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7. Statistics, population, descriptive statistics, diagrams, means 

We may know the whole population of data or just a sample given or collected by experiments or 
surveys. 

Descriptive statistics: The representation of the data may be tabular, numerical or graphical. 

As opposed to inferential statistics (“mathematical statistics”) which deals with conclusions drawn 
from statistics. 

Graphical representation (of frequency or relative frequency distributions) 

Line graph (frequency polygon) Bar chart Pie chart 

   

Numerical representation 
 Measures of location. 

 Measures of spread. 

Measures of location (measure of central tendency) 

Definition: Mode is the value with the largest frequency. 
Note: There may be more than one mode. 

Definition: Median is the middle value if the data are ranked in increasing (or decreasing) order. 
Note: If the number of data is even, then it is the arithmetic mean of the middle two. 

Definition: Mean is the arithmetic mean of the values. ̅
∑

∑
 where  is the value and  is 

the frequency of that value. 

Measures of spread/dispersion 

Definition: The range of a set of data is the difference between the highest and the lowest values. 

Definition: Percentile is the value below which a given percentage of the set of data fall. For 
example the 30  percentile is the value below which 30% of the set of data can be found. 

Definitions: The first quartile ( ) is the 25  percentile, the second quartile ( ) is the 50  
percentile and the third quartile ( ) is the 75  percentile. The interquartile range ( ) is 
the difference of the upper and lower quartiles of a set of data. 
Note: If extremities are to be disregarded, lower and upper quartiles may be ignored and the middle 
half is considered. 

Definition: The mean deviation from the mean of the values , , , …	, 	  is 
∑ | ̅|

. 

Note: Rarely used since it is hard to calculate with the absolute value. 
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Definition: The variance  is the mean of the squared deviations from the mean. The variance 

of a set of data , , , …	 , 	  is 
∑ 2

1 . 

Definition: The standard deviation ( ) is the square root of the variance. 
Note: In other words, it is the quadratic mean of the deviations from the mean. 

Theorem: The variance of the data , , , …	 , 	  where ∈  is ̅ . 

Proof: By definition 
∑ 2

1 . 

Simple equivalent transformations and rearrangements: 

1
2 ̅ ̅

1 1
2 ̅

1
̅  

1
2 ̅

1
̅ 2 ̅ ̅ ̅ ̅  

Means for , , , …	, 	 0 

Arithmetic mean 

⋯
 

Geometric mean 

∙ ∙ ∙ . . . .∙  

 

Harmonic mean 

⋯
 

Quadratic mean 

⋯
 

Theorem:  and equality holds if and only if all the numbers are equal. 

Theorem:  for two positive numbers. 

Proof: Square the inequality √ . 

 Both sides are positive so it is equivalent to . 

 Further equivalent transformations: 
4  
4 2  
0 2  
0  

 0  is true, so the statement is true. 
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Theorem:  for two positive numbers. 

Proof: Transform the inequality √ . 

 
√

 Both sides are positive so this is equivalent transformation. 

 
√

 

 ∙  

 This is true, since  for numbers  and . 

Theorem:  for two positive numbers. 

Proof: Square the inequality . 

 Both sides are positive so it is equivalent to . 

 Further equivalent transformations: 
2 2  

2 2 2  
0 2  
0  
0  is true, so the statement is true. 

Applications 

 Poll, survey 

 Elections 

 School: class average (of marks for example) 

 Arithmetic mean: Calculating average in statistics. 

 Geometric mean: average rate of growth, altitude theorem, leg theorem 

 Quadratic mean: Calculating the variance, rms (root-mean-square) speed of gas molecules. 

 Harmonic mean: A car travels a certain distance at a speed 40  then travels the same 

distance with speed 60 . The average speed of the car is the harmonic mean of he 

speeds: 48 . 
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