STATISTICS 1 5 ‘

4 mathematics teacher is a mid-wife to ideas.
The first rule of discovery is fo have brains and goodluck.
The second rule of discovery is fo sit tight and wait till you get a braight idea.

- George Polya

15.1 Introduction

We have studied in class 1X about the classification of given data into ungrouped data as well
as grouped data frequency distributions. We have also learnt how to represent the data pictorially in the
form of various graphs such as bar graphs, histogram with equal and wnegual lengths of class and
frequency polygons. We have studied the measures of central tendency, namely mean, median
and mode of ungrouped data and grouped data. We have studied the concept of cumulative frequency
curves called ogives,

15.2 Mean of grouped data

We know that the mean (or average} of ungrouped data is the sum of all the observations divided
by the total number of observations. Recall that if x;, x,, x5,..., x; are observations with frequencies
Fis fos f3o5 Sy respectively, then the sum of values of all the observations is fyx; + fox, + fixs ..+ fix,
and the total number of observations is n = f; + f, +..+ 1.

So, the mean of the data is given by,

S+ o v fixg

Y R Ay
We have also symbolised the sum by the greek letter 2. (capital sigma). So,
k
b
X = Wk
21

i=]

2

When there is no doubt then X can be written as 5 = —§ 7 where / varies from 1 to &,
4

Example 1 : The marks obtaired by 100 stadents of two classes in mathematics paper consisting of
100 marks are as follows :

Marks obtaiged (xp 5120025 13235 |45 |50{6 | 707 |8

Number of students (f) | 2 3 7 4 16 | 12 9 8 6 8 ¥

Marks obtaiged (x) 85 19 | 92 {9 | ¥
Number of students (f)| 9 4 2 3 7

Find the mean of the marks obtained by the students.
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Solution : To find the mean we need the product of x; with corresponding f. For that we
prepare the following Table 15.1

Table 15.1
Marks ebtained (x;} | Number of stadents (f) Jx;
i5 2 30
26 3 60
25 7 175
32 4 128
35 10 350
45 12 340
50 9 450
60 8 480
70 6 420
(i 8 616
80 11 880
85 9 765
9 4 360 Now, ¥ = E}ﬂ;f}f"
i
92 2 184
95 3 285 =%
9% 2 198 = 5921
2f; = 106 2fx; = 5921

Therefore the mean of the marks obtained by the students is 59.21.

In practice the data are large. So, for a meaningful study we have to convert the data o
grouped data.

Now, let us convert the above data into grouped data by forming class-intervals of width 15
{because generally we take 6 to 8 classes and range of our data is 90, So we take class-interval as 15).
Remember that, while allocating frequencies to each class-interval, a student achieving value
equal to upper class-limit would be considered 1o be in the next class. For example, 7 students
who have obtained 25 marks would be considered in the class 25-40 and not in the class 10-25.
The grouped frequency distribution table is as Table 15,2,

Table 15.2
Class-interval 18-25 25-40 40-55 55-70 TO-85 85-100
Numher of students 5 21 21 8 23 20

Now we will see how to calculate mean in continuous frequency distribution. Here we wvse the

2 1%

formula X = “'i“}:“ where we take x; as the mid-point of a class (which would serve as the representative
i
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of the whole class) and f; as frequency of that class. It is assumed that the frequency of each class.
interval is centred around its mid-point {(or class-mark).

Class mid-point = Upper class Hmit of the class < Lower class Hmit of the class

2
For the above table the mid-point of the class 10-25 is 1{);25 = 7.5
Similarly, we can find the mid-point of each class as shown in Fable 15.3.
Table 15.3
Class-interval | Number of students (f) Mid-point (x) J%;
1625 3 17.5 875
25-40 21 325 6825
40.55 21 475 997.5
5570 8 62.5 500.0
76-85 25 71.5 19375
85-100 20 92.5 1850.0
Total Xf, = 100 XIfx; = 6055
So, the mean of given data is given by T = sz}j,- = % = §{.55

This method of finding the mean is calied Direct Method.

We can see that Table 15.1 and 15.3 are the same data and applying the same formuia for the
calcalation of the mean but the results obtained are different. Why is it so, and which one is more
accurate ? The difference in two values oceurs because of the mid-point assumption in Table 15.3.
5821 is the exact mean, while 60.85 is an approximate mean. It is assumed that the observation
of a class is centred around mid-value.

Every time the values x;s and f;s are not small. So when the numerical values of x; and f;
are large, finding the product of x; and f; becomes tedious and time consuming also. So for such
situation, let us think of a method of reducing these calculations, For this we cannot do anything for
J;s but we can reduce x;s to a smaller number so the calculation becomes easy. How can we
do this ? Let us understand the method.

