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> Basic Definitions
. wariable
« % guantity which takes different values at stated condition is called variable and the different values
sken by the variable are called variate values. The height of the men in a city, the wages of the workers
F a factory and the price of the goods in a shop are some examples of variables. The variables are
wsually denoted by X, Y, Z, x,y, Z etc. The variate values of the variable X are xj, X2, X3,--- X A
variable is of two types:
/1) Continuous variable and (ii) Discrete variable
+ variable which can theoretically assume any value (integral or fractional) between two given values is
-=2lled a continuous variable, otherwise it is called a discrete variable. For example, the height (H) in cm of
sersons in a town is a continuous variable because it can take all possible values in a certain range. The
feight may be 140 cm, 148.2 cm, 159.33 cm -and so on. The number (N) of children in a family can take
~=rtain values like 0, 1,2, 3, and 4. But it cannot be a fractional number like 1.4. N is thus a discrete
+ariable. The number of goals scored in 2 football match is also a discrete variable.

. Raw Data and Array
Th- data obtained in original form are called raw data or ungrouped data. Suppose 40 students of a class
~=ained the following marks out of 10:

4,3,5,1,0,3,8,2,6, 5,4,6,5,4,5,6,7, 6,9,6,

5,10,3,6,5,7,6,4, 4,2,8,1,3,8,7,9, 4,5,7,6
The data are original in form and not organised in any way. In this form they are called raw data. In the raw
#orm the data are confusing and they cannot give any useful information. If we rearrange the data in ascending
o+ descending order, the new arrangement is called an array. An arrangement of the above data in the form of
array is given below:

0,1,1,2,2,3,3,3,3; 4,4,4,4,4,4,5,5,5, 5,5,

5,5,6,6,6,6,6,6,0, 6,7,7,7,7,8,8,8,9, 9,10
1t is a better arrangement, but it is also not of much use. Such data will be useful and comprehensive if they
are presented in the form of frequency distribution. '
iii. Frequency

The number of times an observation (i.e., a variate value) occurs is called the frequency. It is denoted by f-
For example,
Consider the following set of observations
v 5,2,3,3, 1,2, 2,4,4,3,51,2,3, 1.
Here, 1 appears 3 times, SO frequency of 1 is 3. Similarly, 2 appear 4 times, so frequency of 2 is 4 and so on.
The frequency table may be presented as under.
Variable
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5.2 Types of Class Intervals

(if) Subtract this correction factor from the lower limit and add it to the up

vii. Mid-value of the class
The value exactly at the middle of a class
sum of the lower and upper limits of a class by two. It i

s Ly %
Thus, Mid-value = upper limit : ower limi

_interval is called the mid-value. It is obtained by dividing e
s also called its class mark or mid-point.

] 30+20
¢.g., in the class (20-30), mid-value =5 = 25.

viii. Class—limits :
The end points of a class interval are called class limis. The smallest observation of the interval is called
Jlower limit and the largest observation of the interval is called upper limit. In the class interval 20-25, the

lower limit is 20 and the upper limit is 25.

There are two methods of classifying the data according to class-intervals, namely exclusive type classes and

inclusive type classes.

(i) Exclusive type classes: W
class intervals are called exclusive fype classes. For example,
Marks 0-20 20-40 40-60 60-80 80-100
No. of students 3 6 8 5 . 2
In the above table, the first class (0 — 20) is of those students who secured marks from 0 to 19. Similarly, the
second class (20 — 40) is of those students who secured marks from 20 to 39 and so on.

Thus, such classes in which upper limits are excluded from the respective classes and are included in the

immediate next class are called as exclusive classes. As the classes are formed without any gap, this method

hen the upper limit of each class is the lower limit of the next class, then the

ensures continuity of data.

(ii) Inclusive type classes:
then the class intervals are called inclusive type classes. For example,

Marks 20-29 30-39 40-49 50-59 60-69
No. of students 3 6 8 5 2
In the above table, first class (20 — 29) is of those students who secured marks 20 and up to 29. Similarly, the
second class (30 — 39) is of those students who secured marks 30 and up to 39 and so on. In this method, both
lower and the upper limits are included in a particular class. Since the upper limit of each class interval is
included in that interval, such types of class intervals are called inclusive classes.
between the upper limit of a class and the

‘When the upper limit of none of the classes is the lower limit of the next class,

When the class intervals are inclusive type classes, there is a gap
lower limit of the next class.

_ To ensure continuity and to get correct class interval, we should adopt 'exclusive' method of classification. In

order to change some inclusive classes to exclusive ones and to obtain continuous distribution, the following

adjustments are needed.
(i) Find the correction factor which is denoted by Cy and it is given by

Cj= lower limit of the 2™ class - upper limit of the 1% class
5 2

per limit of each class to get the

required exclusive classes. Thus,
Real lower limit = lower limit — Cf

and real upper limit = upper limit + Cy

- Here, the real upper and lower limits are said to be the class boundaries of new exclusive type classes.
3029 40-39

In the above example, the correction factor (Cf) =" 3 0.5
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Subtracting 0.5 from the lower limits of cach class and adding it to the upper limits of each class. e
exclusive type classes will be as follows,

Marks Frequency | Exclusive class
20-29 3 19.5-29.5
30-39 6 29.5-39.5
40 —49 8 39.5-495
50-59 5 49.5-59.5
60 —69 2 59.5-69.5
_Total 24

(iii) Sometimes classes are defined by their mid values. We can find the class boundaries in the following way-

(a) Find the class interval by taking the difference between any two consecutive mid values. Consider =
following example.

Marks (Mid values) | 10 20 30 40 50
No. of students | 3 6 8 5 2
Here, class interval =20 — 10 =30 —-20 = . = 10

. : 1
(b) Divide the class interval by 2. Thus, we have EO‘ =35,

(c) Add this result 5 to each mid value and subtract from each mid value to get the class boundaries. Thus
the class boundaries become

(10-5)-(10+5) = (5-15)
(20-5)— (20 + 5) = (15— 25) and so on.
Thus, the above continuous fre uency distribution of exclusive type is as follows

Marks (Mid-values) Frequency Class
10 3 C5-15
20 6 15-25
30 8 25-35
40 5 35-45
50 2 45355
Total 24

5.3 Cumulative Frequency Distribution

A frequency distribution in which frequencies are cumulated either from top to bottom or bottom to top is
called cumulative JSrequency distribution. In other words, a frequency distribution showing the cumulative
frequencies against values of the variable systematically arranged in increasing (or decreasing) order i
known as cumulative Jrequency distribution. Tn a cumulative frequency distribution, the cumulative
frequencies (c.f.) are obtained by the cumulating (successively adding) of the frequencies of the successive
individual class intervals. The cumulative frequency of a given class interval thus represents the total of al!
the previous class frequencies including the class against which it is written. Sometimes, we have to change
an ordinary frequency table into a cumulative frequency table. There are two types of cumulative frequency

distribution namely less than cumulative frequency distribution and more than cumulative frequency
distribution. ) 3

(i) Less than cumulative frequency distribution: When the classes (or values) are arranged in ascending
order of magnitude and frequencies are cumulated from the top to bottom, frequencies thus cumulated ar=
called less than cumulative frequency and the distribution having less than cumulative frequency is called
less than cumulative Jrequency distribution. When we cumulate the frequencies from the top, we take the
upper limits of the class intervals and write the word "below or less than or under or up to" before them
Let us consider the following ordinary frequency distribution.

Approved by Curriculum Development Centre (CDC), Nepal

Here, 3 s
frequency
Again, th
Similarly.
and inclu
The final

The abow

(i) More
ascent
cumul
freque

When we

write the

- getting mz

Similarly.
The final ¢
More than

bl

The al




PREAR

Statistics [Chapter 5] 259

dAINENNw N w

Marks obtained | 0-20 20-40 40-60 60-80 80-100
No. of students 3 -6 8 5 2

Here, 3 students get (0 — 20) marks, 6 students get (20 — 40) marks and so on. As each class has individual

frequency, this is the simple frequency.

Again, the total number of students with marks léss than 40 is 3+6 = 9.

Similarly, the total number of students with marks less than 60 is the sum of all the previous frequencies upto
and including the class (40 - 60) =3+ 6 + 8 =17 and so on.

The final distribution is given below.

Less than cumulative frequency distribution of marks
Marks Frequency (f) Less than cumulative frequency (c.f.)
0-20 3 3
20-40 6 3+6=9
40 - 60 8 9+8=17
60— 80 5 17+5=22
80 — 100 2 : 22+2=74

The above 'less than' cumulative frequency distribution can also be written as follows

Marks Cumulative frequency
Less than 20 3
Less than 40 9
Less than 60 17
Less than 80 22
Less than 100 24

(ii) More than cumulative frequency distribution: When classes (or variate values) are arranged in
ascending order of magnitude and the frequencies are cumulated from bottom to top, the frequencies thus
cumulated are called more than cumulative frequency and the distribution having more than cumulative
frequency is called more than cumulative frequency distribution.

When we cumulate the frequencies from the bottom to top, we take the lower limits of the class intervals and
write the word "Above or more than or over" before them. Thus, in above example, the total no. of students

getting marks more than 80is 2 + 5 ="7.

