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Syllabus

Computer Oriented Statistical Techniques

Sr. No. Modules/Units Lectures

Unit I

The Mean, Median, Mode and Other Measures of Central Tendency:
Index, or Subscript, Notation, Summation Notation, Averages, or Measures
of Central Tendency, The Arithmetic Mean, The Weighted Arithmetic
Mean, Properties of the Arithmetic Mean, The Arithmetic Mean Computed
from Grouped Data, The Median, The Mode, The Empirical Relation
between the Mean, Median, and Mode, The Geometric Mean G, The
Harmonic Mean H, The Relation between the Arithmetic, Geometric and
Harmonic Means, The Root Mean Square, Quartiles, Deciles, and
Percentiles, Software and Measures of Central Tendency.
The Standard Deviation and Other Measures of Dispersion: Dispersion
or Variation, The Range, The Mean Deviation, The Semi-Interquartile
Range, The 10-90 Percentile Range, The Standard Deviation, The
Variance, Short Methods for Computing the Standard Deviation, Properties
of the Standard Deviation, Charlie’s Check, Sheppard’s Correction for
Variance, Empirical Relations between Measures of Dispersion, Absolute
and Relative Dispersion; Coefficient of Variation, Standardized Variable;
Standard Scores, Software and Measures of Dispersion.
Introduction to R: Basic Syntax, Data Types, Variables, Operators,
Control Statements, R-functions, R-vectors, R-lists, R-arrays.

12

Unit II

Moments, Skewness and Kurtosis: Moments, Moments for Grouped
Data, Relations Between Moments, Computation of Moments for Grouped
Data, Charlie’s Check and Sheppard’s Corrections, Moments in
Dimensionless Form, Skewness, Kurtosis, Population Moments, Skewness,
and Kurtosis, Software Computation of Skewness and Kurtosis.
Elementary Probability Theory: Definitions of Probability, Conditional
Probability; Independent and Dependent Events, Mutually Exclusive
Events, Probability Distributions, Mathematical Expectation, Relation
between Population, Sample Mean, and Variance, Combinatorial Analysis,
Combinations, Stirling’s Approximation to n!, Relation of Probability to
Point Set Theory, Euler or Venn Diagrams and Probability.
Elementary Sampling Theory: Sampling Theory, Random Samples and
Random Numbers, Sampling With and Without Replacement, Sampling
Distributions, Sampling Distribution of Means, Sampling Distribution of
Proportions, Sampling Distributions of Differences and Sums, Standard
Errors, Software Demonstration of Elementary Sampling Theory.

12



Unit III

Statistical Estimation Theory: Estimation of Parameters, Unbiased
Estimates, Efficient Estimates, Point Estimates and Interval Estimates;
Their Reliability, Confidence-Interval Estimates of Population Parameters,
Probable Error.
Statistical Decision Theory: Statistical Decisions, Statistical Hypotheses,
Tests of Hypotheses and Significance, or Decision Rules, Type I and Type
II Errors, Level of Significance, Tests Involving Normal Distributions,
Two-tailed and One-tailed Tests, Special Tests, Operating-Characteristic
Curves; the Power of a Test, p-Values for Hypotheses Tests, Control
Charts, Tests Involving Sample Differences, Tests Involving Binomial
Distributions.
Statistics in R: Mean, Median, Mode, Normal Distribution, Binomial
Distribution, Frequency Distribution in R.

12

Unit IV

Small Sampling Theory: Small Samples, Student’s t Distribution,
Confidence Intervals, Tests of Hypotheses and Significance, The Chi-
Square Distribution, Confidence Intervals for Sigma, Degrees of Freedom,
The F Distribution.
The Chi-Square Test: Observed and Theoretical Frequencies, Definition
of Chi-Square, Significance Tests, The Chi-Square Test for Goodness of
Fit, Contingency Tables, Yates’ Correction for Continuity, Simple
Formulas for Computing Chi-Square, Coefficient of Contingency,
Correlation of Attributes, Additive Property of Chi-Square.

12

Unit V

Curve Fitting and the Method of Least Squares: Relationship between
Variables, Curve Fitting, Equations of Approximating Curves, Freehand
Method of Curve Fitting, The Straight Line, The Method of Least Squares,
The Least Squares Line, Non-linear Relationships, The Least Squares
Parabola, Regression, Applications to Time Series, Problems Involving
More than Two Variables.
Correlation Theory: Correlation and Regression, Linear Correlation,
Measures of Correlation, The Least Squares Regression Lines, Standard
Error of Estimate, Explained and Unexplained Variation, Coefficient of
Correlation, Remarks Concerning the Correlation Coefficient, Product
Moment Formula for the Linear Correlation Coefficient, Short
Computational Formulas, Regression Lines and the Linear Correlation
Coefficient, Correlation of Time Series, Correlation of Attributes,
Sampling Theory of Correlation, Sampling Theory of Regression.

