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10.0 OBJECTIVES

After studying this unit, you should beable to :

¢ describewhat iscentral tendency 1

e appreciatethe purpbseof calculatingaverages

e enumeratethequalitiesof an ideal average

o defineand compute the arithmetic mean and the weighted arithmetic mean for different

typesof data
¢ explainthe propertiesand merits of mean

¢ statethelimitationsand usesof mean.

10.1 INTRODUCTION

Y ou have studied in detail how the datais to be classified and presented in theform of
tables, diagramsand graphs. If the characteristicsdf the dataareto be properly understood,
it is necessary to summarise and analyse the datafurther. The first stepin that directionis
the computation of Averageor Central Tendency, whichgivesabird's-eye view o the
entiredata.

\
In thisunit you will study the purposedf cal cul ating averages and the essentialsof an ideal
average, and identify different measures of averages. Y ou will furtherlearnin detail the
calculations, merits, and limitationsof two measuresof averages, viz. ArithmeticMean and
Weighted Arithmetic Mean.

10.2 CONCEPT OF CENTRAL TENDENCY

For a proper appreciationof variousstatistical measures used in analysing afrequency
distribution,it is necessary to note that most of thestatistical distributions have some
common features. If we movefrom lowest valueto the highest valuedf avariable, the
fumber of itemsat each successivestageincreasestill we reach a maximum value, and then
aswe proceed further they decrease. The statistical data whichfollow thisgeneral pattern
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may differ from onevariableto another in thefollowing three ways:

1) They may differin thevauesof the variables around which most of theitemscluster
(i.e., Average)

2) They may differ in theextent to whichitems are dispersed (i.e., Dispersion).

3) They may differin the extent of departurefrom somestandard distributions called
normal distribution(i.e., Skewnessand Kurtos's).

Accordingly, thereare three setsof statistical measuresto study these three kinds of
characteristics. At present, however, we areconfined to thefirst set of measures which are
called Averagesor Measuresof Central Tendency or Measuresof L ocation. We discuss
about the other two sets of measures(i.e., measuresof dispersionand skewness) in Block 4
in thiscourse.

In the general pattern of distribution,in thedatawe may identify avalue around which
many other items of the datacongregate. Thisisavauewhichis somewhere in the central
part of therangeof all vaues. When thistypical item of the data is towardsthe central part
of the data, it is known as Central Tendency. Asit indicates thelocation of the clustering of
items, it isalso calledameasure of location. Jugt asthetitleof an essay givesthe central
themeof theessay, thecentrd tendency of the numerical data gives the central ideaof the
entire data. Look a Figure10.1 carefully. It showsthecentral locations of three different
curves A, Band C. You must have noticed that the central locations of curve A and curve C
areegual. Thecentral location of curve B liesto theright of those of curves A and C.

, Figure10.1Central Locationaf Different Curves

103 ESSENTIALSOF AN IDEAL AVERAGE

Assuggested by the eminent statisticiansY uleand Kendall, an ideal average should possess
thefollowing characterigtics:

') Easy tounderstand and simple to compute: It should be easy to make out an average
and itscomputationshould aso be smple.

2) Rigidly defined: An aiferage should berigidly defined by amathematical formula so
that the same answer isderived by different persons who try to computeit. It should not
depend on the persond prejudiceor bias o a person computingit.

3) Basedonall itemsinthedata: For calculatingan average, each and every item of the
dataset should beincluded. Not asingleitem should be dropped, otherwise the value of
the'average may change.



4) Not to be unduly affected by extremeitems: A singleextreme valuei.e., amaximum Conceptof Central Tendency
valueor aminimum value, can unduly affect the average. A too small item can reduce and Mean
the value of an average, and atoo big item can inflateits valueto alargeextent. If the
averagelschangmg with theinclusion or exclusion of an extremeitem, thei. ix i3 yot &
truly representativeva ue of the data set.

i5) Capabledf rurner algebraic treatment : An averageshould be amenableto further
algebraictreatment. That should add toits utility. For example, if we are given the .
averagesof three data setsof similar type, it should be possible to obtain the combined ;
average of al thosethree data sets.

6) Samplingstability: The average should have the same 'sampling stability". This means I
that if we take different samplesfrom the aggregate, theaverageof any sampleshould
approximatély turn out to be the same as those of other samples.

10.4 OBJECTIVES OF AVERAGES |

Y ou havestudied the featuresof an ideal average. Now let us discussthe mgjor objectives of
computing averages. Thefollowing are the main objectivesof averages.

1) Tosupply onesingle valuethat describesthe characteristicsof the entiredata: An
averagereduces the complex massof data into a single representativeval ue which
enables us to grasp the salient featuresof data, without getting lost in its details.
Thousands or lakhs of valuescan be, thus, representedby a singlevaue. For example, it
isamost impossibleto remember monthly salary of each and every worker of a big
factory. But if the average salary is obtained by dividingthe total pay bill of al the
workersby the number of workers, it enables us to know, on an average, how much the
worker is getting.

2) Tofacilitatecomparison: It isnot easy to compare thetwo setsof huge raw data. But
the two different data sets could be easily compared by working out their averages.
Comparison can be madeeither at a point of time or over a period'of time. For example,
the current year sales of two businessfirms A and B can be compared by comparing
their averagesales: The current/year sale of a unit can becompared with itsown salesin
the pre\/lous year by working glut the averagesa\les during the previousyear and the
current year’sraverage. Moreaver, the same measure of averageshould be used for
comparing the average of two data sets, the same method of computation should be
followed. For example, comparing the mean income of the people of one locality with
the medianincomeof the peopleof another locality is not reasonable. We will discuss
in detail about mean later in this unit and about median in Unit 11.

3) Tofacilitatestatistical inference: Todraw inferencesabout the unknown measures or
‘parameters of the population, we depend on valuescal culated from sample. This
processisknown asstatistical inference. An average obtained fromasample is hel pful
in estimating the average o the population.

4) Tohelp thedecision-making process: Theaveragesare computed to help the
.managers in decision-making. The managersare often interested in knowing normal

output of aplant, representative sales volume, overall productivity index, price index,
etc. Theseall are the connotations of an average.

