's and fivalso.

4. After this the size of item containing maximum frequeiscgalled as mode.
Illustration

Data regarding height of 135 adults of a tribal commuhayg been collected and given
below.

Height (in inches) Number of Persons
130 10
135 15
140 17
145 18
150 20
155 21
160 15
165 10
170 5
175 4
N =135
Solution : Height Frequency
(in inches)| Col 1 | Col 2 | Col 3 | Col4 | Col 5 | Col 6
130 10

2
135 15 5

140 17
145 18

42
32
50

e ®
150 20 .
N C

36
160 15] 46
25
165 10
170 5 ]

175 4

30
15
1
9 9

Analysis Table

Height 130| 135|140 |145 |150 |155 |160 |165 |170 |175
in inches

Col No.

1 1

2 1 1

3 1 1

4 1 1 1

5 1 1 1




6 1 1 1

2 5 4 2 1

From the analysis table we can conclude that 150 has ocdéarrethximum number of
times so mode is 150.

Ans.

A (c) Continuous Seri es
In continuous series mode can be determined by the follosteygs :
() Arrange the data in ascending or descending order.
(i) Determine the modal class either by inspection metirdoly grouping table

method.
(iii) Determine the mode by applying the following formula.
Ay )
M,=L+ m > i
where L = Lower limit of modal class
A, = The difference between frequency of modal class
and frequency of pre-modal class.
Ay = The difference between frequency of modal class
and frequency of post-modal class.
14 = class interval of modal class.

The formula can also be written as

M, =L+ 2f.fl—f},nwf2 X i
\ Where L is the lower limit of modal class.
Ix = Frequency or moaal class
f, = Frequency of prenodal class
f, = Frequency of posiodal class

i = class interval of modal class
While applying the formulae, it is necessary to see the afassvals uniform throughout
if they are not uniform the firsstep is to make those uniform. Again when there are two
or more values having the same maximum fregeye mode is saidy be ill defined, such a
series is also known as bimodal orultimodal distribution. In that case mode can be

ascertainedy the following formula
Mode = 3 Mediard 2 Mean.

A 11l ustrati on
Find the mode of th&llowing distribution.
Marks No. of students
06 10 01
108 20 03
200 30 05
309 40 04
400 50 07




508 60 10

600 70 15

700 80 08

808 90 05

905 100 02

N =40

Class Internal Marks No. of students

00 10 01
100 20 03
200 30 05
300 40 04
409 50. 07
508 60 00
60-70 15
70-80 08
8090 05
90-100 02

By inspection we can say, the modal class of above seric80dh&9 because this series has
highest frequency.
First Formula

First Formula
Ay .
MO—L+me
Ay=f1—fo=15—10=05
Ag=f1 —fa=15—08 =07
L =60,i =10

05
5+7

M, =60+ x 10

05
=60+ 12 x 10

=60 + 4.1 = 64.1 Ans.

2nd Formula
_ f1—rh
Mo_-L‘Lzﬂ—fz—"fo
fi=15,¢i = 10
fo=10, i = 60
fo=08

_ fHi—rh .
Mo b o —fo—Fo "

B ___15—10
=60+ 515 10 _38

—60+=——2——x 10

30 — 18
—60+5
Merits of Mode R
Modp has the follc ~ edt Ans.

(t) It is simple to aetermine witnout mucn matnemartgaaculation. In individual and even in
discrete seriemmode can be determined by mere inspection method also.

(i) Itis commonly understood.

(i) Itis not affected by the values of extreme ite(fi. Mode can be determined in open

ended class without ascertaining the class limits.

(v) Value of mode can also be determined graphic@liy.It can be used to describe qualitative

phenomenone alsix : Opinion poll regarding demand for variousghucts.

A Demerits



1 Mode does ot consider all observations of the series.

2 Value of mode cannot always be determined accurdttétyso especially in bimodal and
multimodal series.

3 Itis not capable of further algebaric treatment efcample if mode of two or more
series given we cannoalculate combined mode.

4. ltis notrigidly defined. It is the most unstable average

5 It's use is limited. In case of multimodal series, moale not be a good representative.

A Use

Mode is used when most typical/common value of distribusarequired. It is useful in highly
secured or nomormaldistributions.

