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In] lNTRODUCTlON /

ta Previoys chapters, we discussed how the raw data can be organized in terms of tables,
ey and frequency distributions. We also studied that frequency distributions and graphical

tationg make raw data more meaningful.

Ow,
e ' . e
theye :’ SOmetimes, they fail to convey a clear picture for which it is intended. Therefore,
*f the 8reat need for some single measurement, which can describe the main characteristics
Tles. Syuch measures are called ‘Measures of Central Tendency’ or ‘Average’.
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8.2 MEANING
Measure of Centra
is a typical value tov
of Central Tendency .
The following 3 principal measures are wid
1) Arithmetic Mean;
(i) Median;
(11} Mode.

e value, which is used to represent an entiy,
pservations fall closer than to any other va
or ‘Measure of Location’.

| Tendency is a Sing
vhich most of the o

is also known as ‘Average of
ely used in statistical analysis:

lseto oty
Ue, Meas '
Uty

Definitions of Average
* In the words of Clark and Sekkade, “An average is an attempt to finm
describe all the figures™.
* In the words of Croxton and Cowden, “An average is a single value within the range of the
data that is used to represent all the values in the series. Since an average is SOomewhere
within the range of data, it is sometimes called a measure of central value”.

* In the words of Spiegal, “Average is a value which is typical of representative ofa\semJ

data”.

—

§ 8.3 OBJECTIVE AND FUNCTIONS OF AVERAGES
The main objectives and functions of averages are: Vs
1. To Present huge data in st i Tt A
ummarised form: It jg \Le_géf/ﬁcult to grasp large numberd

numerical ﬁgu;-es. Averages summari ;
5 rises such dat ; : . ,
easier to understand and remember. ata into a single figure, which makesi

—

; ; ge quantity of .
in planning water resources, "y of water needed for the entire population will help the govemmEf'r

2. To make Comparicor o
Tiparison easier:
as they reduce the mass :f S;:Sv'erages are very helpful for making comparative studie
: ieal data to a single figure, Such comparison can bem™*

Example: f riable
p * ' the average my, es,

12ke certain decisons t mpyen, 299 Of & cory ol

4. To know aboyg i ool Pany are falling, the sales manager méY "
Universe

} complete unijyey om a sam e 1
| : se by me Ple: AVe ) ,dea 0

!chl‘l.lre of the average o t}alns of sample rages algq help in obtaining an i acle"'

e Populat; + 1he averag 1 resen
lon, ge of a sample p

‘

N

s of central Tendency — Arithmetic Mean
035(1/9 D s v ”

To traceé precise & AVerage becomes essential when it ig 4
1t 18 desired to establish

' relaﬁOY‘ShiP s between different 8roups in quantitative terms

incomes are

¢, Base for co;np:.tmg o.ther rlileasures: Averages offer 2 base for computing various other
measures like dispersion, skewness, kurtosis that help in many gl
other phases of statistical

analysis.

To present huge data in Summarised Form - Toki . —. 7

ToTrace Precise Relationship
Base for Computing Other Measures

OBJECTIVE

AVERAGES
To Help in Decision-making

g.4 REQUISITES OF A MEASURE OF CENTRAL TENDENCY
A good measure of average must possess the following characteristics:
1. Rigidly defined: An average should be clear and rigid so that there is no confusion and
there is one and only one interpretation.
* There should not be any chance for applying discretion.
* Preferably, it should be defined by an algebraic formula, so that the average computed
from a set of data by anybody remains the same.
2, Based on all the observations: Average should be calculated by taking into consideration
each and every item of the series. If it is not based on all the items, it cannot be said to be

representative of the whole group.
3. Itshould be least affected by fluctuations of sampling: An average should possess sampling

/
N—

stability.

* If we take two or more independent random sampl
Population and compute the average for each, then the
samples should not differ much from one another.