10.5 DIFFERENT M EASURESOF CENTRAL
TENDENCY

Following are the various measures of averagesor central tendency:

1) Mathematical Averages

\ i) ArithmeticMean
i) GeometricMean
iii) HarmonicMean

All these measurescan beeither simpleor weighted. You will study in detail about
\ * Arithmetic Mean later in this unit. Geometric and Harmonic Meansarediscussedin
Unit 13. - | i v
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2) Averagesof Position
i) Median
i) Mode
* Wediscussin detail about Medianin Unit 11 and Modein Unit 12.

3) Specia Averages
i) MovingAverage
ii) ProgressiveAverage
These specia averagesare commonly used in theanalysis of the time series.data
relating to business. In Unit 13 we study in detail about the moving averages.

106 WHATISARITHMETIC MEAN?

The arithmetic mean is commonly known as mean. It is ameasure of central tendency
because other figures of thedatacongregate around it. Arithmetic mean is obtainkd by
dividing the sum of the valuesof all observationsin the given data set by the number of
observationsin that set. It isthe most commonly used statistical averagein the disciplines
such as commerce, management, economics, finance, prodaction, etc. The arithmetic mean
isalsocalled as smple Arithmetic Mean.

10.7 COMPUTATIONOF ARITHMETICMEAN

As you know, the collected dataisclassified by arranginginto different classes or groupsmn
the basisof their similaritiesand resemblances. Arithmetic mean can be computed for the
unclassified or ungrouped 'data (raw data) as well as classified or grouped data. But the
methodsof computation aredifferent. Now let us understand the methods of computing the
arithmeticmean for unclassified data and classifieddata. Normally, arithmeticmean is
denoted by x whichisread as‘X bar'

10.7.1 Ungrouped .Data

Method 1 - Computationof arithmetic mean isvery simple when the data is ungrouped,
i.e. when frequency distributionis not done. Just add al the values of the observationsand
divideit by the number of observations. Thiscan be explained and expressed in theform o
aformulaasfollows:

Wherex (X bar) isthearithmetic mean of the variable x
X,, X,, ey X, @€ the variousvaluesdf thevariable x
nisthenumber of observations

Thisformulacan be simplified asfollows:
X
I

Wherethe Z (read it assigma) isthe Greek symbol denoting the summation over dl values
of X.

X=

[lustration 1
The grocery store sellsfive different products. The profit per unit on the salesof each of
these productsis given below. Find out the average profit.

Product 1 -Rs. 4

Product2 - Rs.9

Product 3- Rs.6

Product4 - Rs. 2

Product5- Rs. 9

Solution
Averageprofit can be computed asfollows:

3 = 2%
n



-4+9+6+2+9
5

Lo

5
= Rs.6.00

Method 2 When the valuesof the observations in the given dataare too largeor they arein
fractions, this method may befollowed. This method is based on thefact that the algebraic
sum Of thedeviationsof aseriesaf individual observationsfrom their mean is alwaysequal
to zero. For example, the arithmetic mean of 8, 14, 16, 12 and 20 is 14. The differenceof
each of theseitemsfrom the mean would be -6, 0, +2, — 2, +6 and their total iszero. Thisis
true always. To compute arithmetic mean under this method, thefollowing stepsare to be
followed.

1) Assumeay arbitrary mean (A) tofind out thedeviationsof itemsfrom their assumed
mean.

2) Computethedeviation (d) of each individual value (x) from the assumed meani.e.,
d=x-A.

3) Obtainthesum of all deviations(1d calledsigmad)

, 4) Computethe arithmetic mean by usingthefollowingformula:

x=A+Zd
n

where x isthearithmetic mean of the variablex
A isthe assumed mean
Idisthesum tota of the deviationsof each individual valuefrom the assumed mean
nisthe number of observations

[ustration2
Monthly sales of scootersof 10 dealersis presented below. Cal cul atethe average sales per
month:

Dedler: 1 2 3 4 5 6 7 8 9 10
Saes : 23 8 14 - '31 6 28 n 27 32 46
Solution

Calculation of ArithmeticMean

o
& .
)

‘Sales(x) ‘ d=x-A
1 23 -2
2 8 : -17
3 14 -11
4 31 6
5 6 . -19
6 28 3
7 11 -14
8 27 . 2
9 32 7
10 _ _ 46 21
n=10 d=-24
Assumedmean A =25
2d=-24
n=10
X=A+ Zd
. n _
=25+=24
10
=25-24
X = 22.6.

Average scooterssold = 22.6

Conceptd Central Tendency
and Mean
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10.7.2 Grouped Data

Asstudiedin Unit 6, variables can becategorised asdiscrete variablesand continuous
variables. The frequency distribution prepared for discretevariableiscalled discrete
distribution and thefreguency distribution prepared for continuousvariableiscalled
continuousdistribution. Methodsof computing arithmeticmean for these two types of
distributionsare different. Now let usstudy these methods.

ArithmeticMean for Discrete Series.
.Method 1: Under this method the meanfor grouped data can be obtained by using the
followingformula:

r=fixi+fXo+ . +fixe _Efx
fi+Hh+ ... +fa =f

where, x,, X, X, €ic., refer to thevaues of the variablein classes 1, 2, 3 etc., respectively.
Similarly, f,,£,, f, etc., refer to the frequency of classes1, 2, 3 etc., respectively. Heref x,
indicates the multiplicationof thefrequency of thefirst class(f,) by thevaueof the variable
in thet class(x,). f,x,, £, .... f x_ indicate the same meaning. Similarly, Zf isthe sum total

272
off, tof.

Method 2: When the number of classesin the givenfrequency distributionislarge, this
method is preferred.. The procedure followed in thismethod i s amost the sameasiit isfor
ungrouped data. Stepsto befollowed inthismethod are as follows:

a) Takeanassumed mean A.

b) Find thedeviationsdf the variablex from the assumed mean and denoteit by d=x - A,
Any vaue can be taken as an assumed mean,.but thevalue of variablex in centrally
located classdf the given distribution should be chosen.

c) ObtainZfd by multiplying deviations(d) with their respectiveclassfrequencies(t) ad
summingit.

d, Take araioof £fd to Zf, that is, %f% If is-also called a correction factor.

€) Add thiscorrection factor to the assumed mean to obtain x

The formula nsed in computing the arithmetic mean under this method is asfollows:
x=A+2fd or X=A+Zfd
) ~If - n
WhereA isthe assumed mean
2f denotes the total number of items which can also be denoted by 'n'.

