MATHEMATICS Statistics

I Statistics I

Measures of central tendency :

An average value or central value of a distribution is the value of variable which is representative of the
entire distribution, this repsresentive value are called the measures of central tendency are of following

type.

(A) Mathematical average (B) Positional average
() Arithmetic mean or mean () Median

(i) Geometrical mean (i) Mode

(iii) Harmonic mean

Mean (Arithmetic mean)

If X1, X2, X3 ,uuve.. Xn are n values of variate xi then their A.M. X is defined as
n
PR
X+ Xy + Xy +oeeenns +X, 5
X = n =N
If X1, X2, Xs, .... Xn are values of veriate with frequencies fi, f2, fs,......... fn then their A.M. is given by

fx, xf,x, +f,xg +..... £ f ;ﬂxi

nn

3

x = f+f+fi+.. +f, - N where N = 7
0] Properties of arithmetic mean :
@) Sum of deviation of variate from their A.M. is always zero that is (x =X) =0.
(b) Sum of square of deviation of variate from their A.M. is minimum that is
—\2
Z(X' ~X) is minimum
(© If X is mean of variate xi then
AM.of (xi+A)= X +A
AM. of Ni. xi = A. X
AM.of (axi+b)=aX +b
(i) Merits of arithmetic mean :
@) It is rigidly defined.
(b) It is based on all the observation taken.
(© It is calculated with reasonable ease.
(d) It is least affected by fluctuations in sampling.
(e) It is based on each observation and so it is a better representative of the data.
() It is relatively reliable
(9) Mathematical analysis of mean is possible.
(iii) Demerits of Arithmetic Mean :
(a) It is severely affected by the extreme values.
(b) It cannot be represented in the actual data since the mean does not coincide with any

of the observed value.
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(© It cannot be computed unless all the items are known.
Example #1: Find mean of data 2, 4, 5, 6, 8, 17.
2+4+5+6+8+17
Solution : Mean = 6 =7

Example # 2 : Find the mean of the following distribution :

X: 4 6 9 10 15
f: 5 10 10 7 8
Solution : Calculation of Arithmetic Mean
Xi fi fixi
4 5 20
6 10 60
9 10 90
10 7 70
15 8 120
N=3fi=40 > fixi = 360
2fx 360
Mean= X = 2t - 40 - 9

Example # 3 : Find the mean wage from the following data :

Wage (in Rs) : 800 820 860 900 920 980 1000
No. of workers : 7 14 19 25 20 10 5
Solution : Let the assumed mean be A =900 and h = 20.

Calculation of Mean

Wage (in Rs) x| No.of workersfi  di=x—-A=x-900 u; = ‘ >0 fiui
800 7 -100 -5 -35
820 14 -80 -4 -56
860 19 -40 -2 -38
900 25 0 0 0
920 20 20 1 20
980 10 80 4 40
1000 5 100 5 25
N=Xf=100 T fu= 44
We have,
N =100,  fiui=-44, A=900and h =20
1
i} Rzt
Mean=X =A+h N
—44
= X =900+20x 100 =900-8.8=2891.2
Hence, mean wage = Rs. 891.2
3. Geometric mean:
If X1, X2, X3 ,....... Xs are n positive values of variate then their geometric mean G is given by

G = (X1 X2 X3 ..... Xn)1m
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=

1 n
[Zlog xi}
G = antilog =

4, Median:

The median of a series is values of middle term of series when the values are written is ascending order

or descending order. Therefore median, divide on arranged series in two equal parts

(i)

(i)

For ungrouped distribution :
If n be number of variates in a series then

th
[n;ﬂj term, (when n is odd)

th th
Mean of (gj and (g+2) term (when n is even)
Median =

For ungrouped frequency distribution :
First we calculate cumulative frequency (sum of all frequencies). Let it be N then

N+1\"
> term (when n odd)

Mean of {I;]&(N+2j (when n is even)

Median 2

5. Merits and demerits of median:

The following are some merits and demerits of median :

(i)

(i)

Merits :
(a) Itis easy to compute and understand.

(b) Itis well defined an ideal average should be

(c) It can also be computed in case of frequency distribution with open ended classes.
(d) Itis not affected by extreme values.

(e) It can be determined graphically.

(f) Itis proper average for qualitative data where items are not measured but are scored.

Demerits :

(a) For computing median data needs to be arranged in ascending or descending order.
(b) Itis not based on all the observations of the data.

(c) It cannot be given further algebraic treatment.

(d) Itis affected by fluctuations of sampling.