12



List of Practicals

1. Using R, execute the basic commands, array, list and frames.

2. Create a matrix using R and perform the operations: addition, inverse, transpose and
multiplication operations.

3. Using R, execute the statistical functions: mean, median, mode, quartiles, range and inter-
quartile range histogram.

4. Using R, import the data from Excel / .CSV file and perform the above functions.

5. Using R, import the data from Excel / .CSV file and calculate the standard deviation,
variance and co-variance.

6. Using R, import the data from Excel / .CSV file and draw the skewness.

7. Import the data from Excel / .CSV and perform the hypothetical testing.

8. Import the data from Excel / .CSV and perform the Chi-Square Test.

9. Using R, perform the binomial and normal distribution on the data.

10. Perform the Linear Regression using R.

11. Compute the Least Squares means using R.

12. Compute the Linear Least Square Regression.
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1.1 INDEX OR SUBSCRIPT, NOTATION 
Let the symbol Xj (read ‘‘X sub j’’) denote any of the N values X1, X2, X3, ... , XN assumed by a 

variable X. The letter j in Xj, which can stand for any of the numbers 1, 2, 3, ... , N is called a subscript, 
or index. Clearly any letter other than j, such as i, k, p, q, or s, could have been used as well. 

CHAPTER 1 The Mean, Median, 
Mode and Other 

Measures of Central 
Tendency 

Unit I 
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Characteristics of a Good Average 

An average should be: 

 1. Rigorously defined, 

 2. Easy to compute, 

 3. Capable of simple interpretation, 

 4. Dependent on all the observed values, 

 5. Not unduly influenced by one or two extremely large or small values, 

 6. Should fluctuate relatively little from one random sample or small values, 

 7. Be capable of mathematical manipulation. 

1.4 THE ARITHMETIC MEAN 
An arithmetic mean is a measure of central tendency and is popularly known as mean. Arithmetic 

mean is obtained by dividing the sum of the values of all items of a series by the number of items of 
that series. Normally, arithmetic mean is denoted by  which is read as ‘X bar’. It can be computed for 
unclassified or ungrouped data or individual series as well as classified or grouped data or discrete or 
continuous series. 

Practical Steps Involved in the Computation of Arithmetic Mean for 
Unclassified Data  

Step 1  Treat the given values of variables as X. 

Step 2  Enter the given values in a column headed as X. 

Step 3  Add together all the values of variable X and obtain the total i.e., ∑X. 

Step 4  Apply the following formula:  = ∑
 

  where,  = Arithmetic Mean 

  ∑X = Sum of all values of variables X 

  N = Number of individual observation 

1.5 THE WEIGHTED ARITHMETIC MEAN 
While calculating arithmetic mean, as discussed earlier, equal importance (or weight) is given to 

each observation in the data set. However, there are situations in which values of individual 
observations in the data set are not of equal importance. If such values occur with different 
frequencies, then computing A.M. of values (as opposed to the A.M. of observations) may not be true 
representative of the data set characteristic and thus may be misleading. Under these circumstances, 
we may attach to each observation value a ‘weight’ w1, w2… wn as an indicator of their importance 
within the data set and compute a weighed mean or average denoted by w as follows: 

w = 
∑∑  
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 Note:  The weighted arithmetic mean should be used 

 1. when the importance of all the numerical values in the given data set is not equal; 
 2. when the frequencies of various classes are widely varying; 
 3. where there is a change either in the proportion of numerical values or in the proportion of their 

frequencies; 
 4. when ratios, percentages orates are being averaged. 

1.6 PROPERTIES OF THE ARITHMETIC MEAN 
 1. The algebraic sum of the deviations of a set of numbers from their arithmetic mean is zero. 

 2. The sum of squares of deviations of observations is minimum when taken from their 
arithmetic mean. 

 3. Arithmetic mean is capable of treated algebraically. 

 4. If   and N1 are the mean and number of observations of a series and   and N2 are the 
corresponding magnitudes of another series, then the mean  of the combined series of N1 + 
N2 observations is given by  =  ++   

 5. If a constant B is added (subtracted) from every observation, the mean of these observations 
also gets added (subtracted) by it. 