* Forexample, if we select 5 different groups of college
age of each group, then average age of the 5 groups

each other. -
4. Capable of fur i Treatment: should be capable of further mathematic
Pable of further Algebraic Tre atment: Average 1 sepatale i —

es of the same size from a given
values so obtained from different

students and compute the average
should not materially differ from

nd statistical i d its utility. o7 v
€ analysis to expand 1 . ould be able
:“ﬂrks and numberyof students of two or more classes are given, then we sh
0 com . "
pute the combined average. be computed by using

" The value of an average should

lasy T
understand and calculate: her advantages.

a . (- 0
Simple method without reducing its accuracy and
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I S l tral Tendency - Ariihmelic Mean [

Statistj, (cen B
T — fof(}la&W Me‘,ﬁ;[HGS o e e - - B e e e i 8-:7-
By o o ’
2 y _——p B | e
_ X _600_ goMarks e E SE—— L - |
Arithmetic Mean (X)= 7477 10 7/;//4\40*&7» ; - = |
 Mean = 60 Marks i e s ~ - i
ns. Arithmetic Mean s K Learn. »//—’/‘_" = J(” - '
: et et Uk st N R N —- :
. 4 | .
Arthmelic o /—'/J"”—*%\,‘*ﬁi R
N=10 2d =100
e e tems and the size of the figyreg ; iven example, assumed mean (A) = 50. When deviations (g :
- nen there are few items ures js g the given ’ L ons (d) from assumed mean is calculated
The Direct method is generaly ‘59: J:‘ df‘fﬁéu/fy in the calcul f mean. To remove thig 5 if,ﬁn:”' iy :2, each student, we get sum total of deviations (Zd) = 100. Given tota] ————— < (N) = 10, the
is not s, there would be CONSIOEED Uly g arithmetic mean will be: |
‘Short-Cut Method’™ is used- - zd 100
~ .t Mathod Arithmetic Mean (X) = A+W= 50 +W= 60 Marks ( ] ’
Under this method, any fgure is assumed as the mean and deviations are calculateq from Ans. Arithmetic Mean = 60 Marks L [
assumed mean. " ; B ] ois:
.y ises W] are large numbe : : ] _
» The need for Shor-Cut “EthOd e hen]. ere thod = T ot observationg ori 1. Itshould be noted that the answer will remain the same whether Direct Method or Short-cut Method is used.
is difficolt to compte aitiumetic mean by memod 2. In case of individual series, the calculations under short-cut method are more than the direct method.
i » This method s also called ‘Assumed Mean Method'. However, in case of discrete series and continuous series, considerable time is saved by adopting the
Short-cut Method.
1. Let the items (observations) be X, Xo, oo x. Step Deviation Method

Step Deviation Method further simplifies the short-cut method. In this method, deviations from E
assumed mean are divided by a common factor (C) to get step deviations. Then, these step deviations are
) of items from assumed mean (A), i.e. deduct A from eachiten used to calculate the value of arithmetic mean.

Decide any item of the series as assumed mean (A)
3. Calculzte the devizsions (d

of the series, ie X~ A

Taki thi ciam il -2 3w o ‘ Steso 9 g i
4 Tzke the sum totz] of aeviations and denote it as $q i 1p f Ste}? Deviation Method Hid
3. Find out the total number of items in the series, i.e., N -, Let the items (observations) be Xy, X, «vevervre X, H
6. Apply the tollowing formulz: X = A o 3‘ Decide any item of the series as assumed mean (A) ! |

[hers, X = Aritmesc mezn A = fesy, Calculate the deviations (d) of items from assumed mean (A), i.e. deduct A from each item
um of

=9 ”‘%m‘-ran.'- =X H — | 3
E=2X-4),ic sum deviations d=X-4 e, deviations of variables from assumedmé | of the series

e

Solution: Find oyt the total number of items in the series, i.e., N

of variab fers ~ g

Example 2 Calculate fhe s, vanables from assumeqd mean; N = Total number ol ¥ 4. Find oyt common factor (C) from d and calculate d’ (step deviations) which is d L

fethod (Assum - itmet; 5. . . 7 C £

¥ < (Assumed M, Mf:ﬁ'!)d)“{ Mezn of the marks given in Example 1 by the short("“ ) Take the sum total of step deviations (d’) and denote it as =d h'
7

