Calculation of Arithmetic Mean - Individual Observations

The arithmetic mean (A.M.) of a set of 1 observations X, X,, ..., X, (not necessarily all
distinct), denoted by X, is given by
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The summation notation Y. X isan abbreviated form of the more general notation ¥ X; .
i=1

We will use the abbreviated form ¥.X to indicate the sum of all the numbers being
considered.

BAMPLEL. The following figures give the marks of 10 students in a class test:
Marksobtgined > "p+d2: L 8% JFel3eiclS o @18 Sl 6 1]

- Find the arithmetic mean.

~ SOLUTION. The arithmetic mean of the marks is determined by ﬁnding the sum of all the
- marks and then dividing this total by 10. Thus
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=YX _ 124+48+17+13+15+49+18+11+641 110 .
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Short-cut Method. 1t may be pointed out that if the values of X are very large, the
computation of arithmetic mean can be done by using what is known as short-cut method.

The various steps involved in the computation of arithmetic mean by short-cut method
are as follows:

Step 1. Choose an arbitrary number A, called an assumed mean. Any number can be
chosen as an assumed mean. However, it is usually taken as the value of X which

“corresponds to the middle part of the distribution. Moreover, A need not
necessarily be one of the values of X.

Step 2. Compute d= X - A, deviation of X from A. Algebraic signs + or -are to be taken
with the deviations.




Step 3. The arithmetic mean is given by
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BAMPLE. The following figures show the heights in €ms of 7 students chos
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: ' : -cut method.
Calculate the arithmetic mean of heights by (a) Direc thod (b) Short-c
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(a) Direct Method X = _27}{ = 1—1-792 = 166 cm.

=&

): 165+Z = 165+1 = 166 cm.

(b) Short-cut Method : [ T=4+ 7

Calculation of Arithmetic Mean - Discrete Series

In case of discrete series where the variable X takes the valyes X, X,, ..., X, with
respective frequencies f, f,, ... . f,, the arithmetic mean can be calculated by applying

(1) Direct Method, or
(i) Short-cut Method
Direct Method. According to this method, the A.M is given by

le1+f2X2+"'+ann __Z/_X Z](X
N
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where N= Y f =total frequency.

Short-cut Method. According to this method, arithmetic mean is given by

e Ao a8
XA+N

where A = assumed mean, d= X-Aand N= Y,




BUAMPLE. Calculate the arithmetic mean for the following discrete frequency distribution:

K05 20 30 4550 6070
SRR R N (R B
SOLUTION. CALCULATION OF ARITHMETIC MEAN
WX‘L ‘-},'}'{ Ui § ’ f‘\,l‘ o 11 ﬂ i .’ fX ', ey
(20 8 160
30 12 360
40 20 800 X—%&-zg—go—‘“
50 10 500
60 6 360
70 4 280
N=Y[=60 ' YfX=2460
BUAMPLEA. The following data give the daily earnings (in Rs.) of 20 workers in a factory:
Daily earnings (inRs.) : 100 140 170 200 250
No. of workers : 5 2 6 4 3
Calculate the average daily earnings using: (a) Direct Method (b) Short-cut Method.
SOLUTION. CALCULATION OF ARITHMETIC MEAN
. Daily earnings - No. of workers s CA=170 :
5 e X .'if._-yx,j_diX,-A,.‘.
100’ 5 500 70 350
140 2 280 230 60
170 6 1020 0 0
200 4 800 30 120
250 3 150 " v 80 240
N=3f=20  Y¥fX=3350  Yfd=-50

(a) Direct Method : According to this method, the average daily earnings is:

X='ET=—ZT“R s.167.50

(b) Short-cut Method : According to this method, the average daily earnings is:

X=A+ 2}\’;‘1 170 25(? 170-25 = Rs. 167.50

——

Calculation of Arithmetic Mean-Continuous Series /

In case of continuous series, the arithmetic mean may be computed by applying any of
the following methods:
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(1) Direct Method,
(1)) Short-cut Method,

(itd) Step-deviation Method of a set of grouped

et Method I X, X, ... X, are the class A mid-vz!uest)o the direct method
da.ta with corresponding class frequencies fj fy - fe then according !
arithmetic mean s given by
X X
X Xt b ’% - K

X: fl+f2+---+/n

where N= ¥ f is the total frequency. A
Short-cut Method. According to this method, arithmetic mean is given by

; S fd

X'-:A'I-—N—'

~where A = assumed mean, d= X - 4, deviation of mid-value from assumed mean, and
N= Y f =total frequency.

Step-deviation Method. In case of grouped or continuous fre
class intervals of equal size, the calculation of arithmetic mean can
by taking

quenéy distribution with
further be simplified

_X-4
1R
where Xis the mid-value and 7 is the common size (or width) of the class intervals,

According to this method, the arithmetic mean is given by
X =A+ %}4_ x h

EXAMPLES. Compuite the arithmetic mean from the following frequency distribution:

Marks : 0-10 10-20 20-30 30-40 40-50 50-60
No. of students ~ : 5 7 8 14 10 6
SOLUTION. CALCULATION OF ARITHMETIC MEAN
Marks Mid-value No. of students
Yo f X
0-10 5 5 25
10-20 15 7 105
20-30 25 8 200
30-40 35 Vi 490
40-50 45 10 450
- 50-60 55 6 150
N=Yf=50 Y /X —l_&_,.,
e




