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Chapter 03 Measures of Central Tendency

e Usually when two or more different data sets are to be compared it is
necessary to condense the data, but for comparison the condensation of data
set into a frequency distribution and visual presentation are not enough. It is
then necessary to summarize the data set in a single value. Such a value
usually somewhere in the center and represent the entire data set and hence it
is called measure of central tendency or averages. Since a measure of central
tendency (i.e. an average) indicates the location or the general position of the
distribution on the X-axis therefore if is also known as a measure of location
or position.

Types of Measure of Central Tendency ARG

Mean

Arithmetic Mean, %ﬁtmp[y Mean
T

“A value obtained by@ mg the sum of all the °

observations by the number of observations is

vmboli
i i +/=+- A m’u s
called arithmetic mean” .

Sum of All the Observations

Mean = -
Number of Observations
M- STy,
"“i’/': B! \-.I The mean is that central point where the sum of the negative deviations (absolute value)
=l S

\‘ y. from the mean and the sum of the positive deviations from the mean are equal. This is why
v the mean is considered a measure of central tendency.
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Measures of Central Tendency

Methods of Finding Arithmetic Mean

Methods
Direct Step-deviation Method
Method or Coding Method or
Short-cut Short Method
Method f=a == =
Methods Ungrouped data Gl‘hup'k-d data
— Xi - X
Direct Method P X A/ [ Here n=3 f
n n
. D =
x:A+Z— x:A—O—&;HereH:Zf
n n
Short cut Method

Where J2= X - 4 and 4 is the provisional or assumed mean.

Step deviation
Method

f:A+Zﬁx--h’
.- 3 n

f:fl—l—z—fuxh; Here n=3 f
71

Xi-A4

Where { = ———— and h is the common width of the class intervals

EXAMPLE 3.01

Find A.M from the following data: (ungrouped data)

2.4.6,8,10
B
Solution é,m%‘“”
:, @ ]
Direct Method: 4\/_
Sie Xi ﬂ — 6.0 The Arithmetic mean is
on 5 ' simply called Mean. We

B2 o0 o & b

denoted Mean by
X (read as “X Bar?)




Chapter 03 Measures of Central Tendency

Short-cut Method:

F
X|D=X-4
2 -2
4 0 f:A-FQ: +Q:6.0 N
6 9 n 5
g 4 To compute the mean,
10 6 (LetA=4) round-off it one more
30 10 decimal place than the
original data values. For
Step-deviation Method: oxbymple, if the data are
_ gwen in whole numbers,
= Xi-A L then the mean should be
X h | rounded-off to nearest
2 -3 f:A+&Xh =8+@X2=6.0 tenth. If the data are
g "E i > : given in tenths then the
Q 0 (Here h =2 and let 4 = 8) mean should be
10 1 rounded-off to nearest
30 B hundredth and so on.

EXAMPLE 3.02

Find A-M from the following dafa; (Discrete Grouped data)

WX [10]15]20 2530
fl1l2]3[27]1

f

Direct Method:
X [ 71 & VY
10 1] 10 In grouped data the
- x 180
15 2 (30 X = Zf = ) =20.0 number of observations
20 | 3| 60 n .
g | s | & “n” is equal to D_ f
30 | 1| 30 (Heren=)_ f=9)
Total | 9 [ 180
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Chapter 03 Measures of Central Tendency

Short-cut Method:

X |Fflbp=x-4|/P

10 |1 -10 -10 E:A+Zﬂ)=20+2=20.0
15 | 2 5 -10 n 9

20 | 3 0 0

25 | 2 5 10 (HereA=20andn=>)f=9)
30 |1 10 10

Total | 9 == 0

Step-deviation Method:

X
x| f|% 5 | W f:A+Z—f"><h=.20+9x 5=20.0
10 |1 2 2 X ?

15 | 2 -1 2
20 | 3 0 (Here A =L0Nh=5andn=>) f=9)
25 | 2 1 2
30 |1 2
Total | 9 - 0

EXAMPLE 3.03
Find A.M from the following data:(Continuous Grouped data)

Weight,| 11-20 | 21-30 [ 31-40 [ 41-50
), 1 2 3 2

Direct Method:

Weight | [ | X (mid points) | fX

11-20 | 1 15.5 155
21-30 | 2 255 51.0
31-40 | 3 35.5 106.5
41-50 | 2 45.5 91.0
51-60 | 1 55.5 555
Total [ 9 -- 319.5

- ~ 5
x:Zfl _ 31990 4s sy (heren=>) f=9)



Chapter 03 Measures of Central Tendency

Short-cut Method:

Weight | f | X (mid points) | D=X.-A | fD

11-20 | 1 155 -20 =20

21-30 | 2 255 -10 -20 =

31-40 | 3 35.5 0 0 The concept of
41-50 | 2 45.5 10 20 Arithwietic Mean
51-60 1 555 20 20 has been first used
Total | 9 -- - 0 by Greek

astronomers in the
_‘\Q;%fi'v,cd century BC.
N :

f:A+ZfD =35.5+g=35.50

(Here4=355andn=>)_f=9) >\

Step-deviation Method:

X.-4 (
Weight | f | X (mid points) | " — h Jit TN\
11-20 | 1 15.5 ] ENN But In 1755,
21-30 | 2 25.5 1 /NS ) Thomas Simpson
31-40 | 3 35.5 ofCNJ™ officially proposed
41-50 | 2 455 L\N 2 the use of
51-60 | 1 55.5 T 2 Arithmetic Mean.
Total | 9 = ~ 0

7o o 2ty £ gx 10=135.50
n -~ o

(Here 4 =20, h =0 wdh = £ =9)

— -[ Test Yourself \/—

To find Mean of the

Find the A.M from the following data:
population use the

1) 1.3.5,7,9,11,13, 15 following formula:
Zx
X | 20(25]30]35](40 H="y
) £ ]2]al]9]3]1
3 Weight | 21-30 [ 31-40 | 41-50 [ 51-60 [ 61-70 4 (meu)
f 1 3 5 4 2
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Properties of Arithmetic Mean

The following are the properties of arithmetic mean:

e The mean of a constant (s same constant.