Zfd isthe sum toi>! #* the deviations (d = x — A) multiplied with theirrespective
classfrequencies.

Now let us take an illustration and study how arithmetic mean is computed under these two
methods.

Tlustration 3

Calculate the arithmetic mean for the followingdata by using the two methods:

Marks : 10 = 20 0. 40 50 60 70 8¢
No of

Students : 8 21 23 17 15 9 5 2
- Solution

Calculationof ArithmeticMean '

Mr ks No. of students d=x-40 fd fx
(x) ©
10 8 , -30 -240 80
20 21 -20 420 420
30 23 -10 -230 690
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50 15 10 150 750 and Mean
60 9 20 180 540
7 5 30 150 350
. 8 2. 40 80 160
Totd Zf=100 Ad=-330 =fx =3670

In this case assumed mean (A) is40.

Y
=40+ =330
100
=40-330
=36.70

ArithmeticMean for Continuous Series
For continuousseries (i.e. when the datais classified according to classintervals), arithmetic
mean can be calculated by thefollowing methods:

Method 1. Asyou know, tofind out the arithmetic mean you need the total valuesof dl the
items. When datais classified according to classintervals, you do not know the valuesdf all
the items. What you know is that theitems belonging to various groups are spread out in the
respectiveclassintervals. Therefore, for calculatingthe total value, you assumethat al the
itemsof aclassinterval are uniformly spread out in that group. Thismeans, for calculation
purposes you can assumethat the values of items belonging to agroup are equal to the mid-
point of that group. In the case of continuousseries, the mid-pointsof the variousclass
interval sare computed to replace the classintervals. Onceit isdone, thereis no difference
between a continuousseries and discreteseries. After thisstage, the method of computing
arithmeticmean is same as the method used in thecase of discreteseries. The two methods
followedin'the case of discreteseriescan be used here as well. The methods, however,
would be the:same for both inclusiveclassintervalsas well asexclusive classintervals.
Under this method the arithmetic mean is obtained by using thefollowingformula:

X= Zfm o x= Zfm

. E n ] )
where*‘m’ isthe mid-value of aclass: First obtain the product of mid-vaue; of each class
and its corresponding frequencies and then add those productsto get Z fm. Divideit by total
of frequency (Z £).

Method 2: The sameformulaas used for discreteseriescan be used here also with aslight
changein obtaining ‘d’. Here deviationsof mid-valuesfrom assumed mean are obtained
(ie.,d=m-A).

: ;=VA+m'0r A+m—
. M § Lo

Step-Deviation Method: If the deviationsfrom assumed mean have some common factor, a
further reductionin the size of deviationsis possibleby dividing deviationshy the common
factor ‘c* and denoting these step deviationsby d'i.e., d = (in = A) /e. Themeanisthen
worked out as:

§=A+§)§%—xlc or §=A+%xa

' Note: If all class intervals are equal, the classinterval will be the common factor. (
11
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Weekly sales of 50 salesmendf a company aregiven below. Cal cul atethe arithmetic mean
. by fallowing thestep deviation method.

Total Saes(Rs '000) : 05 510 10-25 25-50
Noof Salesmen : 3 6 25 .10
. solution

Calculationof ArithmeticMean

Salesper VK Noof . . Mid- Deviations  Step Deviations fd'

Rs.'000s Salesmen point (m=175) d'=m=17.5
) P'(m) ° 5

0- 5 3 25 -15 -3 -9

5 - 10 12 75 -10 -2 24

10 - 25 5 175 0 0 0

25 - 50 10 375 20 ) 4 40

Total xf=50 Ifd'=7

It isapparentfrom deviation column that hereassumed Mean (A)is17.5 and thecommon
factor'c' is5.

Now X =A+ E-Ej XC
=175+ Lx5
50

=175t07
=182 .
Averagemean of sales isRs, 18.2 thousands per week.

[lustration 5
Find the average number of hoursworked by the employeesof the Yamto Machine Co. from

thedata given blow:
Houn worked No. of employees

36.0-37.b
37.8-396
39.6 - 41A
41.4-432
43.2-450
45.0-46.8

Totd 50

-l>l\)\l§\l@

Solution. )
First obtain the mid-values(m) of a| theclasses and teke deviations from assumed mean
‘A" (i.e. 42.3). Thecommon factor 'C' is 1.8 which is equa to theclassinterval of different

groups.
Calculation of ArithmeticMean
Hours m f m-A d'=(m-A)/C . fd'
worked (m-42.3) ( ' M =423)
. 1.8
36.0-37.8 369 6 ~54 . -3 . : ~18
37.8439.6 38.7 7 36 -2 -14
39.6-414 40.5 2% -1.8 ‘ - 24
414-432 42,3 7 . 0 ' 0 o 0
432-450 To441l 2 +1.8 1 2
" 450-46.8 459 4 436 2 ‘ 8
’ Sm=Zt=50. . . R Ifd=—46

12_
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Xx=A S xC and Mean

3+ 518

=423+ (-092) x 1.8

=423 - 1.65%

- 40.644
Arithmetic mean of the hours worked is40.6 hours.
You may noticewhen classintervalsareall equal, d' values will be 1, 2, 3, ........ and-1, -2,
=3, ... etc. But when classintervalsare not equal, the d' values need not bein numbersin
order. In suchacaseit is necessary to make thecolumn m-A, and then divide it by 'C'.
However, when classintervalsare al equal, writing of the Column m-A may beavoided
and the valuesof d' may be written directly.

Check Your ProgressA
1) Fill in the blankswith appropriate wordsgivenin the brackets.

) AN AVEragegiveSa .. rirmresssesseee o theentiredata (bird's-eye view/picture)

i) An averagesummarises main characteristicsof the dataand thereforeit isalso
KNOWN aSa....coenmminienincns measure. (central tendency/summary)

iii) An ideal averageshould not be unduly affected by ........ev.e. items. (middle/extreme)
iV) AN average......ocni comparison. (facilitates/does not help)

V) The processof estimating the unknown parametersof the aggregateon the basis o
samplevaluesisknown asstatistical. .......ocvveirviecnnieen. (study/inference).

