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8.1 INTRODUCTION 

cart us chapters, we discussed how the raw data can be organized in terms of tables,charts and freqj 
epresen uency distributions. We also studied that frequency distributions and graphical teprese

the previous chapt 

esentations make raw data more meaningful. 

they fail to convey a clear picture for which it is intended. Therefore,
ed for some single measurement, which can describe the main characteristics 

However, sometimes, there is a great need t the e 
series. Such mea uch measures are called 'Measures of Central Tendency' or Average'.

8.1 



atistics for Clas of Central Tendency-Arithmetic Mean 
8.2 

Measures of Centra 

8.3 
wecise relationship: Average becomes essential when it is desired to establish 

Measure of Central Tendency is a single value, which is used to represent ane 

is a typical value to which most of the observations fall closer than 

of Central Tendency is also known as Avenage onr 
"Measure of Location', 

The following 3 principal measures are widely used in statistical analysis: 

)Arithmetic Mean; 

5. 
To trace precise 

relationship: 
1 entire set 

data an to any other value. Measu 

8.2 MEANING

vague and irrelevant to say that income of an average American is more than that Examp a Indian. It is only a general observation. It is relatively more precise when respective 

relationships 
etween fferent groups in quantitative terms. 

of an average 
Indian. 

comes are expressed in terms of averages 

computing other measures: Averages offer a base for computing various other 
6. Base 

meas aeasures like dispersion, skewness, kurtosis that help in many other phases of statistical
analysis.

(i) Median 
ii) Mode. 

To present huge data in Summarised Form To Know about universe from a sample Definitions of Average 
In the words of Clark and Sekkade, "An average Is an attempt to find one single fioure 

descrbe all the figures". 

OBJECTIVE 
AND 

igure to To make Comparison Easler FUNCTIONS OF 
AVERAGES

To Trace Precise Relationship

To Help in Decision-making Base for Computing Other Measuresin the words of Croxton and Cowden, "An average is a single value within the range of the 

data that is used to represent all the values in the series. Since an average is somewhero 
within the range of data, it is sometimes called a measure of central value".

In the words of Spiegal, Average is a value which is typical of representative of a set of 
data". 

B4 REQUISITES OF A MEASURE OF CENTRAL TENDENCY

A good measure of average must possess the following characteristics: 

1. Rigidly defined: An average should be clear and rigid so that there is no confusion and 

there is one and only one interpretation. 
8.3 0BUECTIVE AND FUNCTIONS OF AVERAGES 

The main objectives and functions of averages are 
1. To Present huge data in summarised form: It is vep difficult to grasp large number d numerical figures. Averages summarises such data into a single figure, which makes 

There should not be any chance for applying discretion. 

Preferably, it should be defined by an algebraic formula, so that the average computed 
from a set of data by anybody remains the same. 

2. Based on all the observations: Average should be calculated by taking into consideration 

each and every item of the series. If it is not based on all the items, it cannot be said to be 

representative of the whole group. 

easier to understand and remember. 
Example: It is ditficut to understand individual families need for water during summers. ine krowledge of the average quantity of water needed for the entire population will help the gov vemmet in planning water resources. 3, It should be least affected by fluctuations of sampling An average should possess sampling 

stability. 2. To make Comparison easier: Averages are very helpful for making compa e ade 
as they reduce the mass of statistical data to a single figure. Such compariso either at a point of time or over a period of time. Example: Average sales figures of any month can be compared with the precedny 
with the sales figures of competitive firms for the same months. 

e studis 
we take two or more independent random samples of the same size from a given 

POpulation and compute the average for each, then the values so obtained from different 

Samples should not differ much from one another. 

'precedingmonths or eve 
3. To help in Decision-making Average provides such values, wh 

for decision makers. Most of the decisions to be taken in research or P 
on the average value of certain variables.Example: If the average monthly sales of a company are falling, the sales 

take certain decisions to improve it. 4. To know about universe from a sample: Averages also help in o 
complete universe by means of sample data. The average of a sa 
picture of the average of the population. 

r exanple, if we select 5 different groups of college students and compute the average 

which becomes as 
guidellin Se of each group, then average age of the 5 groups should not materially differ from 

each other. 
plannin are b 

ot further Algebraic Treatment: Average should be capable of further mathematical 

and st 

to 
d number of students of two or more classes are given, then we should be able 

0 Compute the combined average 5 

tistical analysis to expand its utility. For enample, if separate figures of average 

ger 
may 

havo 
0 

A 

understand and calculate: The value of an average should be computed by using 

method without reducing its accuracy and other advantages. 

idea of 

obtaining an 
presents cor 
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8.7 

Measures or CentralTe 

8.6 75 
+25 

55 X - 60 Marks 
Anthmetie 

Mean (X) = 

60 Marks 

40 

o5 
Ans 

Anthmetic Mean = 60 Marks 

70 Direct 
Method: Quick Learning 

20 
45 

5 

N J 65 Anithmetic Mean (X) T*2f 
Xn 

5 

N= 10 Zd = 100 
figure. is smal.t iven example, assumed mean (A) = 50. When deviations (d) from assumed mean is calculated 

S not so, there wouid be considerable dificulty in the calculatiern)of n 

Short-Cut Method' is used. 

The Direct method is generaly used when there are few itemS and the 

mean. 

size 

To 
of 

remove 

the 

this diffcutya ac nh student, we get sum total of deviations (2d) = 100. Given total number of students (N) =10, the for 

arithmetic mean will be: 

Arthmetic Mean (X) = A + 50 +100 60 Marks Short-Out Method 10 
Under this method, any figure is assumed as the mean and deviations are calcul- 

m thi Ans. Arithmetic Mean = 60 Marks 
assumed mean 

Note: The needi for Short-Cut Method arises when there are large number of observatio ori 1. t should be noted that the answer will remain the same whether Direct Method or Short-cut Method is used. 
is dificuit to compute arithmetic mean by direct method. 

This method is also called 'Assumed Mean Method'". 
2 In case of individual series, the calculations under short-aut method are more than the direct method. 

However, in case of discrete series and continuous series, considerable time is saved by adopting the 
Short-cut Method. 

Steps of Short-Cut Method 
Step Deviation Method 1. Let the items (observations) be AyAzy . 

2 Deide any item of the series as assumed mean (A) 
3. Calculate the deviations (d) of items from assumed mean (A), ie. deduct A from each iten of the series, ie, X- A 

Step Deviation Method further simplifies the short-cut method. In this method, deviations from 
asumed mean are divided by a common factor (C) to get step deviations. Then, these step deviations are 

used to calculate the value of arithmetic mean. 

4Take the sum total of deviations and denote it as d 
Steps of Step Deviation Method 

1. Let the items (observations) be X, Xy. 
2. Decide any item of the series as assumed mean (A) 
.Calculate the deviations (d) of items from assumed mean (A), i.e. deduct A from each itemn 

5. Find out the total number of items in the series, ie., N 6. Apply the following formula: = A + 2 
ihere,X= Arithmetic mean; A = Assumed mean; d =X-A, ie., deviations of variableS TO nher of iters 

2d=-A), LE, Sum df derations of variables from assumed mean; N = Total nu 

of the series 

Example 2 Calculate the arithmetic mean of the marks given in Example 1 Dy 
Method (Assumed Mean Method). 

nd out common factor (C) from d and calculate d' (step deviations) which is d 
.Take the sum total of step deviations (d") and denote it as 2d .Find out the total number of items in the series, i.e., N 

Solution: 
1 by the Shortk 

Calcutation of Arthmetic Mean (Short-cut Methoa) 

' APply the following formula: X = A+ C Students N 

Marks Arithmetic Mean; A = Assumed Mean; d = X-A, ie., Deviations of variables from Assumed 

Mean; d' = ie. Step Deviations (deviations divided by common factor 

Ed' = Sum of Step Deviations; C= Common Factor: N = Total number of items) 

meabo noted that "Step Deviation Method" can be used only when deviations from assumed 

) d=X-A 

A (A = 50) 
+35 

50 (A) +10 
n (d) are divlsible by a common factor. 0 
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Example3Calculate the arithmetic mean of the marks given in Example 1 bv t 

Method. 

Moasu 

tep Deviatin 
8.8 

169 

171 4 

173 
Solutiom: 

Caiculation of Arthmetic Mean (Step Deviatlon Method) N 8 Zd= - 4 
d= X-A 

A 50 
Marks d' A 

C 
Students MeanHeight (X)= A+xC= 167+ x2 186 cm 

C 5 
Ans. Mean Height = 166 cm. 

+35 

Fample 5. Foliowing is the marks of 8 students. Find out arithmetic mean by: (i) Direct Method; 

G) Short-Cut Method; (ii) Step Deviation Method. 