(e) Itis not accurate when the data is not large.

() In some cases median is determined approximately as the mid-point of two observations
whereas for mean this does not happen.

Example # 4 : Find the median of observations 4, 6, 9, 4, 2, 8, 10
Solution : Values in ascending order are 2, 4, 4, 6, 8, 9, 10
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n+1

heren=7s0 2 =4
so median = 4 observaiton = 6

Example #5: Obtain the median for the following frequency distribution :

x| 1113|1518 | 21|23 | 30| 40|50
8 |10 (111620 |25|15| 9 | 6

Solution :

8.

13 10 18
15 11 29
18 16 45
21 20 65
23 25 90
30 15 105
40 9 114
50 6 120
N=120

N Z

Here, N =120= 60

N

We find that the cummulative frequency just greater than 2 i.e., 60 is 65 and the value of x
corresponding to 65 is 21. Therefore, Median = 21.

Harmonic Mean:
If X1, X2, X3 ,....... X3 are n non-zero values of variate then their harmonic mean H is defined as

n n
11 1 &1
vt

If a frequency distribution the mode is the value of that variate which have the maximum frequency. Mode
for

0] For ungrouped distribution :
The value of variate which has maximum frequency.

(i) For ungrouped frequency distribution :
The value of that variate which have maximum frequency.
Relationship between mean, median and mode.
. In symmetric distribution, mean = mode = median
. In skew (moderately asymmetrical) distribution,
median divides mean and mode internally in 1 : 2 ratio.
2(Mean)+ (Mode)

= median = 3
Merits and demerits of mode:

The following are some merits and demerits of mode :
0] Merits :
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(if)

Example #6 :
Solution :

€) It is readily comprehensible and easy to compute. In some case it can be computed
merely by inspection.

(b) It is not affected by extreme values. It can be obtained even if the extreme values are
not known.

(c) Mode can be determined in distributions with open classes.

(d) Mode can be located on graph also.

Demerits :

(a) It is ill-defined. It is not always possible to find a clearly defined mode. In some cases,

we may come across distributions with two modes. Such distributions are called
bimodal. If a distribution has more than two modes, it is said to be multimodal.

(b) It is not based upon all the observation.

(c) Mode can be calculated by various formulae as such the value may differ from one to
other. Therefore, it is not rigidly defined.

(d) It is affected to a greater extent by fluctuations of sampling.

Find mode of data 2, 4, 6, 8, 8, 12, 17, 6, 8, 9.
8 occurs maximum number of times so mode = 8

o. Measure of dispersion:

It is measure of deviation of its value about their central values. It gives an idea of scatterdness of different
values from the central values.

Types :

(i)

(i)

Range :
Difference between greatest values & least values of variates of a distribution are called the
range of distribution.

difference of extreme values L-S

Also coefficient of range =  SUm of extreme values  _ | 15

where L = largest value and S = smallest value

Mean deviation :

Mean deviation of a distribution is, the mean of absolute value of deviation of variate from their
statistical average (median, mean or mode).

If A is any statistical average then mean deviation about A is defined as

n

%Al

i=1

Mean deviation = n
dflx-Al
i=1
Mean deviation = N (for frequency distribution)
Example # 7 : Calculate mean deviation about median for the following data
3,9,5,3,12, 10, 18, 4, 7, 19, 21.
Solution : Data in ascending order is 3, 3, 4,5, 7, 9, 10, 12, 18, 19, 21
n+1
Median = 2 th value = 6 value = 9
11
>"|x, — median|
i=1 =
Mean deviation about median = 11 =M
X[5[7]9|10(12 |15
. - f|8|6(2]2|2 |6
Example # 8 : Find mean deviation from mean

5|

L 4



MATHEMATICS Statistics

x| f fx x—% ||x—X| flx—x|
51 8 40 4| 4 32
7| 6 42 2| 2 12
9 2 18 0 0 0
0] 2 20 1 1 2
12| 2 24 3 3 6
15| 6 90 6 6 16
Solution : N=26]p fx=234 > f[x—x =88
fx flx - X
X = Z (i):M:§

Zf =9 Now, M.D. Zf 26 =3.38

(iii) Variance :
It is the mean of squares of deviation of variate from their mean. It is denoted by o2 or var(x).

The positive square root of the variance are called the standard deviation. It is denoted by o or
S.D.

so standard deviation = + VVariance formyla

2 =1 2
(% %) | B
Ox2 = n = Oe= N = - n _ (x)

% (2
n

2
o= N J , where di = xi— a , where a = assumed mean

9 [

coefficient of S.D. :[Xj = coefficient of variation = {X} x 100 (in percentage)
€) Properties of variance :

e var(xi + A) = var(xi) e var(A.x) = Az(var xi) e+ var(a xi + b) = az(var xi)
where A, a, b are constant.