. ; ; = X 1625
: hmet : = l = —— =
», Arithmetic Mean is ¥, 50 325
EAMPLEG. Calculate the arithmetic mean from the following frequency distribution:
Marks 0-10  10-20 20-30 30-40 40-50 50-60
| No. of students : 10 9 25 30 16 10
SOLUTION. CALCULATION OF ARITHMETIC MEAN
':f'._."ffMagks;, Mtd value Na of - "C.. v A 35 h 10 5
5 10 50 | -30 -3 -300 | -30
- 15 91 |ant35 ) 90, ~2of 218015 S8
20-30 25 B 25 625 - 1.0 -1 -250 -25
30-40 35 30 1050 0 0 0 0
40-50 43 16 720 10 1 160 16
50-60 39 10 550 20 2 200 20
N=3 | 2 b3 B
=100 =3130 =-370 | =-37
z =R - S3130
Direct Method ¢ X = ST = 31.30
Short-cut Method X:=" A% %f[é =35+ 1307;)0 = 35-3.70 = 31.30
Step-deviation Method : Xo= Zf Ush =35+ 1(3)3 10
= 35-3.70=31.30.
EXAMPLE, Calculate mean from the following data :
g Marks £ N of students iMarks o T NG o_f students
Less than 10 4 Less than 50 9%
Less than 20 16 Less than 60 112
Less than 30 40 Less than 70 120
Less than 40 76 Less than 80 125

SOLUTION. We are given ‘less than’ cumulative frequency distribution. We shall first convert
it into an ordmal y frequency distribution and then calculate mean.



N__CALCULATmN OF ARITHMETIC‘{WEAN

: VIR WX ‘ ??“td }hx N“}'}
‘ M“"‘S‘ |+ Mid-value "”N oﬁ identSel: B0 ﬁwn‘é‘“-‘f A-n
R s SR s i T
0-10 5 4 36
10-20 15 12 48
20-30 25 2 36
30-40 3 36 0
40-50 45 20 16
30-60 55 16 16
60-70 65 8 5
70-80 75 5 |
N=Sy =gl S0
B e ]
5ol A+quxh 3 45+-112(-)5-§x10 — 45-84 = 36.60
EXAMPLE 8. The following table gives the life-time in hours of 400 radio tubes of a certain
make,
| Cifetime (o hours) No.of tubes || Life-time (in houirs) | No-of tubes
Less than 300 0. “Less than 800 265
Less than 400 20 Less than 900 34
Less than 500 60 Less than 1000 31
Less than 600 116 Less than 1100 392
Less than 700 194 Less than 1200 400

Calculate the mean life-time of radio tubes.

SOLUTION. The data is given in the form of a cumulative fremmns:xdxaubﬂ&u To calculate
the mean, we shall first convert it into an ordinary frequency distribution as shown below:

CALCULATION OF ARITHMETIC MEAN
M/ ol (A
300-400- ;| 20- 0=2 ° 350 -4
400-500 1 60- 20=40 450 -3 -120
500 - 600 116- 60= 56 550 -2 -112
600 - 700 194- 116= 178 650 -1 -178
700 -800 265-194= 171 750 0 0
800-900 324-265= 59 850 | 59
900— 1000 374-324=50 950 2 100
1000 - 1100 392- 374= 18 1050 3 54
1100-1200 | 400-392= 8 | [y50 4 3
N= =
- L1 =40 = Y fu =- 145
i u .
X = A+ X\’L }5'01'(4 ‘X\OO =ISOX(~ 36 25—’
*H3.5 houry. |
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REMARK. It may be remarked that even if the data is given in the form of g grouped

frequency distribution with “nclusive type classes, it is not necessary to adjust the classes

for calculating arithmetic mean because the mid-values remain the same whether or not
the adjustment is made.

EXAMPLE 10. Given below is the distri
examination: :

Marks 10-19 20-29 30-39 4049 50-59 §0-69 70-79 80-89 90-99

No. of students : 7 15 18 25 30 20 16 7 2

bution of marks obtained by 140 students in an



Find
the mean of the distribution,

mm"__.,_ CALCULATION OF ARITHMETIC MEAN
R T A Mzd value i j‘:.‘;f;No.ofsnIdentS My 10,_._,.. A

10-19 145 7 L

20-29 245 15 -3

30-39 345 18 -2

40-49 45 25 -1

50-59 545 30 0 ;
60 - 69 64.5 20 1 e
70-79 745 16 2 4
80- 89 84.5 7 3 4
90-99 945 ) 4 8

N=Yf =140 Yfu=-353

Mean of the distribution is:
X=A+ Lu xh = + 23510 =545-379 = 5071,
N 54.5 120" 10 =5

The mean of the following frequency distribution is 50. But the frequencies Iy

EXAMPLE 11. The mean of the following frequency distribution is 50. But the frequencies f,
and f, in classes 20~ 40 and 60 - 80 are missing. Find the missing frequencies.

Class : 0-20 20-40 40-60 60-80 80-100 Total

Frequency 17 f, 32 f 19 120
[Delhi Univ. B. Com., 1999]
SOLUTION. CALCULATION OF MISSING FREQUENCIES
.:;‘_-:‘"‘_; Class : : ; Mzd-value' A .‘Frequency 4 .u'— XZOSO | ‘
O R KR O e R la=s0n=20| - fu
0- 20 10 17 % _34
20- 40 30 1 -1 -1,
40- 60 50 32 0 0
60- 80 70 f 1 f
80 - 100 90 19 2 38
N=Zf=68+f|+/2 Zfll=4-f|+/2
We are given N=120 = 68+f+f, =120 = f, #f =52 (1)

Usine the step-deviation method for calculating mean, we obtain

Zf xh




: 4-fi+f
ie., 50 = 50+’ 120 x 20

= : lfzn(;fz =0 = 4-fi+f,=0 = f-f,=4 )
Adding (1) and (2), we get 2 fi=5 = f=28

Substituting f, = 28 in (1), we get f,=24.