85 +7 

+10 50 2 

50 (A) 60 40 15 20 45 5 
+ 25 30 

75 

55 +5 Solution: 
-10 Computation of Average Marks 

0 

Step Deviation Method 
d=X-A 

55 +5 Direct Method Short-Cut Method 
70 Marks Marks d=X-A Marks 

(A 40) (A 40) 
5 -5 (X) (C 5) 

65 +15 
10 

N 10 Zd'= 20 30 -10 30 
+5 

45 45 5 
n he gven eample, assumed mean (A) = 50. When deviations (d) from assumed mean is calcua 60 20 

50 60 +20 
and dided by a common tactor (C), we get sum total of step deviations (Zd') = 20. Given total numer 
students ()= 10, the arithmeic mean will be: 

40 0 
40 40 0 

-25 - 25 15 
15 15 

Artmetic Meern = AxC = 50+x5 = 60 Marks +25 
+25 35 65 

45 5 
Ans. 60 Marks 85 35 45 - 20 

20 - 20 
20 

X 360 
20 Id' 8 

Example 4. Findoutthe mean height from the following data relating to height ne of 8 persons in centimeters. 
nens Zd 40 N 8 N=8

159 161 163 NR45 marks X= A+= 40+45 marksX= A+xC40+x5 45 marks 
165 167 171 17 8 169 N 

Solution: 
Ans. Average Marks= 45 marKS 

Computation of mean height (Step Deviation Method) Height 8.8 DISCRETE SERIES 
-A X-167 

C 

series, the total mber of servations, ie., N= Sum total offreyuency 
= Ef. 

ries (ungrouped frequency 
distribution), 

values of variable shovs the 

requencies are given corresponding 
to ditterent values of variables. Ina discrete 

d=X-A n case of discrete series 
epetitions, ie., frequer 

A 167 2 

159 C-2
181 8 

Arithmet 163 6 
) Direct Method;

Can in a discrete series can be computed by applying: 

165 

Short-Cut Method; and 
Step Deviation Method. 

167 (A) 2 

0 
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8.10 Measures 

Or 
Ceniral 

Tende 

1. 
Denote 

the variable as X and frequenc

3 Calcu ulate the deviations (d) of items from assumed mean (A), ie.calculate (X-A) for each 

Direct Method Steps of Short-Cut 
Method 

as f. 

Wa 
the sum of products() is divided by total of frequencies (Z to determine sncies . 

simple arithmet In the direct method, various items (X) are multiplied with their respective froe 

2 
Decid any 

item of the series as assumed mean (A). 
mean, ie. 

item of the series. 

Multiply the deviations (d) with the respective frequency () and obtain the total to get 
Steps of Direct Method 

1. Multiply diferent values of variables (X) witf respective frequencies () and denote i Efd. 

Find out the total number of items in the series, i.e., Ef orN. 

2 Obtain the sum total of £X and denote it by Ef£X. 
6. Apply the following formula: X = A +2d 

f 
3. Find out the total number of items in the series, i.e., Ef or N 

Where, X= Arithmetic Mean; A = Assumed Mean; d = X-A, ie, deviations of variables from Assumed 

Mean; 2fd = Sum of the product of deviations (d) with the respective 
frequencies (9; 2f= Total number of items) 

4Apply the following formula: X = 2f 
Where,X =Arithmetic Mean; EfX = Sum of the product of variables wih e 

respective frequencies; 2f = Total number of tem 
Let us understand the Short-Cut Method with the help of Example 7: 

The following example will make the direct method more clear. 
Example 7. Calculate the arithmetic mean of the marks given in Example 6 by the Short-cut 

Method (Assumed Mean Method). Example 6. From the following data of the marks obtained by 60 students of a class, calculat the average marks by the direct method.
Marks Solution:

20 
50 60 70 No.of students Calculation of Average Marks (Short-cut Method) 

20 10 fd d X-A 

(A=40) 
Solution: No. of Students 

( 
Marks 

Calculation of Arithmetic Mean (DIrect Method)) 
1 160 

20 
20 8 Marks 0) - 120 

No. of Students () 20 (IX) 30 12 

160 40 (A) 20 
+1 100 

40 2 
360 +10 

50 10 
20 1 120 

800 +20 
60 

10 120 
500 +30 

70 70 8 Efd= +60 
360 

4 Ef = 60 
280 

Zf 60 
Average Marks () 21K.2460 

ZfX= 2,460 Average Marks (X) = A+ 
a +b0= 41 marks A0 60 

f 41 mark8 
Ans. 41 Marks Ans. 41 marka 

Short-Cut Method 
The short-cut method can also be used to calculate the mean in discrete 
saves considerable time in calculating mean. 

olep Deviation Method 
This method is a furth cdeviations (d) an s a further simplification of short-cut 

method. In this method, the values of the 

This method 

after this division are known as step 
deviations. Dained a are divided by a common 

factor (C) to ease the calculation process. 7The deviations 
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8.1 
Measuh 

8.12 

Calculatlon of Arlthmetlc Mean 
Steps of Step Deviation Method 

1. Denote the variable as X and frequency as f. 

Solution: 

Direct Method 

X 

Short-Cut Method 
d X 

Step Deviation Method 
d-X-X-A X 

-A 2. Decide any item of the series as assumed mean (A). 

(A),ie. calculate (X-A) fot ea 
A 

3. Calculate the deviations (d) of itenms from assumed mean (A), ie. calculate (x- 

item of the series. 

C 
(A= 5) (A=5) (C=1) 

20 10 3 -30 -30 2 2 10 3 =3 
4. Find out a common factor (C) from d and calculate d' (step deviations) which i d 

C 

10 

48 3 6 32 3 16 -32 
16 

11 11 -11 44 1 
5. Multiply step deviations (d') with frequency () and obtain the total to get Efd 11 

O 

6. Find out the total number of items in the series, i.e., Ef or N 

36 
+8 7. Apply the following formula: X = A + xC 2 +8 f 28 

3 +9 3 +3 +3 +9 
24 Where, X=Arthmetic Mean; A = Assumed Mean; C=Common actor; d=X-A, i.e., deviations of vaniabies 

from Assumed Mean; df= Step Deviations (deviations from assumed mean divded 
by common factor); Zfd' = Sum of the product of step deviations (d') with the respecbe 

frequencies (); Ef = Total number of iems 

2 +4 +8 +4 +4 +8 
18 

zfd= 
- 42 

Efd'= 
-42 f= EfX= 

60 60 
60 258 

Example 8 wil ilustrate the computation of arithmetic mean by step deviation method. 

2255 -4.30 = A+= 5+4.30 -A C- 5 14.30 60 

Example 8.Calculate the arithmetic mean of the marks given in Example 6 by the step deviatin 
method. Ans. Arithmetic Mean = 4.30 

Solution: 
8.9 CONTINUOUS SERIES 

Ne case of continuous series (grouped frequency distribution), the value of a vDariable is grouped in 

ro4s class-intervals (like 10-20, 20-30, etc.) along with their respective frequencies. The process of the 

L on of arithmetic average in a continuous series is the same as in case of a discrete series. 

fn nuous series, the mid-points of the various class-intervals are used to replace the class- 

Eval. Once it is done, there is no difference between a continuous series and a discrete series. 

Calculation of Average Marks (Step Deviation Method) Marks No. of Students d=X-A fd 
(A 40) 

(C= 10 20 

-20 
-10 

12 

40 (A) 20 
50 
60 

Why Mid-Points are important? 
A Ct value of each frequency is unkrnown. Therefore, mid-point of each class-interval is 

ned to be the true average of the values of all of the frequencies falling within that class- 

Lor example, if in a class interval of 0-10, there are 7 frequencies, then it is assumed that | 
10 10 

20 0 +2 +12 
+ 30 

7 frequencies have a value of =5each. Hence, itis necessary to detemine the 

mid-points of all the class-intervals. 

2f=60 +3 
all thes 

Average Marks (X) = A+ xC=40+ x 10 = 41 marks 

Efd'= +6 2 

Ans. 41 Marks 80 How to Calculate 
Mid-Aoints? 

Example 9. From the following data, calculate arithmetic mean by: (i) Direct 
cut Method; (ii) Step Deviation Method. Varlable () 
Frequency (0 

mid-point are calculated by the formula: Mid-point 

irect Method; (i) Shot"| 

10+2015. Lower limit of Class-interval; l2 = Upper limit of Class-interval. 

10 Sample, The mid-point of class-interval 10-20 wl De:2 
18 
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In the continuous series also, the following three methods are used to calculate arith . 

) Direct Method; 

meic mea 
Short-Cut Method 

npthod in case of continuous series saves considerable time in calculating mean. 
The short-o 

hod 
(i) Short-Cut Method; and 

(ii) Step Deviation Method.
Steps 

of 
Short-Cut 

Metho 

1. 
Calculate the mid-point of each class-interval and denote it by m. 

Decide any one mid-point as the assumed mean (A). 

Calculate the deviations (d) of mid-points from the assumed mean (A), ie. calculate 
Direct Method 

The direct method under continuous series is the same as under discrete series, excent h 

class 
that we 

first convert the continuous series into discrete series by taking the mid-points of each la 
(m-A). 

interval. the total to get 

4. Multiply the deviations (d) with the respective frequency ( and obtai 

Steps of Direct Method Efd. 