 6. If every observation is multiplied (divided) by a constant b, the mean of these observations 
also gets multiplied (divided) by it. 

 7. If some observations of a series are replaced by some other observations, then the mean of 
original observations will change by the average change in magnitude of the changed 
observations. 

1.7 THE ARITHMETIC MEAN COMPUTED FROM GROUPED DATA 

Practical Steps Involved in the Computation of Arithmetic Mean for Discrete 
Series 

Step 1  Treat the given values of variables as X and frequencies as f. 

Step 2  Enter the given values of variable X in a column headed as X. 

Step 3  Enter the given frequencies f in a column headed as f and obtain the sum of these frequencies  
i.e. N of ∑f. 

Step 4  Multiply the variable of each row with the respective frequency and denote these products by 
fX and enter the same in a column headed as fX. 

Step 5  Obtain the sum of these products i.e. ∑fX. 

Step 6  Apply the following formula:  = ∑
 

  where,  = Arithmetic Mean 
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   ∑  = Sum of products of frequency and value of variables X 

   N = ∑f =Sum of frequencies 

Practical Steps Involved in the Computation of Arithmetic Mean for 
Continuous Series 

Step 1 Enter the class intervals in the first column. 

Step 2 Calculate the mid-point of each class, denote these mid-points as m and enter the  
same in a column headed as m. 

Note:Mid-point (m) = 
  

 

Step 3 Enter the given frequencies f in a column headed as f and obtain the sum of these  
frequencies i.e. N of ∑f. 

Step 4 Multiply the mid-point of each row with the respective frequency and denote these  
products by fm and enter the same in a column headed as fm. 

Step 5 Obtain the sum of these products i.e. ∑fm. 

Step 6 Apply the following formula: = ∑
 

  Where,   = Arithmetic Mean 

   ∑  = Sum of products of mid-points and frequency 

   N = ∑f = Sum of frequencies 

1.8 THE MEDIAN 
Median is the central value of the variable that divide the series into two equal parts in such a way 

that half of the items lie above this value and the remaining half lie below this value. Median is called a 
positional average because it is based on the position of a given observation in a series arranged in an 
ascending or descending order and the position of the median is such that an equal number of items lie 
on either side of it. Median is usually denoted by ‘Med’ or ‘Md’. Median can be computed for both 
ungrouped data (and individual series) and grouped data (or Discrete/Continuous Series). 

Computation of Median for Individual Series 

Step 1 Arrange the size of observation in ascending or descending order. 

Step 2 Ascertain 
 
 th observation. 

Step 3 Calculate Median as follows: 

 (a) In case 
 
th observation works out to be a whole number. 

  Median = size or value of 
 
th observation in the data array 

 (b) In case 
 
th observation works out to be in fractions, 

  Median = size or value of full item + 50% of the difference between size of immediate 
next item and size of full item. 
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Computation of Median for Discrete Series 

Step 1  Arrange the size of observation in ascending or descending order. 

Step 2  Calculate Cumulative Frequencies (c.f.) 

Step 3  Ascertain 
 
th observation. 

Step 4  Ascertain the Cumulative Frequency which includes 
 
th observation  

Step 5  Calculate Median as follows: 

  Median = size or value of the observation corresponding to the cumulative frequency which 

includes 
 
th observation  

Computation of Median for Grouped Data or Continuous Series  

Step 1  Calculate Cumulative Frequencies (c.f.) 

Step 3  Ascertain 
 
th observation. 

Step 4  Ascertain the Cumulative Frequency which includes 
 
th observation, the corresponding 

class frequency (f) and lower limit (L) of that class, the interval between the upper and lower 
limit of class and cumulative frequency of the preceding class (c.f.). 

Step 3  Calculate Median as follows: 

  Median = +   . . ×  

  Where, L = Lower limit of the class 

   c.f. = Cumulative frequency of the preceding class 

   f = Frequency of the class 

   i = Interval between upper and lower limit of class 

 Note: To find median value by using interpolation, it is assumed that the numerical values of observations are 

evenly spaced over the entire class interval. 