BAAMPLE 12. For the following data find the missing frequency if the arithmetic mean is 33.
Marks : 0-10 10-20 20-30 30-40 40-50 50-60
No. of students : 10 15 30 - 25 20

[C.A. Foundation, Nov. 2000]

SOLUTION. Let the missing frequency be x.

\Mar'k_s | Midfvalué &= NO ofStu“de;qts 3 - u P—X1035 , fu
_. X Bl e (A 35:h=10) | =
0-10 5 10 -3 -30
10-20, -}: 15 15 ok -30
20-30 25 30 -1 -30
30-40 35 x 0 0
40-50 45 25 1 25
50 - 60 55 20 2 40
N=Yf=100+x Y fu=-25

Using the step-deviation method X = A+ 215_“ xh

e . 5 -25 250 it
for calculating the {nean, we obtain 33 = 35+100+xx10 = 107 = 35-33 =2

= 200+25=250 = 2x=50 = x=25
Thus the missing frequency is 25.
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Correcting Incorrect Mean

The last property is quite useful to find corrected mean whenever one, two or more of
the observations were wrongly copied do

a _ wn. For example, suppose we have computed
the mean X of n observations and later on it is found that two observations say, X, and

X,, were wrongly copied down as X', and X 2 Itis now required to compute the corrected

mean by replacing the wrong observations by the correct ones, By using Property 5, we
can first obtain the uncorrected sum of the observ Y F

ations which is given by X . From
this, we s.ubtract the wrong observations X', and X’ 2 and add the corresponding correct
observations X, and X; to get the corrected sum

nX - (X} +X3)+ (X;+X,)
Dividing this by n, we get the corrected mean.

In general, if robservations are misread as X’ XX ,While correct observations are
X, Xy, . ... X, then the corrected sum of observations is given by

n)-(-(X}+X'2+...+X',)+(X,+X2+“.+X,)

EXAMPLE25. The mean marks of 100 students were found to be 40. Later on it was discovered

that, a score of 53 was misread as 83. Find the correct mean corresponding to the correc
score.

; SOLUTION. We are given n=100 and X = 40
)’(=2'—3£ v YX = nX = 100x40 = 4000

But this is not the correct ¥ X . In fact,

Correct 3 X = 4000 - wrong Score + correct Score
= 4000 - 83 + 53 =3970

A 97
Correct ¥ = omected 3 X _ 3970 _ ...

n 100

Thus, the correct mean is 39.7.



¢ can also obtain

then
s of data ar¢ knowna;nd n, are the number of
. i

or example, 1 7 | e
: of two sets of data, then th
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3.6 COMBINED MEAN

If the flﬁthmetic means of two or more Sét
the arithmetic mean of the combined data.

observations and X,, X, are the respectivem b
rvations is gIVET y

or X,,, of the combined data with 1, + 1 obse
X = X12 = ny + 1

ata. For example, if Kig: X3y vnv0

he number of observations
+ 1’12 ) A + nk

The result can be generalised to more than two St ofd

X, be the mean of different sets of data and 7y, -+ » "k bet A

. 5 1

in each set, then the arithmetic mean of the combined data with 7

observations is given by &
m Xy + X2 +ot K

+n2 +..-+nk

X = Xl,Z,...,k = nl |
ula with the help of following

We shall now illustrate the application of the above form

examples
EXAMPLE 21, Find out the combined mean from the following data:
" SeriesX  SeriesY

Arithmetic Mean 12 20
Number of Items 80 60 [Delhi Univ. B. Com. 1978]
SOLUTION. We are given : X, =12 X, =20
ng-= 80 n, = 60 \
n])?] + 772)_(;2

Combined Mean  (X) = it T

_ 80x12+60x20 _ 960+1200 2160
R T e T R e e L

EXAMPLE28. B. Com. (P) Illrd year has three Sections A, B and C with 50, 40 und 60 students
respectively. The mean marks for the three sections were determined as 85, 60 and 65

respectively. However, marks of a student of Section A were wrongly recorded as 50 instead



' o e [Delhi Univ. B.Com. 1
$OLUTION. The information in this problem may be expressed as follows ; s

A B C
Number of students n =50 n, = 40 60
: e - i

Arithmetic Mean v = = .
X, =8 X, =60 X;=65
Y.X, = 4250 TX,=2400  TX, = 3900

.» Marks of a student of Section A were wrongly recorded as 50 instead of 0, therefore
Y. X needs to be corrected. In fact,

Corrected Y X, = 4250-50+0 = 4200

Corrected X, = Corrected 3. X) _ 4200 _ 84

m TO-
». Mean marks of all the three sections put together :

% = nX,+mX, +mX;  50x84+40x60+60x65

T mtngtny 50 +40 + 60

4200 +2400+3900 _ 10500 _ 70
5 150 e s

EXAMPLE 29. A distribution consists of three components with total frequencies of 200, 250

and 300 having means 25, 10 and 15 respectively. Find the mean of the combined
distribution. [Delhi Univ. B. Com. 2006]

SOLUTION. We are given: n, = 200 n, = 250 ny = 300
X =25 X3 =105 o Xig 5

Mean of the combined distribution is given by

X, + X, + X 200% 25+250x10 +300x15

mAm Ny 200+250+300

5000 + 2500 + 4500 12000 _
= = —— =16
750 750

PLE 30. Fifty student took up a test. The result of those who passed the test is given

elow:

Marks i : 0 ! 2 i

Number of Students ; . ks, find th ; O;those who failed
er 1150 students was 5.16 marks, find the average

In the average for @ (Delhi Univ. B.Com. 2001]
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denoted by X,, ang
j d the test be
Souumon, Let the average marks of students who m v, is calculated as follows

X, =237
N=3f =40 2%
7 S Zle = 212 = 25
Ru= “Si=0 99

If average marks of all students be denoted by X, then we are given X =5.16. Thus, in
terms of usual notation, we are given the following information :

Passed Failed Total
Number of Students n,= 40 n,= 10 n +n,= 50
Mean Marks X, = 5925 L= X;=5.16
pra A r for the combined mean, we obtain

Applying the formula ¥ = n +n,

516 = 40"5'9_3)(5)“”2 > 258 = 237+10%,

= 10 X, = 258-237 = 21 o Xyi= 21

Average marks of the students who failed = 2.1
ALITER : Total marks of all the 50 students = 50 % 5.16 =258
Total marks of 40 students who passed the test = Y1iX; =237
Total marks of the remaining 10 students who failed = 258 - 237=21

Average marks of those who failed = 12—5 = 21.

EXAMPLE 31. The mean wage of 100 workers in a factory running in two shifts of 60 and 40
workers respectively is Rs. 38. The mean wage of 60 workers working in the morning
shift is Rs. 40. Find the mean wage of the workers working in the evening shift

N 12 a o . e,



Measures of Central Tendency

SOLUTION. We are given : 325
Morning Shift - .

Number of Workers % =g 601f Eve;:ng Sz)z[t Combined
Mean v _2 ny+ny= 100

1 Xy =2? X =18
Appbyingthe forma g = "XitmXy _

n, + 1, for the combined mean, we get
33 = 80x40+40x X,
100

. 3800 = 2400+ 40X, = 40X, =10 » X,=35

£ he mean wage of 40 workers working in the evening shift is Rs. 35.

PLES2 The mean weight of 150 students (b irls) i
. ! oys and girls) in a class is 60 kg. Th
;)voetghl of b‘oy s.tudents is 70 kg and that of girl students is 55 kg. Find the nugmbefgflean
ys and girls in the class. [CA. PEE, 2002]

SOLUTION. Let g
i n, be the numbser of boys and 1, be the number of girls in the class. Then we

e Boys Girls Combined

umber o./ Students n, n, n, +n,=150
Mean Weight X, =10 X,=55 X =60
Kiolvinia the f s _ "1}—(1*'"2}_(2

pplying the formula X = —— for the combined mean, we get

_ T0n + 55,
0= 15 _

= 70n, + 551, = 60X 150 = 9000 = l4n+1ln, = 1800

Solving the system of equations :
- ntm = 150 and  14n +1ln, = 1800
for n, and n,, we obtain 7, = 50 and n,=100
+. Number of boy students = 50, and  number of girl students = 100

PLE33. [ a certain examination, the average grade of all the students in Section A is
68.4 and the average grade of those in Section B is 71.2. The average grade of all the
students in Sections A and B combined is 70. Find the ratio of the number of students in
Section A to the number of students in Section B.

SOLUTION. Let n, and n, denote the number of students in Section A and
respectively. Then in terms of usual notations, we are given:

Section B

Section A Section B Combined
Number of Students n, n, ny+ 1,
Average grade X, = 684 X, =112 X=170



d mean, we gel

Applying the formula X = L’J_th{-;-’l&- for the combin€
ny 2

68.4n, +71.2n

0 = ny+ N
10n, + 0n, = 684n+712m

|

3

= Mg ds s
L6n, = 1.2n, =2 n 16

. i0 3:4
ThUS the . ; Y ion Barein the ratio 3:4.
umber of students in Section A and Sectio company is RS. 25,000. The megy

PLE3A, 77, mean annual sql, na : :
all employees in b F
salary of male qnq female en‘:p(;g:é is R 5,[027, 000 and Rs. 17,000 respectively. Find th,
e e enled b LY compaﬂ[)’éA. Foundation, Nov. 1995]

SOLUTION. Lt % and n, denote, respectively, the number of males and females employeq

by the company. Then in terms of usual notations, we are given:

Males Females Combined
Number of Employees n, , nt+n
Mean Salary )—(l = 27000 )_(2 = 17000 X = 25000
Applying the formula X = 5—%& for the combined mean, we get
1tm
270007, +170007,
25000 = =L

= 25,0007, + 25,000, = 27,000n, + 17,0007,
= 20001, = 8000 4
= Number of male and female employees are in the ratio 4 : 1.

% of male employees = Z%XIOO = 80%

and % of female employees = 4+1x100 = 20%

EXAMPLE 35. /00 students appeared for an examination. The results of those who failed are

given below:

Number of Students : 4 6 8 7 3 20 e
Ifthe average marks of all students were 68,6, find out average marks of those who passed.