Similarly, the total no. of students getting marks more than 60 is 2+5+8 = 15 and so on.
The final distribution is given below.

More than cumulative frequency distribution of marks

Marks Frequency (f) More than cumulative frequency (c.f.)
0-20 : 21 +3=24

20-40 15+6=21

40 - 60 7+8=15

60 — 80 245=7

80— 100 2

The above more than c.f. distribution can also be written as follows
' Marks Cumulative frequency
More than 0 24
More than 20 21
More than 40 15
More than 60 7
More than 80 2
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Remarks:

(i) In less than cumulative frequency distribution, frequencies are cumulated from top to bottom and only the
upper limit of each class is written. In more than cumulative frequency distribution, frequencies are
cumulated from bottom to top and only the lower limit of each class is written.

(ii) In fact 'less than' and ‘more than' words also include the equality sign i.e. 'less than a given value' means
less than or equal to that value' and 'more than a given value' means 'more than or equal to that value.

5.4 Construction of Ordinary Frequency Distribution from Cumulative Frequency

‘Distribution

As stated above the less than or more than cumulative frequency is obtained from an ordinary frequency:
likewise an ordinary frequency (simple frequency) may also be obtained from given cumulative frequency
distribution. In the case of less than cumulative frequency distribution, the frequencies of individual class
intervals can always be obtained by deducting the totals of the previous class or classes from the cumulative
frequency of the given class. It may be noted that the cumulative frequency of the first class interval is the
frequency itself. However, in the case of more than cumulative frequency distribution, the frequencies of
individual class intervals can be obtained by subtracting the totals of the succeeding class or classes from the
preceding frequencies. In this case, the cumulative frequency of the last class interval is the frequency itself.

Let us consider the following less than cumulative frequency table.

Marks obtained No. of students
" Below 20 5
Below 40 15
Below 60 30
Below 80 40
Below 100 45

In the above table, cumulative frequencies are given, 5 students get marks below 20. As the class intervals
except the first are 20, the first class interval should be (0 — 20). So, the number of students who get (0 — 20
marks is 5.

Again, there are 5 students below 40 marks and 5 students below 20 marks. So, there should be 15 — 5 = 17
students who get marks (20 — 40). -
Similarly, the number of students who get (40 — 60) marks =30 — 15 = 15 and so on.

In this way, the simple frequencies are obtained by deducting the first from the second, second from third and
so on. Thus, the simple frequency table will be as follows:

Marks No. of students
0-20 5
20 —40 15-5=10
40 — 60 30-15=15
60 — 80 40-30=10
80 — 100 45-40=>5
Again, let us consider the following more than cumulative frequency table.
Marks obtained - No. of students
Above 0 45
Above 20 40
Above 40 30
Above 60 15
Above 80 5

In the above table, the class sizes of all class intervals except last are 20. So, the last class interval should be
(80 — 100). Hence, the class intervals will be (0 — 20), (20 — 40), (40 — 60), (60 — 80) and (80 — 100). The
corresponding frequencies will be obtained by subtracting the second from the first, the third from the second
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and so on. Thus, the sim

ple frequency distribution obtained from the more than cumulative frequency
distribution is as follows.

Simple frequency table

Marks No. of students
0-20 45-40=5

20— 40 40-30=10

40 — 60 30-15=15

60 — 80 15-5=10
80— 100 5

5.5 Measures of Central Tendency
After the data have been classified and tabulated

, its value lies between the two extreme observations
This tendency of the i

e Measures of Centra
enable us to locate t

part of the distribution is known as th
called measures of location since they

5.6 Types of Averages

The following are the iImportant types of averages:

a. Arithmetic mean: (i) Simple and (ii) Weighted
b. Median ¢. Mode d. Geometric mean . Harmonic mean
But in curriculum, arithmetic mean, median and mode are included only.

5.7 Arithmetic Mean

The most popular and wide]
'the mean'. Arithmetic mean

[ Tendency. Measures of central tendency are als

0
he position or place of the distribution.

¥ used measure of central tendenc
may either be
(1) Simple arithmetic mean, or (2) Weighted arithmetic mean

(1) Simple arithmetic mean: The sum of all the observations divided by the number of observations is called
arithmetic mean. In such cases i

4,6 and 8 is

y is the arithmetic mean. It is also called simply

Calculation of Arithmetic Mean
Individual Series

y the following formula
- XTI Xt X+ Xt +X, 3 sy
7 n n
where X = the sum of observations, n = no. of observations
(ii) Short-cut method or assumed mean method: The formula for calculating the mean by this method is
defined by 4
X=A+ 2d

n
where A = assumed mean.

d=X-A = deviations of the items from the assumed mean
2.d = sum of the deviations of the items.

%)

N =no. of observations. .
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Example 1: The following are the monthly incomes of 5 families in a certain locality.

Family 1 2 3 4 5
Income (Rs) | 300 500 900 1500 800
Calculate the arithmetic mean by (i) direct method (ii) short-cut method.

Solution:

Let X be the incomes. Then calculation of A.M.
Family Incomes (X) d=X-A =X-900

1 300 -600

2 500 -400

3 900 0

4 1500 600

5 800 -100
Total >X =4000 >d=-500

For direct method:
Here, ZX =4000,n= 5, X=?

- 00 - d
Now, X = nX =45—0 =800 Now,X=A+zn“ =900 +

For short-cut method:
Here, A =900, ¥d =-500,n=5, X =2
~500
5
Hence, the average income is Rs. 800. =900 — 100 = 800

Hence, the average income is Rs. 800

Remark: Any number can serve the purpose of the arbitrary number 'A', but generally the value of items ¥

corresponding to the middle part of the distribution will be more convenient. In fact, 'A’ need no:
necessarily be one of the values of the items X.

Discrete Series
(i) Direct method: The arithmetic mean is defined by following formula:

go BXUEEX X+ L EX, DX XX ;
T Rthth+.+f, T 3F °N - 18)

where N = ¥ f = total frequency

(ii) Short-cut method or assumed mean method: The formula for calculating arithmetic mean X by this
method is defined by '

- fd
X=A+ ZN_ .. (4),
where A = Assumed mean ;
d =X — A = deviation of the items from the assumed mean
N = total frequency. -

(iii) Step-deviation method or coding method: When common factor is taken from all the items of
observations, then step-deviation method is used to calculate the arithmetic mean. Thus, the formula for
calculating the arithmetic mean is defined by

)_(=A+ZI§— x h ... (5),

where h = common factor
A = Assumed mean
_X-A

d h

Example 2: Calculate the arithmetic mean from the following data by (i) direct method (ii) short-cut method

(iii) step-deviation method.
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Marks obtained 5 10 15 20 25
No. of students 4 6 8 5 2

Solution: _
Let X denotes the marks obtained by the students.
Calculation of A.M. by direct method, Short-cut method and step-deviation method

Marks (X) | No. of students (f) X d=X-A=X-15 fd g= X-15 fd'
, .8
5 4 20 -10 —40 -2 -8
10 6 60 -5 =30 -1 -6
15 8 120 0 0 0 0
20 5 100 5 25 1 5
25 2 | 50 10 20 2 4
N=>f=25 > fX =350 > fd=-25 yfd=-5
(i) For direct method: : (ii) For Short-cut method:
Here, N=3Yf =25 %X =350, X=? Here, N =25, fd=-25,A=15,X=?
- - =25
Now,X=ZNﬁ :%zldf Now,X=A+m'=15+—=15-l=14

N 25
(iii) For Step-deviation method: '
Here, N =25, h =5 (common factor), A = 15, Y fd' = -5, X =2

Now,)_(=A+ZLNd x h

—5
=15+25 x5=15-1=14

Hence, the average mark is 14.

Remark: In the case of discrete or ungrouped frequency distribution, the step-deviation method can be used to

calculate the arithmetic mean only when common factor is taken from all the items of the given
distribution.

Continuous Series
(i) Direct method: The arithmetic mean is defined by following formula:

g - 2X
=K

. where X = mid-value of corresponding class

N = total frequency

(ii) Short-cut method or assumed mean method: The formula for calculating the arithmetic mean by this

method is defined by :
X=A+ Zl\f;_d , where, A = Assumed mean

d=X-A ]
X = mid-value of corresponding class

(iii) Step deviation method: The formula for calculating the arithmetic mean by this method is defined by

X= A+Z@

N X h, where A = Assumed mean

d'= e h = class size or common factor

In the case of unequal class intervals, h is taken as common Jactor from the mid-value of the classes. It is not
necessary to make unequal class intervals into equal class intervals Jor calculating arithmetic mean.

Example 3: From the following data of the marks obtained by 25 students of a class, calculate the average mark by
(i) direct method (ii) short-cut method and ~ (iii) step-deviation method:
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Marks obtained
No. of students

Solution:
. Let X denotes the mid. value of corresponding classes. ‘
Calculation of average marks by direct method, short-cut method and step-deviation method
Marks f Mid. value (X) X d=X-50 fd g = X=50
20
0-20 ; 10 40 ~160 )
20-40 ' 30 180 -120 -
40-60 50 400 0
60-80 70 350 100
80-100 2 90 180 80
Total N=25 >fX=1150 > fd=-100 >fd =

(i) For direct inethod:
Here, N =25, X = 1150, X =?