Example #9: Find the mean and variance of first n natural numbers.

i_ZX_1+2+3+ ..... + n_ n+1

Solution : n n 2
X L 224374 L + n° (n+1)’ n?—1
—0o= 2) T2

Variance= " n

Example # 10 : Find the variance and standard deviation of the following frequency distribution :

Variable (x;) |2|4 (6| 8 |10|12 |14 |16
Frequency (f)|4|4|5(15(8 |5 |4 |5

Solution : Calculation of variance and standard deviation
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Variable| Frequency X, =X _ _
) r T (- XF | /il -XF
2 4 8 -7 49 196
4 4 16 -5 25 100
6 5 30 -3 9 45
8 15 120 -1 1 15
10 8 80 1 1 8
12 5 60 3 9 45
14 4 56 5 25 100
16 5 80 7 49 245

N=30/=50| 3 fix =450 Z";g‘;‘x)g

Here N =50, } fixi= 450
1 450
X=N (sfx)= 50 =9
We have ) fi(xi— >_()z =754

1 S\2 754
var(x) = N4 X ]

= vVar(X) _ J15.08 —3gg

=15.08

Example # 11 : Calculate the mean and standard deviation for the following data :
Wages upto(inRs.) [15|30 45| 60 | 75 | 90 | 105|120
No. of workers (12|30 |65|107 |157 | 202 | 222 | 230

Solution : We are given the cummulative frequency distribution. So first we will prepare the frequency
distribution as given below :

Class Cummlative| Mid- X; —67.5 2
Frequency |u; == Sy i
Interval | frequency | values 15
0-15 12 7.5 12 -4 - 48 192
15-30 30 225 18 -3 -54 162
30-45 65 37.5 35 -2 -70 140
45-60 107 525 42 -1 -42 42
60-75 157 67.5 50 0 0 0
75-90 202 825 45 1 45 45
90-105 222 97.5 20 2 40 80
105-120 230 1125 8 3 24 72
> £=230 > fu=-105]>" fuf =733

Here A=67.5,h=15 N=230,} fiui=-105and ) fiuz =733

(%Zf u) =105

Mean = A + h =675+ 15 [ 230 ]: 67.5 — 6.85 = 60.65

{%Z.f. u? —[%Z.f. u”

and Var(X) = hz

733 (—105 ]2
230 | 230
= Var(X) = 225 = 225[3.18 — 0.2025] = 669.9375
Var - /669.9375 — 5 gg3
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10. For NCERT and Board purpose:

() Arithmetic mean :
Arithmetic mean of continuous grouped data :
Take mid points of given classes as xi and use formula as given for discrete grouped data.

Example # 12 : Find the mean of the following frequency distribution :

Class-interval : 0—10 10-20 20-30 30-40 40-50
No. of workers f ;7 10 15 8 10
Solution : Calculation of Mean
X . X; —25
Class-interval Mid-values (x;)  Frequency f; d=x-25 u = T fuj
0-10 5 7 20 -2 -14
10-20 15 10 -10 -1 -10
20-30 25 15 0 0 0
30 - 40 35 8 10 1 8
40 - 50 45 10 20 2 20
N=Yf=50 Y fu=4
We have,
A=25,h=10,N=50and }fu =4.
1
e ;
Mean=A+h N > mean = 25 + 10 x 90 =258

Example # 13 : Find the mean marks of students from the following cumulative frequency distribution :

Marks Number of students Marks Number of
students
0 and above 80 60 and above 28
10 and above 77 70 and above 16
20 and abhove 72 80 and above 10
30 and above 65 90 and above 8
40 and above 55 100 and above 0
50 and above 43
Solution : Here we have, the cumulative frequency distribution. So, first we convert it into an ordinary

frequency distribution. We observe that there are 80 students getting marks greater than or
equal to 0 and 77 students have secured 10 and more marks. Therefore, the number of
students getting marks between 0 and 10 is 80 — 77 = 3.