Merits of Median 

 1. The median is useful in case of frequency distribution with open-end classes. 

 2. The median is recommended if distribution has unequal classes. 

 3. Extreme values do not affect the median as strongly as they affect the mean. 

 4. It is the most appropriate average in dealing with qualitative data. 

 5. The value of median can be determined graphically where as the value of mean cannot be 
determined graphically. 

 6. It is easy to calculate and understand. 
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Computation of Mode for Grouped Data or Continuous Series 

Step 1  Ensure that given series is a continuous exclusive series having equal class-intervals. If the 
given series is not a continuous exclusive series, follow the procedure suggested below: 

Given Series Procedure to be followed 

Less than series Convert into continuous exclusive series 

More than series Convert into continuous exclusive series 

Inclusive series Convert into continuous exclusive series 

Having unequal class 
intervals 

Make the class intervals equal and adjust the frequencies assuming that 
they are equally distributed throughout the class. 

Step 2  Ascertain the modal class as follows: 

 (a) By preparing the Grouping Table and Analysis in case there is a small difference between 
the maximum frequency and the frequency preceding it or succeeding it. 

 (b) By inspection in other cases. In his case the class with maximum frequency is the Modal 
Class. 

Step 3  Calculate the Mode as follows: 

 1.  By inspection formula in case of Unimodal distribution (i.e. where there is single mode) 

 (a) Where the modal class is one having the maximum frequency 

  Mode =  =  + │ ││  – │  ×   

 Where, L = Lower limit of the Modal Class 
 f1  = Frequency of the Modal Class 
 f0  = Frequency of the pre-modal class i.e. preceding the modal class 
 f2  = Frequency of the post-modal class i.e. succeeding the modal class 
 I  = Class interval of Modal Class 

  Notes:  

 1.  If Modal Class id the first class, f0 is taken as zero. 
 2.  If Modal Class id the last class, f2 is taken as zero. 
 3. Where the Modal Class is other than the one having the maximum frequency 

 2.  By Empirical relationship formula in case of bimodal or multimodal distribution (i.e. 
where there are two or more values having the same maximum frequency) 

  Mode = 3 Median – 2 Mean 

Merits of Mode 
 1. It is easy to calculate and simple to understand. 

 2. It is not affected by the extreme values. 

 3. The value of mode can be determined graphically. 

 4. Its value can be determined in case of open-end class interval. 

 5. The mode is the most representative of the distribution. 



The Me

Deme
 1

 2

 3

 4

 5

1.10
If

set is 
numer

If
said to
sugges

M

O

If
figure 
are co
represe
and m
measu

M

B
are con
mean m

M

ean, Median, M

erits of Mod
1. It is not su

2. The value

3. The value

4. The mode

5. It is diffic
is zero. 

0 THE EMP

f values of m
symmetrical 

rical values in

f most of the 
o be skewed. 
sted by Karl P

Mean – Mode 

OR Mode = 

f most of the 
(b), then it is

oncentrated m
enting highes

mean more to t
ures will be 

Mean > Media

But if the dist
ncentrated m
move to the l

Mean < Media

Median = Me

(a) Symm

Mode and Oth

de 
uitable for fu

e of mode can

e of mode is n

e is strictly de

cult to calcula

IRICAL RELA

mean, median 
as shown in

n the data set 

values fall e
In such case

Pearson is as 

= 3 (Mean –

3 (Median – 

values of obs
s said to be sk
more to the r
st frequency)
the right (valu

an > Mode 

tribution is sk
more to the lef

left of mode. 

an < Mode 

an = Mode 

etrical 

her Measures o

urther mathem

nnot always b

not based on 

efined. 

ate when one

ATION BETW

and mode ar
n the figure (a

is not symme

either to the r
es, a relations
follows: 

– Median) 

2 Mean) 

servations in 
kewed to the r
right of the 
) but the med
ue that is affe

kewed to the 
ft of the mode
The order of 

M

of Central Ten

matical treatm

be determined

each and eve

e of the observ

WEEN THE M
re equal, then
a). But, if th
etrical as show

right or to the
ship between

a distribution
right or posit
mode). In th
dian (value t
ected by extr

left or negat
e), then mode

f magnitude o

Mode    Median 

(b) Skewed to t

ndency

ments. 

d. 

ery item of the

vations is zer

EAN, MEDIA

n distribution
hese values ar
wn in figure 

e left of the m
n these three 

n fall to the r
tively skewed
his case, mod
that depends 
eme values). 

ively skewed
e is again und
f these measu

   Mean 

the Right 

e series. 

ro or the sum

AN AND MO

n of numerica
re not equal 
(b) and figure

mode, then su
measures of 

ight of the m
d (i.e. values o
de remains u
on the numb
The order of

d (i.e. values 
der the peak w
ures will be  

Mean  

(c) Sk

m of the obser

ODE 
al values in th
then distribu
e (c). 

uch a distribu
central tende

mode as shown
of higher mag
under the pea
ber of observ
f magnitude o

of lower mag
whereas medi

  Median    Mod

kewed to the Lig

9 

rvations 

he data 
ution of 

 

ution is 
ency as 

n in the 
gnitude 
ak (i.e. 

vations) 
of these 

gnitude 
ian and 

de 

ght 
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In both the cases, the difference between mean and mode is three times the difference between 
mean and median. 