- (ii) For short-cut method:
Here, N =25, ¥'fd=-100, A =50, X =?
g _ufX _1150 _ T p el ot 00 _
Now, X = N~ 25 =46 - Now, X =A + N -~ o0+ 55 —50-4=46
(iii) For step-deviation method:

Here, A = 50, h =20 (class size), Y fd'= -5, X =?

Now,>‘<=A+ZI\Iﬂ xh

-5
—50-1—25 x 20

=50-4=46
Hence, the average mark is 46.

Note: [f we are deaZing with quantitatively measures such as average bonus, average pension, average return, average
sales, average revenue, average weight, average income, etc., in that case, mean is more suitable average tham
others. It is also applied when the given classes have equal size. As arithmetic mean depends on all the
observations, it is also called a mathematical average.

(2) Weighted arithmetic mean: The formulae discussed above for calculating the simple arithmetic mean
are based on the assumption that all the items are of equal importance in the distribution. But, there are
cases where the relative importance of the different items in the distribution is not the same. When this is
so, we compute weighted arithmetic mean. In such cases, proper weightage is to be given to the various
items. For example, commodities like wheat, rice, pulses, housing, fuel and lighting are more important
than cigarettes, tea, confectionery, cosmetics, etc. In such cases we use weighted arithmetic mean to
calculate the prices of commodities consumed by a certain group of people. The formula for computing
weighted arithmetic mean is defined by

WX, +W,X, + + W, X,

X, -
_2WX

YW where, X,, denotes the weighted arithmetic mean.

Example 4: A candidate obtained the following percentages in an examination: English 50; Accountancy 80:
Statistics 90; Economics 60; Marketing 55. Find the candidate’s weighted arithmetic mean, if
weights 1,3,3,2 and 1 respectively are allotted to the subjects.
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Solution:

Let the variable X represents the percentage of marks in the examination.
Calculation of weighted A.M.

Subject - Marks (%) X Weights (W) WX
English - 50 1 50
Accountancy 80 3 240
Statistics 90 ) 3 270
Economics 60 2 120
Marketing 55 1 55
Total YW=10 > WX =735

Here, YW =10, YWX = 735, X,, =?
¢ _IWX 735
Now, X,, = SW " 10 -
Hence, weighted arithmetic mean is 73.5
- Example 5: An examination was held to decide about the award of a scholarship in Kathmandu University. The

weights of various subjects were different. The marks obtained by 4 candidates (out of 100 in each
subject) are given below:

Subject Weight Marks -
A B C D
- | Statistics 4 70 . 80 85 92
Accountancy 3 90 75 75 40
| Economics 1 50 60 45 70
Business Law 2 - 60 45 65 50

If the candidate getting the highest marks is to be awarded the scholarship who should get it?
Solution: '

In order to decide to whom the Scholarship

should be given, compare the weighted arithmetic means of the
marks obtained by these candidates. ’

Calculation of weighted mean

Subjects ‘ Weight A B C ‘ D
e W) X WX X WX x WX X WX
T Statistics 4 70 280 80 320 85 340 92 368
2 Accountancy 3 90 270 75 225 75 225 40 120
Economics 1 50 50 60 60 45 45 70 70

oy Business Law 2 60 120 45 90 65 130 50 100
e YW=10] [¥ywWX=720 SWX = 695 YWX = 740 YWX = 658
= o g XWX 720 2o 695 _ |
- For student A, Xw = SW - 10 - 72 For student B, Xw = 0 = 69.5
- o 740 o 658
e For student C, Xw = To =74 For student D, Xw = 61—0 =658
,' : Since the weighted mean is the highest in case of student C, he should be awarded the scholarship.

) 5.7.1 Mathematical Properties of A.M. :

| A few important mathematical properties of the arithmetic mean are as follows:

(i) The algebraic sum of the deviations of the given set

of observations from their arithmetic mean is zero.
ie., i

DX X-X)=0 (i) LAX-K)=0

(ii) The sum of the squares of deviations of the given set of observations is minimum when taken from the

arithmetic mean.
YX-X)P< 2(X - A, where A is the assumed mean.
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(iii) Since X = 2X

o > itis clear that any two given values will enable yg to compute the third value. Thus, 7
e L2X Ls
ZX—nXandn—. X =
(iv) Combineqd mean of two series. If 1, and n, be the sizes, and X1, X; be the respective means of two series,
then the combined mean X, of two series of size (n; + I;) is given by L
)—(12 i HIXI s nz Xz . “'C
. n; + n, .
Example 6; The average wage of the workers of a factory is Rs 150 There are 15 workers working in the factory. or
Find the tota] wage bill, ! F
; iy
Solution: CE :
Here, X =150, n = 15, the total wage bi]| X) =2 Of
We know, Now
X=Zn§ or zx=n’>‘<=15x150=Rs2250_ ' ' :
Hence, the tota] wage bill is Rs. 2250
Example 7: The average wage of the male workers working in a factory is Rs. 80 and the number of workers =
100. The average wage of the female workers is Rs. 70 and their number is 50. Find the average wage - Also,
of all the workers taken together. Henc
Solution: : Example 1
Here, n, = 100, X, = 80,m, =50, X, = 70, X, =79
R, = X, +n,X, Solution:
n; +n, As gny
100 x 80 +50 x 70 8000 + 3500 11500 \ simple
T 10050 T gt = 150 - Re.76.67 . ‘ succes
Hence, the average wage of all the workers is Rs. 76.67. .
Exampl

Here, n, = 70, Xi=75n,+ n,
Now, n; =100-70=30
XIZ o0 X+ X,
n1+1'12
7 70 X 75 + 30 xX
=22 P F30xX,
" 70 + 30

-
5 72:525010030X2

] or 525_0 +30X, =7200 Hence,

| or 30X, =7200- 5250=1950 ) Example 11: -
i % 1950

| or 0 =TT =

=100, X,,= 72, %, =

Here. N

Now, X=

Hence, the mean mark of girls in the class is 65.

Example 9: The average month]
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Solution:
Let n; and n, denote the number of male and female workers and X1, X, be respectively their average salary
in the factory. Then L
, X1 =480, X, =360, X,, = 444, % n, =2, %n, =2
Let, n; +n,= 100% ) (D
Welnon, X, - BEET,
or 444 n, >< 4801-(;0112 x 360
or  480n; +360n, = 44400
or 4n;+3n,= 370
Now, multiplying (1) by 3 and then subtracting from (2), we get
4n; + 3n, =370 :
3n; +3n, =300

n; =70
Also, from (1), n, = 30

Hence, percentage no. of male and female workers employed in the factory are 70 and 30 respectively.
Example 10: Calculate the mean wages (Rs.) from the followin g data

Wages Above | 50 | 100
No. of workers | 100 m 30 15
Solution:

As given frequency distribution is more than cumulative frequency distribution, we first need to find the
simple frequencies from the more than cumulative frequencies, Again, the class width between two
successive terms is 50. So, the last class should be (350 — 400).

Calculation of A.M.
Wages (Rs.) - Mid. value (X)

50-100 75

100 - 150 125
150 =200 175
200 -250 225
250 -300 275
300 -350 325
350 - 400 375
Total

Here, N =100, 3 fd' =—-35A=225h=50,X=9

o d =35
Now,X=A+Z“NL x h=225 +% x50 =225-17.5=207.50

Hence, the average wage is Rs. 207.50

Example 11: The following are the monthly salaries in Rupees of 30 employees of a firm:
91, 139, 126, 110, 100, 87, 65, 77, 99, 95, 108, 127, 86, 148, 116,
76, 69, 88, 112, 118, 89, 116, 97, 105, 95, 80, 86, 106, 93, 135.

bonus paid per employee. '
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ployee
Bonus Rs) (X)

Here, A = 30,h=35, Jfd' =

X=A+Z§i xh=3o+% x5
=30-2.67=27 33

Hence, the average bonus is R, 27.33.

Example 12: For a certain frequency table which has only been
1.46 ;

~No. 'of accidents .-..n
No. of days [ 46 T 7 5

Calculate the missing frequencies.

partly reproduced he

re, the mean wag found to be

=landX:2bef;

Here,N=200=86+ﬁ +1
or fi+£=200-38¢
or fi+f,=114 ' —.(1)
Also, X = 146, X = 140 + f, + 2f,

2 _ 2tX
%=

+f +
or 1.46=W2

or 140+f,+2fz=1.46><200=292
or f]+2f2=292-140=152 ' ()
Subtracting (1) from (2), we get :

L=152-114=13g
Substituting this in (1), we get

fi=114-38=7¢

Hence, the missing frequencies are 38 and 76,
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Example 13:

Solution:

Let the »
wrong fi

Now, X
or X
<. Cen

Corz

Example 14: 1

B [ e

Solution:

Let )—(] der
mark obtz:

Also let X.
Then,
Xll =

or 50=—o

or 23803
or 30X.=3
or X, ==—

30
Hence, the ave

5.8. Median
The variate valus
other words, meg
total number of o
the items lie belos
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Solution:

Let the variable X denote the salary (in rupees) of an employee. Then, n = 1000, X = 180.40,
wrong figures = 297 and 165, correct figures = 197 and 185, correct mean X =9 ,

Now,)_(=znX ‘

or  ¥X =nX=1000 x 180.40 = 180400
Corrected TX = 180400 - (297 + 165) + (197 + 185)
= 180400 - 462 + 382 = 180320

- ted >X 180320
Corrected mean salary (X) = correcne 2 “ 1000 =Rs.180.32

- W Solution:

Let X, denote the average mark obtained by students who secured less than 60% marks and X, the average
‘” mark obtained by students who secured more than 60% marks.