The first step is to choose one of the x as assumed mean and denote it by A. We may
take as A an x; which is the middle of x|, x,..., x,. Let 4, = x;, — A,

[Note : In fact A can be any convenient number. There is no change in the proof given below.]

d =% 1
B I -a)
= 7
2 fix; A > f;
AT 7

=3
szixi
=35 -
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X
F=A+d

¥ A+ w7
X zf;
Find fid, and 2fd, as shown in Table 15.4. Let A = 62.5.

Table 15.4
Class-interval | Number of students {f)] Mid-point (x)| d;=x; ~ A fid;
10-25 05 175 ~45 ~225
2540 21 325 =) ~630
40-55 21 415 —15 =315
55-70 08 62.5 = A 0 ¢
70-85 25 71.5 15 375
85-100 20 92.5 30 600
n = 100 2f 4, = —198
- &1
Now, ¥ = A+ .
I/
Now, substituting the values, we get
- (~195)
X =625+ o
=62.5 - 1.935

= 60.55
Therefore, the mean of the marks obtained by the students is 60.55
The method discassed above is called the method of Assumed Mean.

Activity 1 : From Table 15.3, taking the value of A as 17.5, 32.5 and so on and calculate the
mean. The mean determined in each case is the same, fe. 60.55,

So, we can say that the mean does not depend upon the value of A. Therefore we can take
value of A as any nor-zero number, not necessary that it is one of the value of x;s.

See that in Table 15.4, the values in column 4 are multiple of 15 (i.e. class-interval), so if we divide
the value of column 4 by 15, we get a smaller number to multiply with £,

X —A
So, let u; = »-I-E-u, where A is the assurned mean and ¢ is the class-size.
Suppose § = Mzﬁ“i
Py u -
7
Now, let us find the relation between 7 and T.

X B
We have u, = 4?“«
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Now let us calculate u; as shown in Table 15.5. Here ¢ is 15

Table 15.5
Class-interval i X; u; = Aot fi#
¢
i0-25 575 = =)
25-40 21 323 = 42
40-55 21 4735 =] =73l
5570 08 62.5 6 0
70-85 23 715 i 23
85-100 20 92.5 2 40
3f, = 100 Sfu, = —13
X =Ate-¥T
2 f4
= Ao W

= 625 + 15(5L2)

= 62.5 + 15(—0.13)

= §2.5 — 1.95

= 60.55
The method discussed above is calied the method of Step-Deviation.

We note

that

- the step-deviation method will be convenient to apply if the class length is constant.
—  the mean obtained by all the three methods is same.
—  the assumed mean method and step-deviation method simplify the calenlations involved in

the direct method,

Example 2 : Find the mean of the data given below by all the three methods :

http://jsuniltutorial .weebly.com/

Class 0-i0 10-20 20-30 3040 40-50 50-60 60-T0
Frequency 4 8 3 20 3 4 8
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Solution : Tet A = 35 and ¢ = 10

X, A
Class fi Xp | =x- A = S Jid; JiH;
0-10 4 5 —36 —3 28 —120 —12
10-20 B 15 w36 -y 126 w166 16
20-30 3 25 ~16 ] i) 30 i}
30-40 20 5= A 6 g 766 H
46-50 3 45 10 1 135 30 3
50460 4 55 26 2 220 80 8
66-70 8 65 30 3 526 240 24
Zf,= 50 Bfp, = | Yfd; = | Efpy =
1796 44 4
L fi%
{ H T o m m T

Using the direct method, ¥ ST, L2l = 35.8

Using the assumed mean method, ¥ = A + <7
i

m35+»§~g~m35+0.sm35.s

fzf.u.
Using the step-deviation method, ¥ = A+ | “E“‘ff“{‘] X ¢
& i

=35+ (&) x 10
=35+ 0.8 =358

Therefore the mean of the data is 35.8

Example 3 : The mean of the following frequency distsibution is 16, find the missing frequency :

Class 04 4-8 §-12 ] 12-16 | 1620 | 2024 | 2428 | 2832 | 3236
Frequeancy 6 8 17 23 i6 i5 - 4 3
Solution : Let the missing frequency be x, take A= 26, ¢ = 4
Class Freguenc x U = Yy A S
FFUEREY i i - i
34 6 2 —6 —36
4-8 8 5 = ~4
8-i2 17 10 wth ~68
12-16 23 4 =) ~69
16-20 16 18 =% =
20-24 15 22 =1 —15
24.28 X 26 = A 0 0
28-32 4 36 1 4
32-36 3 3 2 6
2 =9 +x 2 = —250{
We take A = 26, so that the produect fu; is zero when f; = x.
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XJ[ ;'uf
fﬁA*[zﬁ}x“

AY
16 = 26 + (ggiﬂj X 4

=1000
-0 = HTy

S92 4 x =100
x=§
The missing frequency is 8.

Example 4 : The distribution below shows the number of wickets taken by a bowler in one-day
cricket matches. Find the mean number of wickets.

