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Measuvures of Central Tendency:

A specific value of the variagble around which the majority of the observations
tend to concentrate, this representative shows the tendency or behavior of
the distnbution of the vanable under study. This value is called average or the
central value. The measures or techniques that are used to determine this

central value are called Measures of Central Tendency.

The following measures of central tendency will be discussed in this section:

1. Anthmethc mean 2. Median

3. Mode 4. Geometnc mean

5. Harmonic mean 6. Quartiles
Arithmetic Mean:

Anthmetic Mean (or simply called Mean) is o measure that determines a value
(observation) of the variable under study by dividing the sum of all values
(observations) of the varable by their number of observations. We denote
Arithmetic mean by X . In symbols we define:

Anthmetic mean of n observations =

— Z.X Sum of all valucs of obscrvation
n No. of obscrvation

Computation of Arithmetic Mean

There are two types of data, ungrouped and grouped. We, therefore have
different methods to determine Mean for the two types of data.

Ungrouped Data:

For ungrouped data we use three approaches to find mean. These are as

‘AI.A- P
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The formulo under this method i1s given by:

X - ZX ~ Sum of all observation
n No. of observation

(ii) Indirect, Short Cut or Coding Methods

There are two approaches under Indirect Method. These are used to find
mean when data set consist of large values or large number of values. The
purpose 1S to simplify the computation of Mean. These approaches exist In
theory but are not used in practice as many Statistical software are available
now to handle large data. However, a student should have knowledge of
these two approaches. These are:

(i) using an Assumed or Provisional mean
(i) using a Provisional mean and changing scale of the variable.

Deviation is defined os difference of any value of the varigble from any

constant 'A’. For example, we say,
Deviation from mean of X =(x=-X) fori=l2,....... n

Deviation from any constant A = (x— A) fori=1, 2, ...... n

The Formuloe used under indirect methods are:

n A

B ZD‘ B Zn,
() X=A4+ =L (i) X = A+ =—xh
n n

where

D: = (xi= A), A is any assumed value of X called Assumed or Provisional mean.

(x ~A4)

U = . -, "h" is the class interval size for unequal intervals.

(mrmniinard Nt
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A data in the form of frequency distnbution is called grouped data. For the
grouped data we define formulae under Direct and Indirect methods as given
pelow:

(a) Using Direct method

¥ = 28X
2./
Using Indirect method,

'y — JD oy — Sfu
Il X = A4 Z— N X =4 xh
(1) + S (1) + &

where 'X=x' denotes the midpoint of a class or group if class intervals are

given and 'h'is the class interval size.

(b) Median:

Median is the middle most observation in an arranged data set. It divides the
data set into two equal parts. " X ' is used to represent median. We determine
Median by using the following formulae:

Ungrouped data

Case-l:

When the number of observations is odd of a set of data aranged in order of

magnitude the median (middle most observation) is located by the formula
given below:

n+l

]
Median = s1ze of ( ) obscrvation

—

Case-2:
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When the number of observations is even of a set of data aranged in order
of magnitude the median is the arthmetic mean of the two middle
observations. That is, median is average of

n n

th
— and| —+1
5 (2 ] values.

-

_ n n+l
S1Z¢ of[-;rh +

— -

Mcdian =

]
= th ]obscn'alion]

b

Grouped Data (Discrete)

The following steps are involved in determining median for grouped data

(discrete):

(i) Make cumulative frequency column.

(i) Determine the median observation using cumulative frequency, i.e.,

o
the class containing ( i;-} observation,

Grouped Data (Continuous):

The following steps are involved in determining median for grouped data
(continuous):

(i) Determine class boundares.
(i) Make cumulative frequency column.

Determine the median class using cumulative frequency, i.e., the class

\ M

containing (%) observation.
Use the formulaq;
Median = I-é-i{ﬁ—c}
- 1'9D
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[ = lower class boundary of the median class,
h = class interval size of the median class.
f = frequency of the median class,

¢ = cumulative frequency of the class preceding the median class.