In general, for a single mode skewed distribution (non-symmetrical), the median is preferred to 
the mean for measuring location because it is neither influenced by the frequency of occurrence of a 
single observation value as mode nor it is affected by extreme values. 

1.11 THE GEOMETRIC MEAN (G.M.) 
In many business and economics problems, such as calculation of compound interest and 

inflation, quantities (variables) change over a period of time. In such cases, a decision maker may like 
to know an average percentage change rather than simple average value to represent the average 
growth or declining rate in the variable value over a period of time. Thus, another measure of central 
tendency called geometric mean (G.M.) is calculated. 

For example, consider the annual growth rate of output of accompany in the last five years. 

Year Growth Rate (Percent) Output at the end of the Year 

2006 5.0 105.00 

2007 7.5 112.87 

2008 2.5 115.69 

2009 5.0 121.47 

2010 10.0 133.61 

The simple arithmetic mean of the growth rate is  

  =  (5 + 7.5 + 2.5 + 5 + 10) = 6  

This value of mean implies that if 65 percent is the growth rate, then output at the end of year 
2012 should be 133.81, which is slightly more than the actual value, 133.61. Thus the correct growth 
rate should be less than 6. 

To find the correct growth rate, we apply the formula of geometric mean: 

G.M. = √Product of all the n values 

 = √ 1 ∙ 2 ∙ … .  = (X1·X2·X3…..Xn)
1/n 

In other words, G.M. of a set of n observations is the nth root of their product. 

Substituting the values of growth rate in the given formula, we have 

G.M. = √5 × 7.35 × 2.5 × 5 × 10 = √4687.5 = 5.9 percent average growth. 

Computation of Geometric Mean for Individual Series 

If the number of observations are more than three, then G.M. can be calculated by taking 
logarithm on both the sides of the equation. The formula for G.M. for un-grouped data can be 
expressed in terms of logarithms as shown below: 

Log (G.M.) =  log (X1·X2·…Xn) 

  =  (logX1 + logX2 +…. + logXn) =   ∑ i 
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and therefore G.M. = Antilog { ∑ i }  

or  G.M. = Antilog [
∑

] where, N = Total no. of items 

Computation of Geometric Mean for Discrete Series 

If the observations X1, X2,…, Xn occur with frequencies f1, f2,…, fn, respectively, and the total 
frequencies are, n = ∑ i  then the G.M. foe such data is given by  

log (G.M.)  =  {f1 logX1 + f2 logX2 + …+ fn logXn} 

                    =  ∑ ( ) 

 G.M.  = Antilog {  ∑fi logXi}  

OR  G.M. = Antilog [
∑

] where, N=Total no. of items 

Computation of Geometric Mean for Grouped Data or Continuous Series 

Step 1  Calculate the mid-points of each class and enter these mid-points in the column headed as 
‘m’ 

Step 2  Take the logarithms of each mid-point and enter in the column headed as log m. 

Step 3  Multiply these logarithms (log m) with the respective frequencies and enter these products  
(f log m) in the column headed as f log m and then obtain their total i.e. ∑f log m. 

Step 4 Calculate Geometric Mean as follows: 

  G.M. = Antilog [ 
∑

 ] 

Weighted Geometric Mean 

Like the weighted Arithmetic Mean, Weighted Geometric Mean may be calculated. 
Symbolically,  

G.M.W =  ×    …  

Computation of Weighted Geometric Mean  

Step 1 Take the logarithms of each item of variable X and enter in the column headed as log X. 

Step 2 Multiply these logarithms (log X) with the respective weights (W) and enter these products 
(W log X) in the column headed as W log X and then obtain their total i.e. ∑W log X. 

Step 3 Calculate Geometric Mean as follows: 

  G.M. = Antilog [ 
∑ ∑  ] 

Uses of Geometric Mean 

 (i) Geometric Mean is used to find the average percentage in sales, production etc. 

 (ii) Geometric Mean is used to find the index numbers since it shows the relative change. 
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 (iii) When large weights are given to small items and small weights are given to large items, the 
best measure of central tendency is Geometric Mean. That is, when there are extreme values, 
the best measure of central tendency to be used is Geometric Mean. 