1. Calculate the mid-point of each class-interval and denote it by m. 

5. Find out the total number of items in the series, i.e., 2f or N. 

Efd 
2. Multiply the mid-points (m) with respective frequencies () and denote it by fm. 

6 Apply the following formula: X = A + 

(Where, X = Arithmetic Mean; A = Assumed Mean; d = m-A, ie, deviations of mid-points from assumed 

mean; Efd =Sum of the product of deviations (d) with the respective 

frequencies (0;2f= Total number of items) 

3. Obtain the sum total of fm and denote it by Efm. 

4. Find out the total number of items in the series, i.e., 2f or N. 

5. Apply the following formula: X= 2m 
f 

The use of Short-Cut Method will be clear from the Example 11: 

(Where, X = Arithmetic mean; Efm= Sum of the product of mid-points wih
the respective frequencies; Ef = Total number of nems 

xample 11. Calculate the arithmetic mean of the marks given in Example 10 by the shortcut 

method. The Direct Method will be more clear with the help of ExampBe 10 
Example 10. The following table gives the marks in English secured by 30 students of a a 

in their weekly test 
Solution: 

Calculation of Average 
Marks (Short-Cut Method) 

d m-A 20-25 Marks 0-5 5-10 10-15 15-20 Mid-value (A 12.5) 
Marks No. of Students 

m -20 No. of Students 8 6 10 - 10 X 
2.5 -40 

Ca alc e the average marks of studernts by the direct method. 0-5 
7.5 0 

Solution: 5-10 0 8 
+50 12.5 (A) 

Calculation of Average Marks (Direct Method) 
10-15 +5 

+40 17.5 

Marks No. of Students tm 15-20 10 
Mid-value 22.5 

2fd= + 300 

20-25 (m) 
2.5 

0-5 5 2 
= 30 

5-10 60 
7.5 

Average Marks (X) = A+= 12.5+ 10-15 +313.50 marks 
6 75 

12.5 
15-20 175 

17.5 20-25 Ans. Average Marks 13.50 

lep Deviation Method 
When 

90 

22.5 
Ef 30 Efm= 405 

Average Marks )= 13.50 maka 30 
Ans. Average marks = 13.50 

then short-cut method 
vais for all the 

classes in a 
continuous 

series are of same 

magnitude 
(width), 

nod can be further 
simplified by the 

step-deviation 

method. 
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Examp Calculate the average marks by: () Direct Method; (i) Short-cut Method; 

tatistics for Class X 
rithmetic Mean 

8.16 

8.17 

Steps of Step Deviation Method 

1. Calculate the mid-point of each class-interval anddenote it by m. 

2. Decide any one mid-point as the assumed mean (A). 
3. Calculate the deviations (d) of mid-points from the assumed mean (A), i.e. calculas 
4Find out a common factor (C) from d and calculate d' (step deviations) which is d 
5. Multiply step deviations (d') with frequency () and obtain the total to get Dfa 

13. The following table: shows the mar obtained by 90 students examination 

i) Step 
Deviation Method. 

certain 

ulate (m- A) 10-20 20-30 

12 16 

0-10 
30-40 Marks 

40-50 50-60 
60-70 70-80 3 8 No. of Students 

19 16 11 5 6. Find out the total number of items in the series, i.e., f or N. 
Solution: 

Calculation of Average Marks 
7. Apply the following formula: = A +xC. Ef 

m=mid-point;f = No. of Students 
Where,X =Anthmetic Mean; A = Assumed mean. C= Common Factor; d= m -A, i.e., deviations ot Direct Method 

Short-cut Method Set deviation Method 
d=m-A m-A 
(A=45) 

points (m) from assumed mean; d= Step Deviations (deviations from asei
m d=m-A fd mean 

ons () 

divided by common factor); 2fd' = Sum of the product of step deviations with respective frequencies (1); 2f= 1otal number of items 

Marks 

a (A= 45) The step deviation method will be more clear by Example 12: 

(C=1 10) 
15 40 -120 -4 -12 40 

70 Example 12 Calculate the arithmetic mean of the marks given in Example 10 by the step deviation 15 10-20 120 - 30 -240 30 24 

method. 

12 25 300 
-240 

-160 

20-30 
20 20 24 

-

Solution: Calculation of Average Marks (Step Deviation Method) 30-40 16 35 560 10 10 16 
Marks No. of Students Mid-value 

40-50 855 
d=m-A 

45 Ta" (A 12.5) d' 
C 50- 55 880 10 160 + 10 16 

60-70 715 20 220 +22 +20 
(C=5) 11 65 

0-5 
2.5 

75 375 +30 +150 +30 +15 

1 
80 

5-10 
7.5 

2f = 90 
Zfm Etd Efd'-233 

10-15 

-230 
12.5 (A) 
17.5 = 3,820 

15-20 
10 

2fm 3,820 X= 42.44 -A+xC 
+5 

-A 
20-25 

+1 10 22.5 
10 

+2 +8 2f= 30 
Zfd'=6 

45 424445 10-42.44 Average Marks (X)= A+ C= 12.5+x5 = 13.50 marks 90 
30 Ans. Average marks = 13.50 

Ans. Average MarksS= 42.44 Explore More 
For calculating arithmetic mean in a continuous series, the following assumptions a 

1. The class-intervals must be closed. 2. The width of each class-interval should be equal. 

Same e may be made while salculating the value of mean. When the arithmetic mean of a 
10 CHARLIERS ACCURACY CHECK 

ency distribution is calculated ky shortcut or step-deviation nhethod, the accuracy of the 
e made: 

tions can be checked by using th folowing formulae given byCharlier. 

fd+Ef (for short-cut Metho) 
+ N= Dfd' + 2f (for step deviation Mathod) 

3. The vaiues of the observations in each class-interval must be uniformily 
between its lower and upper limits. 

ythe two sidesof these equations do not tally, the cakulations are incorrect. 

4. The mid-value of each class-interval must represent the average of all vaiu 

class. 
values In that 

The Charlier's Adçuracy Check uracy Check will be more clear fromhe following eaxample: 
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26. The followin table gives the istribution of daily income of 60 families. Calcula

Statistics for Class X 
8.26 

8.27 Inclusive Class-lntervals 
the arithmetic mean. 

Below 75 
When the data is given in inclusive series, then it is not necessary to adjust the el. 

cakulating arithmetic mean as the mid-value remains the same whether the adiust es for 

or not. So, inclusive class-intervals are not converted into an exclusive class-into ade 
However, in case of median and mode (discaussed in the next chapter), the inclusive seriek Aa 

Examph 

culate 
75-150 150-225 225-300 300-375 375-450 450 and over 

Daily income () 

17 20 No. of lamiles 

5 4 
nave to be 

Soliution: 

In the olasses are also equal to 75. It means, the lower limit of the first class-interval is zero i.e. 0-75) 

overted into excisve senes nole, the class-intervals are unifom, i.e., 75. So, we can assume that cass-intervals o 
Example 25. Find mean of the following data: 

50-59 4049 30-39 
and the upper limit of the last class is 525 (i.e. 450-5251 

20-29 
10 

10-19 Class-ntenal 
Frequency 

Now the arithmetic mean can be caiCulated by aranging the frequency distribution. 0-9 
15 Computation of Average Dally Income 

Daily Income (9| No. of Families 

( 
Solution: Mid-value d=m-A 

(A 262.5) 
fd in the given eample, tis neither nece[sary to covert the data intO exclusive class-interval series norh arange the data in ascending order. 

dA (m) 

C 75) Computation of Mean 

Mid-yalue 
0-75 37.5 225 - 18 -3 

Class-intena Frequency =m 112.5 75-150 
150-225 

fd 7 -150 -A 

C 

-34 m (A 24.5) 
20 187.5 -75 -20 

(C 10) 225-300 262.5 (A) 0 
50-59 54.5 +30 +3 300-375 337.5 +75 5 
40-49 44. +20 2 375-450 412.5 +150 8 
30-3 10 +1 450-525 487.5 +225 6 

20-29 24.5 (A) f= 60 2ld-53 
10-19 5 -10 -1 -1 15 

0-9 Average Daily Income () = A+xC=2625+75 196.25
Ans. Average Daily Income = 196.25

20 2 6 
40 f 

Zfd'=4 

AC-245102350 ample 27.Calculate mean of the following Seri 
Ans. Mean=2250 Marks 20-50 50-90 90-140 Above 140 

Below 20 
No. of Students 15 40 15 

Open-end Series 10 20 
Solution: Open-end class-intervals are those which do not have the lower limit of the first class ae 

and the upper limit of the last class-interval, For example, less than 10', or 'more tha open end class-interval. 