Similarly, the number of students getting marks between 10 and 20 is 77 — 72 = 5 and so on.
Thus, we obtain the following frequency distribution.
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Marks Number of students Marks NSL:LTdZenl:[; f
0-10 3 50-60 15
10-20 5 60-70 12
20-30 7 70-80 6
30-40 10 80-90 2
40 - 50 12 90 - 100 8

(i)

Now, we compute arithmetic mean by taking 55 as the assumed mean.
Computation of Mean

Marks Mid(—)\(/i)alue Freq(lfji)ency u = Xi1—055 fw
0-10 5 3 -5 -15
10-20 15 5 -4 -20
20-30 25 7 -3 =21
30-40 35 10 -2 =20
40 -50 45 12 -1 -12
50-60 55 15 0 0
60-70 65 12 1 12
70-80 75 6 2 12
80-90 85 2 3 6
90-100 95 8 4 32
Total Xfi =80 2fu, =26
We have,
N = >fi=80, Yfui=—26,A=55and h =10

_ Rzt 26
X =A+h

Median :

(@)

Median of continuous frequency distribution :

Let the number of observation be N. Prepare the cumulative frequency table. Find the
median class i.e. the class in which the observation whose cumulative frequency is

N

equal to or just greater than 2 lies.
The median value is given by the formula : Median

2
-C
\2)
f
(M)y=r¢+ x h where
N = total frequency = >fi

¢ = lower limit of median class

f = frequency of the median class
¢ = cumulative frequency of the class preceding the median class
h = class interval (width) of the median class

N } = X =55+10x 80 =55_325=5175Marks
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Example # 14 : Calculate the median from the following distribution :

Solution :

Example # 15 :

(iii)

Solution :

(iv)

Class 5-1010-15|15-20|20-25 |25-30 | 30-35|35-40 | 40-45
Frequency 5 6 15 10 5 4 2 2

Class Frequency Cumulative Frequency
5-10 5 5
10-15 6 11
15-20 15 26
20-25 10 36
25-30 5 41
30-35 4 45
35-40 2 47
40-45 2 49

49

N 49
2 =2 =245

We have, N = 49 .
N

The cummulative frequency just greater than 2 is 26 and the corresponding class is 15-20.
Thus 15-20 is the median class such that ¢ =15, f=15,F=11andh=5

N_F
2 .n 245-11 13.5

« Median=¢+ / 15+ 15 15+ 3 =195

Mode :
€)) Mode for continuous frequency distribution :
First find the modal class i.e. the class which has maximum frequency. The modal
class can be determined either by inspecting or with the help of grouping.
The mode is given by the formula :
fm - fm—1
Mode = ¢+ 2 ~fna =Tt oy
where ¢ =lower limit of the modal class

h = width of the modal class

fm = frequency of the modal class

fm-1 = frequency of the class preceding modal class

fme1 = frequency of the class succeeding modal class
Compute the mode for the following frequency distribution :
Sizeof items|0-4 |4-8|8-12|12-16[16-20|20-24 | 24-28|28-32|32-36|36-40

Frequency 5 7 9 17 12 10 6 3 1 0

Here, the maximum frequency is 17 and the corresponding class is 12-16 So 12-16 is the
modal class.
We have, (=12, h=4,f=17, i=9and f.=12

-"MOde:€+2f_f;_f2 x h= Mode:12+34—9—12 x 4
8 32

>Mode=12+ 13 x4=12+ 13 =12+ 10.66 = 32.66

Mean deviation :

(a) Mean deviation of continuous frequency distribution : For calculating mean
deviation of a continuous frequency distribution, the procedure is same as for a
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discrete frequency distribution. The only difference is that here we have to obtain the
midpoints of the various classes and take the deviations of these mid point from the
given average A.

Example # 16 : Find the mean deviation about the median of the following frequency distribution :

Class 0-6|6-12{12-18 |18-24 | 24-30

Frequency| 8 10 12 9 5
Solution : Calculation of mean deviation about the median
Midvalues Frequency Cumulative

I =1 %, —1
cas ) () Frequency(esy 1 Aki—14
0-6 3 8 8 11 88
6-12 9 10 18 5 50
12-18 15 12 30 1 12
18-24 21 9 39 7 63
24-30 27 5 44 13 65

N:Zf;:44 Zﬂxi-wzzm
N N

Here N = 44, so 2 = 22 and the cumulative frequency just greater than 2 is 30. Thus 12-18
is the median class.