Merits of Geometric Mean 

 (i) Geometric Mean is calculated based on all observations in the series. 

 (ii) Geometric Mean is clearly defined. 

 (iii) Geometric Mean is not affected by extreme values in the series. 

 (iv) Geometric Mean is amenable to further algebraic treatment. 

 (v) Geometric Mean is useful in averaging ratios and percentages. 

Demerits of Geometric Mean 

 (i) Geometric Mean is difficult to understand. 

 (ii) We cannot compute geometric mean if there are both positive and negative values occur in 
the series. 

 (iii) We cannot compute geometric mean if one or more of the values in the series is zero. 

1.12 THE HARMONIC MEAN (H.M.) 
The harmonic mean (H.M) is defined as the reciprocal of the arithmetic mean of the reciprocal of 

the individual observations. 

H.M. = (    …  )  
Where, X1, X2… Xn refer to the value of various items of the series 

N = Total number of items of the series 

Computation of Harmonic Mean for Individual Series 

Step 1  Calculate the reciprocals of each item of variable X and enter in the column headed as  and 

obtain their total i.e. ∑  

Step 2  Calculate H.M. as follows: H.M. = ∑( ) 
Computation of Harmonic Mean for Discrete Series 

Step 1  Calculate the reciprocals of each item of variable X and enter in the column headed as   

Step 2  Multiply these reciprocals ( ) with the respective frequencies and enter these products ( ) 

in the column headed as   and then obtain their total i.e. ∑( )  

Step 3 Calculate Harmonic Mean as follows: H.M. = ∑( ) 
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Computation of Harmonic Mean for Grouped Data or Continuous Series 

Step 1 Calculate the mid-point of each item of variable X and enter these mid-points in  
column headed as m. 

Step 2 Calculate the reciprocals of the mid-points and in the column headed as  . 

Step 2 Multiply these reciprocals ( ) with the respective frequencies and enter these products ( ) 

in the column headed as   and then obtain their total i.e. ∑( )  

Step 3 Calculate Harmonic Mean as follows: H.M. = ∑( ) 
Weighted Harmonic Mean 

Like the weighted Arithmetic Mean, Weighted Harmonic Mean may be calculated. Symbolically,  

G.M. = 
∑∑( ) 

Uses of harmonic Mean 

 (i) The H.M is used for computing the average rate of increase in profits of a concern. 

 (ii) The H.M is used to calculate the average speed at which a journey has been performed. 

Merits of Harmonic Mean 

 (i) Its value is based on all the observations of the data. 

 (ii) It is less affected by the extreme values. 

 (iii) It is suitable for further mathematical treatment. 

 (iv) It is strictly defined. 

Demerits of Harmonic Mean 

 (i) It is not simple to calculate and easy to understand. 

 (ii) It cannot be calculated if one of the observations is zero. 

 (iii) The H.M is always less than A.M and G.M. 

1.13 THE RELATION BETWEEN ARITHMETIC, GEOMETRIC AND HARMONIC MEANS 
 (a) For any finite number of positive values of a variable, A.M. ≥ G.M. ≥ H.M. 

 Proof: We shall prove it in case of two positive numbers. Let x1 and x2 be the two positive numbers. 

  Now, A.M. of x1 and x2 =  
 

 , their G.M. = √ ×   and their H.M. =     
   (√ −  √ )  ≥ 0  (Since square of a real number is non-negative) ≫ ( ) + ( ) −  2   ≥ 0 ≫  +   ≥ 2    
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  ≫ A. M. ≥ G. M.  … (I) 

  Again, √ −  √ ≥ 0 

   ≫  +  −  √   ≥ 0   ≫   ≥ 2 +   

   ≫ G. M. ≥ H. M …(II) 

  From Eq. (1) and (2), we get 

  A.M. ≥ G.M. ≥ H.M. 

 (b) For any two positive numbers, A.M. × H.M. = (G.M.)2.  

 Proof: Let, a and b be the two positive numbers, we have A. M. =  a + b2 , G. M. =  √ab H. M. =  2+  ( ) =  2aba + b 

( . . ) × ( . . ) =  +    ×  + = =  ( . . )  

1.14 THE ROOT MEAN SQUARE 
The root mean square (RMS), or quadratic mean, of a set of numbers X1, X2, ... , XN is sometimes 

denoted by   and is defined by 

RMS = =  ∑ =  ∑
 

This type of average is frequently used in physical applications. 

