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Numerical Measurements 

Thirdly: Measures of Dispersion (variation): 

 Measures of variation give information on the spread or variability 

of the data values. 

 The dispersion of a distribution reveals how the observations are 

spread out or scattered on each side of the center.  

 To measure the dispersion, scatter, or variation of a distribution is 

as important as to locate the central tendency.  

 If the dispersion is small, it indicates high uniformity of the 

observations in the distribution. 

 Absence of dispersion in the data indicates perfect uniformity. This 

situation arises when all observations in the distribution are 

identical.  

 If this were the case, description of any single observation would 

suffice. 

 A measure of dispersion appears to serve two purposes.  

 First, it is one of the most important quantities used to 

characterize a frequency distribution.  
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 Second, it affords a basis of comparison between two or more 

frequency distributions.  

 The study of dispersion bears its importance from the fact that 

various distributions may have exactly the same averages, but 

substantial differences in their variability. 
 

 

 

Absolute Measures of Dispersion 

 

1. Range 
 

 Simplest measure of variation. 

 Difference between the largest and the smallest observations:     

Range = Xlargest –  Xsmallest  

 Ignores the way in which data are distributed. 

 Extremely sensitive to extreme values (outliers). 
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2. Inter-quartile Range 
 

 A measure similar to the special range (Q) is the inter-quartile 

range. 

 Eliminate some high- and low-valued observations and calculate 

the range from the remaining values. 

 Is not sensitive to extreme values (outliers). 

 Inter-quartile range = 3rd quartile – 1st quartile 

                 IQR = Q3 – Q1 

 
 

3. Quartile deviation (Semi-interquartile 

Range) 
 

 The inter-quartile range is frequently reduced to the measure of 

semi-interquartile range, known as the quartile deviation (QD), by 

dividing it by 2. 

 QD  = (Q3 – Q1) / 2 

 

4. Variance and standard deviation 
 

 The variance is the sum of the squared deviations from the mean 

divided by the number of cases. 

 Variance has properties making it useful for certain statistical 

analysis. 

 The standard deviation is the positive square root of the mean-

square deviations of the observations from their arithmetic mean. 

 Standard deviation is in same units as variable, more readily 

interpreted. 

 Standard deviation is measure of absolute deviation. 

 Standard deviation is very sensitive to extreme values (outliers). 



Ta.M.3ed                                   Statistics & Probabilities (Section (3))                                 Page 4 of 9 

 Why square differences between data values and mean? 

o Gives positive values. 

o Gives more weight to larger differences. 

o Has desirable statistical properties. 

 Why n - 1 for sample variance? 

o Dividing by n underestimates population variance. 

o Dividing by n-1 gives unbiased estimate of population 

variance. 

Ungrouped Data 

 For Population 

 Standard deviation         𝜎 =   
  𝑥𝑖−𝜇 2𝑁

𝑖=1

𝑁
 

 Variance                       𝜎2 =  
 (𝑥𝑖−𝜇)2𝑁

𝑖=1

𝑁
 

 For Sample 

 Standard deviation        𝑆 =   
  𝑥𝑖−𝑥  2𝑛

𝑖=1

𝑛−1
 

 Variance                      𝑆2 =  
  𝑥𝑖−𝑥  2𝑛

𝑖=1

𝑛−1
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5. Mean deviation 
 

 The mean deviation is an average of absolute deviations of 

individual observations from the central value of a series. 

 
Ungrouped Data 

𝑀𝐷 =  
  𝑥𝑖 −  𝜇 𝑁

𝑖=1

𝑁
 

 

Relative Measures of Dispersion 
 

 To compare the extent of variation of different distributions whether 

having differing or identical units of measurements, it is necessary 

to consider some other measures that reduce the absolute deviation 

in some relative form.  

 These measures are usually expressed in the form of coefficients 

and are pure numbers, independent of the unit of measurements.  

 

1. Coefficient of variation 
 

 A coefficient of variation is computed as a ratio of the standard 

deviation of the distribution to the mean of the same distribution.  

 

𝐶𝑉 =  
𝜎

𝜇
 × 100 

2. Coefficient of quartile deviation 
 

 The coefficient of quartile deviation is computed from the first and 

the third quartiles using the following formula: 
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Coefficient of quartile deviation =  
𝑄3 −𝑄1

𝑄3 + 𝑄1

 × 100 

 

Fourthly: Measures of Distribution: 

Skewness measures 
 

 The term skewness refers to the lack of symmetry. The lack of 

symmetry in a distribution is always determined with reference to a 

normal or Gaussian distribution. Note that a normal distribution is 

always symmetrical.  

 The skewness may be either positive or negative. When the 

skewness of a distribution is positive (negative), the distribution is 

called a positively (negatively) skewed distribution. Absence of 

skewness makes a distribution symmetrical. 

  It is important to emphasize that skewness of a distribution cannot 

be determined simply my inspection. 

 Skewness measures degree of symmetry of distribution. 

 Useful when comparing sample distributions with different shapes. 

 Useful in data analysis. 

 Many distributions are not symmetrical. 

 They may be tail off to right or to the left and as such said to be 

skewed.  

 The simplest measure of skewness is the Pearson’s coefficient of 

skewness: 

 

 

 

deviation Standard

Mode-Mean
skewness oft coefficien sPearson' 

 
deviation Standard

Median-Mean3
  skewness oft coefficien sPearson' 
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Note that: 

◦ If Mean > Mode, the skewness is positive. 

◦ If Mean < Mode, the skewness is negative. 

◦ If Mean = Mode, the skewness is zero. 
 

 

 

 

Interpretation of standard deviation (The Empirical Rule): 

 If distribution of data approximately bell shaped,  

Then 

◦ About 68% of the data fall within one standard deviation of the 

mean. 
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◦ About 95% of the data fall within two standard deviations of the 

mean. 

◦ About 99.7% of the data fall within three standard deviations of the 

mean. 
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Example (1) 

 Here are the EPA city gas mileage figures for two-seat-car models 

available in the United States in 1992: 

 

  10 17 13 32 22 15 8 16 28 17 18 15

 21 15 24 9 17 25 13 

 

 Find: 

1) Range? 

2) Inter-quartile Range? 

3) Quartile deviation (Semi-interquartile Range)? 

4) Variance?  

5) Standard deviation? 

6) Mean deviation? 

7) Coefficient of variation? 

8) Coefficient of quartile deviation? 

9) Skewness coefficient? 
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