2) State whether thefollowing statementsare Trueor False.
i) Whenwholedataisavailablethereis no need for computing central tendency asit
will not give any thing morethan what iscontained in the data.

ii) . Arithmetic meanis apositional average,

iii) In step deviation method of finding arithmetic mean, 'C' alwaysstands'for class
intervals.

iv) Vauesof all theitems are taken into acdount while cal culati ng arithmetic mean.
v) Foragivendata, if mean iscdculated by different methodsthey can givedifferent

results.
3) i) If thesumof thedeviationsof 6 itemstaken from an assumed mean 12 is- 6, find
their mean.

ii) Writethe formulasfor the methodsused in computing thearithmetic mean of the
grouped dataof continuous series.

iii) Wherever possible, step-deviation method should be preferred, why?.

L R T T T L Ty Py P TPy P T e P T R T Y T P P T YT PR PO PP PP YT T L PY YN
LT T U O S G U P P T

LR T T 3 G TP R

\ 13
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4)

5

6)

iv) For thegivendata setifx =33, Xfd' = -20, Xf = 100and ¢ = 10; find theassumed
mean A.

...................................................................................................................................

data?

The monthly income of twelvefamiliesin atownis given below. Calculate the
arithmeticmean,
Family :1 2 3 4 5 6 7 8 9 10 11 12

Monthly
IncomeRs.:280 180 9% 9B 104 75 80 84 100 75 600 200

DT T T D T T T T P Yy T P T T T Ty T T PP N T
‘

P T T T T T T Py Ty T T D P P T T YT T I XTI PY T T Y TP Yy

In 12 consecutivemonths the number of rejected pieces produced by the operator of a
machinewas 82, 74, 65, 67, 62, 73, 68, 63, 63, 62, 69, and 66.

i) Whatwas theaveragenumber of rejects?

.....................................................................................................................................

DL T D L T Ty T P P R YR T R R LI ]

...................................................................................................................................
...................................................................................................................................

...................................................................................................................................

Calculate arithmeticaverageof thefollowingdataby using alternative methods:

Weekly wages Noof
of vorkers (Rs.) ‘ _ workers
100 - 105 200
105-110 : 210
110-115 230
115-120 320
120-125 350
125-130 320
130 - 135 410
135 - 140 - 320
140 - 145 280
145 -150 210
150 - 155 160

155 - 160 - %
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and Mean

........................................................................................................................................
..........................................................................................................................................
........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

7) Find the mean from the following distributionby step deviation method.
Classinterva : 15-25 25-35 35-45 45-55 55-65 65-75
Frequency 4 11 19 14 0 2

T T T T T T T T R T R R R T e T P T LT TR Y
...........................................................................................................................................
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..........................................................................................................................................
..........................................................................................................................................
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..........................................................................................................................................

108 WEIGHTEDARITHMETIC MEAN

Y ou have studied various methods of comq_ ting arithmeticxnean for different typesof data
sets. In all these methodswe presumethat ;111 the items of the given data set have equal
importance. But it isnot necessarily truein al sitL\lations. In practical situationssomeitems
areof greaterimportancethan the others. For example, while constructingthe cost of living
index for aparticular class, the commaoditiesthey consumehave varyingimportance. The
simplearithmetic mean of the pricesof such commoditieswill not depict a true picture of
their living pattern. Different commoditiesare to be assigned weightsand a weighted
arithmetic meanis to be worked out in such situations. In afactory where unit cost of
manufacturing is to be worked out, a weighted average is more appropriate.

10.8.1 Computationof Weighted Arithmetic Mean

To compute weighted arithmetic mean, different valuesof the variableX (viz. x;,x,, ..., X_)
areassigned different weights(viz. w,, w, ..., w_) respectively. These vauesare multiplied
by their respective weights. The productsso arrived are added and a total Cwx is obtained. It
isthen divided by thetotal of weights(Cw) and the resultingfigure'isthe weighted
arithmetic mean.

The main difficulty in the computation of weighted arithmetic mean iswith regard to
selection of weights. These weightsmay be either actual or estimated. If actual weightsare
available, they must'be used. If they are not available, somearbitrary weights may be
assigned depending upon the situation.

[lustration6

Pricesof three commoditiesviz., A, B & Crised by 40 %, 60 % and 90 % respectively.
Commodity A issix timesmoreimportant than C, and B isthreetimes moreimportant than
C. What isthe meanrisein priceof thesethreecommodities?

,Solution
Asthe meanrisein priceisto be determined, thefigures of risein pricewill bedenoted as x.

Therelativeimportanceof A: B:C is6:3:1. So thesefigureswill be taken as weights'w'. s
1
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Commodity . Percentagerise Weights wx'
in prices(x) (w)
A 40 o 6 T 240
B ‘ ' " 60 : 3 , 180
C : C © 9 ‘ ) 1 . 90
Totd — Zw=10 Zwx =510
z T
Weighted ArithmeticMesn =< ¥%
Zw
=310.
10 -
=51%

Meen risein thepricesis51 %.

It may be noted that for computation purpose, weightsdf items are treated in the same way
as thefrequenciesadf theitems. In fact weights are not frequencies. Frequency means
number of timesan item is repested in the data, whereasweightsonly give the relative
importanceof variousitems. Theitemsactually occur only oncein the data.

Weighted arithmetic meen isaso calledWeighted Average. The word 'Average' in
statistics, as pointed out earlier,isalso used for other measuresof central tendency viz.,
geometricmean, harmonic mean, etc. So, in broader sense, weighted average al so includes
weighted geometric mean and weighted harmonic mean (about these two you will learn in
detail in Unit 13).

108.2 Comparisonwith Simple Arithmetic Mean

Weightedarithmetic meen differsfrom simple arithmetic mean because we use weightsin
theformer case. Inter-relationshi p between weighted mean and simple meanis asfollows:

1) If alitemsare given equal importance, weighted mean will be equal to simple mean.

2) If largeitems are given largeweightsand small itemsgiven small weights, then
weighted mean is greater than simple mean.

3) If largeitemsare given smdl weightsand small itemsgiven large weights, then
welghted mean islessthan simplemean.

[lustration7

To understand thisinter-relationshipclearly, let ustake up some illustrations. L et ustake
Ilustrationé onceagain and find out mean risein price by taking thefollowing two setsof
weights.