In the 
WIdth of tho ple, the width of the second class-interval is 30 and of the third class-interval is 40. The 

o Snall be 20 and of the last class 60. The class-intervals would then ber 

Marks 

of the rtn interval is 50. It means that the width is rising by 10. On this assumphon, the magnitude 

Calculation of Mean in Open-end Class-Intervals 
Mic-vale 

Na of Students 
100 In such cases, mean cannot be found out unless we assume the missing class limits. The m depend on the pattern of class-intervals of other classes. f the given class-intervals are not equal, then it poses some difficulty in decding thelimiend classes. In such cases, imits have to be assumed on some rational bas/s. 

10 

yalue 0-20 10 700 
35 

20-5 20 2.800 

50-90 1,725 

2.550 

e open 40 115 
90-140 15 

te calculation of mean under open-end distribution with equal clas9-intervals and unequ will be clear with the help of Examples 26 and 27 respectivelu. 

170 
140-200 15 Im 7,875 

rOMlS and unequal 
class-imter 

f 100 
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Average Marks ()= = = 78.75 marks 
100 

8.29 
re is no need CASE3:Inclusive Class-intervals (Classes of type 

Mid-Values are Given: There i 
als, 1.e.10-19,2 are given): Covert inclusive Class-tervas 

ert Such mid-values into regular Clase 
no need 

into Exclusive Series. 
mean 

p Oalculated with tne neip of mid-points ony. Ans. Average Marks =78.75 Marks 

15 45 Marks MiG-Points 

Hequency 

10 10-19 20-29 30-39 40-49 50-53 

Unequal Class-Intervals 
0 No.of Students 4 8 4 

Sometimes the clas-interval of the distribution is unequal. In such cases, mean can t be deterr fd 

intervals 
in the usual manner after calculating the mid-values of each interval. It means. cla ned 

LPoints Frequencyd= m-A 
Marks (X) No.of Mid- d=m-Ad A 

A 25 A 

C 10 Stud, value A=3455 m 

10 
20 

-20 
-10 

20 
-20 

10 m) 
14.5 
24.5 
34.5 39.5-49.5 6 44.5 

9.5-19.5 4 
19.5-29.5 8 
29.5-39.54 

are not made equal. 
-1 

20 This wil be clear with the help of Example 28: 
30 

-10 25 
20 10 20 

20 10 
90 

20 
fd =0 49.5-59.5 2 Example 2. Calculate arithmetic mean from the following data: 

54.5 0 
2f = 24 

2fd=-6S 

Mean )=A +xC=34.5x10 32 Maks 

Maris 0-10 10-20 40 40-70 
70-100 Mean -A+xC 25+90x 10-25 Na. of Students 8 12 30 

4 

aCE A Open-End Series (Lower limit of first classCASE 5: Unequal Class-intervals There is no need and uDDer limit of last class nor iven. MisSIng nis need to make class-intervals equal, ie. calculate Mean in usual 

Solution: 
in the given exampie, the dass-irtervals are unequal. Mean will be calculated directly after calculating tho mid-points. ting Io be assumed depending on the pattern of class-intervals. || manner ne 

Less 40-50 50-60 60-70 More 
an 40| 
2 

0-5 5-10 10-20 20-30 30-50 50-60 
9 3 6 

Marks Marks Mid-value (m) No. of Students () 
than 70 

10 4 
fm 

0-10 5 3 40 No.of Students 6 
Marks No. of Mid value d= m-AH m- nhe given case, class-intervals are uniform, i.e. 10. So, we 

can assume that clasS-intervals of open-end classes are 

also equal to 10. It means, lower limit of first class s S0 and 0-5 9 2.5 upper limit of last class will be 80. 

10-20 
12 

)Stud. (m) A=25 
C 

180 
20-40 30 30 

40.5 -22.5 

-17.5 
900 

-4.5 0-70 
5-103 7.5 -3.5 -10.5 

55 
330 

-10 -12 2 Marks No. of Mid value d = m-A d-mA 5 10-20 
A=55 d = A} 

C= 10 

70-100 85 
340 Stud. (m) 20-3 

40 I5 30-50 5 
48 

Ef 60 
30 55 

fm = 1,790 
50-60 30-40 

40-50 8 
35 -20 2 8 

f 36 2fd 0 15 -10 -1 -8 Average Marks 2m-1/-29.83 Marks 60 
60-70 10 

80 

0- 
55 0 

10 Mean ()= A +xC25 x5 25 Marks 60 
10 Ans. Average marks = 29.83 Marks 

f 30 
5 

fd6 SUMMARY OF MEAN IN SPECIAL CASES CASE 1a Cumulative Frequency Distribution CASE 16: Cumulative Frequency Deuenoy 
Less Than Seriest Convert nto Simple Frequency (More Than Series) Convert it into aoe 
Dstribuion and ie0 cacaae Meanin usIa manne 

Mean (X)= A + 2xC = 5 +x10 57 Marks 

Quic Learing Arithmetic Mean in Special Cases 
n 
Cu 

atlve Series (Less than' or 'More than'): Covert the cumulative frequency 

mple frequency distribution and then calculate mean in the usual manner.

mid 
Mid-ValueS are given: Calculate mean in the usual manner without converting the 

Dstribution and then calculate Mean in usual man 
Marks 

Marks Lees Less L Less 
LEss than 10 an 20 tan 30 tan 40 than 50 More More More More More No.of Stud. 9 

Marks No.of Mid value d= m-Ad-m-A 
than 10 than 20 than 30 than 40 

12 
16 24 

No.of Stud30 22 18 
d Marks No. of Mid value d= m-Ad' = " 

d Sud. A 25 
n A= 35d 

C 10 
C=10 Stud, 

mid-values into class-intervals. 0-109 
10-20 
20-30 8 

-20 

3. Incluslve Clas 
18 10-20 8 15 

25 
-10 

15 -20 4 -7 

Serie 
Class-Intervals: Calculate mean in the usual manner without converting the 

20- 30 
30- -40 
40-50 
50-0 5 

es into an exclusive class-interval senes. 

On the 
derles:To calculate mean, missing class limits are assumed, which depends 

4. Open-end 
25 -10 -1 30-40 4 

40-50 35 4 

10 4 
ZId' = -7 55 

f= 30 

f= 
20 =-3 

nequal Class-intervals: Mean can be detemined in the usual manner after calculating Mean )= A +2C25+x10 23 Marks 
class-intervals of other classes. 

Mean (X) = A + IdC= 35+ 10= 4 
Marks 

the mid-values of each interval. 
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8.13 PROPERTIES OF ARITHMETIC MEAN 

1. The sum of deviations of the observations from their arithmetic mean is altno. 

ax-X=0. It happens because arithmetic mean is a point of balance, i.e. sum 

deviations from mean is equal to sum of negative deviations. Due to thiStive 
arithmetic mean is characterised as the centre of gravity. 

This can be made clear with the help of an illustration: 

ose mean of a serie is 30.The resultant mean in the following 

Q.2. When each item of the series is decreased by 5. 

4h and 5 Property 

ways zero,i.e, 
When each item of the series is increased by 3, ases of po 

this property Ans. New Mean 
= 30 +3 33 

Ans. New Mean = 30-5 25 

a.3. When each item of the series is multiplied by 2. 

Ans. New Mean = 30 x2=60 

Q.4. When each item of the series is divided by 6. 
(X-X) 
(X= 7) 

Ans. New Mean = 30+6 5 

f out of arithmetic mean (X), number of items (N) and total of the values (EX), any two values are known, then third value can be easily found out. 
+1 

12 +5 
X 28 Z(X-X) = 0 

N 
2. The sum of the square of the deviations of the items from their Arithmetic Mean is minimum, ie, 2X- X*is minimum. The sum is less than the sum of the square of the deviations of the items from any other value. 

It is made clear with the following illustration: 

On the basis of this property, we can determine the missing items, missing frequency or 

correct mean, in case of any error. 

8.14 COMBINED MEAN 

When two or more distributions are given with their number of items and arithmetic means, 

tne combined mean can be calculated by applying the following formula: 
X-XP X-8 (-8 7 

,2 +N 

N +N2 

3 
16 25 

5 
3 9 

0 

on; N, = Number of items of first distribution; N = Number of items of second distribution) 

The aforesa formula can 

A2 Combined Mean; X, Arithmetic Mean of first distribution; X2 = Arthmetic Mean of second 12 

be extended to more than twodistributions in the following form: 

+N,X 

25 -4 16 

Z(X-X =46 
3. Mean of the combined series: If the arithmetic mean and number of items or t than two related groups are given, then we carn compute the combined means as a whole. { Combined Mean is discussed in detail in 8.14 Section) 4. If each observation of a series is increased or decreased by a constant, say arithmetic mean of the new series also get increased or decreased by «. 1e d to ead 

(X-8)-50 

Examp 29. Find out combined mean from the following datd: 

NX +NXt 
more 

**** ****""*"*** A1,2, , n 
N N +Net **** 'n ns of the series 

The cor 
Combined mean will be more clear from the following examples. 

X-k. For example, the arithmetic mean of four items (3, 5, 8, 12) is 7. If 2 1 

mew 

*ie. 

mean Senes X 

Seres X 20 Mean 12 60 
of the four items, thern mean of new four items (5,7,10, 14) will also increas 

No. of ltems 
new 

80 mean will be 9. 