[Delhi Univ. B.Com, (H) 2008]
SOLUTION. Let the average marks of students who passed the examination be denoted by




X, and average marks of those who failed be denoted by X,.Then X, is calculated as
follows :

CALCULATION FOR X,
Bty I R TR

j2 - IR R TE R L R L DA TR R L™ N3 7 0 4 YW Frre g v e
NS T T G RO o v Wiy X S I PG A G N Aol
s R BALKS G b < s Sl staNO 0 (R R

el _( ) b BTSRRI RN R MR IR Al et N s
Rk ate Rei }{2 HASTr AT ABN T TN R TIPS st,;’ffy‘_..,\,.,.(r) R S R e P R R
N C LAWY, 4 - 2 N N ler 2 A e =

30 . )

4
6
8 , 120
1
3

N=Sf=30 T X, =475

If the average marks of all students be denoted by X , then we are given X = 68.6. Thus,
in terms of usual notations, we are given the following information :

Passed Failed Total
Number of Students n, = 70 n,= 30 n +n,= 100
Mean Marks X, =2 X, = 1583 X = 683

: o mX +mX, ! .
Applying the formula X = ————— forthe combined mean, we obtain

n+n
RAEDDE 6360 =10, +475

68.6 =

= 70X, = 6385 or X, =912
Average marks of students who passed = 91.2.



JAMPLE88. Find the geometric mean of 2,4, 8, 12, 16 and 24.  [Delhi Univ. B.Com. I 985]
EOIUTIOH. CALCULATION OF G.M.

3 X Zog X
2 0.3010
4 0.6021
8 , 0.9031
12 1.0792
16 1.2041
24 ' heen 1.3802
n=6 ' ' ~ YlogX = 5.4697

Gt = AL[%ZlogX] AL(54297) AL (0.9116) = 8.159.




Lalculation of Harmonic Mean - Individual Observations

ffhe: harmonic mean of 3 set of nobservations X, X,, .. » X,, (0Ot necessarily all dig
Is given. by

i Yl X2 e Yn‘ X
BXAMPLE105. Firid the harmonic mean of 5 numbers 4 5,6,10and 12.
SOLUTION. By definition,

CHM = — = : 5 5%60 _ 25
Z% Lelol ol « 15+12+10+6+5 43 4 :

I
4°5 6 10 12 60




Calculation of Median - Individual Observations

For ungrouped data consisting of 1 observati
: ions, the i Ay
following steps: calculation of median involves the

Step 1. Arrange the given set of obser
vations in
magnitude. an ascending or descending order of

Step 2. Themedian is given by
: n+l '
(i) thevalue of ( 5 )th observatzon when n is odd

(ii) the arithmetic mean of the values of ( )z‘h and ( + 1) th observations,

when n is even.

Y | '
L% Db Mgy e A2 s AL )
L 2

Skei
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Here,

Step 1.
Step 2.

Step 3.
Step 4.

llllﬂ!ll. Find the median for the following data:

(i) Arranging the data in ascending order of magnitude, W€ get
59 60 69 74 84

Calculation of Median — Discrete Series
In the case of discrete series, where the variabl

respective frequencies f, f, , . .. . f, with Xf ~ N, median 1

observation. In this case, the calculation of median involves the foll

(i) 18 12 17 2 20 g4
(1) 85 69 74 60 o
SOLUTION. (i) Arranging the data in ascending order of magnitud® wes
12 17 18 20 22 ber
Here, n = the number of observations = 5, an 0dd e pvation =18
iR (%l—)th observation = size of 3 0"

85

n = the number 6f observations = 6,

fois i g ) s 1 1ls tormS 2

median = Arithmetic mean of two middle term ‘ 1 9 +74) = 715
= Arithmetic mean of 3rd and 4th terms = 2

¢ takes the values )

—

s the size of ( i
owing steps:

Prepare the ‘less than’ cumulative frequency (cf.) distr ibution.

Find Ayl
: N+l
See the c.. just greater than or equal to —— .

The value of the variable corresponding to the obtained in Step 3 gives!
required median.

BUAMPLESL, Calculate median flom the following data:

X 107520k 30 3l 60 70
feieiriil §iwy 12 1y 20 19 9 4

SOLUTION. CALCULATION OF MEDIAN
AN A R R GRS P than of.
10 1 - 1.
20 5 6 -
30 21 18
40 20 38 -
50 19 57
60 9 66

70 4 ml//

N=Yf=10
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We have -N—z— 7= 35.5 and the cf. just greater than or equal to 35.5 is 38. The

corresponding value of Xis 40.
: Median = 40,

Calculation of Median — Continuous Series

In the case of continuous series, median is the size of -12! thobservation, where N= ¥ f is
the total frequency. The calculation of median in this case involves the following steps:
Step 1. Prepare the less than' cumulative frequency (c.f.) distribution.

Step 2. Find %

Step 3. See the cf. just greater than or equal to ud §

Step 4. Find the class corresponding to the c. ‘Obtained in Step 3. This is called the
median class, ‘ :

Step 5. Apply the following interpolation formula for calculating the median:
N

Median = ;. 7;th,

where  [= lower limit of the median class,
f= frequency of the median class, I
C= cumulative frequency of the class preceding the medi;‘zn class, and
h=size or width of the median class,

NOTE. It may be noted that the interpolation formula used to obtain median is based on
the following assumptions:

1. The distribution of the variable under consideration is continuous with exclusive
type classes without any gap.

2. There is an orderly and even distribution of observations within each class.
EXAMPLER2. The marks obtained by 100 students in a certain examination are given below:
Marks :0-100 10-20 20-30 30-40 40-50 50-60
No. of Students : 10 9 25 30 16 10
Calculate the median marks,

SOLUTION. CALCULATION OF MEDIAN
Marks No. of Students (f) cf. (less than)
0-10 10 10
10-20 9 19
20-30 25 44
30-40 30. 45 & Median class
40-50 16 %
50-60 10 { 100}
& N= Z/ =100




an or equal 1030
class is 30 = 40,

ehave —- = —— =
2 =~ 3 =30.The cumulative frequency just grea“:rt

and the correspondin
- s . g CIaSs i i
median is given by the fomlﬂlgtewal is 30 - 40. Thus the m¢