Also let X, be average marks of all students,

Then,
“ )_(12=50,N=100,N1=70, N; =100 - 70 =30, X, =9
Calculation of average mark (X))

Marks No. of Students (f) Mid value (X) X
‘ 0-20 16 10 160

20 - 40 24 - 30 720

40 - 60 30 50 1500

N=70 X =2380

[ Here, Y'fX = 2380, N, = 70, X, =?

% - > X 2380 _
1 Ny g

. R N X, +N,X,
== T N Xy
Again, X, N, + N,

_ 70 x34 +30%,
100

or 2380 +30%X, = 5000
or 30X, = 5000 - 2380 = 2620

or 50

2620
or X, = 30 ~—87.33
Hence, the average mark obtained by students who secured more than 60% marks is 87.33.

5.8. Median

The variate value which divides the total number of observations into two equal parts is called the median. In
other words, median is the middle most or most central item in the set of observations. The median divides the
total number of observations into two equal parts such that 50% of the items lie above median value and 50% of

the items lie below median value. As distinct from the arithmetic mean which is calculated from the value of all
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Example 15: From the following

Solution:

270  Business Mathematics Jor XTI

average. 1t is denoted by M,.
Calculation of Median

(A) Individual series: The median is calculated by the follo
+ 1\th
M, = Size of nT)

wing formula,

item, where n is the no. of observations.
Here, following two cases arise.

Case (i): If the number of observations is odd, then the middle v

alue gives the median. For example, consider
following 7 observations,

8,6,2,15,12,4, 10

ons in ascending order, we get
2,4,6,8,10,12, 15

Arranging the given set of observati

Here, n = no. of observations = 7
) n+ 1\th
Now, M, = Size of (T item
; 7+ 1\th
= Size of ( 3 )
Hence, the median is 8.

Case (ii): If the number of observations is
obtained by taking arithmetic me,

item = Size of 4" jtem = §

even, then there are two
an of the two midd]e valu

3,5:2,12 10, 18
g order, we get, 2, 3,5, 10, 12,18

middle values. In such

cases, the median is
es. Consider the

following 6 observations.

Arranging the given data in ascendin,
Here, n =no. of observations = 6

n+ I\t
2 item

e 6 + ]. th & i th -
= Size of "5 ) item=Size of 3.5 item

3% item + 4™ jtemn 5410
2 e+ 47 ftemy -

Now, M, = Size Vof

grouped frequency distributi
ries are as follows:

median in a discrete se

() Arrange the data in ascen
accordingly.

on: The necessary steps for determining the value of

ding order. When data I8 arranged, the order of frequencies would also change

(i) Obtain the less than cumulative frequency distribution.

+1\th
(iii) Use the formula, My = size of (NT) item, where N = > f=total frequency.

& 1
(iv) Now see the c.f Just greater than or equal to C\rT

) at cumulative frequency column, the corresponding
value of the variable gives the median.

data of the weight of 46

-.-

Approved by Curriculum Development Centre (CDO), Nepal

Hence, M

(C) Continuou
median in :

(i) Wesm

(i) Find »
(ii)) Now s
class.

The above
order, it she

Example 16: C=

Solution:

Marks obs
01
10-2
20-3
304
40 -5

[}

. E
Now,2 =

Here, /=20,

)

M=

Hence, the m
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Calculation of Median
-_
100 3
m ;

The cumulative frequency Just greater than 23.5is27. So, corresponding medijan value is 130 Ibg,

Hence, Median weight of persong is 130 Ibs,
(C) Continuouys series or grouped frequency distribution: The necessary steps for determining the value of
median in 3 continuous frequency distribution are a5 follows:
(1) We first obtain 'less thap' Cumulative frequency (c.f) distribution,
(ii)  Find N/2.

(iii) Now see Cumulative frequency Just greater thap or equal to N/2. So, the corresponding class jg median
class. Then value of median ig obtained by the following formula: :
N

5 -cf

My=17 + x h,

where / = lower limit of the corresponding median class
f= frequency of the corresponding medijan class.

N=¥f=total frequency.

<iuc o
50 change
e N 26 ] ; ; : :
»2 =75 =13.The c.f. just greater than 13 js 19 So, correspondlng median clags ig 20 - 30. :
Here, 1=20,1~10, ~10,c.f. = g g, oy ' l
N 1
2~ c.f. i d

Md=l+T xh=20+ 10 X10=20+4=94 .
Hence, the median mark g 24. 7
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—_
Solution:
) habit, knowledge,
The distribution of the varigble under
consideration s continuous with exclusive bipe classes withoyt any g
must be converted jny :
500-1000 | Above 1000
IR e
Solution: Now, 7
Since given classes are open ended, median is more Suitable measure of average than otherg Hete £33
Calculation of Median :
Below 100 =
100 - 200 Alternative me
200 - 500 If we mak
500 - 1000
Above 1000 30
N 30 : : .
Now, 2 =5 =15.The cumulative frequency just greater than 15 is 2. .
So, corresponding median class jg 200 - 500. : N
Here, ] = 200, h =500 - 200 = 300, f=10, c.f = 10. Now, 2 3
15-10 Here, [ = 31
10 x 300
M=
=200+ % x 300 =Rs. 350
Hence, the median income is Rs. 350, =
Example 18 1 , class of 15 students, 3 failed in a test. The marks of 12 students who passed were =
9,6,7,8,8,9,6,8,7,5,4 and 7. What was the median of a]] the 15 students? Example 20: Cal
Solution:

Let x, x, and X3 be the marks obtained by failed 3 stude
the given data in ascending order, we get
X1, X2, X3, 4; 55 6a 6; 73 7; 75 85 89 85 9: 9

nts respectively such that X

<X <x3. Now, arranging

Solution: L
Here,n=15
n+ [\t
Now, M, = Value of > ) item
+ 1\th
"= Value of (1 52 1) item
= Value of 8" jtem = 7 E
N 50
Now, 2 =8
Here, /=40_¢
My=1+

Hence, the ma




etermining
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Solution: Calculation of median when class intervals are unequal
Marks f c.f.
0-10 5 5
10-30 15 20
30-60 30 50
60 - 80 8 58
80-90 2 60
N =60
N 60 . . . : .
Now, 2 =7 =30.The c.f just greater than 30 is 50. So, corresponding median class is 30-60.
Here, /=30,h=30, c.f = 20, f=30
N
3 Set 30-20
My=1/+ £ xh=30+ 30 *x30=30+10=40
Alternative method

If we make the class intervals equal, the same answer will be obtained.

Calculation of median by making class intervals equal

Marks f c.f.

0-30 20 20

30-60 30 50

60 —90 10 60
N =60

N.

0 .
Now, 5 = 67 = 30. The c.f. just greater than or equal to 30 is 30. So, corresponding median class is 30 - 40.

Here, /=30, h = 10, cf.=20,f=10
N
E'C'f'
Md=l+ f x h

30-20
=30+T x 10

=30+ 10 = 40.
Example 20: Calculate the median wages (Rs.) from the following data

Wages (more than) | 0 20 f40 ]60 [80
No. of workers [ 50 |40 [25 |15 |7

100 |
2

Solution: Calculation of median
Wages (Rs.) f c.f.
0-20 10 10
20 -40 15 25
40 - 60 10 35
60— 80 8 43
80— 100 5 48
100 and above 2 50

N=150

N 50
Now, 2 =75 =25.Thec.f. just greater than 25 is 35. So, corresponding median class is (40-60).

Here, /=40, h =20, f = 10, c.f.=25 M;=?
N

?—c.f. 5
My=1I+ 7 xh=40+

10

x20=40

Hence, the median wage is Rs. 40
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Solution:
Since, we are given inclusive class interval

Solution:

274 Business Mathematics Sfor X1

Example 21: Find the median from the following table:

Daily income (Rs.) 10-19 | 10-29 ’ 30-39

40-49

5

0-59

60-69

No. of persons 4 6

| 20

10

7

3

calculating median.

Correction factor (¢ = 20% =0.5

Calculation of median

Daily income (Rs.) f c.f.
9.5-19.5 4 4
19.5-29.5 6 10
29.5-39.5 20 30
39.5-49.5 10 40
49.5-59.5 7 47
59.5-69.5 3 50

N=50

Now e

Here, 1=29.5,h = 10, f =20, c.f. = 10, M, =?

‘N
E‘—c.f.
My =1+

Note: The distribution of the variable under consideration is continuous with exclusive type classes without any gaps. If

the classes are inclusive classes, then it must be converted into exclusive classes (i.e. continuous series) before

using the median formula.

25-10

7 xh=295+=5— x

20 10

=29.5 +%5' =295+75=37

Example 22: Find the missing freqﬁency from the followin.

sale of shops is Rs. 2,400,

s; we should convert it to the exclusive class intervals before

50 . . ; . .
»3 =7 =25.Thec.f. just greater than 25 is 30. So, corresponding median class is (29.5 -39.5).

g distribution of sales of shops, given that the median

Sale in hundred Rs. | 0-10 10-20 20-30 30-40 40-50

No. of shops 5 25 18 7
Let the missing frequency be f;
Calculation of missing frequency

Sales ('00) Rs. f c.f.