Number of wickets 20-60 60-100 H8-150 150-250 258350 | 350-45¢

Namber of bowlers T 5 16 12 7 3

Solution : Here the class size varies and x/s are large. So we take A = 200 and ¢ = 10 and
apply the step-deviation method,

N:v?c’:g;so{ hlj::?‘:e: ({}3 ZiN N S x,-c - Sy
20-60 7 40 —160 —16 —112
60-100 3 80 —i20 =12 —66
100-150 ib 125 T T - 120
156-250 i2 200=A 0 g 0
250-350 2 300 100 i 20
356-450 3 408 200 20 60

5, = 45 Sfu, = —212

s 32A+[§§%&}Xc

=200 -+ (=22 x 10

= 200 ~ 47,11
= 152.89
<. The mean wickets taken by the bowler is 152.89.

Example 5 : The mean of the following frequency distribution of 125 observations is 22,12, Find the
missing frequencies,

Class 0-4 59 10-14 | 15-19 | 2024 | 25.20 | 30-34 | 35.39 | 40-44
Freguency 3 8 12 - 35 21 = 6 2
STATISTICS 279

http://jsuniltutorial .weebly.com/



— e ——

Solution : Let the missing frequencies for the classes 15-19 and 30-34 be respectively f] and £,

et A=17and¢c=3

Class Frequency X; n; = f.i..é.“ﬁ S
0-4 3 2 3 i}
59 8 7 = —16

10-14 12 12 -1 —12

15-19 5 17 0 H

2024 35 22 1 35

2529 21 27 2 42

30-34 Sy 32 3 3,

3539 6 37 4 24

40-44 2 42 5 10

X, =87+/ ] Xfiy = 7413

Here the total number of observations is 123 and

5 =874/, +/,
s 125=8T4f, +f,

Ji+ /=38 (@)
Now, X =A+ [Ef;u;} X
» X Ef; o
H+3
2212 =17+ ( mf“') X 5
. _ 14+ 3f,
S 842 55
5.12 X 25 = 74 + 3f,
128 ~ 74 = 3f,
S 34 =3
S fo= 180 Also fy + f, = 38. B0, f; = 20
.~ Fhe missing frequencies are 20 and 18
EXERCISE 151
1. Find the mean of the following frequency distribution :
Class 0-36 50-100 100-150 { 150-200 | 200-250 | 250-300 | 300-350
Fregquency 10 135 30 20 13 8 2
2. Find the mean wage of 200 workers of a factory where wages are classified as follows :
Class 166-150 | 150-200 | 200230} 256-300| 300-356{350-400 | 400-430 | 450-5006 | 500-550
Frequeacy 4 8 14 42 50 40 32 6 4
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3. Marks obtained by 140 students of class X out of 50 in mathematics are given in the
following distribution. Find the mean by method of assumed meanm method :

Class 0-10 | 1020 | 20-3¢ | 3040 | 40-50
Fregquency | 20 24 46 36 20

4. Find the mean of the following frequency distribution by step-deviation method :

Clasy 40-56 | 56-60 | 60-70 | 70-80 | 86-90 | 90-1G0
Frequency 3 10 20 9 6 2

5. Find the mean for the following frequency distribution

Class 1.5 610 11.15 | 1620 | 21.25 { 26-30 | 31.35
Frequency 18 32 30 40 25 i5 40

6. A survey conducted by a student of B.B.A. for daily income of 600 families is as follows,
find the mean income of a family :

Income 200-299 | 360-399 | 460-499( 500-599] 600-699 | 706-799 | B00-89%
Number of families 3 61 118 139 126 151 2

7. The number of shares held by a person of various companies are as follows. Find the mean :

Number of sbares 100-266 § 200-300 | 300400 | 400-500 | 500-60C6 | 660-700

Number of companies 3 3 3 & 2 1

8. The mean of the following frequency distribution of 100 observations is 148. Find the
missing frequencies f; and f; :

Class 49 50-99 i00-149 | 150-199 | 200.249 | 250-299 | 300-349
Freguency 18 13 A 20 135 5 2

9. The table below gives the percentage of girls in higher secondary science stream of rural
areas of various states of India. Find the mean percentage of girls by step-deviation method :

Percentage of girls 15.25 25.35 35.45 43.553 55.65 6575 75-85
Naumber of states 6 16 5 6 4 2 2

10. The following distribution shows the number of out door patients in 64 hospitals as
follows. If the mean is 18, find the missing frequencies f; and f, :

Number of patients | 11.13 13.15 15.17 17-19 19.21 2123 | 23.25
Number of hospitals 7 & A 13 2 5 4

15.3 Mode of Grouped Data

Let us recall that the observation which is repeated most ofien in an ungrouped data is called
the mode of the data. In this chapter we shall discuss the way of obtaining the mode of grouped
data, denoted by 7.

Fet s recall how to find mode of ungrouped data through the following example.
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Example 6 : The wickets taken by a bowler in 10 one-day matches are as follows :
4,5,6,3,4,0,3, 2, 3, 5 Find the mode of the data.