4,4,4,4,4

s %] +
x:ZAr:4+4 4+4+4:Q:4_0

n 5 5

® The sum of deviations from mean is equal to zero. i.e. > (Xi-X) =0

2,4,6,8,10
X (Xi-X)
2 -4 7=2¥ZY —¢p
4 2 1 5
6 0
8 2
10 4 _
30 | 0= (xi- B =2.@-x =0

® The sum of squared deviations from the mean is smaller than the sum of squared deviations

from any arbitrary’value or provisional mean. ie. 3 (Xi—Xx)° <Y (xi—A)

2,4,6,8,10
X| x-% (Xi- X)° (Xi-4) (Xi- 4)°
2 4 16 2 4 soa¥ _ 3 _ s
4 2 4 0 0 n 5
6 0 0 2 4
8 2 4 4 16 LetA=4
10 4 16 6 36
30 -- 40=>" (Xi- X)° = 60=>"(Xi- 4)’°

> S@Ei-X <Y (Xi- 4P
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Chapter 03 Measures of Central Tendency

The arithmetic mean is affected by the change of origin and scale i.e. when a constant is
added to or subtracted from each value of a variable or if each value of a variable is
multiplied or divided by a constant, then arithmetic mean is affected by these changes.

Sxi _ 30

y=2" =" =60
Variable Mean n 5
i X Let Y;=2X +3 (a=3.b=2)
Xita X ta X[ Y-2%03
- 2 7
. aX 4 1
6 15
T 8 19
Xi = 10 23
a 30 75
A Y% 75
prYZZ =—=150
n s

thérefore ¥ =bX +a =(2) (6) +3=15.0

If k-subgroups consists of ns ng ,...ne observations having their respective means as X s,
X 2,.., X then the medn of all the data or combined mean is denoted by X or fc and is
defined by:
5 e MiX1+n2X24 ...+ e Xk
¢ ni+n2+...+ Hk

For example, if three sections of a statistics class containing 28, 32, and 35 students averaged 83,
80 and 76 respectively, on the same final examination. Then the combined mean for all 3
sections is:

n=28;X1=83
n=32; X>=80
ns=35; Xa=76

= X+ mXo+nsXz _ (28)(83)+(32)(80) +(35)(76) _

794
c ni+n2+ns 284+32+35
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Chapter 03 Measures of Central Tendency

Change of Origin

If we add a constant to each value of a variable or subtract a constant from each value of a variable,
then this is called as change of origin. The arithmetic mean is affected by these changes but the
standard deviation (will be discussed in Chapter 04) is independent of these changes. For example:

>.x 30 Dy 45 Old Variable New Variable

ean(JC) " 5 eaﬂ(} ) . 5 X X Y= x+3 7

2 2 5 2 0 00 3 9

X X Vv v
S.D(x)= 2 - 2 S.D()= 2. - 2 3 9 6 36
n n n n. 6 36 9 81
9 81 12 144
0 3 12

= ﬂ_(_‘)] _42 _ ﬁ_{ﬁj _ao 4 1D 144 15 225
5 s 5 s 30 | 270 | 45 495

The following figure illustrates the idea of change of origin:

Mean =6
SD=42

J

F 3

1
0 o2,
Origin

®

3
=

I have just changed
my position on the

X-axis

New Mean =9

New S.D=42

rF 3

3 6H@ 12 15

Origin

It is now clear, if we change the origin by adding “3” to each value of the variable, then the A.M will
be affected by these changes but S.D will not be changed i.e.

New Mean =(Old Mean+3)=(6+3)=9 and New S.D=0Ild S.D=42



Chapter 03

Change of Scale

Measures of Central Tendency

If each value of a variable is multiply or divide by a constant, then this is called as change of scale. The
arithmetic mean and standard deviation are affected by these changes. For example:

x 30

Z y 10 Old Variable New Variable
w2 X | x 73] ¥

- 0 0 0 0

Dy 3 of 1 1

” J 6 36 2 4

- 9 81 3 9

30 (10Y iF 4 144 4 16
?—{_?) = 30/ 270 10 30

The following figure illustrates the idea of change of scale:

¥ 3

| have changed the

scale; the original

is wider than me.

v

6 9 12
Mean
|
|
|
| New Mean =2
i
|
i New S D=14
14 :
—— =Tt >
012034 6 9o 12

It is now clear, if we change the scale by dividing each value of the variable by “3” then both the A.M
and S.D will be affected by these changes, such that:

Old Mean 6

New Mean :f—E:Z and New S.D =

Old S.D 42

1.4




Chapter 03 Measures of Central Tendency

Merits and Demerits of Arithmetic Mean

Merits

The A.M is clearly defined by a mathematical formula.
It is based on all the observations in the data and is easy to calculate.
It is capable of further algebraic treatment.