Mode:

Mode is defined as the most frequent occurring observation in the data. It is

the observation that occur maximum number of times in given data. The

following formula is used to determine Mode:

(i) Ungrouped data and Discrete Grouped data

Mode = the most frequent observation

(i) Grouped Data (Continuous)

The following steps are involved in determining mode for grouped

data:
e Find the group that has the maximum frequency.
e Use the formula
Mode =/ + Ju=J, x h
2-[]: = -f; N ',.:
where

[ =lower class boundary of the modal class or group,

h = class interval size of the modal class,

/.= frequency of the modal class,
/,= frequency of the class preceding the modal class

f_._. = frequency of the class succeeding the modal class.
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Geometric mean of o variable X is the n™ positive root of the product of the

X1, X2, X3,
ceeeeeens Xn ODSErVations. In symbols we write,
G.M = (X1, X2. X3. ....... Xn) /0
The above formula can also be written by using logarnthm.

For Ungrouped datao
log X
G.M = Anti log {Zi-]
n

For Grouped data

\
G.M = Anulog (Z%J

Harmonic Mean:

Harmonic mean refers to the value obtained by reciprocating the mean of
the reciprocal of x;, Xz, X3, ....... Xn Observations. In symbols, for ungrouped
datqg,

HM. = —

l
2y
And for grouped data

n

HM.= 7

h

X

Properties of Arithmetic Mean:

() Mean of a variable with similar observations say constant k is the
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(iii)) Meanis affected by change in scale.

(iv) Sum of the deviations of the vanable X from its mean is always zero.

Calcvulation of Weighted Mean and Moving Averages:

The Weighted Arithmetic Mean:

The relative mportance of a number is called its weight. When numbers x;, xz,

... Xn @re not equally important, we associate them with certain weights, w,,

W2, W3, eeeen., w, depending on the importance or significance.

WX, + WX, +.. WX, Z WX

W, W oo * W ZW
- (2]

s called the weighted anthmetic mean.

X =

Moving Averages:

Moving averages are defined as the successive averages (anthmetic means)
which are computed for g sequence of days/months/years at a time, If we
want to find 3-days moving average, we find the average of first 3-days, then

dropping the first day and add the succeeding day to this group. Place the
average of each 3-days against the mid of 3-days. This process continues

unhl all the days, beginning from first to the last, are exhausted.

Exercise 6.2

1. What do you understand by measures of central tendency?

Solution:

The specific value of the variable around which the magjonty of the

observations tend to concentrate is called the central tendency.
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2. Define Arithmetic mean, Geometfric mean, Harmonic mean, mode and
median.

Solution:

(i) Arithmetic Means:

Mean is a measure that determines a value of the vanable under study by

dividing the sum of all values of the variable by their number of observations.

Y Z-"
A ==
n

( for ungrouped data ) and X = I,

]

( for grouped data)

(ii) Geometric Means:

Geometnc mean of a vanable x is the nth positive root of the product of the

X X MR ki Xn observation.

G.M = [X;% X2% Xa. ....... Xn)' /N

(iii) Harmonic Means:

Harmonic mean refers to the value obtained by reciprocating the mean of the

reciprocal of Xj. Xs. Xs. ....... X, observations.

HM. - —— (for ungrouped data)

Zl

N

and, HM.=—— (for grouped data)

7
2

(iv) Mode:

The most repeated value in an observation is called its mode.

www.topstudyworld.com



www.topstudyworld.com Mathematics

Median is the middle most observation in an aranged data set. It divides the

data set into two equal parts.

3. Find arithmetic mean by direct method for the following set of data:
(i) 12,14, 17, 20, 24, 29, 35, 45.
(ii) 200, 225, 350, 375, 270, 320, 290.

Solution:

. T X % 214 a N 4 4 D
(1) AM = A :-Z—- _12 +14 +17 +_();..4. 294+ 354+ 45
N

=lt)() =245
8

(i) AM= X = ZI _ 200+ 225+ 350 + 375+ 270+ 320 + 290
| n 7

7

4. For each of the data in Q. No 3, compute arithmetic mean using indirect
method.

Solution:

(i) Take any constant say 24 and take deviations from it (24).

A=24
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X D=X-A
12-24=-12
14 -24=-10
17 =24 =-7
20 - 24 =-4
24-24=0
29 -24=5
35-24=11
45 - 24 = 2

N
O

N

BN
n

T
N
2
=3

(]

(ii) Take any constant 270 and take deviations from it (270).