* APPly the following formula: X = A + % x C
{Whem‘ X= Arithmetic Mean; A = Assumed Mean; d = X - A, i.e., Deviations of vaniables from Assumed
Mean; d’' = X_;_A i.e., Step Deviations (deviations divided by common factor);
NPT : It must b Xd' = Sum of Step Dev:iations; C = Common Facfr;r: N :‘c:,s:alm::;,j,s}
50 (a) | _+10 = mean (d)ea’r’:'de,‘:,;',’;' “Step Deviation Method" can be used only when devia
y f '@ by a common factor.




ﬁ . /,IH".”, 8 ’”’ \ ‘
e A ‘ ks given in Example 1b )
 the marks giver : e \
o+ Cakulatethe arithmetic mean of themarks 8 P Yy the Step De\'iah-
Method.
Soluton: of Arithmetic Mean (Step Deviation Method)
7 s d=X-A 3 b
- Marks Do -y
Sudents 00 A=50 o= X34
(o)
C= 5
X 85 +35 $ i B |
8 80 +10 | + 2 B
g 50 (A) 0 | Ot
D » 75 + 25 ‘\ +775\
G 55 +5 g SR
F 40 -10 ; -2
G 55 +5 i E
H 70 +20 | T
| P -5 | =T
J 65 +15 i 43
N=10 ] Xd'=20
, Bl
:u he grven ::ﬂnb- assumed ?San (A) = 50. When deviations (d) from assumed mean Is calcull!
"w_ common factor (C), we get sum total of step deviations (£d’) = 20. total numberd
students (N) = 10, Te arthmetic mean will be: P el
Arithmetc Mear (1) = A + 2. 20
waf; A~Txc= 50+—x5 =60 Marks
trs 60 Marks 10
:. Find out the mean height from the . 0
of 8 persons in cent; m the following data relating to height measurem®
159 161 163 o= = n
Solution: L 169 1Y e
Computation of
. mean
m(g,, height (Step Devlation Method)
d=X-4 x-1
A~ 167 o o 20
159 R
181 L
163 = | o=
185 = ul
-4 | 2
167 (A) -2 | 1
0 0

b

r

. (‘nll’f"'l Tendency Arithmetic Moar
g O e
Mnf"';””’ ‘ 8.9
169 2
171 4 f ; ,
173 '
- R
(ECHI. S R

= 5o’ i
Mean Height (X) = A+=-xC=167+—x2 =166cm

Ans. Mean Height = 166 cm.

pxample 5- Foliowing is the marks of 8 students. Find out arithmetic mean by: (i) Direct Method;
(i) ghort-Cut Method; (iii) Step Deviation Method.

T 45 60 | 40 | 15 | 65 85 20
Solution:
Computation of Average Marks
~ Direct Method Short-Cut Method Step Deviation Method
 Marks Marks d=X-A Marks d=X-A d=£:-‘5—
X) x) (A=40) x) (A=40) c
(C=5)
30 30 -10 | 30 | -1 | -2
45 s | +5 | a6 | 5 | *T
60 60 +20 | 60 _+20 +4 .
40 a0 o | 4 0 0
15 5 | -2 | 15 | =B -5
— 65 65 | +25 | 6 | 25 +5
T e | s | & | 5 o
20 o | -0 |2 o I -
IX-30 | N=8  Id=40  N=8 =2
me—— ‘ / 8
i=%=:‘)(:\'T0=45mark$ X= A+—Zﬁq= 40+-4—0-=45mad6 i=A+%—XCﬂ
L. I S

Ans, Average Marks = 45 marks

88 DIS
CRETESERIES __—= Alues of variable shov:s the

In ¢ istribution), v
ase of - PP - ency distribt . . 2 S
f discrete series (ungrouped dzng o different values of variables. In a discrete

fepetiti X

aol.-' ttiong, e, frequencies are given corresper 1 of frequency = ZF.
8, the total number of observations, i.¢. N = Sum total of freq .-

Atithme | an be computed by applying:

~
e

(i tic mean in a discrete series
m)) Direct Method;
(i Short-Cut Method; and

Step Deviation Method.