Solution: 5. If all the items in a series are multiplied or divided by a constant, then observations also gets multiplied or divided by it. For example, the arithme e 
items (3,5, 8, 12) is 7. If each item is multiplied by, say 5, then mean or hhe 35. 
25, 40, 60) will also become 5 times of the original mean, i.e. new mean 

Comblned Mean (X1,2) = N,X +N,X2 
7ean offour 

N, +Ng 
X=12, X, = 20, N, = 80, N = b will b 
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(40 x 5.925)+(10x X) 
40+10 

8.33 

)=O x 12)+ (60x 20) 960 +1,200 

80 60 
15.43 -

140 

260=237+ 10X 

=1.3 

Ans. Combinsd Mean = 1543 

Averag marks of 10 students who failed =1.3 marks 

32. The mean wage of 100 workers is R 284. The mean wage of 70 workers is 290. 
Find the mean wage of remaining 30 workers. 

rainfall on Sunday, the average for the wheole week rose to 0.5 cms. How much was the y 
on Sundav? 

Example 30. The average rainfall of a city from Monday to Saturday is 0.3 cms. 

was 
Duet 

the rainfall 
Ans.

Eumple 

Solution: 
Consider the rainfall rom Monday to Saturday (6 days) as first group and rainfall on Sundav (1 . 

second group. 
Salutton: 

Combined Mean (X1, 2) = ,X1 +NX, 
N +N2 

Combined Mean ) NXNX 
N, N2 Given: X1,2284, X = 290, N, = 70, N, = 30 

(70 x 290)+ (30 x X2) Given: N, =6. N =1.X, =0.3. X, 2 =0.5 

05-x0.3) (1xX 
284 = 

70+30 

6-1 28,400= 20,300 + 30X2 

35 1.8-X 
X2 =1.7 
Ans. Rainial on Sunday = 1.7 cms 

30 Xp =8,100 

. 8,100=7270 
30 

Ans. Mean wage of 30 workers = 270 Example 31. The average marks of 50 students in class is 5. The pass result of 40 students who 
took up a cdass test is given below. Calculate mean marks of 10 students who failed. 
Marks 

Example 33. The mean age of a combined group of men and women is 30 years. If the mean 

Fof the group of men is 32 and that of the group of women is 27, find out the percentage of 

men and women in the group. Na of Students 10 9 
Solution: Solutiom: 

X5 Meen af Pass Sdents (,) = ?, Mean of Fail Students (X) = ?, N, = 40, N2 = 10 
De the percentage of men in the combined group. Therefore. percentage of women = 100-x 
A(Men) = 32 years; X2 (Women) = 27 years; X12 (Combined) = 30 years 

Combined Mean (X1, 2)= NX+ N, 
Calculation of Mean Marks of 40 students (X,) 

At 
mes, due to mistake or overaight, 

certain wrong 
items may 

be taken while calculating the 

Marrs No. of Students 
N, +N2 

3032x +27(100-x) 
X+ (100 x) 

32x-27x =3,000 2.700 

32 

X =300 or x = 60. It means, mena are 60% and women = 100-60 = 40 

50 

54 

42 Ans. Men 60%, Women=40 32 
27 s CORRECTEÓ MEAN 

f= 40 zX = 237 

rithmetic mean. In su ulating the arithmetic mea 

Correct X= 2X(Wrong) + (Corre 
value) 

- 
(Incorrect 

value) 

5.925 mars ase, we can directly 
calculate 

corract 
anithmetic mean, 

without 

anthmetic mean from the beginning 

Comined Mean NN2 
N, +N N 



as of CentralIendency.-Arithmeth 

1,80,320 

-Arithmetic. Mean Statistics for Class X 
8.35 

8.34 
MEASUESO, 

180.32 Steps to Calculate Correct Arithmetic Mean 

The steps involved in calculating correct arithmetic mean (X) are: 1,000 
Corect Mean 

Salary (X) N 
EX 7 180.32 

N). 
1. First of all, Incorrect EX is calculated. (We know, X = So, Incorrect 2X - A 

in statistics of 10 students of a class were 68. A new student Eample 

36. 

he 

avo 

0ok admissiorn 

0 get 

he average marks 
rith 72 marks whereas two existing students left the college. If the marks of 

ns. 

N 

2. From this Incorrect 2x, subtract wrong or incorrect items and add correct item tems 
e students 

were 40 and 39, find the correct average marks. Correct X. 

3. Divide Correct EX by number of items (N) to get Correct X, ie. Sslhution: 

Correct X= Correct X 
N N 

O, EX= Xx N 
This is illustrated in the following examples. 

Given: X 68, N = 10 

X=68 x 10 = 680 

s later Example 34. The average weight of a group of 25 boys was calculated to be 52 kg. It was late 
Corrected EX = 680-40-39+ 72= 673 

erage 
discovered that one weight was misread as 45 kg instead of 54 kg. Calculate the correct average weight. 

Correct Average Marks (Xx) = =0_74.78 

Solution: 
Ans, 

Correct Average Marks = 74.78 marks 

Example 37. The average age of a class having 35 students is 14 years. When the age of the 
das teacher is added to the sum of the ages of the students, the average rises by 0.5 year. What 

must be the age of the teacher? 
Or, X =XxN 
Given: X = 52, N = 25 

Solution: 
X=52 x 25 = 1,300 

2X But 1,300 is a wrong value as the weight of one boy was misread as 45 kg instead of 54 kg. Correct X =1,300- Incorrect ltem +Correct Item = 1,300-45 +54 1,309 
N 

o, X= Xx N 
otal age of 35 students = 35 x 14 = 490 Correct Average Height () = 309 = 52.36 skg 

O Students and the teacher together = 36 x 14.5 = 22 

Age of teacher = 522-490 32 years 
Ans, eacher's age = 32 years 

Average eof 60 marks, the best paper was wrongly marked 80 instead of 75? 

25 
Ans.Coect Average Weight = 52.36 kg 

Example 35. Ihe mean salary paid to 1,000 employees of a factory was found to be s 180.4 
Later on it was discovered that the wages of two employees were wrongly taken 165 instead of 197 and 185. Find the correct mean salary. 

ample 38, What will be the: new mean, if it is known that for a group of 10 students, scoring as 297 and 

Solution: Solution: 

3 N 

Or, X= XxN 

Given: X 180.4, N = 1,000 
X=XN 
X=60, N 10 
2X=60 x 10= 600 Corre 

X= 600- 80+ 75 595 

EX 180.4 x 1,000 = 1,80,400 
But 1,80,400 is a wrong value as the wages of two employees were wrongly taken ao 

of 197 and 185. 
aken as 297 and 163 

instead 

Corrected 2X =1,80,400-Incorrect ltem+Correct Item Corrected 2X = 1,80,400-297 166+ 197+ 185 1,80,320 
Mean X595 = 59.5 marks 10 Ans,New Mean 59.5 marks 



8.36 atistics for Class X 
f Central TendencY-Arilhmetic Mea 

A sSumption in Case of Open-end Classes: :Incase of o 

urd results: Arithmetic mean sometimes gives such results which appear almost absurd. we have an average of 3.2 children per family for a particular community, obviously the 

8.16 MERfs AND DEMERITS OF ARITHMETIC MEAN 

Meriof Arithmetic Mean 
Te arithmetic mean is the most widely used measure ot central tendency in 

of the following merits: 

cannot be calculatec 

of the open-end classes. 

8.37 

classes, the arithmetic mean 

.lated unless assumptions are made regarding the magnitude of class- practice because interva 

farithmetic mean requires 1. Simple to U'nderstand and Easy to Compute: The calculation of arithmetic m 
simple knowledge of addition. multiplication and division of numbers. 

result (average) is absurd as a child cannot be divided into fractions. 

case of qualitative characteristics: Arithmetic mean cannot be computed 
So, even a layman with elementary knowledge canc lculate arithmetic 
Itis also simple to understand the meaning of arithnme tic mean, eg.. the valiue s 

or cost per unit, ete. 

Not possible i 

ualitative data; like data on intelligence, honesty, smoking habit, etc. In such cases, 

mean. 
dian (discussed later) 1s the only average to be used. 

chress on items of higher value: The arithmetic meangives more importance to higher 

ue per item 

5. LCertainty: Arithmetic mean is rigidly detined by an algeb 1c tormula. Therefore, evem. 
who computes the average, get the same answer. Arith netic mean leaves no scona f 
deliberate prejudice or personal bias. 

ite of a series as compared to smaller items, i.e. it has an upward bias. 
jeryone 

Tf out of five items, four are small, and one item is quite big, then big item will push up 
the average considerably. 
But, the reverse is not true. If in series of five items, four have big values and one has 

small value, the arithmetic average will not be pulled down very much. 

e for 

3. Based on all items: Arithmetic mean takes into account all values into con.ideration. So it is considered to be more representa tive of the distribution. 
4. Least affected by fluctuations in sample: Ot ali the averages, arithmetic mean is least 

affected by fluctuations of sampling. 
6. Complete data required: The arithmetic mean cannot be calculated without all the items of 

aseries. For example, if out of 1,000 items, the values of 999 items are known, then arithmetic 

average cannot be calculated. Other averages like median and mode do not need complete If the number of items in a series is large, the arithmetic mean provides a good basis data. of comparison since abnornmalities (errors) in one direction are set off against the 

Laiculation by observation not possible: Arithmetic mean cannot be computed by simply 

observing the series like median or mode. 
abnormalities in another direction. 