It is always unique, i.e. a set of data has only one mean. o

It is a relatively stable statistic with the fluctuations of sa;nphng

It provide basis for o S
statistical inference.

Demerits

by extreme values
in the data.

e It cannot be
calculated for
qualitative data.

e If the grouped data
have “open-end” *
classes, mean ganfiot be accurately computed.

e TJtisnot an app,r(ﬁaﬁate average for highly skewed distribution.

I
e Ttis greatly affected I
I

More Important

Up till now we have discussed the simple A.M or in other words un-weighted
A M. In calculating arithmetic mean we assume that the values of a variable
have equal importance. But it is not necessary that all the values have the same
relative importance. Thus whenever it is required to find the mean of certain
variables, which are not of equal importance, then we assign certain numerical
quantities to these variables, which express their relative importance. Such

numerical quantities are technically called the weight. !‘& ’

So it is obvious that we would modify the formula of the simple A.M and apply
the formula of the weighted A M i.e. Less Important

ToXwx
s w




Chapter 03

EXAMPLE 3.04

Measures of Central Tendency

Calculate the weighted mean from the following data:

Item Expenditure (X) | Weights (W)
Food 290 7.5
Rent 54 20
Clothing 98 1.5
Fuel & Light 75 1.0
Cosmetics 75 0.5

Since X. = m
>w

Ttem Expenditure (x) | Weightsyw) WX
Food 290 Yl 2175.0
Rent 54 2.0 108.0
Clothing 98 1.5 147.0
Fuel & Light 75 1.0 75.0
Cosmetics F 0.5 37.5

Total - 12.5 2542.5
Therefore A= A 203.4

" >w 125

— @ -[ Tést Yourself

Calculate the weighted mean from the following data:

Item Expenditure (X) | Weights (W)
Food 390 95
Rent 44 3.0
Clothing 199 25
Fuel & Light 67 3.8
Other items 85 55

92




Chapter 03 Measures of Central Tendency

Geometric Mean

» ; ; ~
“The nth root of the product of “n” positive values is called geometric mean” ~

Geometric Mean="/Product of "n" PositiveValues

The following are the formulae of geometric mean:

Ungrouped data Grouped data
G= Anrﬂog[zlﬂ] G = Antilo MJ ;Here n={> 1™
n _ n \

EXAMPLE 3.05

Find geometric mean from the followiﬁg’"détai' (ungrouped data)

5.830472015

5 0.6990

8 109031
10 | 1.0000
12 1.0792
15 1.1761
Total | 4.8573

G = Antilog { Zlogx]

n

= Amr.'log( 4'8§ 73} =94




Chapter 03 Measures of Central Tendency

EXAMPLE 3.06

Find G.M from the following data: (Discrete Grouped data)

X [13] 14 (15|16 | 17
r |2 5 1131 7 3

X f | logX | flogX
13 | 2 [1.1139 | 22279
: . JIO

14 | 5 |1.1461 | 5.7306 G= Annzog(ZﬂJ}

15 | 13 | 1.1761 | 15.2892 k- B

16 | 7 | 1.2041 | 84288 . 35.3679

17 | 3 | 12304 | 3.6913 = dntilog (T] =135.1
Total [ 30 | -- 35.3679

EXAMPLE 3.07

Find G.M from the following data: (Continuous Grouped data)

Weights | 65-84 854104 4 105-124 125-144 145-164 165-184 | 185-204

£ 9 10 17 10 5 4 5
Solution

Weights f X log X flog X
65-84 9 74.5 1.8722 16.8494 g
85-104 10 94.5 1.9754 19.7543 Cr= Anﬁ[og(m}

105-124 17 114.5 | 2.0588 34.9997 #

125-144 | 10 | 1345 | 2.1287 | 21.2872 L (124.2470
= Annlog[i =117.7

145-164 5 1545 | 2.1889 10.9446

165-184 4 1745 | 2.2418 8.9672

185-204 5 1945 | 2.2889 11.4446
Total 60 -- -- 124.2470
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Measures of Central Tendency

Test Yourself

Find the G.M from the following data:

1) 1,3,5,7,9,11,13,15

X

20 125]130]35]40

2) [ £

2 1419311

Weight | 21-30 | 31-40 [ 41-50 | 51-60 | 61-70

3)

._.
W
L
.
o

Merits and Demerits of Geometric Mean

Merits

The G.M isclearly defined by a mathematical formula.

It is unique.atid bdsed on all the observations.

It is capabl€ of further algebraic treatment.

It is caniparatively less affected by extreme values as compared to A.M.

Itfaves equal weight to all the observations and is not much affected by
fluctwations of sampling.

Demerits

It is neither easy to calculate nor simple to understand.

It vanishes if any observation is zero.

It cannot be calculated for qualitative data.

In case of negative values, it cannot be computed at all.

If the grouped data have “open-end” classes, geometric mean cannot be accurately
computed.
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Chapter 03 Measures of Central Tendency

Harmonic Mean

“The reciprocal of the arithmetic mean of the reciprocals of the values is called harmonic mean”

Sum of Reciprocal of the Values
The Number of Values

Harmonic Mean = Reciprocal of (

The following are formulae of harmonic mean:

Ungrouped data Grouped data
H= n] H=_2 ;Heren:Zf

orical Note

Hi Friends!!!