A:B:C a 1: 3: 6 setw, .
A:B:C & 10: 10: 10 setw, °
Solution
Calculationof Weighted Arithmetic Mean
Commodity Y%rise Sl Set 2
X w, w, w, XW,
A 40 ! 40 10 400
B .60 . ; 3 180 ' 10 7 600 ., -
A 6. . 540 Mo s e
Total x =190 . Iw, =10 Zxw, =760 Zw,=30 Ixw,=1900

1)  Weighted Meanfor Set1=ZXWi = 760 - 76%
Zwi 10 .
0

2)  WeightedMeanfor Set2=Zx%2 - 1900 = ¢339
Twz 30
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3) Simple Mean = T =633 % andMean
If we compare the results carefully, we can notice thefollowing points:

}i)‘ Under weightsSet 2, dl commodities are given equal weights. Here weighted mean
(63.3) isequal to simple mean (63.3).

i) Under weights Set 1, large value 90 is given alarge weight 6 and smal item 40 is given
small weight 1. Here weighted mean (76) i s greater than simple meen (63.3).

iii) Under the original set of weights(look a Illustration 6) large value 90 wes given a
small weight 1 and small value40 was given alargeweight 6. In that case weighted
mean (51) was less than simple mean (63.3).

Thesethree propertiesof weighted average(asthey are truefor al kindsdof weighted
averages) point out the followingimportantfact. The weighted mean is not only the meen of
items, but dso it gives the averageof two things: (i) averaged items, and (i) how items
are affected by the pattern of weighting. Thus, when itemsaredf unequa importance,
calculation of weighted averageis amust for finding out proper average.

10.8.3 Usesof Weighted Arithmetic Mean
Welghted arithmetic mean.is mainly useful under the followingsituations:

1) When thegiven itemsareof unequa importance

2) When averaging percentageswhich have been computed by teking different number of
itemsin the denominator '

3) When statistical measures such asmean of several groupsare to becombined

To be more specific, weighted arithmetic mean is used in thefollowing cases:

1) Constructionaof Index Numbers.
.2) Computationof standardised birth and death rates.

3) Findingout an averageoutput per machine, where machinesare o varying capacities.

4) Dctermining the averagewages of skilled, semi-skilled and unskilled workersd a
‘factory.

109 PROPERTIESOFARITHMETICMEAN

Y ou have studied the meaning and methodsdf computingthe arithmeticmean. You have
also studied how aweighted arithmetic mean isdifferent from simplearithmetic mean. Now
let usstudy the main propertiesof arithmeticmean.

1) Thesumd thedeviationsdf theigdividual itemsfrom the arithmetic meen isalways
zeroie., X (x = x ) =0. Thisisexplained in thefollowingillustration.

x o x=x)
°5 -1
6. 0
7 1
9 3
3. . -3
30 - %(x ~x)=0
'i.=‘.“2;x/n
- =30/5
=6

In thisillustration you should note that thesum of positivedeviationsfrom the meanis
equal to the sum of negative deviations. Precisely, therefore, méan is also known asthe
centreof gravity. Thisistrue for all kinds of data with classintervalsor without class o,
intervals. 17
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2) The sum of the square of deviations from thearithmetic mean isminimumi.e., it is
always less than the sum of squares of deviations of theitemstaken from any other
value. In other words, X (x ~ ) is always minimum. We can verify thisfor the
illustration discussed above.

Squared Deviations taken Squared deviationstaken

hornmen (X = 6) fromany other valuessay 5
X {x=x) (x=%) X (x=3) (x-5)2
5 -1 1 5 0 0
6 0 0 6 . 1 1
"7 1 l 7 2 4
9 3 9 9 - 4 16
3 ~3 9\ 3 -2 4
20 : 5

Itisclear that X (x —x)* < X(x = 5)?

3) If the number of items and mean are known, the total of the items can be obtained by
multiplying the mean by the number of items, i.e., Zx = nx, where'n’' is the number of

items.

This property hasagreat practical significance. For example, if we know the iumber of
workers in afactory, say 100, and average monthly wage is Rs. 400, we can easily
obtain the total monthly wage bill asRs. 400 x 100 = Rs. 40,000.

4) If weadd or delete an observation which isequal to mean, the arithmetic mean remains
unaffected.

5) If each of thevaluesof avariable‘x’ isincreased or decreased by some constant C, the
arithmetic mean also increases or decreases by C. Similarly, when the valuesof a
variable ‘x’ are multiplied by aconstant, say k, thearithmetic mean isal so multiplied
by the same quantity k.

For example, take the previousillustration, and add 2 to each observation and multiply
each of them by 3, the new mean will be: (original mean+2) x 3= (61 2) X3=24. Let

us verify it.
X x+2 S 3(x+2)
5 7 21
6 8 24
7 9 27
9 11 33
3 5 15.
30 ' 40 120

Mean of x =3015=6
Mean of x+2=40/5=8=6+21ie.,0ld mean+2
Mean of 3(x +2) = 12015=24 or 8 X3 or (61 2) x 3i.e., (old mean* 2) x 3.

6) If we havethe arithmetic mean and number of itemsof two or more related groups, we
can have a combined mean of these groupsasfollows :

;c=n1;1+m§2

n|+nz
where x, and x, are the arithmetic means of group I and group 2 respectively, and n, and n,
arethe number of itemsin group 1 and group 2 respectively.

For example, arithmetic mean of the production of a commodity during the period January
to August is400 tonnes per month, and the arithmetic mean for the period September to
December is430 tonnes per month. Now we can compute the mean production for the
wholeyear as follows:

X1 =400
x2=430
n, =8 (January to August - 8 months)



n =4 (September to December - 4 months) Concept of Central Tendency
s - - and Mean
The average for the whole year x. =111 * 12Xz
ny + nz
_ 8x400 +4x430
g+4
- 4920
12

= 410 tonnes per month.

The logic behind the formula is as follows:

X, is the total value of all the items belonging to the first group and npx, is the total for
the second group. Thus, njx;+n2x, is the total of all the items in.both the groups. In other
words, the combined mean is the weighted average of the means of different groups, weights
being the number of items in each group. '

" Check Your ProgressB
" 1) Distinguish between weighted arithmetic mean and simple arithmetic mean.

............................................................................................................................................