Example: The RMS of the set 1, 3, 4, 5, and 7 is 
    =  √20 = 4.47 

1.15 QUARTILES, DECILES AND PERCENTILES 
If a set of data is arranged in order of magnitude, the middle value (or arithmetic mean of the two 

middle values) that divides the set into two equal parts is the median. By extending this idea, we can 
think of those values which divide the set into four equal parts. These values denoted by Q1, Q2, and 
Q3, are called the first, second, and third quartiles, respectively, the value Q2 being equal to the 
median. Similarly, the values that divide the data into 10 equal parts are called deciles and are denoted 
by D1, D2,..., D9, while the values dividing the data into 100 equal parts are called percentiles and are 
denoted by P1, P2,... , P99. The fifth decile and the 50th percentile correspond to the median. The 25th 
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and 75th percentiles correspond to the first and third quartiles, respectively. Collectively, quartiles, 
deciles, percentiles, and other values obtained by equal subdivisions of the data are called quantiles. 

1.16 SOFTWARE AND MEASURES OF CENTRAL TENDENCY 
The output for all five packages is given for the test scores: 

Test Scores 

25 28 28 28 29 30 32 33 33 33 34 34 35 36 37 

38 41 42 42 45 46 47 51 51 53 53 53 55 56 57 

57 60 61 62 62 62 67 68 69 71 72 73 73 75 75 

79 82 85 86 86 86 88 88 89 91 93 94 96 96 99 

EXCEL 

If the pull-down ‘‘Tools => Data Analysis => Descriptive Statistics’’ is given, the measures of 
central tendency median, mean, and mode as well as several measures of dispersion are obtained: 

Mean 59.16667  

Standard Error 2.867425  

Median 57  

Mode 28  

Standard Deviation 22.21098  

Sample Variance 493.3277  

 Kurtosis 1.24413  

Skewness 0.167175 

 Range 74  

Minimum 25  

Maximum 99  

Sum 3550  

Count 60 

MINITAB  

If the pull-down ‘‘Stat=> Basic Statistics => Display Descriptive Statistics’’ is given, the 
following output is obtained: 

Descriptive Statistics: testscore  

Variable N N* Mean SE Mean St Dev Minimum Q1 Median  Q3 

Testscore 60 0 59.17 2.87 22.21 25.00 37.25 57.00 78.00 

Variable Maximum         

testscore 99.00         
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SPSS  

If the pull-down ‘‘Analyze => Descriptive Statistics => Descriptives’’ is given, the following 
output is obtained: 

Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

Testscore valid 
N (listwise) 

60 
60 

25.00 99.00 59.1667 22.21098 

SAS  

If the pull-down ‘‘Solutions =>Analysis => Analyst’’ is given and the data are read in as a file, 
the pull-down ‘‘Statistics => Descriptive => Summary Statistics’’ gives the following output: 

STATISTIX 

If the pull-down ‘‘Statistics =>Summary Statistics => Descriptive Statistics’’ is given in the 
software package STATISTIX, the following output is obtained: 

 SOLVED EXAMPLES 
Example 1: Write out the terms in each of the following indicated sums:  

(a) ∑  (b) ∑ − 3   (c) ∑   (d) ∑  (e) ∑ −  

Solution: (a) + + + + +  

  (b) ( − 3) +  ( − 3) + ( − 3) + ( − 3)  

  (c) + + + ⋯ + =  

  (d) + + + +  

  (e) ( − )+) ( − )+) ( − ) = + + − 3a  
Example 2: Express each of the following by using the summation notation: 

  (a) X + X + X + ⋯ + X  

  (b) (X + Y ) + (X + Y ) + ⋯ + (X + Y ) 

  (c) f X + f X + ⋯ + f X  

  (d) a b + a b + a b + ⋯ + aNbN 

  (e) f X Y +  f X Y +  f X Y +  f X Y  

Solution: (a) ∑ X     

  (b) ∑ X + Y  

  (c) ∑ f X  
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  (d) ∑ a bN  

  (e) ∑ f X Y  

Example 3: Calculate the arithmetic mean of the following observations. 

  32, 35, 36, 37, 39, 41, 43, 47, 48 

Solution:  A.M. =  =  = 39.77 

Example 4: In a survey of 5 cement companies, the profit (in ` crore) earned during a year was 
15, 20, 10, 35 and 32. Find the arithmetic mean of the profit earned. 

Solution: A.M. =   = 22.4 

Thus, the arithmetic of the profit earned by these companies during a year was ` 22.4 crore. 