A =270

x| p=x-A
20 | 20-270=70
20 | 20-270-0
| 320 | 320-270=50
290 | 290-270=20

n=7 | Yp-1a

X=as e 7, 140

=270+T=270+20=290
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5. The marks obtained by students of class XI in mathematics are given
below. Compute arithmetic mean by direct and indirect methods.

Solution:

Direct Method:

09 | as | 2 | asx2=90
| 0-19 | a5 | 10 | 145x10=1450
24.5 % 5= 122.5

%03 | sas | 9 | 3a5x9-3105
| w9, | a5 | ¢ | 445x6=2670
069 | eas | 1 | easxi=s4s

—
‘!
v | —

Indirect, short cut method:

www.topstudyworld.com



www.topstudyworld.com Mathematics

Classes/

groups

45-35=% | 3 |40| ¢
145345 =20

245-345=-10

[ |
345-345=0 | 0 |0 | o
445-305=10| 1 |60 | &
545-345=20 | 2 |140| 14
64.5 - 34.5 = 30

4.5
14.5

24.5
34.5
44.5
54.5

64.5

S

HEEEE

a W I

O | O |0
BlMlelelelsio] =

Total

= - [
X = I+—-Z-ﬂ)- or X = I+zf( )xh
2f > f
8 -
=345+ 50 = 3484 =k
40 40
_34.5-2 —34.5+2x10
40
=32:5 =345=2=325

6. The following data relates to the ages of children in a school. Compute the
mean age by direct and short-cut method taking any provisional mean.

(Hint. Take A = 8)
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Also Compute Geometric mean and Harmonic mean.

Solution:

Class Limits_|Midpoints()| 1 | &
46 | 05 | 10 |sxi0=s0
79 | 8 | 20 [8x20=1

0-12 | on |13 [1ix3=1e
3-15 | 14 | 7 | vax7-98

%—_ ~9.02

Indirect, short cut method:

letA =11

Classes/

groups

46 f10] 5 fsm=6| 2 [40] 0
79 |0l 8 femn=a| 4 || 20

-mnn-.
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Geometric Mean:

We proceed as follows:

Classlimits | |Midpointsx| logx |  flogx
46 | 0 | s | oemsw 69897
79 | 2 | 8 | osox09 180618

0-12 | 3 | | 104139 13.5380
3-15 | 7 | e | 114613 80229

TN N B P T

GM= Anulog [ = Anu log (

46.61248 ]
S0

=7 |

= Anti log(0.9322496) = 8.553

Harmonic Means
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7. The following data shows the number of children in various families. Find
mode and median.

7.11.4,5,6,8,43,7,8,5,5,8,3,4912,8,9.10,6,7,7,11,4,4,8,4,3,2,7,
?.10,'9.7,6.9,5.

Solution:
Wnting the observations in ascending order

2,3,38,3,4,4,8,4,4,8,3,3,%,9 06,0, 1,1.71;8,8,8,8,8,9, 9,7 2, 3.9
10:.10:. 10, 11 12

Mode:

The most frequent observation =9, 4

Median:

Number of observations = 38

Therefore, median is the mean of 19th and 20th observation = : g

8. Find Modal number of heads for the following distribution showing the
number of heads when 5 coins are tossed. Also determine median.

X (number of Frequency (number of
heads) times)
I | 3
2 | 8
3 5
4 | 3 l
S l

CAalithiAan
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The most frequent observation = 2

Median:

For median, we make cumulative frequency column.

(n) .
dt obscrvation

" - [ ’
Mcdian = the class containing
L > ]

(20)
- the class containing |22 observation

>4 9 )

s ® —_— .
= the class contaiming (10)  obscrvation

Mcdian =2

9. The following frequency distribution the weights of boys in kilogram.

Compvute mean, median, mode.