3
|




' il
8.10 /‘m Sticg for Cla;,
RES— /

ultiplied with their respective fre

Direct Method

, arious items (X) are m quencie, |
hwd‘mﬂwﬁwd,vanousnm( ) 7€ ITequen; 1
e s of procucts (£6X) i divided by total of frequencies (2 to determine simpj 3
ol / |

s /

4

1; Multiply different values of variables (X) wiﬂ(;gspecﬁve frequencies (f)and 4 ; ,‘
m ‘ enote"bj

2 Obtain the sum total of £X and denote it by ZfX.

3. Find out the total number of items in the series, i.e., Zf or N

X

4. Apply the following formula: i:g

{Where, X = Arithmetic Mean; }.'!)'( = Sum of the product of variables with th
respective frequencies; XZf = Total number of e

The following example will make the direct method more clear.

Example 6. From the following data .
the average marks by the dir ecgt met}:,fd t-he marks obtained by 60 students of a class, calculi

Qs Direct Meth
U

[y

Marks
o % 20
No.ofstudents = ¢ ?g — % 5 ;
Solution: 6 :
Calcutation
- of Arithmetic Mean (Direct Method)
L e
e R '
= T 360
- 20 - S '“/306/
d 10 o
: 50 —
60
E—— 280
s I1X = 2,460

Ans, 41 markg

Short-Cut Method
The short-cut method ¢,

saves congi il & I
siderab)e time jp, caley) U R alculate |
ating mean, ¢ the mean in discrete series. his 7

h 8

 centra | Tendency — Arithmetic Mean
Y. &1
_¢ghort-Cut Method
;teP})é ote the variable as X and frequency as f.
L i '
; jtern of the series as assumed mea //
, Decide anY A

Calculate the deviations (d) of items from assumed mean (A), i.e. calculate (X - A) for each
"o of the series.
y the deviations (d) with the respective frequency (f) and obtain the total to get

ite
4, Multip!
fd.
5, Find out the total number of items in the series, i.e., Zf or N.
zfd

6. Apply the following formula: X = A + T

X = Arithmetic Mean; A = Assumed Mean; d = X - A, i.e., deviations of variables from Assumed
Mean; Zfd = Sum of the product of deviations (d) with the respective
frequencies (f); Zf = Total number of items}

{Where,

Let us understand the Short-Cut Method with the help of Example 7:

Example 7. Calculate the arithmetic mean of the marks given in Example 6 by the Short-cut

Method (Assumed Mean Method).

Solution:
Calculation of Average Marks (Short-cut Method)
Marks No. of Students deX-An e w1 ,
X) ) A & :
— 20 8 -20 -160
. T N—
30 T -
30 12 -10 | 120
. S B | -
40 (A) 20 0 |
h _— e i
50 10 + >
o — e — —
60 6 +20 + :
N 77———/—’—“—’, | 1
o 4 /"ﬂ/,_;_,_/"—zo—————
— | Itd =+ 60
If =60 /______J_—
=
Average Marks (X) = A 2940 +:6%9 = 41 marks
f

Ans. 41 Marks

e

1. In this method, the values of the

short-cut methoc ues ofthe
tor (C) to ease the calculation process. The deviations

eolations.