0-10 5 5

10-20 25 30

20-30 f, 30+ 1

30-40 18 48 +f|

40 - 50 7 55+1;

N=55+1;

Since median is Rs. 2400 (Rs. 24 hundred), median class is Rs. 20 - 30.
Here, /=20,h=10,f=f,, c.f = 30, My =Rs. 24 hundred, N = 55 + f;
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or 4-

or 4f
or 4f
or -f
s X

Hence,
Example 23

Solution:
Letf, =

7|

or 30

or 2f




s before

fl
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5+f -6
or 4=5—2H x 10

or 4fi=(f;-5)5

or 4f; =51, -25

or -f =-25

R

Hence, the missing frequency is 25.

Example 23: In the frequency distribution of 100 families

expenditure groups 20 - 40 and 60 - 80 are m
be 50. Find the missing frequencies,

given below, the number of families corresponding to
issing from the table. However, the median is known to

Expenditure 0-20 20-40 40-60 60-80 80—10ﬂ
| No. of families 14 ? 27 - ? TER
Solution: '
Let f; and £, be the missing frequencies for the classes 20 - 40 and 60 - 80 respectively.
Calculation of missing frequencies
Expenditure (Rs.) f c.f.
0-20 14 14
20 -40 f; 14 + 1,
40 - 60 27 41 +1;
60 - 80 f, 41 + 1, + 1,
80-100 15 S6+1+1,
N=56+f+1f,=100

Here, N = 100 =56 + 1, + f,

or fi+f, =44

Since, median is 50; median class is 40 - 60
Here,l=40,h=2(),f=27, cf=14+1 , Mg=50

(D)

I%I-c.f.
7 x h

Md =[+

1
%-(14+fl)

or 50=40+————— 420

27
or 10= % x 20
or 27=(36-1f)x2
or 27=72-2f
or 2f;=72-27
or 2f =45
45

or fi= 5 =22.5=23. Since frequency can't be fractional value.
Putting the value of f; in (1), we get
hL=44-f=44.23=71.

Hence, the missing frequencies corresponding to classes 20 - 40 and 60 - 80 are 23 and 21 respectively.

5.8.2 Partition Values

The variate values which divide
Partition Values,

Quartiles: The variate values which divide the total number of observations into four equal parts are called
Quartiles. In such cases there are three points Q,, Q, and Qs such that Q,< Q2<Qs. Qy is called lower or first

the total number of observations into a number of equal parts are called the
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quartile which has 25% of the items of the distribution below it and consequently 75% of the items are
greater than it. Q, is called 2nd quartile which coincides with median and has 50% of the items of the
distribution below it and 50% of the items of the distribution above it Qs, is called upper or third quartile
which has 75% of the observations below it and 25% of the observations above it.

e S — v - — S —
Lowest Q Qx=My Q3 Highest observation
observation 18t quartile 2" quartjle  3rd quartile
(median)

Deciles: The variate values which divide the total number of observations into ten equal parts are called
deciles. Then there are 9 points Dy, D, ..., Dy such that D;<D,<Djs<, ..., <D,

Percentiles: The variate values which divide the total number of observations into 100 equal parts are called
percentiles. Then there will be 99 points P, P,... Py such that P;<P,< ..., < Pyg. :

Calculation of Quartiles, Deciles and Percentiles

Individual Series: After the given data are arranged in ascending order, the quartiles, deciles and percentiles
can be obtained by following formulae:

th th
+1 2 s < n+1) .
Q, = first quartile = Size of (n : ) Retih D, = first decile = Size of ( o) item
+1\ D, = 2™ decile = Si fz(—n - l)th it
n = P
Q, = 2™ quartile (or Median) = Size of 2(—4 ) item : BEIR T MECLEL g e

th
+ 1\
AT D, = 3 decile = Size of 3(“—10— item
Q; = 3 quartile = Size of 3(7) item

. : n+1 m. h . . n+1 y ;
P, = first percentile = Size of 100 item Pyy=99" percentile = Size of 99 oo ) item.

" e T where n =no. of items.
P, = 2™ percentile = Size of 2(%) item

th
P; = 3" percentile = Size of 3(L+l> item
100
Q, = First Quartile or lower quartile; Q, = Second Quartile or median
Qs = Third quartile or upper quartile; D, = First decile
D; = Third decile; Dy = 9" decile
P, = First percentile; ’ Pg, = 80™ percentile

n = Number of observations

Discrete series: The formulae for calculating quartiles, deciles and percentiles are defined as follows:

th th
+1\ . : + 1Y .
Q, = Size of (N 2 ) item, where N = 3 f = total frequency D, = Size of 9(NT> item
th th
= Si f3({&> i P,=Si fC\H.l i
Q; =Size o 2 item 1= Size of | 77557 ) item
th th
D,=Si f(M) i P,=Si f2—+1) i d
1= Size of {75 item , = Size o 100 ) itemand so on

. +1N,
D, = Size of Z(NI_O) item

Cont

wher

[=1

f=1

h=¢

cf=
Remarks:

Example :

Solution:

M;




—

%% of the items are
of the items of the
=T or third quartile

2l parts are called

221 parts are called

=s and percentiles
&

=2 AP

10 ) item

-I”\gi

10 ) item

-
—

1
ip ) item
J

am and so on

60N
100 - c.f

P60:l+ f x h

where,

= lower limit of corresponding quart
f'= frequency of corresponding class
h = class size of corresponding class
c.f.= cumulative frequency o

Remarks: ]. In particular, we shall have

0, =P, Q3=P75,Md=Q2=D5=P5o, D,

2. The procedure Jor calculati

Example 24; Calculate median,
obtained by 10

22,26, 14, 30, 1

Solution: Arranging the mark

Here,n=10

+
= Size of (n 3 1) th item

M,

0+1 4. - o
= Size of( 5 ) th item = Size of 5.5 item
5%item + 6" item 22 + 26 48 .
= ———— -
2

2 2
_'_
Qi = Size of (HTI) th jtem

+
= Size of(lo i 1) thjtem

= Size 0of 2.75" jtem.
= znd

=12+0.75 (14-12)
=12+ 1.5=13.5 marks.
+ 1\ th
D; = Size of S(HT)I) item
10+ 1\ th
10
= Size of 8.8" item
=8"item + 0.8 (9" jtem _ gt
=32+.8(35- 32)

=32+8x3=32+24
= 34.4 marks

= Size of 8

item

item)

f preceding quartile class

ng quartiles, decile

quartiles, 8" decile and sj
students in an examination.
8,11, 35, 41, 12,32

s in ascending order, we get
11,12, 14, 18, 22, 26, 30, 32, 35, 41

item+0.75 (size of 3rd item - size of 2™

T-c.f 3TN-c.f
Qb iy Q=l+—F%— xh
2N 3N

lo-c.f lo-c.f
D,=/ + 7 xh Dy=/ + 7 xh
N 2N '
100 - f 100 - ¢f
Pl:l f x h P2=l+ f x h
99N
W'C'f
Poo=/ + x h,

ile class (or decile class or percentile class)

(of decile or percentile class)

=P10;D2=P201D3=P30,D4=P4o e D8=P80»D9:P90

Jor median.
Xty-first percentile from the following data of the marks

s and percentiles is same g that

Alternative meth od

My =size of 5.5" jtem
=5"item + 0.5 (6" jtem — 5
=22+0526- 22)
=22+05 x4=24
Hence median marks = 24

L (n+ N\th
Q; = Size of 3(HTI) item
+ 1"\ th
= Size of 3(%) item
= Size of 8.25™ jtem

=8"item + 0.25 (9" item — g* item)
=32+0.25(35-32) = 32+0.25x3 = 32.75 marks.

+ 1\ th
P, =Size of61(nlw) item

item)

=24

itemn)

Size of 61 IIOT? th item
Size of 6.71% item
=6"item +0.71 (7 jtem - 6"
=26+0.71 (30 - 26)
=26+0.71 x4=26+2284

I

I

itemn)

: =28.84 marks.
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Example 25: Calculate lower and upper quartiles, D4 and Pg, from the following data:

Marks 5 10 15 20 25
No. of students 2 8 10 9 6
Solution: Calculation of Q;, Q;, D, and Pgy
Marks f c.f.
5 2 2
10 8 10
15 10 20
20 9 29
25 6 35
N =35
Here, N =35
N+1 35+1 ; : . : .
ForQ,=—7— =~ 4 = 9. The c.f. just greater than 9 is 10. So, corresponding quartile value is 10.
o Q1 =10
+1 35+1 . : ; ; .
ForQy, 3~ ) =3\"7% ) = 27. The c.f. just greater than 27 is 29. So, corresponding quartile value is 20.
sis Q3 = 20
35+1
For Dy, 4\ 55 10 = 12.4. The c.f. just greater than 12.4 is 20. So, correspondmg value is 15.
=15
N+T 3541
For Py 80\ To0 100) = =80\ Tan 100/ = = 28.80. The c.f. just greater than 28 80 is 29. So, corresponding percentile
value is 20.
Pgp =20

Example 26: Find the median, quartiles, 4™ decile and 20™ percentile from the following data
Incomes (less than Rs.) | 500 | 400 350 [ 275 200 150 | 100
No. of persons 100 90 75 50 30 15 5

Solution:
Since given classes are in descending order, we first arrange it ascending o

partition values.

rder. Then, find median and its

Calculation of My, Qy, Q;, D, and Py

Incomes (Rs.) f c.f

Below 100 5 5

100 - 150 10 15

. 150 — 200 15 30
‘ 200 - 275 20 50
275 -350 25 75

350 — 400 15 90
400 — 500 10 100

N =100
For My, % = %‘0‘ = 50. The c.f. just greater Alternatll\;’e mle(;god
- ~For My, 5= > = 50. The c. f just greater than 50 is 75.

than or equal to 50 is 50.

