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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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f Central lendency-Arithmetic Mean 

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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8.15 
Measures 

of 
Cenral 

lendency 

8.14 

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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