Due to this reason, arithmetic average is believed to be a stable measure. 
No Use of Graph: Arithmetic mean cannot be calculated by using graph. 

5. Convenient Method of Comparison: Arithmetic Average forms a convenient me comparison of two or more distributions. 
9. 
Stent value as mean:Sometimes, arithmetic average can be a fictitious igure which 

h ExXIst in the series. The arithmetic average of 8, 14, 17, and 25 is 16. No items of 

the series have value of 16. 
6. Algebraic treatment: Arithmetic mean is capable of further algebraic treatment. It is cap of being trea ted mathematically and hence, it is widely used in the computation O v other statisticameasures such as mean deviation, standard deviation, etc. 

apable 
various 

ARITHMETIC MEAN 

(Delined as sum of values of all observations 
aided 

Oy 
number of ooservalions) 

7. No arrap.ement required: The computation of arithmetic mean does not 
arragement or grouping of iterms. 

e the 

Dymerits of Arithmetic Mean 
Although, arithmetic mean satisfies most of the properties of an ideal average* drawbacks and should be used with care. Some demerits of arithmetic mean a 

Merits 
omple to Understand and easy to mpute- 

Demerits 
Affected by Extreme Values 

Assumption 
is made in case of open-end classes

Sometimes give 
Absurd Resultscertain

Certainty as it is Rigidly Defined- 

O aCCount all values Into consideration Not 
Possible in case of Qualitative 

Characteristics 

More 
stress on items of higher value 

Requires Complete Data 
1. Affected by extreme values: Since arithmnetic average is calculated from series, it is unduly affected by extreme values (i.e. very small or very laB For example, if monthly income of four persons s 5,000; 7,000; 8,000, and 1 arithmetic mean will be 30,000, which does not represent the Jata. 

Last afected by fiuctuations in sample 

Convenient Method of Compariso 
Doe apable of further Algebralc Treatmen 

volve arrangement or grouping of items- 

items of 

Calculation by 
Observation 

not possible 

No Use of Graph then h 
000, 

-Non-existont 

value can also be Mean 



Statistics TOr Class X 

Central Tendency-Arithmetic Mean 
8.38 

8.39 

easUes ofCe 

8.17 WEIGHTED MEAN 

Weight (W) tems (X) 

10 

Sltatton 

WX Meaning 
50 Weighted Mean refers to the average when different items ofa series are given diffe 

according to their relative importance.
different weights 15 

135 20 
30 In the computation of simple arithmetic mean, it is assumed that all the items 

are of equal importance. However, there are situations, in which values of oh 

in the series are not of equal importance. 

10 the series 25 
250 

of observation 30 150 
35 

0 
ZW =36 2WX = 745 Ifall the items are not of equal importance, then simple arithmetic mean will not be a 

representative of the given data. Hernce, weighting of different items becomes nere 

.The weights are assigned to different items depending upon their importance, ie. r 
important items are assigned more weight. 

20.69 

ZW 36 

EWX 745 

, more 

Ans. Weighted Mean = 20.69 

Computation of Weighted Mean 
In calculating the weighted mean, each item of the series is multiplied by its weights and the 
product so obtained is totalled. This total is divided by the total of weights and the resulting 
figure is weighted mean. 

Eample 40. Calculate weighted mean by weighting each price by the quantity consumed: 

Quantity consumed (in kg) 
300 

Price in Rupees (per kg) Food items 

10 
Wheat 

400 20 Rice 

200 Sugar Let W,, W...W,be the weights attached to variable values X, Xp.X,respectively.Then the weighed 
arithmetic mean, usually denoted by Xw is given by: 500Potato 

Solution: 
WX 

W,X +W2X2t + W,Xn 
Price in Rupees (per kg) Quantity consumed 

(in kg) ( 
300 

Food items W+Wa Wn 

3,000 
8,000 

10 
The above formula can be written in short as: 

Wheat 

20 
400 3,000 

ice WX 
15 Sugar 200 3,500 

rOiaio 500 WX 17,500 

ample 41. A candidate obtained the following percentage 
of marks in different subjects in 

Where, Xw= Weighted Mean; ZWX= Sum of the products of the ltems and 
respective weights; 2W= Sum of the wegn 

ZW = 1,400 

2WX17,500 Steps for Calculating Weighted Mean 
zw 12.5 

1,400 1. Denote the variables as X and weights as W. Ans. Weighted mean 12.5 2. Multiply variables (X) with weights (W) and obtain the total to get 2WX 
h examination
Sublect Marks 

3. Apply the following formula: X = A 
EW 

English The concept of weighted mean will be clear from the following examples. 85 Maths 
EconomicsS 90 Example 39. Calculate the weighted mean of the following data: 80 

Susinese Studies 
Accaunts 

35 
95 

Items 
Weight 

10 15 20 25 2 9 4 



Statistics for of Central Tendency -Arithmetic Mean 
8.40 

Class X 
8.41 

MEBSUNES 

Find the weighted Mean if weights are 2, 1,2, 3, 4 respectively. 

Marks Weights Student A 
Solution: 

Student B Student C 
Weights

4 60 
Marks 

SjECY Subject 
57 62 

N 
WX 

MainematiCS 

3 62 
61 

67 
70 Business StUdies English 

140 
55 

53 60 
85 

EConomics 

Maths 
85 

67 
49 

Engl'sh 

late the weighted Arithmetic Mean to award the scholarship. 

Economics 90 
180 Business Studies 30 
240 Accounts 95 4 
380 

ZW 12 Solautton: 
EWX=1,025 Wèights Student A Student B Student C zWX1,025 85.42 (W) Marks WXA Marks WXg Marks WXc Subject W 12 

62 248 
201 

57 
61 

53 106 
77 77 
248 594 

60 240 228 Mathematics Ans. Weighted mean = 85.42 marks 

67 
60 

9 
238 618 

186 183 2 Business Studies 
120 

Example 42. Calculate the value of weighted mean from the given details of a college: 2 55 110 Economics 
49 English 67 57 

Course 
Students Appeared 

Students Passed 
10 244 603 

B.Com (H) 
200 

180 B.Com (P) 

Weighted ean 
400 

Simple Arithmetic Mean 320 

WXAD= 60.3 XWA ZW 

B.A. 

Student A 700 
490 

2 6 
M.Com 

10 
300 

150 Solution: 
Sudent B 

WXs 59.4 
62 10 

Course 
= 248 Students Appeared Students Passed WX 

N 4 Percentage Pass 
(X) 

(W) 

zWXc518-61.8 Xwc W 10 
Sudent C 

59.5 Fassed 
Appeared 

x 100 

cove calculations, C should get the scholarship as his weighted mean is the highest.

g to simple arithmeti 

Ans. From the abov 

B.Com (H) 
B.Com (P) 

200 
180 18,000 90 400 Note: According t 320 32,000 B.A. 80 

etic mean, B should get the scholarship. But all the subjects of examination 

700 
49,00 O of equal importance. Theretore, 

490 M.Com 
70 300 

ince. Therefore, weighted mean is to be considered for award of scholarship. 

16,000 
50 ZW 1,600 

EWX = 14,000 

What conditions, weighted mean 1s EWX 1,14,000 71.25% 
Equal to simple arithmetic areater than simple arithmetic mear 

ess than simple arithmetic ean. 

hted 
Or 

mean 
diet 
ls q to simple 

arithmetic 
mean 

when equal weights 
are used for all the items 

nean; 
W 1,600 

Ans. Weighted mean =71.25% 3. 

Example 43. An examination was held to decide the award of a scholarshup 
various subjects were different. The marks obtained by 3 candidates (out of 1 

e answer with the help of arn ample. Solution: 
he weights 

1.Welghte 
are given below: 

100 in each sube 

In the 
ulon. This will be clear from the tfollowing 

example: 



Statistics for Cle Central Tendency Arithmetic Mean 
*asataigneaaee* ***********ssranenoe 

8.42 Class X 
Me2ses of Cent 

8.43 
FORMULAE AT A GLANCE W WX Values (XL SIMPLE MEAN 

ndlvldualSerles 

X = Arithmetic Mean 2X= Summation of values of 
Varlable X 

N...=Number of.observatioos.