Solution : Here 3 is the number of wickets taken by a bowler in maximwm number of
matches. i.e. 3 times. So the mode of this data is 3.

In grouped frequency distribution, it is not possible to determine the mode of the data by
looking at the frequencies. Here, we can only focate a class with the largest frequency, called
the modal class. The mode is a value inside the modal class and H is given by the formula :

Si—fo
i [2f1‘fo—f2] e
where / = lower boundary point of the modal class
¢ = size of class interval {assuming all class sizes to be equal)
J1 = frequency of the modal class
Jo = frequency of the class preceding the modal class.
fy = frequency of the class succeeding the modal class.
Let us use this formula in the following exarples.

Example 7 : A survey conducted on 20 hostel students for their reading hours per day resulted in
the following frequency table :

Number of reading bours 1-3 3-5 57 79 911

Nomber of bostel students 7 2 8 2 1
Find the mode of this data.

Solution : Here the maximum class freqency is 8 and the class corresponding to this frequency
is 5-7. So, the modal class is 5-7.

S The lower limit of the modal class 57 is [ = 5.

Class size ¢ = 2 and frequency of the modal class £) = 8. Frequency of the class preceding the
modal class = f; = 2 and frequency of the class suceeding the modal class = f, = 2.
Now let us substitute these values in the formula :

fi—f )

z =1+ (7l

§—2
mS*(WJ“
== nnﬁn

5+12><2

=5+ =6
So, the mode of above data is 6.

Example 8 : The mark distribution of 30 students at mathematics ¢xamination in a class is as below .

Marks 10-25 2540 40-55 55-70 70-88 85-100
Number of students 05 21 2 08 25 20
Find the mode of this data.

Solution : Here the maximum class frequency is 25 and the class corresponding to this
frequency is 70-85. So, the modal class is 70-85.

The lower limit { of modal class 70-85 = 70 and class size ¢ = 15
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Frequency of the modal class f; = 25

Frequency of the class preceding the modal class = f, = 08,

Now, let us substinne there values in the formula :

Modemf-i-[%)Xc

258
=70 + (szsmgwm) X 15

70 4 11X

= 710 4+ 11.59 = 81.59
So, the mode of the above data is 81.59,

EXERCISE 152

Find the mode for the following frequency distribution :

Class 4-8 8-12 i2-16 16-20) 20-24 2428
Frequency 9 & 12 7 i5 I

The data obtained for 100 shops for their daily profit per shop are as follows :

Daily profit per shop (in %) | 0-100 | 100-200 | 200-300 | 300-400 | 400-500 | 500-600
Number of shops 12 I8 27 20 17 6

Find the modal profit per shop.

Daily wages of 90 employees of a factory are as follows :

Daily wages (in T |150-250] 250-350|350-450 | 450-550] 550-630 | 650-750} 750-850 | 850950
Number of empleyeesi 4 6 . i2 33 17 . 2

Find the modal wage of an employee.

Find the mode for the following data : (4 and 5)

Class 0-7 7-14 14-21 21-28 28-35 | 3542 42-49 | 49-56
Frequency 26 31 35 42 82 71 54 19
Class 0-20 | 20-40 | 40-60 | 60-80 | 80-100 | 100-120| 120-140| 140-160 }i160-180
Frequency i1 14 18 21 31 27 12 i 10

The following data gives the information of life of 200 electric bulbs (in hours) as follows :

Life in hours (0240 2040 4060 60-80 | 80100 1 100-120
Namher of electric bolbs 26 31 35 42 32 71

Find the modal life of the electric bulbs.
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15.4 Median of Grouped Data (M)

We have seen the definition of median for ungrouped data in standard X as : “After arranging

the observations in ascending or descending order, the number which is obtained in the middle is
th

3 observation

is the median and if the number of observations n is even, them median
th th
[g-] observation -i-[%-z—l] observation
M = 2
Suppose we have to find the median of the following data, which shows the marks of 350
students in mathematics out of 50 marks :

1
called the median.” Also, if the number of observations n is odd, then ("+

Marks obtained 18 2 30 35 39 42 45 47
Number of Students 4 5 8 8 i6 4 2 3
Here n = 50 which is even. The median will be the average of %zh and (-’-’24-»% 1):}: observation
i.e. 25th and 26th observations. To find this observation we proceed as foliows :
Table 15.6
Marks obtained Number of studenis
i8 4

iess than or equal to 22 44+5=9

less than or equai to 30 9+ 8=17

less than or equal to 35 174+ 8=125

less than or equal to 39 25 4 16 = 41

less than or equal to 42 41 +4 =45

less than or equal to 45 45 +2 =47

less than or equal to 47 47 + 3 = 50

We have formed a column which shows the pumber of students getting marks less than or equal
to a particular number. It is known as cumulative frequeney columa.