N/2-F
Now Median=¢+ / xh,where/=12,h=6, f=12 F=18
22-18 4x6
or Median=12+ 12 x6=12+ 12 =14
» RIS WA e
Mean deviation about median = N 44 -6.318

Example # 17 : Find the mean deviation from the mean for the following data :
Classes |[10-20|20-30|30-40|40-50|50-60|60-70|70-80

Frequencies 2 3 8 14 8 3 2
Solution : We prepare the table as follows :
Computation of mean deviation from mean

Mid-values| frequencies — =
Classes x) p S X |x,—x|:\x‘—45| _,f,|x,—x‘
10-20 15 2 30 30 60
20-30 25 3 75 20 60
30-40 35 8 280 10 80
40-50 45 14 630 0 0
50-60 55 8 440 10 80
60-70 65 3 195 20 60
70-80 75 2 150 30 60

n=Zf,=40 Z,f,x,ﬂaoo Z.f“x‘—i':iloo

We have, N =40 and 2=/ % = 1800
G XA x 1800
N

= 40 =45
Now 5 f X=X _ 400 and N = ¥ f = 40
1 400
MD.= N 5+ =X _ 20 g
(V) Variance and standard deviation :

&—
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€) Variance of a grouped or continuous frequency distribution : In a grouped or
continuous frequency distribution, any of the formulae discussed in discrete frequency
distribution can be used.

Example # 18 : Calculate the mean and standard deviation for the following distribution :

Marks 20-30(30-40|40-50|50-60|60-70|70-80|80-90

No. of Students 3 6 13 15 14 5 4
Solution : Calculation of Standard deviation
lCIa&; Frequency |Mid-values - X; —55 m Ui2 fiu?
interval /i X; 10 ’
20-30 3 25 -3 -9 9 27
30-40 6 35 -2 -12 4 24
40-50 13 45 -1 -13 1 13
50-60 15 55 0 0 0 0
60-70 14 65 1 14 1 14
70-80 5 75 2 10 4 20
80-90 4 85 3 12 9 36
N=Y f=60 > fu=2 > fiuf =134

Here N=60, ) fiu=2,3 fiuz=134and h = 10
2

Nz o) @)
Mean = X =A+hN - X=500+10 60/ =55333

1 , (1 :
{sz' u; _[Nz.fi ui] }
Var(X) = hz =

sp.= vVar (X) 22229 _q404

Example # 19 : Suppose that samples of polythene bags from two manufactures, A and B are tested by a
prospective buyer for bursting presure, with the following results :

Bursting presure  Number of bagsmanufactued by manufactuer

inkg A B
5-10 2 °
10-15 9 11
15-20 29 18
20-25 54 32
25-30 11 27
30-35 5 13
Which set of the bag has the highest average brusting pressure ? Which has more uniform
pressure ?
Solution: For determining the set of bags having higher average bursting pressure, we compute mean
and for finding out set of bags having more uniform pressure we compute coefficient of
variation.

Manufacturer A :
Computation of mean and standard deviation
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Bursting

Mid-values 1 - x, =175 m f.Uiz
pressure X 5
5-10 75 2 -7 ) 8
10-15 12.5 9 -1 -9
15-20 17.5 29 0 0 0
20-25 225 54 1 54 54
25-30 275 11 2 22 44
30-35 325 5 3 15 45
N=> /=110  DYu=3 > fu=78 ) fu’=160
=)
Xa =a+h N
_ 78
S Xa =175+5x 110 [+ h=5 a=17.5]
1 1 z
_ o2 =t {zfi =[R2 ul }
X N N
= A =175+35=21 =
2
[160_(78] } [17600—6084)
2 11 11 2 Iin<110
> oh =5 L110 L110 = O =5\ 110x110 ) - 2379
= on= V23.79 =487
Oa 4.87
Coefficient of variation = XA x100= 21 x 100 = 23.19
Manufacurer B :
Bursting Mid-value Yy . X, —17.5 fu, 2
pressure X; 5
5-10 75 9 -2 -18 36
10-15 125 11 -1 —11 11
15-20 17.5 18 0 0 0
20-25 225 32 1 32 32
25.30 275 27 2 54 108
30-35 325 13 3 39 17
N:Zfi:HO Zui:3 Zfiu‘:gﬁ 2]; 2_304
{Zf. “.] 96
_ N _ 9
Xs = a+h =% -175+5x 110 =175+436=21.81
1 1 2
Zh (3T
o2 N N
B =h
2
[304_[96] } [33440—9216]
2 11 11 2
N o5 = o5 110 0/ ] 5 o op5 10x110 )= 5004
os =7.07
Og 7.07

Coefficient of variation = Xs x 100 = 2181 x100= 32.41
We observe that the average brusting pressure is higher for manufacturer B. So, bags
manufactured by B have higher bursting pressure.

The coefficient of variation is less for manufacturer A. So bags manufactured by A have more

uniform pressure.
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