1.3 : MEASURES OF DISPERSION
In the chapter of "Measures of Central Tendency" we have discussed the necessity of one single
value called as "AverageThough the average represents whole series of data, it has its own
limitations. It can represent the whole lot of data "as hest single figure can." No doubt averages
have very great utilityn research analysis, but theyeanot adequate enough to describset of
observations, unless all observations are same. Thayebe many sets of observations whose
averages may be same,

but those series differ in hundred ways. So there is neceséifsttar statistical analysis tanow the
characteristics of the seridgleasure of variability helps in this regard. An average willnime
meaningful and more accurate if it is studied in lightn&fasures of dispersion or variation. Let us
explain it in thefollowing example. The fatlwing table shows the daily income of a worker of 3
factories A,B,C.

Days Wage of Wage of Wage of
Worker of A | Worker of B | Worker of C
Monday 100 110 65
Tuesday 100 100 135
Wednesday 100 90 90
Thursday 100 105 100
Friday 100 110 130
Saturday 100 85 80
Total 600 600 600
Average 100 100 100

In the above table the average wage of worker of all facireesame. Since arithmetic mean of
wage of all three factoriesre same. One is likely to conclude that the weekly salary paitexih
factoriesare same. But after close examination, one can know there is wide variability among all the
series. There igniformity in the wage pattern of factory 'A'. All the items pegfectly represented by
mean, i.e. none of the items deviate franthmetic men. So there is zero variation/dispersion among
theitems of factory A. In case of facto/, only one item is perfectlisepresented by arithmetic mean,
l.e. salary on Tuesday, wheais salary on other 5 days vary from arithmetic mean, bwéathation
is very small as compared to salary pattern of fac@nC's Income pattern is extremely irratic and
uncertain. So wean conclude that only arithmetic mean is insufficient to expiercharacteristic of
the series. In order to have corrantlysisof data we also have to find a measure of variability i.e.
degreeof deviation from central tendency. This measure is callecheasure of dispersion or
measure of variability.

ADefinitions of Measure of Dispersion

Some important definitions agaven below :
1 A.L. Bowley has defined "dispersion as" the measure of
the variation of the items."



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

From the above definitions, it is clear that dispersion is dedregriation of the items from some
average. In the study dfspersion, we have to average deviations of the values of vaiemss from
their average. The measures of central tendenekraswn as averages of first order, whereas
measures of dispersi@are known as averages of second order as in calculatidispsrsion we
average the values derived by the use of the avesbfjest order.

A Significance of Vatiabdity ur e s of Di sper s

(i) It determines the reliability of an average. Measuredisgersion makes us able to know
whether an averags really representative of the series. If the dispergiahe series is
very large, the average may not bgamd representativef the series and if it is small, the
average may be a good representative.

(i) It helps to make comparative study of two or more sevitsregard to variability. Study of
dispersion helps tdetermine uniformity or consistency of two or more sekiggh degree of
variation means inconsistency and ldegree of variation means uniformity in consistency.

(Hi) It enables to control variability. Study of dispersion hétpsnow the cause of variability and
also enables to tale®ntrol measures.

@) It facilitates further statistical analysis. Measures of dispersion act as
a basis for analysis of correlation, hypothesis testing etc.

if Features of Good Measures of Variability

A good measure of variation should have following featufgdt: should be simple to understand
and easy to computéi) It should be rigidly defined.

(Hi) It should have the capability of further algelraatment.

(to) It should be based on each item of the sefigslt should have sampling
stability.

A Types of Measures of Dispersion

The following measures of dispersion are commonly used.
1 Range

2. Inter-Quartile Range.

3. Semiinter Quartile Range/Quartile Deviation

4. Mean Deviation or Average Deviation.

5. Standard Deviation.

1. The first three measures are known as methods of lilniesage deviation and standard
deviation are known as methaofdeviation.

1.3.1:STANDARD DEVIATION

The concept of standard deviation was first used by Karl Person in. 18&3the most
commonly used measure dispersion. It satisfies most of the characteristics of good measure
of dispersion. It is free from the major defects suffered byetréer three methods. In case
of Mean deviation the greatedéfect is it igwres the signs. This draw back is removed in
calculation of standard deviation. In case of standard deviatisguares the figures to do
away with algebraic signs. Standalelviation is the square root of arithmetic average of the



squaref the deviatbns measured from mean. It is also known as sqoatenean deviation,
and it is denoted by the Greek letter a (raadigma).

A Calculation of Standard Deviation

A Individual Series

Standard Deviation from individual series can be calculated by usinghetioods.
(a) By taking deviation of item from actual me&®) By taking deviation of
item from assumed mean.

A (a) From Actual Mean

A Steps

(i) Calculate actual mean of the seri@g. Take deviations of each item from meam
Ifx= (X-X). (Hi) Square the deviations and obtdir

wherex = (X-X) Uv) Apply the formulai.e.

w/zxz N
o= Y= to find standard deviation.