N
M= |42 2 x h

- where 1= lower limit of the median cltfzss =130
f=frequency of the median class = 30

C= cumulative frequency of the class preced
h= size of the median class = 10

ing the median class =4;

gl 50 - 44
Md = 30 + =55=x10 =30+2=32 marks
EXAMPLE 3. Given below is the distribution of marks obtained by 140 studen. -
examination
Marks e 10-19 20-29 30-39 40-45 50-59 60-69 7079 80~
Nooof Studeists 7. 75 45 5018 225, 300450t A6 7
Find the madian of the distribution. [CA. PEE-], M,
SOLUTION. Since data is given as a grouped frequency distribution with inclu{s'ive type..
the first step involved in computation of median is to convert the given dat; -
continuous frequency distribution with exclusive type classes as shown below:
CALCULATION OF MEDIAN
% Class Boundaties - jarian '{_‘.': : Frec}uency i , oo ef (less tha)
95-19.5 Y/ 7
19.5-29.5 15 22
295-39.5 W LRy 40
39.5-49.5 2 6.
49.5-59.5 30 & ) 95
59.5-69.5 20 115
69.5-79.5 16 131
79.5-89.5 7k 138
89.5-99.5 2 140
N=Yf =140
We have N _ 140 _ 70, The cumulative frequency just h altoTl
2 ‘ quency just greater than or equ

and the corresponding class interval is 49.5 - 59.5. Thus the median class is 493°
The median is given by the formula

N-c
7 xh,
where =495, C:=:65 =30 and h = I

|

A4d=l+



: Md = 495, 703‘0"5x10 = 495+ 1.67=5117.
mﬂiu Calculate medlan from the lollowmg data

40-45 20 20-25 i
SOLUTION. We first arrange the serjes ; In ascending order as shown in the following table :
CALCULATION OF MEDIAN
A ol persons (i

14

28

33

30 105

2 125

, 160
N=Yf =160

. Since —]g = %Q =80and c.f. just greater than or equal to 80is 105, therefore median lies

in the class 35 - 40 and is given by

A
Md =1+ 2)‘ xh,
where 1=35. £:=°75 Ff=30 :apd &=
Md = 35+803'E]75 X5 = 354083 = 3583

REMARK. Calculation of Median when Class Intervals are Unequal

 Itmay be remarked that even if class intervals are unequal in size, the ﬂ:equencies need
not be adjusted to make the class intervals equal and the same interpolation formula can
be applied for calculating median as discussed before.
BANPLEAS. Calculate median from the following data:
Marks . 0-10 10-30 30-50 50-60 60-80 80-90

No. of Students - 5 15 20 10 8 2



SOLUTION. CALCULATION OF MEDIAN
T Warks T T NG Shdents il

Ws vy g0 ¥ AN ,‘.‘y o &
10-30 15
30-50 20
50 -60 10
60 - 80 .8
80-90 2
N= Y f=60

Since %’- = 30 and c.f. just greater than or equal to 30 is 40, therefore media
class 30 - 50. Using the following formula for median,

N,
Md= ]+ 2 __xp,
where [=30, C=20, f=20 and h=20,weget
Md="30+30"2010 = 40,

20

— —— - — —— . - - - - - - -



| BUAMPLE 47, An incomplete distribution is given below:
Class 0-10 10-20 20-30 30-40 40-50 50-60 60-70 Total

Frequency : 10 20 ? 0 2 25 & A5 1D
Find out missing frequencies if median value is 35, [Kerala Univ. B.Com. 2004]

SOLUTION. Let the mlssmg frequencies for the classes 20 - 30 and 40 - 50 be f, and f,
respectlvely To fin fl and fz. we prepare the followmg table

e S e e AN e

0-10 10 ]0

10-20 20 30

20-30 fl .30 + fl

30-40 40 70 +’¢1

40-50 fz ; 70 +fl+f2

50-60 .2 95 +f,+h

60-70 155 110 +£,+f,

“N=Yf=110+f+f,

We are given N =3Yf=170

- CH0+f+H =170 = fi+f =60 | (1)
Since median is given to be 35, which lies in the class 30 - 40, therefore 30 - 40 is the
nedian class. Applying the formula for computing median, we get

85-(30+}‘,)x10 & 5_SS—fl

35 =30+ 10 Ty
> 55=F =20 or fy =35
ubstituting f, = 35 in (1), we get f, = 25. Hence missing frequencies are 35 and 25
espectively,

..

Ll----.- m- a
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Calculation of Median in Cumulative Series 25 10 be fir
If the data is given in the form of a cumulative frequency distribution; " uency of t

arranged in an ordinary frequency distribution in order to find out the 1T he rest of th
median class which is needed in the calculation of median. Once it is 40P

procedure is same as in any other continuous series, . 4 Busin
EXAMPLE 51. Following is the distribution of marks obtained by 125 students 1~
Statistics paper : 0

Marks (less than): 10 20 30 49 50 60 |
No. of Students : 4 16 40 76 96 12 120 1

Calculate the median marks.