Table 15.7
Marks obtainred | Number of students (f) | Cumulative frequency (<f)
18 4 4
2 5 9
30 8 17
35 3 25
39 i6 41
42 4 45
45 2 47
47 3 30

From the shove iable, we see that 25th observation is 35
26th observation is 3%

_ 35+30

S Median >

= 37
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Note : The column | and column 3 of table 15.7 form cumulative frequency fable. The median
37 shows the information that 3¢ % students obtained marks less than 37 and remaining 50 %
students obtained marks more than 37.

Now let us see how fo obtain the median of a2 grouped data from the folowing.

Consider a grouped frequency distribution of marks obtaiged, out of 100, by 55 students, in a
certain examination, as follows :

Table 15.8

Marks Number of students
g-10 2
10-20 3
20-30 3
30-46 4
40-50 3
50-60 4
60-T0 7
T70-80 1
80-96 8
60-100 H 3

We can see that 2 students obtained marks between 0 and 10, 3 students obtained marks between
10 and 29 and so on. So number of students who obtained marks less than 36 s 2 4+ 3 4+ 3 = §.

Therefore the cumulative frequency of class 20-30 is 8. Similarly, we can obtaine the cumulative
frequency of each class as shown in Table 15.9 as follow :

Table 15.9
Marks obtained Number of studenis
(cemulative frequency)

Less than 10 2

Less than 26 2+3=35
Legs than 30 543=8
Less than 40 8§+ 4 =12
Less than 50 1I2+3=13
Less than 60 I5+4=19
Less than 70 I9+7=26
Less than 80 26 + 11 =37
Less than 90 37+ 8 =45
{.ess than 100 45 4 10 = 55

The distribution given in Table 159 is called cumulative frequency distribution of less
than type. Here 10, 20, 30,..., 100 are the upper limits of the respective class intervals.

Similarly, we can make the table for the number of students with scores, more than or equal to 0,
more than or equal fo 10, more than or equal to 20 and so on. From Table 15.8, we can see that all
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55 students have obtained marks more than or equal to 0. Since 2 students obtained marks in the

interval 0-16, there arg 55 — 2 = 53 students getting more than or equal to 10 marks and so on, as

shown in Table 15.10.
Table 15.10

Marks obtained Number of students
(cumulative frequency}

More than or equal to ¢ 35

More than or equal to 10 55 2 = 53
More than or equal to 20 53 —3 =56
More than or equal to 30 56 - 3 = 47
More than or squal to 40 A7 — 4 = 43
More than or equal to 50 43 - 3 = 40
More than or equal to 60 40 — 4 = 36
More than or egual to 70 36 - T=29
More than or equal to 86 29 11 = |8
More than or equal to 90 I8 — 8 = 10

The above table is called cumulative frequency distribution of more tham type. Hsre
6, 10, 20,., 90 are the lower limits of the respective class intervals.

Now, to find the median of this grouped data, we will make a table showing cumulative
frequency with class interval and frequency, as shown in Table 15.11.

Table 15.11

Marks Number of stadenis (f} | Cumulative frequency {¢f)
0-10 2 2
10-26 3 5
20-30 3 8
30-40 4 12
40.50 3 15
56-60 4 19
66-70 7 26
76-80 1 37
8690 8 45
90-160 6 35

Here in & grouped data, we are not able to find the middle observation by looking at the
cumulative frequencies as the middle observation will be some value in a class interval. So, it is
necessary to find the value inside a class which divides the whole distribution into the halves. Which
class Is this ?

To find this class, we find the cumulative frequency » of all the classes and find -’% Now we find

the class whose cumulative frequency is greater than % and nearest o -% is called the median class,

In the distribution above, # = 55, So -42’1 = 27.5, Now, 7¢ -~ 8@ is the class whose cumulative frequency

is 37 which is just greater than 27.5. Therefore, 76-80 is the median class.

{Note : The cumulative frequency is just greater than !.22 means the smallest cumulative

frequency which is cumulative freguency greater than "%.}
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Median (M) = [ + [

%-cf}
7 Xc

— e ——

After finding the median class, we use the formula given below for calculation of the median.

where /! = lower boundary point of the median class
n = total number of observations (sum of the frequencies)
¢f = cumulative frequency of the class preceding the median class.
S = the frequency of the median class
¢ = class size (assuming class sizes to be equal)

Substituting the values -{2?- =33 = 275, 1 =70, ¢f = 26, f = 11, ¢ = 16 in the above formula,

we gef

2

27.5 - 26
Medim(M)m7e+( — ]xao

13X 10
70 + [ - ] =171.36

S0, the haif of the students have obtained marks less than 71.36 and the other half have obtained
marks more than 71.36.

Example 9 : A survey regarding the weights (in &g} of 45 students of class X of a school was

conducted and the following data was obtained :

Weight (in Ag) Namber of students
2025 2
25-3G 3
30-38 8
35-40 i0
4045 7
43-50 i)
50-55 3

Find the median weight.