160- 
40 20- 
60- 

Drect Medhod 

50 
2d = A+ A Assumed Mean 

d Sum 
5 90- 

WX=400 deviations of 
variables from assumed 

N-200 W=10- N Short-cut Method 

Jmean.. 
Simple Arithmetic Mean ()= = 40 

2d= Sum of step deviations 
C Common Factor =A 

zWX400-40 
step Deviation Method 

Weighted Mean (Xw) = 
****-**--- 

W 10 
ZX = Sum of product of Variable 

CX) and frequencies () 

...= Total of freguencies. 
Zfd Sum of product of devia- 

tions (d) and respective 

Simple Arithmetic Mean = Weighted Mean = 40 Dlscrete Serles 

Diect Method 
2. Weighted mean is greater than simple arithmetie mean when larger weights are assigned to th 

larger items and smaller weights to the smaller items The follawing.example wilLprove this.point 
Values (0 W WX 2fd 

A Shot-cut Method 
80 400 Jreguencies.).... 

****** 

20 Zfd' Sum of product of step de- 

viations (d) and respective 
frequencies.0).. --------- --. 

20 

, 21a X = A+ xC 
2f 

90- Step Deviation Method 
50 

*** 
-----------*-**-********* 

180 m = Mid-Points 

Efm Sum of product of mid- 

points (m) and frequencies 

0.. 

4- 
Continuous Series 
Direct Method 

-200 W-15 WX=740 fm 

Simple Arithmetic Mean (X) = ---**** 

******** 
Zfd Sum of product of devia 

tions (d) from mid-points 
with the respective fre 

quencies (0.. 

--- 

Weighted Mean ) = 2W 740a 
EW 

Shot-cut Method -A 
15 -- 

Weighted mean (49.33) is greater than simple arithmetic mean (40). 
3. Welghted mean Is less than simple arithmetic mean when smaller weights are assi figures and larger weights to the smaller items 

2fd' Sum of product of step 
deviations (d') and fre 

quencies (0.... 
asslgned to large 

Slep Deviation Method 2fd" 
x C A* Values X) ****-- --. X,2 Combined Mean 

X = 
Arithmetic Mean of first 

distribution 

- 

WX 
80 

N,X+N2 
N+N2 

80 20- 
100- 30 Anithmetic Mean of second 

90- 25 2. Comblned Mean

N = 
Number of items of first 

distribution

distribution
45- 100- 

-200L 90 
Na = 

Number of items of second 

OStrduton. 

ZW 15- IWX=460 

Simple Arithmetic Mean (X) = 

40 -- --
- ** Xw = Weighted 

Mean 

ZWX= Sum of product of items 

and raspective weights 

Weighted Mean ()=WX 46 
EW 

Weighted mean (30.67) is less than simple arithmetic mean (40). 

4.Welghted Mean ZWX 
30.67 15 2W = Sumot the waghts_ 
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MEASURES OF CENTRAL TENDENCY- 
MEDIAN AND MODE 

LEARNING OBJECTIVES 

8.1 INTRODUCTION 

82 MEDIAN 

s.3
COMPUTATION OF MEDIAN 

$4 MEDIAN IN SPECIAL CASES 

s5 GRAPHIC LOCATION OF MEDIAN 

86PHOPERTIES OF MEDIAN 

97 MEAN vS MEDIANN 

MERITS AND DEMERITS OF MEDIAN 
99 APPLICATIONS OF MEDIAN 

10 UARTILES 
811 COMPUTATION OF QUARTILES 
12 MODE 
.13 CALCULATION OF MODE 
14 MODE IN SPECIAL CASES 8:15 MODE BY GRAPHICAL METHOD 
S.16 RELATIONSHIP 3ETWEENME MEDIAN AND MODE 
17 MERITSs AND DEMERITS OF MODE 

81g CALCULATION OF MEAN, MEDIAN AND MODE IN SPECIAL CASES 
PARISON BETWEEN MEAN, MEDIAN AND MODE 

NTRODUCTION 
Whichchapter, we discussed the concept of simple arithmetic mean and weighted Previous chapt 

Such rmatherm are mathematical in nature. 
ematical average averages deal with those characteristics of a data set which can be 

w 
tly measured quantitatively. However, at timer 

We need to measure qualitative characteristics ot a distribution. 

E Other measures of the central tendency are "Pusitional Averages" 
such 

cases, the ou 

9.1 



Statistics for Class X 
Central TendencyMedian and Made 

9.2 

Measures 

o 
Central 

Te 

9.3 Mean Vs Median 

Unlike arithmetic 

Meaning of Positional Average

itional averagesPositional average determines the position of variables in the series. The positional 

least affected have nothing to do with the sum of the values of the variable. As a result, they are leact 
average, median does not take into account the values of all tems in 

a series. 

of five students are 40, 42, 50, 55 and 60, the median value 
chart 

by the extreme items of the series. The various positional arerages are shown in the followine For example, if t 

WOuld still be 50, th 

reason, median is called a 'positional average'. 

would 
Foro 

be 50. If however the marks of these students were 38, 45, 50, 60 and 70, median 
POSITIONAL AVERAGE 

though the two series are diferent in their composition. Due to this 
. The value of median is the value of the middle item irrespective of all other values. On the other hand, in case of arithmetic average values, of alitems are taken into account and that is why, it is a 'mathematical average. 

Median Partition Values Mode 

Quartile Decile Percentile 

However, the present chapter focuses only on median and mode, in accordance with the CBSE syllabus. A brief reference of Quartiles is also given as its knowledge is important to understand the concepQuartle Deviation, discussed in the next chapter. 
93 COMPUTATION OF MEDIAN 

The median can be calculated in th following types of distributions: 

1. Individual Series A2 MEDIAN 

2. Discrete Series Median may be defined as the middle value in the data set when its elements are arranged in a sequential order, that is, in either ascending or descending order of magnitude. Its value is 
3. Continuous Series 

so located in a distribution that it divides it in half, with 50% items below it and 50% above it Individual Series It concentrates on the middle or centre of a distribution. 10 calculate median in an individual series, the following steps are needed: 
Median is that positional value of the variable which divides the distribution into two equal parts: ey 1. Arrange the data in ascending order or descending order 

2. Apply the following formula: Median (Me) = Size of One part comprises all values greater than or equal to the median value; and The other part comprises all values less than or equal to it. In the words of Yule and Kendall, The median may be defined as the middle most value of the van when items are arranged in order of magnitude or as the value such that greater and smauet occur with equal frequency 

{Where, N= Number of items} 

UNd and Even Number of Items ariable 

valves 

Use of odd number of items: Median = Middle item of distribution 

een number of items: Median = Average of two middle items. 

MEDIAN 

able will make the calculation of median more clear 

Even Number Serias 

Odd Number Series refers to a series when nun appens to be an odd number. pe needed to determine Media 

happens to be an even number. 

Steps needed to detemine Median (Me): 

1. Arrange data in ascending or descending order. 

2. Apply formula: 

wnen number of items (N) in a data t refers to a series when number of items (N) in a data 

ange data in ascending or descending order. 2. Apply formula: 
(Me): 

Income Example for Better Understanding: Suppose weight of 5 persons is 55, 62, 60, 59, ocanding 
calculate the value of median, the first step is to arrange the data in the ascending 
order. Arranging the weights in ascending order, we get:55, 59, 60, 62, 70. The median v 
as it occuples the middle position.

N1item. Me Size O2 

Now, median will be the average of the values of two 

items 

s 60 kg 



Statistics for Clas antral Tendency-Median and Mo 9.4 Measures of Central 

the following data of the weekly wages (in ) of 7 employees, compute the 

9.5 

Example: Marks of five students are 42, 40, 60, 55 Example: Marks of six students are 
and 50. Calculate Median. 

42, 40,60,55,50 and 65. Calculate Median. grample 
2. 

From 
the fol 

Step 1: Marks Arranged in Ascending Order Step 1: Maks Arranged in Ascending Order 

40 

median wagge. 

490 550 450 40 520 
500 400 

3/5 42 Calculatlon of Medlan 42 
50 50 

Salution: 

Serial No. 
55 Wages arranged in ascending order 55 
50 

375 
65 

400 
+1tn 

em 
N+1 th 

item 
450 Step 2. Me = Size of Step 2. Me = Size of 

490 

500 
Me Sizeeof Me Size of tem= Size of 3.5h item item Size of 3rd item 520 

550 
Median 50 To get median, sum of 3 item and 4th item is divided by 2. Also refer Examples 1 and 2. N 7 

50+ 55 
Median = 52.5 

2 
th item Size of+1 item = Size of 4th item 490 

Me = Size 
Also refer Examples 3 and 4. 

Ans. Median = { 490 

Example 1. Find out the median from the following data: 
Example 3. Given below is the age of some students. Find out the median of their age: 20, 16, 

19,14, 10, 22, 11,9 
120 200 170 800 620 350 375 640 750 

Solution: 
Solution: Calculation of Median 

Calculation of Median Age aranged in ascending order 

Serial No. 