SOLUTION. Since the data is given in the form of cumulative frequency distribution, it has
be arranged in a frequency distribution as shown in the following table :

CALCULATION OF MEDIAN

S fa Ay
bY; \

SR RNER I S SRR I T - ’ NP B AL R AR a1t R S ST N S RN
e e M e S e R SRS o e, R SRR ROY SR R AR S e e g R O ey LR G SR ol S A0 : :
v e B WA SRUE R RN 2 A P ISP ARCANRN SRS A SRILAE SR R ORI Y DO LR R A \
S naMarks S s BN s e e F ety e B g R W E A
VY 3N B AT R e B e S N e e B U A TR LR P By B TSt ARSI LSSt NI s ) 13t ‘e TN e X
e R T T R T S e B TS TR oy & G S RPN DA el ot o NTCEH Y RTRE: W SV S av Si § ]

0-10 \ 4 4

10-20 CLslbsdi= 02 16
20-30 40-16= 24 40
30-40 76-40= 36 76
40-50 9% -76= 20 : 96
50-60 112-96= 16 112
60-70 120—:;(2)— : 120

= 125-120=
70-80 125 =N




AN R~

N 125
2

lies in the class 30 - 40 and is given by

N
Md= 1, 2

-C

f

X h,

where_l=30. C=40, f=36 and h = 10

Md = 30 +

Marks (more than) : 20 30
No. of Students : 65 63
Calculate the median marks.

62'§6‘4° x 10 = 304625 = 36.25.

PAMPLES2. Following is the distribution of marks obtained by 65 students in statistics paper:

40 50 iy 0
40 40 18

| fince= = = = 62.5and cf just greater than or equal to 62.5 is 76, therefore median

70
7

SOLUTION. Since the data is given in the form of cumulative frequency distribution, it has to
be arranged in a frequency distribution as shown in the following table :

CALCULATION OF MEDIAN

Marks . . . . Frequenoyl) | " cfflessthan). o
20-30 65-63= 2 2

30-40 63-40= 23 25

40-50 40-40= 0 25

50-60 40-18= 22 47 « Median class
60-70 18- 7= 11 58

70 and above 7 65 = N

Md =] ;

Median = size of N thitem = size of 32.5 item

N

2
f

2

. .. Median lies in the class 50=60 and is given by

g e g .
x h =30+—55 x10 =50+ 3.41 = 534l.




Calc’daﬁon o Mode - Ungr Ouped Dqy,,
rermining mode in the Case of
For l t th Ungmu l
. yalues repeat themselye ped dag
vzu;]oll; ode. S$and the value occumi.gct(;]unt the number of i
js the € maximum nymk :
for example, the mode of the get of numbey er of times
c 4 4
. e it appears three times : 6 7 " :
s 7,511 and no othey Value appey 9
‘ : -AIs more than twice
(alculation of Mode - Discrete Seyjpq ‘-
.. rete frequency distribution
Iﬂ d]SCre . ) mOde can be .
lue o the vana.ble corresponding to the maxirrcxlfr:flr;n s
is applicable only if Fhe distribution i ‘unimodal’ i ¢ if; rﬁq
onsider the following distribution; e, ifit

feee R Sae e Lol R
since the value of X corresponding to the maximum frequency is 3, the mode is 3

NOTE. .Whlle determlr}mg mode by inspection in the case of discrete frequenc
distribution, an error of judgment is possible when the difference between the greates};
frequency and the frequency preceding it or succeeding it is very small and the values
- are heavily concentrated on either side. In such cases, it is desirable to locate the mode
- bywhat s called the method of grouping.

ed just by inspection. It is the

Method of Grouping
The method of grouping involves preparing a grouping table. A grouping table has six
columns. In column (1), we write down the original frequencies. The greatest frequency
in this column is put in a circle or marked by bold type. In column (2), frequencies are
grouped in two's. In column (3); we leave the first frequency and then group the remaining
frequencies in two’s. In column (4), frequencies are grouped in three’s. In column (5), we
leave the first frequency and then group the remaining frequen_cies in three’.s. Ip colurr}n
(6), we leave the first two frequencies and then group the remaining frequencies in three's.
In each of these columns, the highest total is put in @ circle or marked by bold l).’pe.

\ After completing the grouping table, we prepare an analy§is table. In the a]nalyst tabée,
column numbers are put on the left-hand side and the various probable values of mode

are put on the right-hand side. The values against which frequencies a;e highest are
entered by means of a bar in the relevant box corresponding to the values they represent.

he value which is repeated the maximum number of.times reprzsentilthi mtoje: .
The method of preparing grouping table and analysis table is best illustrated in

- loWi“g example.




Height in inches :

3
No. of Persons  : 3 T iP5t 60 20-S0ust0 |

is 63 since it occurs the manm
: : o . that the mode s 6 Occurs 1
By inspection one is likely t0 sa)di o e betwieen the maximum freaticncy,

umber of times, i.e, 24. However, the 1l we prepare a grouping table and an angl

ble as shown below :

GROUPING TABLE By |
ﬁHetght in_inche; T ,CQL 1 ;,__COI.'Z ."_.'»~_-C01.-3 At .COI. 4_ ﬂ
= 1 1561 3 L W
| . 10. :
58 7] i i
: | 13 :
59 6: ) 4 |
15 .
60 9. & |
_ 25 |
61 20 . 51
} 0 |
62 D)5 ; 66 |
: 46 |
63 24 oM
} 29 !
64 3 32
66 3 i " ¢ 9 3
| s
68 1
ANALYSIS TABLE
SsRaRa aa ER  S a  Tea e R
! 1
2 ] |
3 . LT,
4 1 1 1
5 1 1 1
: L S
Total 1 3 5 4 |
: SN c]
Since the value 62 has occurred the maximum number of times, ie, 5, the M