Solution : Here the number of observations is 45,
n = 45, So, 121 = 225

Now, we will prepare the table containing the cumulative frequency as below :

Weight (n kg Number of studenis (f) | Cumulative freguency (cf)
20-25 2 2
25-30 5 i
36-35 g 15
3540 10 25
46-45 7 32
45-50 10 42
36-35 3 45
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~’23~ = 22 5, This observation ligs in the class 35-40. So the median class is 35-40.

So,1=35,cf=15f=10,c=$

2o
Using the formula M =/ + 7 X ¢

225—15
m3s+( = )xs

T5X5
w35+( 1;(}*38.75

So, the median weight is 38.75 &g,
This means that the 50 % students have more weight than 38.75 kg and other 58 % students

have weight less than 38.75 kg
Example 10 : The median of the following frequency distribution is 38.2. Find the value of x and y,

where sum of the frequencies is 165,

Clasy 14 1423 2332 3241 41-50 50-59 59-68
Frequeacy 3 11 X 33 ¥ 16 16
Solution :

Clasy Fregueacy Cumulative frequeacy

3-14 5 3

1423 11 16

23-32 9% 16 + x

32-41 33 69 + x

41-50 ¥ 69 4+ x4y

50-59 i6 85+ x -y

39-68 10 95 4+ x4y

Solution : It is given that n = 165, 8o, 83 4+ x4+ y = 165, le.x+y =T
Also, the median is 38.2 which lies in the class 32-41.
So, median class is 32-41.

218 - 51=32,¢f=16+xf=53,¢c=9

2-of
Using the formuly M =74 - 7 Xe

s 382 =324 (-’535—"-35-15533»] X 9

665 —x

o 82X o ge5— x
)

2 365 = 665 — x

x = 30

but x +y=78  So, y =40
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The value of x and y are respectively 30 and 40,

Note : There is a relation between the measures of central tendency :
Mode (Z) = 3 Median (M) — 2 Mean (%)

EXERCISE 153

1. Find the median for the following :
Value of variable 2 13 14 15 16 17 18 19 20
Freguency 7 10 i5 18 20 10 9 8 3
2. Find the median for the following frequency distribution :
Class 4-8 | 812 | 12-16 § 16-20 | 20-24 | 24-28
Frequency 9 16 i2 7 13 1
3. Find the median from following frequency distribution :
Class 0-160 100200 200-300 | 300400 | 400500 | 500-600
Frequency 64 62 84 72 66 52
4. The following frequency distribution represents the deposits (in thousand rupees) and the
number of depositors in a bank. Find the median of the data :
Depesit  in thonsand) 0-10 10-20 20-30 30-40 406-50 50-60
Number of depositors 7)1 1243 150 171 131 8
5. The median of the following frequency distribution is 38. Find the value of 4 and b if
the sum of frequences is 400 :
Class 1020 20-30 3040 46-50 50-60 6070 70-80
Frequency 42 38 a 54 b 36 32
6. The median of 230 observations of the following frequency distribution is 46. Find
aand b :
Class 10-20 20-30 3040 40-50 50-60 60-70 70-80
Frequency 12 30 a 65 b 25 18
7. The following table gives the frequency distribution of marks scored by 50 studemts of
class X in mathematics examination of 80 marks, Find the median of the data :
Class 0-10 1020 | 20-30 | 30640 | 40-50 50-60 | 60-70 | 70-80
Frequency P 5 8 16 9 5 3 2
*

15.5 Graphical Representation of Cumulative Frequency Distribution

We know that ‘one picture is better than thousand words.' In class TX, we have represented
the data through bar graphs, histogram, frequency polygons. Lef us now represent a cumulative
frequency distribution graphically.

STATISTICS
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For example, let us consider the camulative frequency distribution given in table 159,

Remember that 10, 20, 30,..., 100 are the upper limits of the class intervals. To represent the data
of table 139 graphically, we represent the upper Hmits of the class intervals on X-axis and their
corresponding cumulative frequencies on Y-axis, choosing a convenient scale. The scale may not be
same on both the axes. Now, let us plot the points corresponding to the ordered pairs given by (upper
limit, corresponding cumulative frequency). Le. (10, 2), (20, 5), (30, 8), (40, 12), (50, 15), (60, 19),
(70, 26), (80, 37}, (80, 45), {160, 55) on a graph paper. By joining them by a free hand smootl curve
{See figure 15.1), we get a carve.

The curve we obtain is called a cumulative frequency curve or an Ogive {of the less
than type). (See figure 15.1)

:__:F"I ' ;

ipan

e = as: &

=

i SR

YA e memwww O
Upper limits
Figure 15.1

Now we draw the ogive (of more than type} of the cumulative frequency distribution in table 15.10.