15 0.0667
Total | 0.5750
In 1274, Jevons
William Stanley
introduced the
n 5 :
H= = =R Geometric Mean
5 1 } 0.5750 and Harmonic
X Mean.
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EXAMPLE 3.09

Find Harmonic mean from the following data: (Discrete Grouped data)

X [13]14 (15|16 | 17
f |2 5 1131 7

X | f] (%

13 | 2 | 01538

14 | 5 | 03571 H=_" A3,
15 | 13 | 0.8667 ) ~%9rs

16 | 7 | 04375 Z(;]

17 | 3 | 0.1765

Total [ 30 | 1.9916

EXAMPLE 3.10

Find H.M from the following datas (Centinuous Grouped data)

Weights | 65-84 | 85-104 .105-124 | 125-144 | 145-164 | 165-184 | 185-204
it 9 10 17 10 5 B 5

Solution

Weights i X /X
65-84 9 74.5 0.1208
85-104 10 94.5 0.1058

105-124 | 17 | 1145 | 0.1485 B 60
125-144 | 10 | 1345 | 0.0743 H= 7N 05301
145-164 | 5 | 1545 | 0.0324 Z(—J
165-184 | 4 | 1745 | 0.0229 X

185-204 S 194.5 0.0257
Total 60 -- 0.5304
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Chapter 03 Measures of Central Tendency

— @ -[ Test Yourself

Find the H.M from the following data:

) 1.3:5:7,9:11,13: 15

X [20]25]30[35]40
[ £ l21lalof3]1

3) Weight | 21-30 | 31-40 | 41-50 | 51-60 | 61-70
f 1 3 3 4 2

Merits and Demerits of HarmonicMean

Merits

e The H.M is'gleaply defined by a mathematical
formula. 3

e Tt is unigue and based on all the observations.

e Itis capable of further algebraic treatment.

e Itiscomparatively less affected by extreme values
as coinpared to A.M and G.M.

Demerits

e Tt is neither easy to calculate nor simple to
understand.
It cannot be determined if any value is zero.
It cannot be calculated for qualitative data.

e If the grouped data have “open-end” classes,
geometric mean cannot be accurately computed.

e Iivis not much affected by fluctuations of sampling.

s If any value of the
data is negative then
G.M will become ill-
defined and the
remaining two
averages relate each
other inversely i.e.
HM > AM.

s If any value of the
data is zero, then
H-M will become ill-
defined and the G.M
will be zero.

s AM, G-M and H-M of
two values “a” and

“b” are:

AM= a+b
2!
G-M=(axby”*
H.M= 2ab
a+b
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Relationship between Arithmetic Mean, Geometric Mean and

Harmonic Mean

e AM>GM>HM

e The three averages are exactly equal if the data set is constanti.e. AM=G.M=HM

o (GM) ~(AM)x(HM)

Consider the data:
2.4.6,8, and 10

X | logX | I/X

0.3010 | 0.5000
0.6021 | 0.2500
0.7782 | 0.1667
0.9031 | 0.1250
1.0000 | 0.1000
30 [3.5844 ] 1.1417

o0 N R 12

—
=

Hence it is clear that: AM>GM>HM

Consider the data: . _
10, 10, 10, 10, and 10 == =

X | logX | LiX : G = Antilog
10 1 0.1

10 0.1 s
10 0. = Anfilog(—J:}O
10 Out )

10 0.1

50 0.5 1\ o5
Z(EJ
Hence it is clear that: AM=GM=HM '

L e e e

In 1970, the
relationship
between Avithmetic
Mean, Geometric
Mean and
Harmonic Mean is
deseribed by
Mitrinovic, D.S.

AM=127.5
G.M =60
HM =7

(GM)* (60)°

(GM) =(AM)x(HM)=>HM ~ AM _ﬁ

=28.2

The A.M of two observations is 127.5 and their G.M is 60 find their H.M.




Chapter 03

Mode

Mode in case of Ungrouped Data

“A value, that occurs most frequently in a data, is

called mode”

Mode =2

e.g. 2,3.4,2,5.6,2,7

“If two or more values occur the same number of times bt most

Measures of Central Tendency

If each value occurs the

same number of times,

frequently than the other values, then there is more than onesmode” Hien thers icno made.
e.g.
1,2,3,4
eg. 2,9,11,9.2,13,14,7, 14 | AT LR
5,6,5,7,6,7
Mode=2.9 (there is no mode)

o The data bawrig one mode is called uni-modal distribution.
» The data]oawrng two modes is called bi-modal distribution.
. The« ﬁafa having more than two modes is called multi-modal distribution.