——

Ste "
P Deviation Method
iy me

llcvh\““
0 l“l”('d

thod is a further simplification of
s (d) are divided by a common fac
fter this division are known as step d




, e Statisgi ¢ central Tendencym—_Arltﬁ_nzen_cMean
‘1 e sty | s —_—
: Aati othod
{ Steps of Step Deviation Methoc ; Calculation of Arithmetic Mean
| 1 Denote the variable as X and frequency i Short-Cut Method B
i IC]
; 2. Decide any item of the series as assumed mean (A)- f d=X| fd X B pr DGY:YO;VMQ"';"
3. Calculate the deviations (d) of items from assumed mean (A), i e. calculate (X - Ao (A— :‘5) e
item of the series. " - E=Nec=
4 Find out a common factor (C) from d and calculate d’ (step deviations) which jg 4 10 -3 | -3 2 10 | -3 | -3
i . 3 : 1 6 - =
| 5. Multiply step deviations (d') with frequency (f) and obtain the total to get g’ ¢ ' ” f ?? 3 1 | -2 | -2
t . . ’ = = 4 - -
i 6. Find out the total number of items in the series, 1.e., >for N ' 5 0 : : Jl 1; % :) ]l :)
§ _ ’
1 7. Applythefollowingformula:X=A+§>§%XC | 6 [ +1 ] +6] 6 | 6 [ +1 | +1
| o | 4| +2 [ +8[ 7 | 4 [ +2 | +2
q {Where, X = Arithmetic Mean; A = Assumed Mean; C = Common Factor; d = X ~ A, i.e., deviations of vay; [ 3 ‘ +3 +9 8 l 3 ) +3 \ +3
1 from Assumed Mean; d’ = Step Deviations (deviations from assumed mean :MS ' 2 4 8
| by common factor); Zfd’ = Sum of the product of step deviations (d’) with the resplzm l = hJ 2 [ = \ +4 \ +4
z - . frequencies (f); Zf = Total number ofens ‘ 216 : ’ 21d4: \ zfs : ‘ ‘
Bam ustrate the computation of arithmetic mean by step deviation method.
fd -42 = id’ -42 |
Example 8.C et ari . A+—=5+—=430 = A+—xC=5+——x1=430
4 eticm i H . |
¥ scthad: Calcula arithm ean of the marks given in Example 6 by the step deviatin at g >
HE Salution: Ans. Arithmetic Mean = 4.30
5 8.9
L j prec e Caleulation of Average Marks (Step Deviation Method) I SonTINuous SERIES istributi iable is grouped 1
X No. of Students d=X-A n the case of continuous series (grouped freq distribution), the value of a variable is grouped in
i g f (A=40) . XA fd wrious class-intervals (like 10-20, 20-30, etc.) along with their respective frequencies. The process of the
tay - C | calculation of arithmetic average in a continuous series is the same as in case of a discrete series.
] = i .
-20 ‘+—’/16/ ].na continuous series, the mid-points of the various class-intervals are used to replace the class-
oo - = ’ . & . .
-10 1 *//12’/ Interval. Once it is done, there is no difference betweena continuous series and a discrete series.
=10 | N N
| =1 | -1
0 —]
’x‘ =
10 e 0 | 12 Why Mid-Points are important? - - -
s SR & W 3 The exact value of each frequency is unknown. Therefore, mid-point of each mm;\ammt das:—
: L +2 +12 assumed to be f the values of all of the frequencies falling
w\ & He— n the true average O Jencies, thentis that
. \”'L T T v, terval. For example, if in a class interval of 0-10, there are7 freq assuma- d el
AVBI’age Markg (;) = A+ g’ c +8 e ] Ifd =+ 6 all these 7 frequencles have ava‘ue of _Q_*‘EIQ =5 each. Hence, itis necessary to determine
o % =
=40, %6 )
Ans. 41 Marks * 80 %10 =41 marks Mid-points of all the class-intervals.
Example 9 How to Calculate Mid-Points?
si{, cut Mpth -From the following g, Th it
f - °th0d; (iii) Step Deyiagiy Mtz;ﬁalculate arithmet; (-')shof“ ® Mid-point are calculated by the formula: Mid-point=""
o (X) od. “tit mean by: (i) Dj thod; Where- imi lass-interval.
y: (i) Direct Methot : here: 1, = Lower limit of Class-interval; I = UPPEf s ?0 +20
F . ——=15.
Or Example, The mid-point of class-interval 10-20 willbe: —
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