2) Calculate the simple mean and weighted mean of price from the following and state the
" reasons for the difference between the two. :

Price per tonne (Rs.) :* 45.60 40.70 4245
_ Tonnes purchased @ 135,00 40.00 25.00

3) From the results of two colleges A and B, state which of them is better.

Name of ‘ College A " ‘ College B
the Exam. — - .

Appeared Passed - Appeared Passed
MA 30 5 100 80
M.Com, 50 ’ 45 ’ 120 95
B.A, 200, 150 . 100 70
B.Com. 120 ’ 75 : 80 50
Total 40 295 ) 400 295
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4) The marks ofa student in written and oral tests in subjects A, B and C are as follows =

Subject - o A i R B - c
Written (out of 75 marks ) 43 : ) 32 . o ‘99

Oral (out of 25 marks) R P 3 _ 18

............................................

.......................................

u...u.u...-...-.n.-...y.....-.............,.u.n_u-.--"........-.--.....-....-.-..........n--.-..-.................u.......-. -------

Find out the. mean marks in written exarmnatlons taklng the percentage of marks in oral
as weights. _ .

.5) State whether the following statements are True or False

i) _If large items are glven large weights, simple mean wrll be larger than werghted
mean. : ~

ii) Under certain condltrons 51mple mean can also be taken as wei ighted mean.
iii) Werghted average if exrsts, is aIWays a better measure than srmple average.

iv) Assrgnlng ‘O’ weight to an 1tem means that that 1tem is excluded from calculatmg
weighted average '

| ) Werghted average can be found by plcklng up the most 1mportant item of the data.
6) Fr]l in the blanks with the appropnate words given inthe brackets

i) Tn the construction of Index Numbers SRS NSO ‘mean 1s'specrally,used.
~ (weighted/unweighted) ‘ ‘ '

ii) If the welghts are not glven ................ welghts may be used. (no/arbrtrary).

iif) The total wagg bill toa certain number of workers is Rs. 5,000. Each worker on an \

‘ average gets Rs. 250 then the number of workers is, ......... (30/20)

iv) The sum of dev1atlons of a set of 10i 1tems measured from 30 is zero. Hence thelr o

I I S '(30/10)

v) 'The sum of squares of deviations of a set of 15'items from a number 375 is 890. The ‘
sum of the squares of deviations of these items from their’ arithmetic mean 30 must :

“be than 890, (more/tess)

vi)' The' mean wage of 60 labourers working in the dayshift i is Rs. 40 and the mean
.- wage of 40 iquourersin the night-shift is Rs. 35. The nmiean wage of those two o
groups together i8S e (38/40) . \ :

v11) The mean of the data set of 5 items is 10 From each 1tem number 3is subtracted
and then eachi 1tem is multlphed by 2. The new mean will be.,. ...... (14/15)

4

;. 10. 10 MERITS AND LIMITATIONS OF ARITHMETIC

MEAN

" The anthmetlc mean has the followmg ments and hmltatlons

Merlts

D Itis easy to understand and slmple to compute. It is the wrdely used summary measure.

2) Itis rigidly defined.

.3) Ttactsasa single representatrve ﬁgure of the whole data set

4) It is based on all items of the data. It does not depend on its posmon in the series.

CLS) It leads itself to further mathematical treatment ,
-~ 6) Iti is useful in further statistical analy31s Itis used in the computatlon of other statlstlcal

_ measures ike standard deviation, coefficient of vanatron co- efflclent of skewness, etc
(you wﬂl learn about them in BIock 4) : ‘




7) It is characterised as a centre of gravity—a point of balance.
8) For various sampluiy 11ethods, the simple mean is an unbiased estimate of the population

meaii.

Limitations
1) Ttis unduly affected by extreme values. Very small or very big values in the data unduly

affect the value of mean. Therefore, for the distribution where concentration is on small
or big values, the mean will not be a proper average to yield a representative figure.

2) For the open-ended distribution, mean cannot be computed with accuracy. For example,
in an income distribution starting with the class ‘below 500" and ending with the class
‘above 5,000" mean cannot be computed without making assumptions regarding the
values of two extremes. As aresult, error may creep in.

3) Mean is not useful for studying the qualitative phenomena e.g., beauty, honesty,
intelligence, etc.

4) For the reasonably normal (bell shaped) distribution, mean can act as a good measure of
central tendency. But for a U-shaped distribution (which has high frequency in the
beginning, low in the middle and again high towards the end) it hardly succeeds to be a
point of location around which other individual values congregate,

5) Mean does not lead a life of its own. For example, the statement that the average
number of children in Indian family is 4.8 does not imply that there is even a single
family having 4.8 children. Nor was a duck ever killed by the average of two shots—
one a yard in front of it and one a yard behind it,

6) For non-homogeneous data, average may give misleading conclusion. For example,
sales (in lakh rupees) of two business units A and B during the last five years are as
follows:

A :30 25 20 15 10

10 15 20 25 30
Here it is clear that the average sales of both the units are exactly the same and yet unit
B is thriving whereas unit A is flickering.

10.11 SOMEILLUSTRATIONS

Illustratlon 8
Weekly wages (in rupees) of 30 workers are given below :
140 139 126 114 100 88 62 77 99 103

108 - 129 144 148 134 63 69 148 132 118 -

142 116 123 104 95 80 85 106 123 133
The firm gave bonus of Rs. 10, 15, 20, 25, 30 and 35 for individuals in the respective salary
_groups of Rs. 61-75, Rs. 76-90, Rs. 91- 105 Rs. 106-120, Rs. 121- 135 and Rs. 136-150. Find
the average bonus paid to all the workers.

Solution

To find out, how many persons were paid bonus of Rs, 10, Rs.. 15, 20, etc., you have to find.
out the number of workers in the salary classes of Rs. 61-75, Rs. 76-90, etc. Using tally bar
method far this, the average bonus is calculated as follows:

Calculation of Average Bonus

Weekly Wages Tally Bars Frequency - Bonus Paid S
Rs f ) X :
61 - 75 I o3 10 30
76 - 90 i 4 15 60
. 91-105 e s 0 100
106 - 120 Ht 5 25 ) 125
C121 -135 JHrI 7 30 210
136 - 150 - i 6 35 210
v n=Ef=30 £fx =735

Atithmetic Mean of Bonus Paid =Zfx = 735 = Rs. 24.50
n 30 C

Concept of Central Tendency
and Mean
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Measures of Central Tendency Il]ustratmn 9 : : : .
' The average salary paid to all workers of a company is Rs. 500. Average salanes paid to’
skilled and unskilled workers are Rs. 520.and Rs. 420 respectively. Determine the
percentage of skllled and unskilled workers.