Serial No. 
tems arranged in ascending order 

120 
3 170 

16 
200 

19 
350 

20 
375 

22 
620 

640 
N 8 

750 
9 

ne number of items is even, i.e. 8 N=9 800 

orN+1th 

0get medlan, the sum of 4th item and 5th item is divided by2 

item Size of 4.5th item 

item Size of 

Me Size item = Size of item= Size of 5th item = 375 

lan =ze of 4th tem+Size of 5th item 14+10 15 

Median 
Ans. Median = 15 years 

Ans. Median = 375. This means that 50% of the itens are less than or equal to 3/o a are more than or equal to 375. 
d 

50% of the 
llen 



9.6 al Tendency Median and Mode 

Statistic for Clasa X 
pgsUes 

O 

Cenral 
T 

9.7 
Example 4.Calculate median from the following data: 245, 230, 265, 236, 220, 250 

Solution: Size (X) Frequency0 
Cumulative frequencY 

Arranging these observations in ascending order of magnitude, we get: 220, 230, 236, 245 
The number of items is even, i.e. 6. 

3 

250,2 2 
2+1 3 

3+3 6 
6+7 13 (Median Group) 

13+4 = 17 

Me Size ot 1th 
item Size o 6+1 item = Size of 3.5th item 

To get median, the sum of 3d item and 4h item is divided by 2. 
N=2f=17 

MedianSize of 3 tem+Size of 4h item 236+245 
240.5 

2 
item Size of item Ans. Median = 240.5 2 

tem = Size of gh Mo=Size of*|", 

Discrete Series 
Since gh jitem falls in the cumulative frequency 13 and the size against this cumulative frequency is 6. 

Ina discrete series, the values of the variable are given along with their frequencies. 
Therefore, median is 6. 

Ans. Median =6 

Steps to Calculate Median 

Frample 6. Locate median of the following frequency distribution: 
The steps involved are: 

Step 1. Arange the frequency distribution either in ascending or descending order; Step 2. Denote variables (items) as X and frequency as f; 
Step 3. Calculate the cumulative frequencies (c.f.); 

15 20 25 30 35 

14 18 51 54 52 20 36 

Solution: 

Step 4. Find the Median item as: (Me) = Size of items 5 
21 

10 

Where Me = Median and N = Total of frequency 15 75 

Step 5. Find the Value of 20 126 items. It can be found by first locating the cumulative 51 25 180 (Median Group) 
54 30 232 

35 frequency which is equal to| or next higher to it and then determ 
252 

40 

the value corresponding to it. This will be the value of the median. 
N f= 252 

This can be made clear with the help of Examples 5, 6 and 7. 
Mg Size ofN+1 item= Size of item Size of 126.5h item 

Example 5.Calculate the median from the following data: 
oince 126.5th item falls in the cumuiau 
30. Therefore, median is 30 Ans. Median 30 

Size () 
Frequency () 

n als in the cumulative frequency of 180 and the size against this cumulative frequency 

ample 7.Calculate median from the following sere 
2 

0 12 
6 12 

14 2 
18 



Median and Mode 
9.8 Statistics for C 

f Central Tendency. 

Class x 

AASUes o Central 

9.9 Solution: ntive in Continuous Series 
We first arange the data in ascending order and in terms of cumulative frequency tia . Be 

Attentive 

in Conti 

utlon as under In 
ntinuous series, edian lies in a class-inte i.e. between lower and upper imt C.f. 

For 
lculating the exact 

orderly and evenly distribution of items within each class. class becomes Median class, then c.f. will be zero and other process for 

of a class-interval. 

10 value of median, it is assumed that the variable is continuous 11 12 
15 

12 18 33 (Medlan Gre When first 
calculation of median Will remain the same, 12 Group 13 45 

14 

computing the value of median, the middle item isitem and not item. 
8 

N Ef= 48 

2] L2 
Madian will have 50 percent or tne irequencies on one side and the other 50 per cent 

Me Size of item Size of 
th 

item Size of 24.5th item on the other side. 

Since 24.5h item falils in the cumulative frequency of 35 and the size against this cumulative frenus 12. Therefore, median is 12. frequency's Example 
8. ind the edian for the following data: 

Ans. Median = 12 0-10 10-20 20-30 30-40 40-50 
Continuous Series 2 7 

In case of continuous series, median cannot be located straight-forward. In this case, median lies in between lower and upper limit of a class irterval. To get the exact value of the median, e have to interpolate (estimate) median uwith thekelp of a formula. 

Solution: 

0-10 
Steps to Calculate Median 

10-20 
The steps involved are 

Step 1. Arrange the data in ascending or descending order. 
Step 2. Calculate the cumulative frequencies (c.f.). 

(c..) 
16 Medlan Class 

2 9 
20-30 

(G) 30-40 7 ( 
25 

40-5 9 

th 
item. 

Step 3. Find the Median iem as: (Me) = Size of N 2f= 25 

Median 12.5th item 
fWhere Me = Median and N= Total of frequenoy Step 4. By inspecting cumulative frequencies, find out c.f. which is either equal to orjust grea than this. 12.5th item lies in the group 30-40 

Step 5. Find the class corresponding to cumulative frequency equal toor just greate 
30, c.f.=9,f = 7,i = 10 than 

this. This class is called median class. By applying formula: 

N N 
- c.f. 

Step 6. Apply the following formula: Me= l + -x i xi = 30 + x 10 35 

7 Medlan l 12.5-S 

(Where, Me = Median; 1, = Lower limit of the medlan class; c.f. = Cumulative frequerneydlan da 
of the olasd Ans. Median = 35 

preceding the medlan class;f= Simple frequency 
of the medi4 

Class-Interval of the medlan group 
p or dhasoy Examy From the following figures, find out median: 

50-60 
60-70 70-80 80-90 

3 Like mean, In median also, we have to assume that value in each class ls unlformly diu 
Marks 40-50 

30-40 17 dh the 
20-30 49 

class-interval. No, of Students 10-20 52 

15 21 35 



9.10 

Statistics for Class x 
entral Tendency-Med and Mode ***** 

Solution: MGBSUres 
of 

Central 

Ten 

By applying formula: 

NG 
9.11 

Marks (X) Na of Students (0 
C.f. 

10-20 15 15 
20-30 2 21 

Median = I + 
f 
-x i = 20 +.5-10 x 10= 24.58 Marks 12 

36 
30-40 

G)40-50 
35 

71 (c.f.) 
52 () 123 Median Class Ans. Median = 24.58 marks 

50-60 49 
Calculate the value of median from the following frequency distribution. 

172 Example 1 

Marks( X 
No.of Students () 

60-70 17 
70-80 189 0-10 10-20 20-30 - 

192 30-40 40-50 80-90 3 30 40 
193 12 10 

N Ef= 193 Solution: 

Me 96.5 tem Marks (X) No. of Students (0 
0-10 8 

8 
96.5h item lies in the group 40-50 10-20 

(4) 20-30 
30 38 (c.1.) 

40, c.f =71, f=52, i=10 40 () 78 Median Class 

By applying formula: 30-40 2 90 
40-50 0 100 

N Ef= 100 
Mecian ,+2 96.5-71 -x i = 40+ x 10= 44.90 Me 100 = 50th item 

2 Ans. Median = 44.90 marks. This means that 50% of the students are getting less than or equal to 4.0 
marks and 50% of the students are getting more than or equal to this marks. 

50 item lies in the group 20-30 
4=20, c.f. = 38,f 40, i =10 
By applying formula: Example 10.Calculate the median of the following distribution which giv�s the marks obtaine by students in a certain examination. Marks 

40-50 Median , + x i = 20 *40 
50-38 10 23 No. of Students 30-40 20-30 2 10-20 0-10. 

7 f 
Solution: 12 1 Ans. Median 23 Marks 9 

After arranging the data in ascending order and calculating cumulative frequency, we get tne 
Marks () 4 MEDIAN IN SPECIAL CASES ing table 

these Spaa process of Median is different under some special circumstances. Let us discuss 

these special cases: 
No.of Students () 0-10 

C.f.
10-20 

(,) 20-30 
10 (c.f.) MEDIAN IN SPECIAL CASES 

30-40 12 () 22 Medlan Class 

Open-End 
Senes 

Unequal 
Class 40-50 Cumulative 

Frequency 
Dlstributlon 
(Less Than 

or More Than) 

Incluslve 

Class 
29 Mid-Values 

Intervals 
(Lower to 

class and 
are 

31 Intervals 
(Classes of Ype 

10-9, 20-29 are upper limit of lastintervas 
are not 

given 

N 2f 31 (When cass 
Given 

(Mid-point of 
Class-intervals 

are given) 
15.5h tem class not gven equay 

15.5h item lies in the group 20-30 
No need to make 

mlssing 
llmlts. 

class-intervals equal. 

usual manner 
Reler Example 18 

No need to find 

h20, c.f.=10,f = 12, i =10 
Convert It Into Convert 

Into 

Convert class 
Intervals into inple frequency mld-value8 

dlatrlbutlon Hefer Examples 
In usual manner 

class-Intervals 

Excluslve 
serles Calculate 

Medlan Calculate 
Median In 

Refer 
Reler 

Reler Example 17 

2, 13 and 14 
Example 16 

Example 
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