Mode in case of Discrete Grouped Data

“A value, which has the largest frequency in a set of data, is called mode”

44 | 45

]
—
[F5]
h

Mode =43
(Against the maximum frequency)

100




Chapter 03 Measures of Central Tendency

Mode in case of Continuous Grouped Data

In case of continuous grouped data, mode would lie in the class that carries
the highest frequency. This class is called the modal class. The formula
used to compute the value of mode, is given below:

ode = ﬁi_ﬁ X
Mede=lv "

Where / = lower class boundary of the modal class
h = class-width of the modal class -
[fa—= frequency of the modal class S ) Pearson used the
fi= frequency of the class preceding the modal class = term “Mode”
f>= frequency of the class following the modal class ;

% In 12294, Karl

EXAMPLE 3.11

Find mode from the following data:

Marks 30-39 40-49
No. of Students 8 87|

Solution

o N 2 fue fi
S Méc?e. l+(ﬁn—ﬁ) (ﬁ:—fz)Xh

Na. Qf Class
Marks | Students | boundaries
30-39 8 29.5-39.5 Modal class: 59.5 — 69.5
40-49 87 39.5-49.5
50-59 190 49.5-59.5

1=59.5, fy = 190, fo = 211, fou = 304,

60-69 304 59.5-69.5 Ji /2 /
70-79 211 69.5-79.5 h=695-595=10
80-89 85 79.5-89.5
90-99 20 89.5-99.5

Mode =1+ Jo—fi x h
(o= 1) +(Fa— 1)
=505+ 047,190 -x 10 =65
(304 -190)+ (304 - 211)
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Chapter 03 Measures of Central Tendency

Mode Graphically

Construct a Histogram form the continuous grouped data.

e Tocate the modal class i.e. the class with highest rectangle.
Draw a line from top right hand corner of the modal class rectangle to the point
where the top of the next adjacent rectangle to the left- touches. Similarly, join the
top left hand corner of the modal class rectangle to the point where the top of the
next adjacent rectangle to the right -touches.
From the intersection of these two lines draw a perpendiculdion X-axis.

e Mode is the point where the perpendicular meets the X-axis:

EXAMPLE 3.12

Find mode graphically from the following data:

Marks 30-39 40-49
No. of Students 8 87

No. of Class
Mark Students boundaries
30-39 8 29.5-39.5
350 - 40-49 87 39.5-49.5
i 50-59 190 49.5-59.5
60-69 304 59.5-69.5
250 70-79 211 69.5-79.5
o 80-89 85 79.5-89.5
90-99 20 89.5-99.5
150
100
50
— ]
295 395 495 595 1 69.5 795 895 o995
v

Mode = 65.0072
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Measures of Central Tendency

Merits and Demerits of Mode

2)

3)

Merits

Demerits

It is simple to understand and easy to calculate.

In some cases it may be obtained by just inspection.
It is not affected by extreme values.

It is also useful for qualitative data.

It can be located even in open-end classes.

Tt is not clearly defined by a mathematical Tormula.
It may not exist in some cases.

It is non-unique for all types of data.

It is not capable of further algebraic treatinent.

Tt is not based on all the observations.

It is unsatisfactory for stafisticahinierence.

— ® -[ Test Yourself

Find the Mode fromthefollowing data:

1) 1,3,5, 1.2 11, 13,7

X |20(25(130(35]40

f 21419 |3 1

Weight | 21-30 | 31-40 | 41-50 [ 51-60 | 61-70
f 1 3 4 2

103



Chapter 03 Measures of Central Tendency

Median

“When the observations are arvanged in
ascending or descending order, then a
value, that divides a distribution into two

equal parts, is called median”

Median in case of Ungrouped Data (AN

In this case we first arrange the observations in increasing or Gecreasing
order then we use the following formulae for Median: /

If “n” is Median = size of [ it l}h*q’bservarion
odd = - &er
: NN ;
If “n” is size of {(T}ﬂz +(— +1 Jrh} observation
even Median = (D \2
2

Find Median from the follewing data:

3.4.5.8.2,9.7.6.10

L P
Ascending order:  2,3,4,5.6.7,8.9.10 (n=9 odd) N\,

The number of values

]l‘h observation above the median
balances (equals) the

nt+1

Median = size of (

= size of (#] th observation

number of values below
the median (.e. 50% of
the data falls above and
= size of 5th observation =6 below the median.
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EXAMPLE 3.14

Find Median from the following data:

13.14.15.18.12,19.17.16.10.20

Solution

Ascending order: 10,12.13,14,15.16,17,18,19.20

(n=10 even)

size of {(f}‘h + (f = Jrh} obsen;_aﬁbn:
Median = 2 2 P &

2

. (H}h} i

\\ 2 ' The concept of
_ sizeof [5th f&}*ﬁ]..-&bsef‘vation Median was used by
- sy 5 Gauss at the
beginning of 1.9t

century.

ME(IM case of Discrete Grouped Data

In cas¢ of discrete grouped data, first we find the
cumulative frequencies and then use the following
formula for Median:

Median = size of [ n+l ]z‘h observation Around 1874

Francis Galton first
introduced Median
as statistical concept

Here n=3 f
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EXAMPLE 3.15

Find Median from the following data:

X
f

Solution

X f Cumulative
Frequency et

20 1 1 Median = size f ( & Jrh observation

21 3 4 2

24t 5—F—9 : £ .

23 > 11 = Size of (LJJ th observation

24 2 13 ; }

25 > 15 = size of 8th observation =22
Total 15 --

EXAMPLE 3.16

Find Median from the followairig data:

X
i

X f Cumulative Frequency _
41 2 2 S nt+l )
Median = size of | —— |th observation

42 4 6 2

43 <+ 4 — 10 . 16 +1 .

A4 5 12 = size of ( ]th observation

45 1 13 . .

16 3 16 = size of 8.5th observation =43
Total 16 --
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Median in case of continuous Grouped Data

In continuous grouped data, when we are finding median, we first construct
the class boundaries if the classes are discontinuous. Then we find
cumulative frequencies and then we use the following two steps:

e First we determine the median class using n/2.
e When the median class is determined, then the following formula is
used to find the value of median. i.e.