Solution ,
Let the percentage of skilled workers be n. Then the percentage of unskilled workers will be

100~ n,. Let the mean of skilled and unskllled workers be denoted as X1 and X2 respectively.

Combined mean x, = X + 02K
np+1mn

Now substitute the given values of X1, X2, n,  and n, irr the formula.
520 X + 420 (100 ny)
ny +(100 ~ny)
500 =520 + 420,000 —420n, .
. 100

500 =

50,000 - = 100n, + 42,000
- 8,000 =100n,
= 8000

- 100 _ |

=80 ' ]

=100 - 80

| Percentage of skilled worker is 80% and unskilled worker is 20%.

Illustratwn 10
Asithmetic mean of 100 items was found to be 50.8. It was later drscovered one item 47 was

~ wrongly taken as 67. Find the correct mean.

Solution
- Calculated total of all the items (nx) = 100 X 50.8 = 5,080. By subtractmg the wrong entry
and adding the correct entry, we can find the ¢orrect total.

Correct total = 5,080 — 67 + 47 = 5,060.

Correct Arithmetic Mean = 3:060 _ 50.6. -
- 100
Tlustration 11
" Find the missing frequency from the followmg data': , ‘
Marks : 0-10 10-20 - 20-30 30-40 40-50 5060
No.of Students ; 5 15 200 - 20 10
* Arithmetic Mean of Marks = 34. ' ' : o
Solution = o ' _ 4
Tet the missing frequency be denoted as ‘F’. K - - 3
o Calculation of Mean
Marks - " frequency - . - Mid-points © fm ;
0-10 - T s
10-20 R & B 15 225 o |
20-30 : il ‘ 25 500 /
30-40 F S35 35F !
S 40-50 - 20 - Lo 45 900
50-60 . . 10 o ss. o 550
n=704F 7 Zfm=2200+35F

22
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Now X = T and Mean
34 = 2,200 + 35F . |
70+ F '

34 (70 + F)= 2,200 + 35F

2,380 -+ 34F = 2,200 + 35F

2,380 — 2,200 = 35F - 34F

180=F

. Missing frequency = 180.
Illustration 12 ,
Following data gives the number of students appearing for the examination.and the pass
percentage of different courses of two Universities. Calculate the pass percentage by simple
arithmetic mean and weighted arithmetic mean and comment which University has higher
average pass percentage.

Courses University A University B

Pass % Students Pass % Students
M.A. 71 400 82 200
M,Com. ’ 83 500 75 - 300
B.A. 72 300 74 600
B.Com. 74 200 73 700
Solution

Calculation of Simple and Weighted Means

Course ' ‘University A ’ University B
Pass% Students X\ W, Pass% Students X, W,
Xa WA X, W,
M.A. 71 400 28,400 ) 200 16,400
M.Com. - 83 500 41,500 75 300 22,500
B.A. . 72 300 - 21,600 74 600 44,400
B.Com. . 74 200 14,800 73 700 51,100
Total 300 1,400 1,06,300 . 304 1,800 - 1,34,400
University A
Simple Arithmetic Mean = 2Xa =300 - 759,
n ‘
‘Weighted Mean | = ZXaWa _ 106,300 _ 75.9%,
' ' Wa 1,400
University B
Simple Arithmetic Mean - ZXB _304 - 769,
n ‘
Weighted Mean = ZXgWp _ 134,400 _ -, -q
- Ws 1,800

Simple Arithmetic Mean for University B is higher and weighted mean of University A is
higher. So from the point of view of simple mean, University B is better but from the point
of view of weighted mean University A is better. In fact in this problem the number of
students appearing in various courses is different from one another. Thus, the basis of
calculations of pass percentage for various courses are different from one another, In such a

 situation weighted mean would give the correct result. Thus, University A has the higher
- average pass percentage. In other words, in University A, the actual number of students

passing out of total 1,400 is 1,063. So the pass percentage is (1063/1400) x 100 = 75.9 %
which is same as weighted average. Similarly, 1,344 students pass out of 1,800 in University -

-+ B, giving a pass percentage of (1344/1800) x 100 = 74.7 % which is equal to weighted
~average. So comparison of weighted average only can point out which University is better.

, 23
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10.12 LET USSUMUP

The main characteristics of the data are represented by a single figure known as ‘an average’
or ‘amean’. It is the point of location around which individual values cluster. An ideal
average must satisfy certain properties such as ease of calculation, rigidity in its definition,
should be based on all items, should remain unaffected by extreme items, should be capable
of further algebraic treatment and should have sampling stability. An average gives a bird’s-
eye view of the entire data, facilitates comparison and becomes useful in statistical
inference.

There are easy formulas for obtaining simple mean for ungrouped and grouped data. When
values in the data set are of unequal importance, a weighted arithmetic mean will be a truly
representative average. The weighted mean gives the summary of two things: (i) the items,
and (i) how weights affect the items. So depending on weighting pattern, simple mean can
be equal to or greater than or less than weighted mean.

Mean has a few important properties: (a) Sum of deviations from the mean is always zero.
(b) The sum of square of deviation of items from mean is minimum. (c) If mean and the
number of items are known, we can estimate the total Ex. (d) If a constant ‘C” is added to or
subtracted from every item of a data set, the méan is also increased or decreased by the
quantity ‘C’, Similarly, if every item is multiplied by a constant ‘k’, the mean is also
multiplied by ‘k’. (¢) A combined mean of two or more groups can be obtained.

Mean is a very useful measure. It is a point of balance and it forms the basis of advance
analysis. It alsosutfers from several limitations. It is affected by the extreme items. For an
open-end distribution it can only be estimated with certain assumptions. Moreover, it gives
misleading results for a non-homogeneous data.

10.13 KEY WORDS AND LIST OF SYMBOLS

Key Words

Central Tendency A single value that has a tendency to be somewhere at the centre and
w1th1n the range of all valués,

Extreme Values ; The items that are too big or too small in comparison with the other items
of data. They unduly influence the mean.