_Class lntewols_Frequency.
-3 2
4 -6 3
/-9 | S
10-12 4
_ 13-15 6
| 16-18 | 2
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Solution:

Cumulative

Intervals frequency

Mean:
— x 9
Mean= X = Zﬁ:i: 10478
2./ 2
Median:

. - n .
Mecdian class = the class contamning (;] obscrvation

—

o 2N .
= the class containing (T) obscrvation

= the class containing (11.5)" obscrvation
Mecedian class 1s 9.5-12.5
Here [=95,c=10,f=4,h=3
Mcdian =/ + LA -C
112

—

_95+3(2 _10)=95+3[3)-05+2-9.54+1.125=10.625
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Mode:

10. A student obtained the following marks at a certain examination: English

x h

Mode = / +—J==J\

2/,

=fi=F

Here [=125,/_ =6,/ =4,f,=2h=3

S Mode=12.5+

64

2(6)-4-2

73, Urdu 82, Mathematics 80, History 67 and Science 62.

Mathematics

(i) If the weights accorded these marks are 4, 3, 3, 2 and 2, respectively, what
iIs an appropriate average mark?

(ii) What is the average mark if equal weights are used?

Solution:

Xw |
73x4=292 |
82x3=246 |
80 x 3=240 |
67 x 2 =134
62x2=124 |
Z_.ru: 1036
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11. On a vacation frip a family bought 21.3 liters of pefrol at 39.90 rupees per

Mathematics

liter, 18.7 liters at 42.90 rupees per liter, and 23.5 liters at 40.90 rupees per liter.

Find the mean price paid per liter.

Solution:

12. Calculate simple moving average of 3 years from the following data:

m 2001|2002 2003 | 2004

2005 (2006 | 2007 | 2008 | 2009

s 02 108 130 v 18| 10 0 20| 2| 20

Solution:

w00 | v |- ] -
202 | 108 | a0 | 340/3=113.33

el ol

2004 | 0 | am | ap-iee

el o .
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13. Determine graphically for the following data and check your answer by

-

2007 196 | 586 | 586/3=195.33 |
2008 210 | 626 | 626/3 = 208.67
2009 220 | 660 | 660/3 =220.00 |
2010 230 | - -

using formulae.

(i) Median and Quartiles using cumulative frequency polygon.

(i) Mode using Histogram

Part (i)

Solution:

Class Boundaries

10-20
20-30

30-40
40-50
o0-60
60-70

Class Boundaries f

Less than 10

Less than 20

Less than 30

O [T I 0O

Less than 40
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TR nNEN
sthent® |11 & |

Cumulative Frequency Polygon:

27
24

21 (22,47
18
i

-—

v 15

3::

©C W O v

10 20 30 |40 |50 60 70

Median class Qs class

o ,,7 \.‘3'
. -~ l ) .
] observation = [T | = (l3.5) observation
& )

.

. !
Median class = {
\

t9 |

-

Mcdian =/ + -’}{ :

ol
f

Here [(=30,c=7,f=9h=10,n=27

to |

- |
Thus median x =30+ E’-("—? —~ 71 =30+ ?fﬁ»]= 30+7.22=37.22

0 2 0
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Iy

f \
- I N ,
wc¢ have to hind 3; SJ observation
: . o \ oA
[ n) . ol B :
Q: Class = }‘ -I | observation = Jl T observation
\ . 4 ‘\. /'

= 3(6.75)”' obscrvation '—(20.25)'* obscrvation

Q, Class 1s 40-50.

f} ‘-'
Now , =1+ 2| =¢]

fHere 1=40,c=16,f=6,A=10,n=27

' TV | )
IU: L4 —16'=40+-]—0-(30.25—|6)
6\ 4 ) 6

Q. =40+

0
_ 40+ %{4.25) _ 40+ 7.08 = 47.08

Part (ii)
Solution:
Class Boundaries | Frequency
10-20
20-30
30-40
Histogram:

40-50
S0-60
60-70
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10 20 30 40 50 60 70

l—Mode = 3rS.7 iaggwximately) J'

From the Graph:
Mode = 35.7

Verification of Mode by Formula:

Class Boundaries
1020

Y S Y
omemodd [ o | oownro-a
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Modc=l+—fﬂ;rl—xh

2 ~-f =-f,
Here (=30, =9.f =5.1,=6,h=10

9-5
R —"t
2(9)-5-6

4x10
18—-11
40

=30+ —
-

=30+5.71
Mode = 35.71

Mode = 30+ 10

=30+

The result is very clos to the value (35.7) which is obtained from the graph.

www.topstudyworld.com



www.topstudyworld.com Mathematics

www.topstudyworld.com