. g AR ) o
Medzan—l+7(§ C], Here n=y f

Where [=lower class boundary of the median class
h = class-width of the median class
f = frequency of the median class
C = cumulative frequency of the class preceding the median class.

EXAMPLE 3.17

Find Median from the following data:

Marks 30-39 | 40-49]) 50-59
No. of Students 8 . 3%, ¢ 190
Solution
Step 1:
No.of i < Class _ _ n _
Marks | Students JCE boundaries Median = Size of [EJ th observation
30-39 8 8 29.5-39.5
40-49 87 95 39.5-49.5 — Size of ( @} N —
50-59 190 285 49.5-59.5 2
60-69 304 589 —7* 59.5-69.5 = Size of 452.5th observation
70-79 211 800 69.5-79.5
80-89 & 883 12.5-895 And since 452.5™ observation lies in the class
90-99 20 905 89.5-99.5 (59.5-69.5): hence this is the median class.
Total 905 -- --
Step 2: Here 1=59.5,f=304,C=285,h=10

. g BB
Med:an—l+7[§ CJ

Median = 59.5+ % (452.5-285)= 65
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— @ -[ Test Yourself

Find the Median from the following data:

1 .35 7:7:11,13:,7:6
2) 30, 44, 34, 46, 55,47, 20, 58

3) X [20]125]30(35]40
f12]14]19]13]1

4) Weight | 21-30 | 31-40 | 41-50 [51-60 | 61-70
i& 1 3 5 4 2

Graphic Representation of Median

Draw an ogive on the basis.af “less than™ or “more than” type.

Compute (n/2) and locate this point‘on vertical scale (y-axis).

Draw a perpendicular fiom tlie located point to the ogive.

Now draw a perpendicular-on x-axis from the point where the first perpendicular
cuts the ogive. \, «

e The point at whichithe perpendicular will intersect the x-axis will be the Median
of the distribution:

EXAMPLE 3.18

Find Median graphically from the following data:

Marks 30-39 40-49 50-59 60-69

No. of Students 8 87 190 304

m Marks | No. of Students CF Class boundaries

30-39 8 8 29.5-39.5
40-49 87 95 39.5-49.5
50-59 190 285 49.5-59.5
60-69 304 589 59.5-69.5
70-79 211 800 69.5-79.5
80-89 35 885 79.5-89.5
90-99 20 905 89.5-99.5
Total 905 -- --
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Here we construct “less than™ cumulative frequency distribution:

Less than Class
boundaries CF 1000
Less than 29.5 0
Less than 39.5 8 900
Less than 49.5 95
Less than 59.5 285 800
Less than 69.5 589
Less than 79.5 800 700
Less than 89.5 885 -
Less than 99.5 905
500
n/2 >
400
300
200
100
206, 395 495 595 695 795 895 0995
. Median = 65
s ’ - 4
Merits and Demerits of Median ~ (NG
- . ‘ o : J_

Merits \ &/ N\
L J o It will be incorrect if
e It is simplet6 understand and easy to calculate.
R v we get the answer of
e It ismotaffected by extreme values. A avevase ouk side The
L, = o n
e It ig also useful for qualitative data. < :
¢ Ti can be located even in open-end classes. PHiGe o the date
e Tike mean it always exists and is unique for any o Whenever you hear
Se’F oil'ldata. . T the word “average”, be
° It. is the most appropriate average in highly skewe aware that the word
distribution.
may not always be
Demerits referving to the mean.
It may refer to Median
e Tt is not clearly defined by a mathematical formula. and Mode etc.
e Tt is not capable of further algebraic treatment.
e Itisnot based on all the observations.
e Ttis necessary to arrange the values in an array before finding the median, which
is a tedious (boring) work.
e TItis unsatisfactory for statistical inference.
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M- STl
‘g -\ The averages that are obtained by using mathematical formulae are called mathematical
ety ) | avera
e ges e.g-
B

AF

e Arithmetic Mean
s  Harmonic Mean
e Geometric Mean

The averages that are obtained by simple inspection of the data are called positional

averages e.g-
s Mode
e Median

All these averages are affected by the change of origin and scoles

S

Symmetrical Distribution

“A distribution is said to be symmetric if the values ofymean, median and mode are equal” i.e.

Mean = Median = Mogde

In symmetrical distribution the sum df.thé deviation from the

mean, mode or median is zero. The shape of such a distribution is

Mean = Me.dian = Mode

always in the form of a bell, ag sliown in the figure.

e

II‘-‘ |I-,'§"

“For sym#v\etnc distribution, we know that the values of mean, median and mode are equal,
but if these values differ, then the distribution is said to be skewed or asymmetric”’

The following figures show the skewed distribution:

+ve Skewness —ve Skewness

Mean > Meﬂian > Mode Mean < Median < Mode
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Empirical Relation between Mean, <

Median and Mode

“The difference between mean and mode is three times the s

difference between mean and median” i.e. If two averages ave given then

. we can find the third one using:
Mean — Mode= 3 (Mean— Median)
_ 3Median — Mode

o Mean -
OR 2
“The difference between median and mode is twice the . Medmn: M
5 ) 4 - ~
difference between mean and median. { Mode = 3Median —2Mean

Median — Mode = 2 (Mean — Median)

If Mean = 28.5 and Median = 30 then by Empirical Relation:

Mode = 3Median — 2Mean —> Mode = 3(30)—2(28.5) =33

Quartiles

“When the observations are arcanged in increasing order then the values, that divide the whole
data into four (4) equal parts, are called quartiles”

. WEER
These values are denoted by Q;. Q; and Q. ﬁ% D

It is to be noted that 25% of the data falls below Q. 50% of the data falls o
below Q, and 75% of the data falls below Qs. N
Quartiles, Deciles and

Deciﬁes Percentiles are also
called Quantiles or

“When the observations are arvanged in increasing order then the Fractiles.
values, that divide the whole data into ten (10) equal parts, are
called deciles”

These values are denoted by Dy, Ds,....Ds.