Mean : The value obtained by dividing the sum of values of all observationsin the glven

* data set by the number of observations.

Measure of Location : A measure which is a pomt of location around Wthh other

' 1nd1v1dua1 values of data set congregate.

Sampling Stability : The averages obtained from different samples drawn from the same

aggregate should be approxuhately the same.

, Welghted Arithmetic Mean : An average whose component 1tems are assigned weights

according.to thelr relative importance.

List of Symbols:

The symbols used in writing different formulas in your study material are the one which are
w1dely used. In the lit given below, they are given as the first symbols under various words.
Many textbooks have used symbols different from these. Most of the commonly used

. symbols are also given in the list below. Whenever you read a book it is important to clearly

understand the meanings of the various symbols used there. For writing different formulas
you may use any set of symbols you like, but along with them it is always desirable to

_ explain their meanings.

Arithmetic Mean ’ ' ; ,XA M., X mean of the populatlon is general!
‘ denoted by u
~-.Assumed Mean ~A,a,x , X4




Class Interval

i,c,h,w " Concept of Central Tendency
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Combined Mean of Groups Xe, X, X12
Common Factor c,i,h

Deviation of Items from Mean (x-x),x,D
Deviation of Mid-pbints from

Assumed Mean . d, x', x, dx
Frequency | f,F

Iterns ' X, x

Mid-point of a Class Interval m, X

Step Deviation d,d,x,u,U,dx

Total Number of Items » :
‘n’ and when it relates to population ‘N’.

Weights w, W, wt.

Weighted Mean Xw, Xw, Wt. Mean

n,N, Zf.',When data is from a sample, generally

10.14 ANSWERSTO CHECK YOUR PROGRESS |

A) 1) i) bird’s-eye view; ‘ii) sammary; iii) extreme; iv)facilitates ;
. v) inference

2) 1) False; ii)False; iii) False; iv) True; v)False
3) D11 i) x=2fm = y_ A Efd o4 Zfd
x=f n n
iii) minimises calculations; iv) A =35
~v) Every value in a class is equal to the mid-point of that class.
4) Rs. 164.33
5) 1)68; ii)0
6) Rs. 128.33 by both methods
7) 402 '

B) 2) Simple Average =42.92; Weighted Average = 44.23
3) Bothareequalt073.7 %
4) 3447
5) i) False; ii) True; ifi) T‘fue;‘ iv) True; -v) False

6) i) Weighted; ii) arbitrary; iii)20; iv) 30;
v) less; vi) 38; vii) 14

10.15 TERMINAL QUESTIONS/EXERCISES

Questions
1) Explain the qualities of a good measure of Central Tendency.

2) Give the properties and limitations of Arithmetic Mean.

3) Whatis weighted average? Under what condition’s weighted average is preferable to a
simple average?

Exercises ‘
1) Number of skilled and unskilled labourers and their average hourly wages in two cities

25
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2)

)

_n

5) .

6)

are glven below. Determine the average hourly wage for each city.

Bombay . Calcutta
Lgbour - Numter " Wageperhr. Rs.  Number Wage perhr.Rs.
Skitled 150 1.80 35p 175

Unskilled . .850 1.30 650 1.25

(Ans: Rs. 1.38 and Rs. 1.43)

An itivestor buys R's.. 120 worth of shares in a company every month. During the first 5 .
months he bought the stock at a price of Rs. 10, 12, 15, 20, and 24 per share. After 5
months what is the average price paid for the share in his portfolio?

(Ans: Rs. 14.63)

A factory which is runhing in two shifts has a total of 100 workers. Average wage paid
to the workers is Rs. 38 per day. In the first shift 60 persons are working and their

. average wages is Rs. 40 per day. What is the average wage paid to the remaining 40
- workers who are working in the second shift?

(Ans: Rs. 35)

Arithmetic mean of 50 iterns was found as 28.5. It was later found that item 39 was
taken extra. Find the correct mean of 49 items.

(Ans: 28.3)

The following table shows the number of workers in various trade categories who
worked from Monday to Friday in a week for varying number of hours each day. The
hourly pay for categories I, I, I, IV and V workers is Rs. 0.97, Rs. 0.77, Rs. 1.01,

Rs. 0.67, and Rs. 0.75 respect1ve1y Calculate the average wage per hour per worker for

the whole week for all categories together.

Categories : _ " Number of Workers

Monday Tuesday = = Wednesday Thursday Friday
- (7 hrs) (6 hrs) (5 hrs) {4 hrs) (5 hrs)
I 30 . 20 25 ’ 15 30
] 25 25 . 30 .20 20
n 30 -25. .. 30 25 ) 20 -
v 20 - 20 . 20 20 25
v o 25 20 25 ) 15 25

(Hint: Find total hours under each category and take it as weight)
(Ans: Rs. 0.84 per hour)

A state atithority has estlmated the age of households in two districts as given below
Calculate the mean age for: . :

i) . Area‘A’

ii) Area ‘B’ and

iii) Two areas taken together.

Estimated Age ‘ _— Percentage of Houses

(in yeztrs) Area jA’ ' Area fB'
0 - 20 o 16 13
20 - 40 37 h . 15
40 - 80 . o 35 S 46
80 - 100 : S 12 ‘ o 6

(Ans: Area A= 58 45, Area B = 58.48 combined Area=58. 47) v

T State whether the followmg statements are True or False. Also give reasons.:

1) - A manclaims that his average bank balance during the year was Rs. 370, The barlk
claims that he overdrew his accouiit at least 10 times during that year Bothare:
right. ; ‘

ii) The sum of deviations of aset of 10 observattons measured from 28 is zero. Hence
the mean of observattons 1s Zero.




iii) ‘The sum of squares of deviations of a set of 20 observations from a number of 42 is
750 and the sum of squares of deviations of these observations from the arithmetic
mean 34 is 800 . ‘

“iv) The mean of a certain number of items is 42. If one more item ‘64 is added to the
data, the mean becomes 44. Therefore, there should be 10 items in the original data.

v) If we replace each item in the series by the mean value of that series, sum of these -

substitutions will be equal to the sum of individual items.

(Ans: i True, ii False, iii False, iv True, v True)

~ Note: These questions/exercises will help you to understand the unit better. Try to
write answers for them. But do not submit your answers to the University. These are
for your practice only.
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