So, corresponding median class is 200 — 275. So, corresponding median class is 275 — 350.
Herl—200h 75, f =20, c.f. =30, Mg =? Herl—275h 75, f =25, c.f. =50, Mg =?
—2‘ —c.f. 3’ -c.f.
Md:l+ f xh Md:l+ f xh
50-30 50-50
=200+""75 x 75 =275 =275+""5z x 75=275
Hence, median income is Rs. 275. Hence, median income is Rs. 275.

Agair

Here.

For
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e value is 10.

e guartile value is 20.

pding value is 15.

»responding percentile

o
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- greater than 50 is 75.

75 —350.
0, M, =?

Statistics [Chaprer 5@ I7%

N 100 . . ‘ . :
Again, for Q, = Ak = 25. The c.f. just greater than 25 is 30. So, corresponding class is 150 — 200
Here, /=150, h=50, f=15,c.f.=15,Q, =?
N
i c.f.
Q=I+ Fo h
' 25-15
= 150 += 5 50
10 500
=150+ 15 x 50=150+ 15
=150 +33.33=183.33
3N 3 Alternati thod
For Qs, —F‘ = _x41ﬂ = 75. The c.f. just greater ena z;;me 3‘; 100
than or equal to 75 is 75. So, corresponding For Q3, - = =4 =75. The c.f. just greater
quartile class is 275 — 350. than 75 is 90. So, corresponding quartile class is
Hence, [=275,h =75, f =25, c.f.=50,Q;=2  350-400.
IN Hence, /=350, h =50, f=15,c.f.=75,Qs="?
i c.f. 3N
Q=l+—F xh : 5 ¢l
. Q=l+—F—xh
—275+ 2230 752350 7575
25 =350 +—z  x50=350
4 ‘
For Dy, % = —%Q = 40. The c.f. just greater than 40 is 50. So, corresponding decile class is 200 — 275.
Here, /=200, h=75, f=20,c.f.=30,D,=?
4N
10 ¢/ 40-30
D=1+ 7 x h=200+ 20 x 75
75

=200+ 5= 200 +37.5=237.5

20N 20 x 100

ForPx,T00 =~ 100 - 20. The c.f. just greater than 20 is 30. So, corresponding class is 150 — 200.

Here, /=150, h =50, f=15,c.f. =15, Py =?

20N

100 ~ /- 20-15
P20=l+—'f—- Xh=150+T x 50

= 150+53—0 =150+ 16.67 = 156.67

Note: If the quartile, decile or percentile lies in the first class, then the cumulative frequency of the preceding class shall
be zero.
Example 27: Monthly incomes (in Rs. hundred) of 400 employees in an organization are given below:
Monthly incomes (Below Rs. '00") 80 120 (160 |[200 |240 |280
No. of employees 10 35 165 | 310 |380 |400
Obtain the limits and range of income of central 60% of observed employees.

| Solution:
To find the limits of income of central (i.e. middle) 60%, we have to find P,y and Pg.
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Calculation of P,, and Py,

Monthly Incomes (Rs) £ c.f.
Below 80 10 10 /
80 - 120 25 35
120 - 160 130 165 60%
160 - 200 145 310
200 - 240 - 70 380
240 - 280 20 400 Py="? Pgo="?
N =400
For Py, 20N 20 x 400

100~ 100 — 80. The c.f. just greater than 80 is 165. So, corresponding class is 120 - 160.

Here, /=120, h =40, c.f. =35, f=130
20N

100 - c.f.

o %k

80 -35

45
130 <40=120+ 735 x40

=120 + 13.85 = Rs. 133.85 hundred.

80N 80 x 400
100 ~~ 100

So, corresponding percentile class is 200 - 240, -
Here, /=200, h=40, f= 70, c.f. =310

80N

T00 - ¢f.

AT,

3207-0 310 2in

Py=1+

=120+

For Py, =320. The c.f. just greater than 320 is 380.

Py=1+

=200+

=200 + % x4 =200 +% =200+ §.7,1 =Rs. 205.71 hundred.

Hence, the limits of income of central 60% of observed employees are Rs. 133.85 and Rs. 205.1 1.
Range of income of central 60% of observed employe_es =Pgy—P5=205.71 — 133.85 =Rs. 71.86 hundred.

5.9. Mode

The mode or the modal value is that value in a distribution which occurs most frequently. In other words, the
most repeated value in a distribution is called mode. It is an actual value which has the highest concentration
of items in and around it. Actually the word 'mode' has been derived from the French word 'La Mode' which
signifies fashion. Thus, mode is the value occurring most frequently in a set of observations and around
which other items of the set cluster most densely. The value of the variable at which the curve reaches a
maximum is called the mode.

Calculation of Mode

Individual and discrete series: In the case of individual an
inspection.

d discrete series, ‘mode is often found by mere

Continuous series: In the case of continuous series, the class corresponding to the maximum frequency is
called the modal class and the mode is defined by following formula.

M, =/ +ﬁ‘JX2 x h, where

1= lower limit of the modal class
A1=f1'fo,Az=fl-f2 :
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f, = maximum frequency
f, = frequency of the class preceding the modal class
f, = frequency of the class succeeding the modal class

h = class size of modal class
M, = mode

Remark:

@)

(i)

Example 28: Find the mode from the following frequency distribution.

The class intervals must be uniform throughout i.e., the width of all the class intervals must be the same. If
they are unequal, they should first be made equal on the assumption that the frequencies are equally
distributed throughout the classes, otherwise the value of mode calculated from formula will give misleading
results. It is noted that at least five classes should be formed to make unequal classes into equal classes for
calculating mode. . ‘ .
The frequency distribution must be continuous with exclusive type classes without any gaps. If the data are
given in the form of inclusive classes, it must first be changed into exclusive classes (i.e., continuous classes)

before calculating mode.

Marks | 0-10 10-20 20-30 30-40 40-50
No. of students 3 6 8 5 2

Solution:

Example 29: Find the value of mode from the data given below:

Here, maximum frequency is 8, so modal class is 20 - 30.
Now, [=20,h=10,f=8,f,=6,£,=5.
A=1f-f,=8-6=2
A=1 -, =8-5=3

_ A _
My=1 +A1+A2 ><h—20+2_,_3

x 10

- 2
=20+§ x10=20+4=24

Weight (kg) No. of students | Weight(kg) No. of students

93-97 2 113 -117 14

98 - 102 5 118 - 122 6

103 - 107 12 123 - 127 _ 3

108 - 112 17 128 - 131 1

Solution: Calculation of mode ‘

' Weight (kg) Exclusive class f
93-97 92.5-97.5 2
98 - 102 97.5-102.5 - 5
103 - 107 102.5 - 107.5 12
108 -112 107.5-112.5 17
113 -117 112.5-117.5 14
118 -122 117.5-122.5 )
123 - 127 122.5-127.5 3
128 - 131 127.5 - 131.5 1

Here, maximum frequency is 17, so modal class is 107.5 - 112.5
Now, [=107.5,h=5,£=17,£,=12,,= 14
A=1f-f,=17-12=5
CA=1f -, =17-14=3

A
= M =
My=1 +A1+A2 x h —107.5+5_’_3

x5

=107.5 +% =107.5+3.125=110.625
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Example 30: Calculate the mode, median and arithmetic average from the following data. Calculati
Class f Class f d ' A distribu

0-2 8 25-30 45 follows:
2-4 12 30 - 40 60 3
4-10 20 40 - 50 20 3
10-15 10 50 - 60 13 ‘
15-20 16 60 - 80 15
20 - 25 25 80 - 100 4

Solution:

Since the class-intervals are unequal, class intervals should be made equal before computing the mode.

Calculation of mode, median and mean
Class | of c.f. mid value (X) . X-50 fd'
=73
0-20 66 66 10 -2 -132
20 - 40 196 30 -1 - 130
40 - 60 33 229 50 0 ‘ 0
60 - 80 15 244 70 1 15
80 -100 4 248 90 2 8
N =248 Yfd'=-239
Here, maximum frequency is 130, so modal class is 20 - 40.
Now, /=20, h =20, f; = 130, f, = 66, f, = 33 » Solution:
A =f -1, =130- 66 =64 B (a) Here. M

Ay=f,-f, = 130-33 =97 | M=

A FEPCTNE . A , -
Mo—l+Al+A2xh—20+64+97 x 20 gl;

2
—20+8220 o1 59522705 : . ‘ o
161 or
For M, §= —2;8 = 124. The c.f. just greater than 124 is 196. So, corresponding median class is 20 - 40. Example 38 i

[=20,h=20,c.f. =66, =130

N e "
5 -cf : Solution:
e .
My =1+ 3 xh=20+wx20 Let x be ¢

130 Since M,

=5 =20+892=2892
yfd' B -239
N xh=50+ 348 x 20
=50-19.27 =30.73.