It is to be noted that 10% of the data falls below D;. 20% of the data falls below D»....., and 90% of the
data falls below Dy.
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“When the observations are arranged in increasing order then the -

values, that divide the whole data into hundred (100) equal parts,

are called percentiles”

These values are denoted by Py, P,...

It is to be noted that 1% of the data falls below P;., 2% of the data falls

For a data 24 quartile,
stk decile and soth

pereentile are equal to
..Pog.
Median i.e.

@2 5.D5'= Pso = Median

below Ps,..., and 99% of the data falls below Pgg.
Measures | Data Type Formulas
ngr + I '
Ungrouped | ) _ ¢;-d of [J (n ) ] th observation
Data
uartiles Discrete n+1 _
e Grouped 4|, (O sizeof { o+ 1) }rh observation ;Here n=3 f
j=1,2,3 data -
-ouped - n+1 :
Ungropppdst’ 1), = size of { J( ))rh observation
Data
Deciles ! ]I)is-cﬂ'te .
‘Grouped ), = size of [j (a+1) ] th observation ;Here n=3 f
j=12..9 data
Ungrouped | p _ gj-p of Jn+1) th observation
Data AT 100 ) :
Percentiles | Discrete . i .
Grouped P, =sizeof (%J th observation; Here n=3 f
j=12..99 data
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Continuous Grouped Data

In continuous grouped data, we use the following two steps:

e First we determine the j™ quartile class using jn/4.
e When the j‘h quartile class is determined, then the following formula
is used to find the value of jth quartile i.e.

nii - .
Quartiles Qf:lJr?(%—C); Here n=3|f

[ = lower class bomldal? of the jth quartile class

h= class-width of the j" quartile class

= frequency of the j® quartile class

C = cumulative frequency of the class preceding the jﬂ1 quartile class.

e First we determine the jth degile class using jn/10.
e When the j® decile.dlass is-«determined, then the following formula
is used to find the value of the j™ decile. i.e.

: nein
Deciles .D.; :'l-ir?(‘;—O—C]: Here n=3% f

1 = lower, cldss'boundary of the j™ decile class

h = class=width of the Jh decile class

f =fiequency of the j decile class

€ =eumulative frequency of the class preceding the jth decile class.

e First we determine j'h percentile class using jn/100.
e When the jth percentile class is determined, then the following
formula is used to find the value of the jttl percentile. i.e.

h(j
Percentiles PJ:ZJr—[ﬂ—CJ: Here n=3% f

f\ioo

[ = lower class bOlIlld&l?ll of the j™ percentile class

h= class-width of the = percentile class

f= frequency of the jrItt percentile class

C = cumulative frequency of the class preceding the j™ percentile class.
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EXAMPLE 3.19

Find Q. Qs, Ds. and Ps, from the following data:

50,51,52.53.54.55.56.57.58.59.60:

Q: = size of ( Iin+ D) )J‘h observation O; = sizeof [ 3N ] th observation
= Q: =sizeof (W] th observation = Q: = sizéof (W] th observation
= size of 3th observation =352 = gizeof 9th observation =58
Ds = size of [50};; /) ] th observation Paa : size of {75{}5%;; L th observation
=> Ds=sizeof {W] th observqﬁq'n | == Pso= size of (w) th observation

= size of 6th observation =47". = size of 6th observation =55

EXAMPLE 3.20

Find Qy, Qs, Dg and P, from the following data:

150.151.152.153.154.155,156.157,158,159

Im+1)

O:=sizeof [ ]rh observation
= Qi =sizeof [W] th observation

= sizeof 2.75th observation
= size of | 2nd +0.75(3rd - 2nd) |observation
=151+0.75(152-151)=151.75
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3m+1)
4

(3(16;(+1))

Q: = size of (

Jth observation

= Qs =sizeof th observation

= size of 8.25th observation
= size of | 8th+0.25(9th - 8th) observation f
=157+0.25(158-157)=157.25

6(m+1)
10

Ds = size of ( ]J.‘h observation

6(10+1)
10

= size of 0.6th obsefvation

= size of | 6th{-0.6(7th="6th) |observation

=155+0.6(156%4135) =155.6

— Ds = size of ( ]th gbservation

Pso = sizgoft (%

80(10+1)
100

= size of 8.8th observation

= size of | 8th +0.8(9th - 8th) |observation

=157+0.8(158-157)=157.8

)rh observation

—Rs='size of ( th observation

EXAMPLE 3.21

Find Q, Qs, D4 and Ps from the following data:

X | 20]21]22
f 1 3
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Solution

X f Cumulative Frequency
20 1 1
21 ++ 3 4
22 ++ 5— 9
23 &« 2 11
24 €+ 2— 13
25 2 15