Example 5: An examination was held to decide for awarding of a scholarship. The weights of 
various subjects were different. The marks obtained by 3 candidates (out of 10 in each subject) are 
given below: 

Subject Weight 
Students 

A B C 

Mathematics 4 60 57 62 

Physics 3 62 61 67 

Chemistry 2 55 53 60 

English 1 67 77 49 

Calculate the weighted A.M. to award the scholarship. 

Solution: The calculation of the weighted arithmetic mean is shown below: 

Subject Weight (wi) 

Students 

Student A Student B Student C 

Marks (Xi) Xiwi Marks (Xi) Xiwi Marks (Xi) Xiwi 

Mathematics 4 60 240 57 228 62 248 

Physics 3 62 186 61 183 67 201 

Chemistry 2 55 110 53 106 60 120 

English 1 67 67 77 77 49 49 

 10 244 603 248 594 238 618 

Applying the formula for weighted mean, we get: 

wA =  = 60.3; A =  = 61 

wB =   = 59.4; B =  = 62 

wC =  = 61.8; C =  = 59.3 
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From above calculations, it may be noted that student B should get the scholarship as per simple 
A.M. values, but according to weighted A.M., student C should get the scholarship because all the 
subjects of examination are not of equal importance. 

Example 6: The owner of a general store was interested in knowing the mean contribution (sales 
price minus variable cost) of his stock of 5 items. The data is given below: 

Product Contribution per Unit Quantity Sold 

1 6 160 

2 11 60 

3 8 260 

4 4 460 

5 14 110 

Solution: If the owner ignores the values of the individual products and gives equal importance 
to each product, then the mean contribution per unit sold will be 

 = (1/5) 6 + 11 + 8 + 4 + 14  = ` 8.6 

However, ` 8.60 may not necessarily be the mean contribution per unit of different quantities of 
the products sold. In this case, the owner has to take into consideration the number of units of each 
product sold as different weights. Computing weighted A.M. by multiplying units sold (w) of a 
product by its contribution (X). That is, 

  = 
( )  ( )  ( )  ( )   ( )

 = 
,,  = ` 6.74 

This value, ` 6.74, is different from the earlier value, ` 8.60. The owner must use the value  
` 6.74 for decision making purpose. 

Example 7: Find the mean from the following data: 

X 5 10 15 20 25 30 35 40 

f 5 9 13 21 2 15 8 3 

Solution: Total Frequency = ∑f = 5+9+13+21+2+15+8+3 

  = 76 = Number of values 

X f fX 

5 5 25 

10 9 90 

15 13 195 

20 21 420 

25 2 50 

30 15 450 

35 8 280 

40 3 120 

 ∑f = 76 ∑fX = 1630 
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∑fX = Sum of the products of X values with their respective frequencies. 

 = Sum of the values = 1630 

Arithmetic Mean = 
∑∑  =  = 21.44 

Example 8: If A, B, C and D are four chemicals costing ` 15, ` 12, ` 8 and ` 5 per 100g, 
respectively, and are contained in a given compound in the ratio of 1, 2, 3 and 4 parts, respectively, 
then what should be the price of the resultant compound. 

Solution: A.M. =  
∑∑  = 

 ×  ×  ×  ×
 = ` 8.30 

Example 9: The daily earning (in rupees) of 175 employees working on a daily basis in a firm 
are: 

Daily Earnings (`) 100 120 140 160 180 200 220 

Number of Employees 3 6 10 15 24 42 75 

Calculate the average daily earning for all employees by assumed mean method. 

Solution: Let us take assumed mean, A = 160. 

The calculation of average daily earning for employees is shown below: 

Daily Earnings (in `) 
(Xi) 

Number of Employees 
(fi) 

di = Xi – A 
= Xi  - 160 

fi di 

100 3 -60 -180 

120 6 -40 -240 

140 10 -20 -200 

160 15 0 0 

180 24 20 480 

200 42 40 1680 

220 75 60 4500 

 ∑f = 175  ∑fd = 6040 

The required A.M. ( ) using the formula is given by: = A + ∑
 = 160 + 6040/175 = ` 194.51 

Thus, the average daily earning for all employees is ` 194.51 

Example 10: A company is planning to improve plant safety. For this, accident data for the last 
50 weeks was complied. These data are grouped into the frequency distribution as shown below. 
Calculate the A.M. of the number of accidents per week. 

Number of accidents 0-10 10-20 20-30 30-40 40-50 

Number of weeks 6 20 10 8 2 

Solution: The calculation of Arithmetic Mean is shown below: 