For mean, X = A +

5.9.1 Empirical Relation between Mean, Median and Mode

If mean, median and mode of a distribution are equal, and then frequency distribution is a symmetrical ‘ or
distribution. However, in case of moderately asymmetrical (skewed) distribution, mean, median and mode
are not equal. In such cases, mode can be obtained by following empirical relationship, given by Prof. Karl or
Pearson. :
or 31-
Mean - Mode = 3 (Mean - Median) _ or x=.
or Mode = 3 Median - 2 Mean __ Hence.m
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Calculation of Mode by using the Empirical Formula

A distribution having only one maximum frequency is called unimodal. €.g., the unimodal distribution is as
follows:

L r 13l (&[5 7|
If a distribution has two equal maximum frequencies, then distribution is called bimodal. The following
example is a bimodal distribution.

X]|5
(6 [8 T8 15 13

be mode. ] If the distribution has three or more equal maximum frequencies, then distribution is called multimodal. The
example of multimodal distribution is as follows:

(F13(6 [8 T8 8 {5 (2|

In case of bimodal or multimodal distributions, mode is ill-defined. In such cases, mode is obtained by the
following empirical formula,

Example 31: (a) The values of mode and median for a moderately skewed distribution are 64.2 and 68.6
respectively. Find the value of the mean. :

(b) In a moderately asymmetrical distribution the values ‘of mode and mean are 32.1 and 354
respectively. Find the median value, !
(¢) If the mean and median of a moderately asymmetrical series are 26.8 and 27.9 respectively,
what would be its most probable mode?
Solution: . ,
(@) Here, M, = 64.2, (b) Here,M;=32.1,X = 354, My=? (c) Here,X = 26.8,
Ma= 68.6, Mean =7 S My =3M, -2% My=27.9, M, =?
o My =3M, -2% or 32.1=3M,-2x354 S Mp=3M;-2%
oF | 6423685 2% or 3M;=32.1+70.8 =102.9 =3x27.9-2x268

or  2X=205.8-642 _ = =
or 2X=1416 or M, —34.:’, =83.7-53.6=30.1

or X=170.8

D- 40, Example 32: If the mode for the following distribution is Rs. 24, find the missing frequency corresponding to the
’ class 30 - 40.

Expenditure (Rs.

No. of families

10-20

2030 | 30-40
i e Sl

0-10
Solution:
Let x be the missing frequency.
Since M, = 24, the modal class is 20 - 30.
Here, /=20, h = 10, £1=27,£,=23,f,=x
A=f-fy=27-23 =4
Ay=f-f, =274

- A
M()—l +A1+A2 x h

4
24 =20 +mx 10

40
VI or 4 = T n

Prof Keri ' . or 1=3110
-x

or 31-x=10

‘ or x=31-10=21
Hence, missing freguencx is 21. :
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5.10 Choice of an Average
An average in Statistics is a measure of central tendency;

which can be substituted for each and every value in the
magnitude of the serjes. As discussed earlier, there are
characteristics and usefulness. It is obvious that no single
choice of a particular average will depend upon:

it represents the entire series by a single value
series without causing any change in the toeal
many averages, each of which has its om=
average is suitable for all circumstances. The
() the nature and availability of the data,

(ii) the nature of the variable involved,

(iii) the purpose of the enquiry and

(iv)' the system of classification adopted.

() In highly skewed distributions,
(i) In distributions with open-end classes,
(iii) Where there are very large and very small items,

(iv) When average ratios and rates of chan

Mode: Like median, mode is also used for open-end classes.
occurring item, mode should be co

To determine the most stylish or most frequently
mputed. For example, when we talk of most common wage, most common
s ght, most common size of shoe or ready-made garments, we have to use mode and
not the arithmetic mean and median, ,

5.12 Data Analysis using Ms-Excel

, median, first quartile, third quarti
data of the hej ghts (in inches) of a group

Solutiqn:
The excel results are as follows:
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9. (a) Cal
A. Practical Problems £
1. The monthly income of ten families (in rupees) in a certain locality are given below: L
Family | 1 et 4 5- B 8 9 [ 10 (b) An
Income | 30 | 70 | 10 | 75 | 500 | 8 42 | 250 | 40 | 36 Ll
Calculate the arithmetic average by (a) Direct method, and (b) short-cut method.
2. Compute mean from the following data by (a) direct method (b) short cut method (c) step-deviation method: Stz
Marks | 20 30 40 50 60 70 A
No. of students 8 12 20 10 6 4 l;:
3. From the following data of marks obtained by 100 students of a class, calculate the arithmetic mean of marks Ifé
by (i) direct method (ii) short-cut method and (iii) step-deviation method. 10. (a) De
Marks | 0-10 10-20 | 20-30 30-40 40-50 50-60 [
No. of students | 8 12 20 40 12 8 i
4. (a) Calculate the average dail wages for the workers of two factories (b) Ca
Factory A | Factory B !%
No. of wage earners 80 20
Average daily wages | Rs. 1500 | Rs. 1260 11. Find th
(b) From the information given below find: () 15
(i) Which factory pays larger amount as daily wages? 12. () In
(ii) What is the average daily wage for the workers of the two factories taken together? 9
Factory A | Factory B ' (b) O
No. of wage earners 250 200 =
Average daily wages | Rs. 45.0 Rs. 47.5 _ 13. Find th
5. (a) The mean weight of 100 students in a certain class is 59 kg. The mean weight of boys in the class is 65
kg and that of girls is 50 kg. Find the number of boys and girls in the class. ! No.
(b) The mean weight of 150 students in a certain class is 60 kg. The mean weight of boys in the class is 70 ‘ 1 14. Find m
kg and that of girls is 55 kg. Find the number of boys and the number of girls in the class.
6. (a) Inaclassof 50 students, 10 have failed and their average of marks is 2.5. The total marks secured by the No. of
entire class were 281. Find the average marks of those who have passed. : 15. (a) Ca
(b) The pass result of 40 students who took up a class test is given below:
Marks | 4 5 6 7 8 9 F
No. of students | 8 10 9 6 4 3 (b) Ye
If the average marks for all the fifty students were 5.16, find out the average marks of the students who E
failed. ' E
7. (a) From the following data, find the missing frequency when mean is 15.38 Ca
Size | 10 12 14 16 18 20 ‘ 16. (z) Tn
Frequency | 3 7 ? 20 8 =) o
(b) From the following frequency distribution of 51 households, calculate missing frequencies if arithmetic ¥
mean is 5. =
Size |2 |3 4 |5 e (b) If
No. of households | 2 3 ? 21 ? 2] ‘ 15
8. (a) The average income for a group of 50 persons working in a factory was calculated to be Rs 169. It was _[g
later discovered that one figure was misread as 134 instead of the correct value 143. Calculate the correct | N
average income. ‘ 17. Find th
(b) The mean of 200 items was 50. Later on it was discovered that two items were wrongly read as 92 and 8 (i) 25,

instead of 192 and 88. Find out the correct mean.
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10.

11.

12.

13.

14.

15.

16.

17.

(a) Calculate the simple and weighted average from the following data:
Price per ton (Rs) 45 |50 | 40
Tons purchased 130 | 40 | 30

(b) An examination was held to decide the award of a scholérship. The weight given to the various subjects
were different. The marks obtained by 3 candidates (out of 100 in each subject) are given below:

Subjects Weight Marks
A B C
Statistics 4 63 60 65
Accountancy 3 65 64 70
Economics 2 58 56 63
Business Law 1 70 80 52

If the candidate getting the highest marks is to be awarded the scholarship, who should get it?
(a) Determine the arithmetic mean in the following series:
Marksbelow [10 120 |30 |40 |50 60 |70 80 |
Frequency |25 [40 |60 [75 |95 125 (190 [240 |
(b) Calculate the average weight from the following data: -
Weight (in Ibs) Above | 100 110 120 130 140 150
No. of persons 400 304 170 100 80 50

Find the median of the following data:

(1 15,8,12,7,18 (i) 20, 15,25,22,17,28

(a) In a batch of 15 students, 3 students failed. The marks of passed 12 students were
9.6,7,8,4,5,8,4,9,7,5,7. What was the median of all 15 students?

(b) Only 12 students took a test, of which four students have failed with less than 5 marks. What was the
median of all the 12 students when the marks of passed students were 5, 7, 8, 6, 9, 10, 8, 7.

Find the median from the following data

Marks | 10 20 30 40 50 60 70

No. of students | 5 10 115 20 12 8 5

Find mean and median from the data given below:

Marks 0-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60

No. of students 12 18 27 . 20 17 6

(a) Calculate an appropriate measure of suitaBle average for the following distribution:
Value | less than 10 10-20 20-30 30-40 40 and above
Frequency 5 10 20 10 5

You are given below a certain statistical distribution:
Value | less than 100 | 100-200 | 200-300 | 300-400 | 400 and above
Frequency 40 89 148 64 39

(b

~

Calculate an appropriate measure of central tendency giving reasons for your choice.