Total 15 =

Qi =sizeof (@}ﬂr observation Qs =size of (WJ th'ebservation

= Qi =sizeof (L;_U] th observation

= size of 4th observation =21
dm+1)
10
4(15+1)
10
= size of 6.4th observation =22

EXAMPLE 3.22

D, =sizeof ( Jrh observation

= D= sizeof ( }rh observation

th observation

= Qs =sizeof [W}

= size'qf ™ 2th observation = 24

Pe =f§T5¢'of (%] th observation
> Py = size of [%} th observation

= size of 9.6th observation = 23

Find Q;, Qs, Dg and Py from the following data:

Marks 30-39 40-49 50-59 60-69 70-79 80-89 90-99
No. of Students | 8 87 190 304 211 85 20
No. of Class
Marks Students CF boundaries
30-39 8 8 29.5-39.5
40-49 87 95 39.5-49.5
50-59 190 285 —» 49.5-59.5
60-69 304 589 —» 59.5-69.5
70-79 211 800 —T* 69.5-79.5
80-89 85 885 79.5-89.5
90-99 20 905 89.5-99.5
Total 905 - --
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Step 1
0:=Sizeof ( Jrh observation

Ix 905} th observation

= Q;ZSizeof[

= Size of { i ] th observation
= Size of 226.25th observation

And since 226.25™ observation lies in the class
(49.5-59.5); hence this is the lower quartile class.

Here [=495, f=190,C=95 h=10
Step 1
0: = Size of[

)th observation

3x905

= Qs=Size of(

Jth observation

= Size of ( Ll ) th obsermtllrbn '
= Size of 678.75th ohsmaﬂon

And since 678.75™ observation In-j;_s in The class
(69.5-79.5); hence this is thefupper quartile class.

Here | = 69.5, /=211, C&/589, h = 10
Step 1 Z1 .
Ds = Size of ( th observation
8x 905

= Ds=Sizeof [ Jrh observation

= Size of [7230J th observation

= Size of 724th observation

And since 724™ observation lies in the class
(69.5-79.5); hence this is the 8™ decile class.

Herel =69.5, =211, C=589, h=10
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Step 2

Now using the following formula:

Q1:1+%(—b;” —C‘]
10 (1x 905
0:1=49.5+ 190(7-95]
_49.5+19 20625 95)
190
— 56.40
step2 N\

‘Wowusing the following formula:

Bt l(2c)
10 (3x905
| =277
0:=09.5 2”( 7 589)
= 69. 5+—(678 75-589)
=73.73
Step 2

Now using the following formula:

., h(8n

10 (8% 905
el 211[ 10

10
=09.5+—(724-589
2]1( )

=75.89

—589]



Chapter 03 Measures of Central Tendency

Step 1 Step 2
P« = Size of { Jrh observation
100 Now using the following formula:
= Po=Sizeof (MJ th observation b ( 40n
100 Po=1+— (——C
= Size of ( 302 00}3‘}1 observation JA100
100 Po=59.5+19 [40’<905-285J
= Size of 362th observation 304\ 100 :
And since 362™ observation lies in the class =39, 5% i(--.?(ﬂr 285)
(59.5-69.5); hence this is the 40™ percentile class. _62.03 304

Here | = 59.5, =304, C = 285, h = 10
Main Objects of Average

& .“':’fo e The main object (purpose) of the average is to give a bird’s eye view (summary)
s PV of the stafistical data. The dayerage.removes all the unnecessary details of the data
' L% ;{ Y and gives a concise (to the” point or short) picture of the huge data under
investigation.

e Average is alsg bf.fgiﬂeﬁt use for the purpose of comparison (i.e. the comparison of
two or moré grups in which the units of the variables are same) and for the
further anélysis"6f the data.

e Averagesare very useful for computing various other statistical measures such as
disper§ion, skewness, kurtosis etc.

Requisites (desirable qualities) of a Good Average

An average will be considered as good if:

It is mathematically defined.

It utilizes all the values given in the data.

It is not much affected by the extreme values.

It can be calculated in almost all cases.

It can be used in further statistical analysis of the data.
It should avoid to give misleading results.
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‘Uses of Averages in Different Situations

A.M is an appropriate average for all the situations where there are no extreme
values in the data.

G.M is an appropriate average for calculating average percent increase in sales,
population, production, etc. It is one of the best averages for the construction of
index numbers.

H.M is an appropriate average for calculating the average rate of increase of
profits of a firm or finding average speed of a jourmeywor the average price at
which articles are sold. .

Mode is an appropriate average in case of.qualitative data e.g. the opinion of an
average person; he is probably referring to the ‘most frequently expressed opinion
which is the modal opinion.

Median is an appropriate average, in“a highly skewed distribution e.g. in the
distribution of wages, incomesetc!

Prove that: > (Xi—XR 25 (xi— A)f

Proof:

Takingss i — AP =¥ (xi—%+%—A)
=>[(i—-X)+x—-A)J
=Y [(i—%P +(x—AF +2(i—%)(x—A)]
=>i—-X+3(xX—-A) +25(xi—-X)(X—A)
=>(xi—X +nx—4)]+2x -4 (xi—X)
=>xi—X) +nix-4) [ Z(xi—X)=0]

=S xi—AP <> xi—X) [ nE-47>0]
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