3.0
Calculation of Mode - Continuous Frequency Distribution

In the case of continuous frequency distribution, the first step is to ascertain the modal
class. ie, the class corresponding to the maximum frequency. This can be done either by
inspection or by preparing the grouping table and analysis table. The value of mode i

then obtained by applying the following interpolation formula:

h-To

Mode = [ + TR x h,
| = lower limit of the modal class,
f, = frequency of the modal class,
f, = frequency of the class preceding the modal class,
f, = frequency of the class succeeding the modal class,
h= size of the modal class. (@ ¢clouss - vrideiv ad )
The above formula for calculating mode can also be put in a different form as follows:

1

where

Mode = 1.+ —BL_ % &,

‘| + A2
where A, = f,-f, = frequency of the modal class - frequency of the class
preceding the model class
A, = f,-f, = frequency of the modal class - frequency of the class

succeeding the modal class

REMARK. It may be remarked that the above formula for computing mode is based on
the following assumptions:

1. The frequency distribution must be continuous with exclusive type classes without
any gaps. If the data are not given in the form of continuous classes, it must first be
converted into continuous classes before applying the above formula.

2. The class intervals must be uniform throughout, i.e, the size of all the class intervals
must be same. If they are unequal they should first be made equal on the assumption
that frequencies are uniformly distributed over all the classes.

EXAMPLE 1. Compute the mode for the following distribution:
Class Interval . 0-8  8-16 16-24 24-32 32-40 40-48
Frequency : 8 7 16 24 15 7

SOLUTION. The class corresponding to the maximum frequency, 24, is 24 - 32. Thus the
modal class is 24 - 32. Applying the interpolation formula for computing mode:

= fi- I
Mode = [ + m X5
where [ = lower limit of the modal class = 24
f; = frequency of the modal class = 24
fy = frequency of the class preceding the modal class = 16




ST

f, = Irequency of the class succeeding the modal

F h = size of the modal class = 8

b e 2118

) 24-16 8 .8 =244370 "

)e = —_— = 24 ——XS i '

5 Mode 24+48_16_,5X3 T mdgnts i

o
|

: 60
PUMPLET2. Given below is the distribution of weights of a g1O4P (if 54 55-9 9

5.39 40-44 45-9 6

Weights (in kg) 30-34 3 P
No. of Students - 3 5 12 18
Find the mode of the distribution. i, g0 qtinu

sOLUTION. Since the formula for mode requires the distributio undaries as'show.:
exclusive type’ classes, we first convert the classes into € ass

following table:
CALCULATION OF MODE
Weight (in kg) e, vy 42 ClASS Boundary + -

30-34. 295 -345

35-39 345-395 5 »

40-44 ¢ 39.5-445 12

. e 18 -\

45-49 < 445-495 . %

50 - 54 495-545 14 N

55-59 54.5-59.5 6 !

60-64 59.5-64.5 2
Since the maximum frequency is 18, thercfore the corresponding class 44.5 - 495k
modal class. Applying the modal formula: '

Mode = I+——fl———z°——xh,
: 2hi-fo-t
where, [=445, f,=18, =12, f,=14 and h=15, weget

Mode = 44'5+§6_1-8_1:2'1'-2'ﬁ"5 = 44.5+%x5 —445+3 7 -

 Mode when Class intervals are unequal. The formula for calculating {he value?! '

given above is applicable only where there are equal class intervals. If the class M5

z:;e Encqual, then we must make them equal before we start computing the WIS

as(;ue. T}\e class interval should be made equal and frequencies adjusted”
mption that they are equally distributed throughout the class.

B
Ma::n Calculate mode from the following data :
0- i o
No. of Studens 10 10-20. 29-40  40-30
Since ; 7 18 15

EX 4 the dates
b\ b Wequencies classintervals are unequal, they should first be made cqual by

e |

/ 3‘{': i



CALCULATION OF MODE
Marks ‘ | No. of students (f) 3
0-10 2
10-20 ' 4
20-30 9
30-40 9 fo
DQ:_SZOJ * 15 {)
50 - 60 /- 2
60 -70 4
By inspection the class 40 - 50 is the modal class. Applying the mode formula:
Mode = [ + f‘—f‘o x h,
2h-fo- 1 _
- where, [ = 40, f,=15, f,=9, f,=4 and h=10, we get
' 15-9 e 6 & 60 %
Mode = 4O+3O_9_4x10 = 4O+17x10 = 40+ {7 =40 +3.53=4353
NOTE. If we had not made any adjustment, the value of mode would have been
18-7 11 110
= D ekl =20+ —x20 =20+-— =20+15.71=35.7],
Mode 20+36—-7—15X20 2 7

which is not possible, since mode cannot be less than 40.
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EXAMPLE 16. The distribution of age of patients turned out in a hospital on January 1, 2005

was as under :

’

Age (in years)

No. of Patients

more than 10
more than 20
more than 30
more than 40
more than 50

more than 60

more than 70 and upto 80

148
124
109
71
30
16
01

Find the median age and modal age of the patients.

[C.A. PEE-I, May 2005]

SOLUTION. Since the data is given in the form of a cumulative frequency distribution, it has
to be first arranged in a frequency distribution as shown in the following table :




CALCULATION OF Mg

AND

Median

Median lies in the class 30 - 40.

N

e 10-20 48124 = g i 0, i
30-40 109-71 =134 7 b, |
40 - 50 11-30=y4y 18 <—Modalcf,.ki

1 50 - 60 30-14= 4 i k
60 - 70 s 5

e 70-80 . Y

Calculation of Median : e —

= size of,jth item = size of 148 . 74th item.

2

Applying the following formula for median :

HE
Md =1 4 2;‘ X h,
where [= 30, C=39, f=38, and h=10, we get
Md = 30+ 22232410 =30 4921 = 399,

38