(a) In the frequency distribution of 100 families given below, frequency corresponding to two groups are
missing from the table. However median is known to be 49.5. Find the missing frequencies.

Expenditure (Rs.) 0-19 20-39 40-59 60-79 80-99
No. of families 14 ? 26 7 16
(b) If the median income of 150 workers of a factory is Rs. 7000, find the missing frequencies and compute

mean income of the workers.
Income in'000Rs.' | 0-2 |2-4]4-6|6-8|8-10|10-12 | 1214
No. of workers 10 ? 25 50 ? 15 10

Find the median, Q,, Q;, D¢ and P4, from following data:
(i) 25, 15, 10, 18, 28, 30, 35 (ii) 55, 47, 42, 59, 65, 75, 85, 90
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18.  Find the median, upper and lower quartiles from the following frequency distribution.

Expenditure (Rs)| 15 [ 30 | 45 | 60 | 75 | 90 | 103 | 2 @ Iﬁeanﬁf
No. of persons | 3 7 10 5 3 2 5 Ifth

19. (a) Calculate the median and the quartiles for the following data: ®) c oxtn;u?:

Wages (Rs.) perday | 6-8 8-10 10-12 12-14 >
No. of workers 85 65 59 50 B. Data Ansiysy
: : : . th : ' : 1. Calculate me:
(b) Calculate the lower and upper quartiles, third decile and 20 percentile from the following data: group of studs
Central value | 2.5 | 7.5 | 12.5 | 17.5 | 22.5 59, 61, 61, 42
Frequency 7 18 | 25 30 20 2.  Compute mez
20. (a) Calculate the Median and quartiles from the following data: ? ; 34|62 | &
Marks less than | 80 | 70 | 60 [ 50 [40 [ 30 [ 20 [ 10 : 65 | 80 | S
No. of students | 100 | 90 | 80 | 60 | 32 [ 20 | 13 | 5 3. From the follo
(b) Calculate median, 7" decile and 85" percentile from the following data: ] | Size of itcmg
Deposit balance (less than Rs.) | 1000 | 900 [ 800 [ 600 | 550 | 500 | 400 | 250 | 100 | Frequency
No. of deposits | 500 | 498 | 480 | 475 | 440 | 374 | 300 | 125 | 25 4. Calculate mez
. 21. Compute mean, median and mode from following marks obtained by 9 students: ——
] Marks: 55, 65, 80, 60, 50, 60, 65, 45, 60. . | No-of Sy
22. The number of telephone calls received in 245 successive one minute intervals at an exchange is shown in the 5. (a) The a\‘erja_gs
following frequency distribution: Wk
No.ofcalls [0 J1 J2 [3 J4 |5 s 7 , (b) The mean
- |_Frequency | 14 |21 [25 [43 |51 [40 |39 |12 \ ﬂ?‘%
‘ Calculate the median and mode. %%}
| 23.  (a) Calculate the mode from the following data : ' —

| Class intervals | 0-20 [ 20-40 | 40-60 | 60-80 | 80-100 N Answers |
Frequency 5 8 10 7 5 A Practical BB

(b) Find the mode of the distribution for the following data: 1. Rs. 106.1
Value (mid-point) | 5 10 15 20 25 30 ’ 5. (2) 60,40 (B).
Frequency |3 - |7 12 |16 13 |3 : 7 12’ ()9, 11
24. A random sample survey was conducted by ABC Shoe Company to determine the size of the shoe that . i
company should produce in order to fit majority of the population. Following information was obtained from 5. (a) Rs. 45, ey
the survey. : 10. (a) 49.58 (5
Size of the foot (in inches) 4-5 |56 [6-7 |7-8 8-9 | 9 and above . 13. 40
No. of persons 10 135 |70 |35 12 6

15. (a) 25 (b) Ope
17. (i) M=25, O
18. M, =450, =
19. (@) M;=9.37.

What size of the shoe should the company produce to fulfill its objective?
25. (a) Find out the mean, the median and the mode from the following table:
Income (Rs.) | 100-200 | 100-300 | 100-400 | 100-500 | 100-600

No. of persons 15 33 63 83 100 20. (a) M, = 46.4:
(b) Calculate the most repeated value after regrouping the frequency distribution given below: ‘ 21. X=60, M, =6
Value | 0-10 | 10-20 | 20-40 | 40-50 | 50-60 | 60-80 | 80-100 ‘ e
Frequency [ 10 15 50 20 10 20 5 : .M~ M =4
25. (a) X =336, &
26. (a) The following table represents the marks of 100 students. ‘ 26. (a) 23, 21, 50
Marks 0-20 20-40 40-60 60-80 80-100 ‘ - 2
; A Analysis |
No. of students 14 ? 27 ? 15 5. Data A0S

1. X=62,M.=
If the mode value is 48, find the missing frequencies and the mean marks of all 100 students. X=15546,0

| 2.

(b) Modal marks for a group of 94 students are 54. 10 students got mark between 0 - 20, 30 students between ) "3 X=725M,
4.
5.

i A

40 - 60 and 14 students between 80-100. Find the number of students getting marks between 20 - 40 and X =27, M; j
60 - 80, if the maximum mark of the test were 100. (a) Rs. 2040

Approved by Curriculum Development Centre (CDC), Nepal




R m the

| R

AW~

Statistics [Chapter 5] 291
27. (a) In a moderatcly asymemetrical disiribution, the value of median is 42.8 and the value of mode is 40. Find
the mean.

(b) If the mode and mean of a moderately skewed distribution are respectively 16 inches and 20.2 inches,
compute the most probable median. ;

B. Data Analysis using Ms-Excel

1. Calculate mean, median, Q1, Qs, D¢, Pyy and mode from the following data of the heights (in inches) of a
group of students: '
59,61, 61, 62, 59, 62, 63, 63, 59, 64, 62, 63, 64, 65, 63
2. Compute mean, first quartile, 6™ decile, 80" percentile and mode for the following data:
34 162 |42 |56 |61 |42 [46][53]67[61]57]45] 52
65 |80 | 57 142 |61 |71 [46 49|58 |61 ]51] 70 53 .
3. From the following data, calculate mean, median, lower quartile, upper quartile, 4™ decile, 90 percentile and mode.
Size of items 2 4 6 8 10 12
Frequency 3 5 10 12 6 4
4. Calculate mean, median, lower quartile, upper quartile, 7" decile, 10" percentile and mode for the following data
Marks | 0-10 | 10-20 | 20-30 | 30-40 | 4050
No. of Students | 5 8 15 16 6
5. (a) The average wage of the male 30 workers in a factory is Rs. 22000 and the average wage of the female 20
workers is Rs. 18000. Find the average wage of all the works taken together.
(b) The mean weight of 150 students is 56 kg. The weight of 100 students of these is given in the frequency
distribution below. Find the arithmetic mean weight of the remaining 50 students.
Weight (kg): | 30-40 | 40-50 | 50-60 | 60—70 | 7030
- |_Frequency: 10 30 40 10 10
| Answers |

A.  Practical Problems

1. Rs. 106.1 2. 41 3.31 4. (a) Rs. 1500 (b) (i) A (ii) Rs. 46.11
5. (a) 60, 40 (b) 50, 100 6. (a) 6.4 (b) 2.1

7.(a) 12 () 9, 11 8. (a) Rs. 169.18 (b) 50.9

9. (a) Rs. 45; Rs. 45.25 (b) X,,(4)= 63.3, X, (B)=62.4,X,(C) = 64.8; C

10. (a) 49.58 () 122.6Ibs 11. (i) 12 (i) 21 12.(@)6 (b)6.5

13. 40 14.X=28 M;=274]1 : . }

15. (@) 25 (b) Open end classes, M, = 241.22 16. (a) 23,21 (b) 15, 25, Rs. 7000

17. () My=25, 0,=15, =30, D=27.4, Pyy=19.4 (i) M=62, 0,=49,0,=82.5, Dy=69, Py=57.4
18. M, =45 0,=30,0,=75

19. (@) My =9.37, 0, =7.52, Q5= 11.50 (b) Q, = 10, 05 = 19.17, Dy = 11 & P,y = 8.61 -

20. (a) My = 46.43, 0, = 34.17, 0; = 57.5 (b) My = 357.14, D, = 467.57, Pys = 538.64
21. X= 60, M, = 60, M, = 60

2. My=M,=4 23. (@48  (b)20.36 24. M, = 6.5 inches

25. (a) X = 356, My = 356.67, M, = 354.54 () My=31.11

26.(a) 23,21,50 (b) 16,24 27.(a) 442 (b) 18.8 inches

B. Data Analysis using Ms-Excel

X=62,M;=62 0,=61, 03 =63, Ds =63, P;y= 60.6, M, = 63.

X =5546,0;,=46.75 Ds= 58, Pgy =614, M, =61

X=725M,=80,=6, 03=10,D,=6,Pyy =12, M, =8

X=27,M,=28 Q, = 19.375, 03 =35.9375, D; = 34.375, P,y = 10, M, = 30.9]
(a) Rs. 20400 (b) 62 kg~ .
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