Here, 0, 10, 20...... 90 are the lower limits of the class intervals. To represent ‘more than type’
cumulative frequency curve, we plot the Jower limits on X-axis and corresponding cumulative

1 II%I T

Cumulative frequency
g
1
i

1D e RS smmas smmns munzs inn:
"::::W 3 ‘— _ﬂﬂ_@—_—ﬂﬁ:_ﬁr:ﬁ_r‘?g § Eaman 1 &R
1R IR NI Al N W LRI LR LE | I E N
Lower limits
Figure 15.2
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frequencies on Yeaxis. Then we plot the points (lower limit, corresponding cumulative frequency),
Le. (0, 55), (10, 53}, (20, 50), {30, 47, (40, 43), (50, 40), (69, 36), (70, 29), (80, 18), (90, 1) on a graph
paper and join them by a free hand smooth curve. The curve we obtain is a cumulative frequency
curve or an ogive {of more than type} {See figure 15.2)

In any way, are the ogives related to the median ?

One obvious way is o locate -flz- = %ﬁ- = 27.5 on the Y-axis. From this point, draw a line parallel

to X-axis infersecting the curve at a point. (See figure 15.3) From this point, draw a perpendicuiar to
the X-axis. The point of intersection of this perpendicuiar with the X-axis determines the median of
the data. (See figure [5.3)

e S T
i5ea S35 sEES =t -
flof
: S
 Riiss; e
n--}lﬂ I T+ 1 BE 88| e H I vd
O i ) T
: | : __. | | |IP__%:: _-%ﬂh lll_:—%_ﬂ: il___\ | | |__j‘?6;i ilﬁ:--
Upper limits
Figure 15.3

Another way of obtaining the median is as follows @

Draw both ogives (i.e. of less than type and of more than type) on the same graph.paper. The
{wo ogives intersect each other at a point. From this point, if we draw perpendicolar on the X-axis,
the point at which it intersects the X-axis gives us the median (See figure 15.4)

! ! |
JEEE( M i | i ‘!
E‘ Ammm - v
E i = oy __. . LA T
E :__:Hi _? [ ms
a _]-"i" b | o
e :# - I 2
- iy i ik 2 ol
19 e tr HH
Wy 1620 30 40 S0 60 76 B0 %0 We T
1 LRl | | LRl Ll 11 LRl | | LI | M| Ll N N
Class limits
Figure 15.4
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Example 11 : The annual income (in lakhs) of 38 officers in a factory gives rise fo the following
distribution

Ampual income (in lakh) | 5-190 10-15 | 15-20 26-25 25-30 30-35 | 35-40

Number of officers i g 3 6 4 4 2

Praw both ogives for the data above. Hence obtain the median annual income.

Solution :
Annual Income Number of officers (f) |Cnmalative frequency (cf)
510 2 2
10-15 9 1
15-20 3 14
2625 6 20
25-30 4 24
36-35 4 28
3540 2 30

First we draw the coordinate axes, with lower limits along the X.axis and cumulative frequency
along the Y-axis, Then we plot the points (10, 2}, (15, 11}, (20, 14), {235, 20}, (30, 24), {35, 28), (40, 30}
for ‘less than® ogive and (5, 30), (10, 28), (15, 19}, (26, 16), (25, 10), (30, 6), (35, 2), for ‘more than’

ogive as shown in figare 15.5.

ol maemrae
o e
g - b /7T Less than' ogive
s EsE R P T
E bl RN LD Mcqun(En i
18] BEEE ] LR H
Upper limits
Figure 15.5

The x-coordinate of point of intersection is nearly 20.83, which is the median. Tt
can also be verified by using the formula. Hence, the median annual income (in lakhs) is ¥ 20.83.

(See figure 15.5)
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EXERCISE 15

In a retail market, a fruit vendor was selling apples kept in packed boxes. These boxes
contained varying number of apples. The following was the distribution of apples according fo the
number of boxes. Find the mean by the assumed mean number of apples kept in the box.

Nember of apples 50-53 33-56 56-59 55-62 62-65

Nember of boxes 20 150 5 95 20
The daily expenditure of 50 hostel students are as follows :

Daily expenditure (in ) 100-120 120-140 140-160 160-180 180-200

Number of students iZ 14 8 6 HH

Find the mean daily expenditure of the students of hostel using appropriate method.
The mean of the following frequency distribution of 200 observations is 332. Find the
value of x and y.