N

A Exampl e
The weights of 10 persons are given, find S.D. by usiegn method.

X 45 |55 [58 |60 |65 (72 |75 |78 |80

A Solution

X XX Ve
45 -22 484
55 -12 144
58 -02 81
60 -7 49
65 -2 4
72 5 25
75 8 64
78 11 121
80 13 169
82 15 225
ix=670 U*=1366
N=10
% . Zx 670
=N —7ip ~©7
2
o o Vyﬁ =V 13(6)6 = 11.68 Ans

(b) From Assumed Mean

When the actual mean is in fractions, it becomes tedioaaltolate S.D. by using actual
mean, in that case, assumed mewrathod is very easy.



When deviations are taken from assumed mean, S.D. will be computed by the following
formula,

2 2
S.D.(o) = V-%— (%J where d = (X-A)

a

A = Assumed Mean

N = No. of observations
Steps

() Take deviation of each item from assumed mean deitodesdd where d = (GA).
(iii) Obtaind® x ¢ andx d
(i)  Apply the formula.

Example
Solve the previous example by using assumed mean.
A Solution
Weight (X) d(X-A) d
45 -20 400
55 -10 100
58 -7 -42 49
60 25
65 0 0
72 7 45
75 10 100
78 13 62 169
80 15 225
82 1713 189
N =10 xd-20 x d* =1302

Let Assumed Mean A = 65.

10 10

2
N oz 7
N (N
= V130.2— 4 =V126.2 = 11.23 Ans.

Calculation of Grouped DataStandard Deviation from

Standard deviation from the grouped data can be calcudgtine following methods.

(& Actual Mean Method
(b) Assumed Mean Method
(© StepDeviation Method.

A(a) Actual Mean Method

In order to calculate standrd deviation by actual mean metmdleviations are to be calculated
from actual mean. The formula be used is :

o= &2
N
where x=X-X)

N = No. of observations

f = freatiency



A Steps
() pCalculate actual mean of the series by uslingct or shorcut or step deviation method.
{i) Find out deviations of each item from actual meandembte it ax (X ~ X)
(Hi) Square the deviations and fird
(iv) Multiply fin respect of eack’ to find fx.
(v) Apply the formula.

A Example
Calculate standard deviation from the following series :
Marks
0-10 5
10-20 7
20-30 6
3040 8
40-50 10
50-60 12
60-70 14
70-80 8
80-90 5
90-100 5
N = 80
Solution
Marks| Mid |Frequency|mf. | x= x|
point (X-X)
m
0-10, 5 05 25 | -46-| 2116 | 10580
1020 15 07 105 36 1296 | 9072
| 2030 25 06 150 | -26 676 4056
3040| 35 08 280 | -16 256 2048
4050| 45 10 450 | -06 36 360
50-60| 55 12 660 | +4 16 192
60-70| 65 14 910 | 14 196 2744
70-80| 75 08 600 | 24 576 4608
80-90| 85 05 425 | 34 1156 5780
90-100 95 05 475 | 44 1936 9680
x mf= x d%= x e =
4080 6360 | 49120
X zmf_ 4080
N N
< _ 4080
N = 80, X==2-==51




(b) Assumed Mean Method

When this method is used to find out standard deviatioripliogving formula is used.

Where d = (XA)

(X-A) A is Assumed Mean

N is No. of observation.

Steps

(i) Take the deviations of each item/midpoint fromagbitrary average (i.e. Assumed

Mean) and denote theas A.

(i) Multiply these deviations with frequency and obtiain

(iii) Obtain the squares of the deviation and obtaihadd x fd?.

(iv) apply the formula.

Example
Find S.D. of the previous example by Assumed Mean
Method.
A Sol uti on
Marks | f m|[d= | fd d | fd
(m-A)
0-10 05 5 | -40 |-2001 1600 | 8000
10-20 07 15 | -30 |-210 900 | 6300
20-30 | 06 25 | -20 |-120 |-610 | 400 | 2400
3040 | 08 35| -10 | 801 100 | 800
40-50 10 45 0 0 0 0
50-60 12 55 10 | 120" 100 | 1200
60-70 14 65 20 | 280 400 | 5600
7080 | 08 75 30 | 240 |1040| 900 | 7200
80-90 05 85 | 40 -| 200 1600 | 8000
90-100| 05 95 50 | 250. 2500 | 12500
N =80 xfd = x fd* =
480 52000