http://jsuniltutorial .weebly.com/

Class 106-150 | 150-200 {200-250 | 250-300] 300-350] 350-400 [ 400-450 | 450-500 506-550
Freqaency 4 8 x 42 50 ¥ 32 6 4
Find the mode of the following frequency distribution :
Class 0-15 1530 ] 30-45 | 45-60 1 60-75 | 7590 | 90-105
Frequency 8 i6 23 57 33 23 13
Find the mode of the following data :
Class 30-40 | 46-50 | 5060 | 60-70 | 7G-80 | B0-S0 | 90-i00
Frequency | 12 17 28 23 7 i 5
The mode of the following frequency distribution of 165 observations is 34.5. Find the
value of a and b.
Class 5-14 1423 | 23-32 | 32-4)1 | 4156 § 50-59 | 59-68
Fregqnency 5 11 a 53 b 6 16
Find the mode of the following frequency distribution :
Class 1500-2000] 26602500 | 2560-3600 | 3600-3500; 3500-40006] 4000-4500 ; 45005000
Frequency 4 36 60 86 T4 62 48
Find the median of the following frequency distribution :
Class 10-20 | 2630 | 3040 | 40-50 | 50-60 | 60-70 | 70-80 | 80-50
Frequency 9 11 i5 24 19 9 8 5
The median of the following data is 525. Find the value of x and y, if the sum of frequency
is 100:
Class G-100 1 100-206 | 200-300} 300-400 | 400-500G] SD0-6001 600-700 700-800 | 800-900 | 900-1000
Frequency| 3 4 x 12 17 20 9 ¥ 8 3
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10. Select a proper option (a), (b), (¢) or (d) from given options and write in the box given
on the right so that the statement becomes correct :

(1) For some data, if Z =25 and ¥ = 25, then M = ...... ]
(a) 25 (b)Y 75 (c) 50 (dy 0

(2) For some data Z — M = 2.5, If the mean of the data is 20, then Z = ... L1
(a) 2125 (b) 22,75 (c) 23.75 (d) 2225

B) Uy —Z=3aad XY +Z=45thea M= ... .|
(a) 24 (b) 22 (c) 26 (d) 23

4 FZ=24 % =18 thean M = .. -
(a) 18 (b) 20 (¢) 30 (d) 49

(5) TM =[5, ¥ = 10, then Z = ... 1
(a) 15 (b) 20 () 28 (d) 30

(6) T M=22,Z =16, then ¥ = ... 1
(a) 22 (b) 25 () 32 (d) 66

(7) 5y =2144and Z = 1913, then M = ... -
(a) 21.10 (b) 19.67 (¢) 20.18 (d) 20.67

B) FM=26,% =36, thenZ = ... =y
(@) 6 (b) 5 (c) 4 (d) 3

(9) The modal class of the frequency distribution given below is ...... 1

Class 0-16 10-20 2038 3048 4050
Frequency i 15 13 Y7 i0

(a) 10-20 (b) 26-30 (c) 3040 (d) 48-50

(10) The cumaulative frequency of class 20-30 of the frequency distribution given in (9)
5 e 1]
(a) 25 (b) 35 ) 15 (d) 40

(11) The median class of the frequency distribution given in (9) is ...... 1
(a) 40-50 (b) 36-40 () 20-30 (d) 18-20

*

In this chapter we have studied the following points :
1. The mean of the grouped data can be obtained by

(i) the direct method : ¥ = %&J‘;‘x‘“

{

. - 214,
(i} the assumed mean method @ ¥ = A + ““2“7“
£

e . — Zf i
(iii) the step deviation method : ¥ = A + 7 X¢
i

assurring that the frequency of a class is centered at its mid-point.
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2. The mode for the grouped data can be obtained by using the formula :
Jr b
Z=1+ (2f1“fn“f2) e
where all symbols are in usual notations.
3. ‘The cumulative frequency (¢f) of a class is the frequency obfained by adding the
frequencies of all the classes preceding the given class. The median for grouped data can
be obtained by using the formula :

2

Median (M) =/ + [W}cf J o

where all the syrabols have their usual meaning.
Also Z = 3M — 2%
4. Represeniing a cumulative frequency distribution graphically as a cumulative frequency

curve or an ogive of ‘less than type’ and ‘more than type’ the median of the grouped data
can be obtained graphically as the x-coordinate of the point of intersection of the two ogives.

Bandhayana, (fl. c. 860 BCE} was an Indian mathematician, who was most likely also a priest.
He s noted as the author of the earliest Sulba Sutra—appendices to the Vedas giving rules for the
constraction of aliars--called the Baudhayana Sulbasfitra, which confained several important
mathematical resulis. He is older than the other famous mathematician Apastambha. He belongs to
the Yajurveda school.

He is accredited with caloulating the value of pi fo some degree of precision, and with
discovering what is now known as the Pythagorean theorem.

The satras of Baudhayana :

The Shraatasutra

His shrauta sutras related to performing Vedic sacrifices has followers in some Smarta
brahmanas (lyers) and some Iyengars of Tamil Nadu, Kongu of Tamil nadu, Yajurvedis or Namboothiris
of Kerala, Gurukkal brahmins, among others. The followers of this sutra follow a different method
and do 24 Tila-tarpana, as Lord Krishna had done tarpana on the day before Amavasya; they call
themselves Baudhayana Amavasya.

STATISTICS 295

http://jsuniltutorial .weebly.com/



