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       Measures of Dispersion

Introduction  

1.  Measures of central tendency are incomplete, and need to be paired with measures of dispersion.  Measures of dispersion provide an indication of the amount of heterogeneity or variety within a distribution of scores.  The measures of central tendency show more or less typical scores, while measures of dispersion show how spread out the data are from the center.

The Range (R) 

1.  The range is the distance between the highest and lowest scores in a distribution.  To compute the range, we subtract the lowest score from the highest score.  Example:  If a distribution has a mean of 12 and a range of 0, all of the scores are 12 in the distribution.  The limitation of the range is that it is often deceptive as a measure of dispersion, since it is based on only two scores (the highest and lowest), and tells you nothing about the scores in between.  

Interquartile Range (Q)

1.  It considers only the middle 50% of the cases in a distribution.  The second quartile divides the distribution into halves, and is the same as the median.  The interquartile range is the third quartile minus the first quartile, which gives you the scores between which the middle 50% of the people fall.  The limitation of the interquartile range is that it is still based on only two scores.

The Standard Deviation

1.  The four characteristics of a good measure of dispersion are 1) it should use all the scores in the distribution, 2) it should describe the average or typical deviation of the scores, 3) it should increase in value as the distribution of scores becomes more heterogeneous (more varied), and 4) it should be easy to calculate and interpret.

2.  One way to do that would be to find the distances between each score and a central point, like the mean  This distance would be called deviations from the mean, and the formula for that would be SYMBOL 83 \f "Symbol"(Xi - 
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).  This number would increase in value as the distribution of scores became more heterogeneous.  The greater the distance, the larger this number would be.  One disadvantage to doing it this way:  this measure would increase with sample size.  This problem can be solved by dividing this number by N (sample size) to standardize for samples of different sizes.  The second problem is the sum of these numbers always totals to zero.  The negative signs have to be eliminated, and we can do this in two ways.  One way is to ignore the negative signs:

Formula for the average deviation (AD)
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This is known as the mean absolute deviation in other books (see example of AD at bottom of table below).  However, algebraically, there is a better way to eliminate the negative signs.  

Variance and Standard Deviation

1.  We can square all the deviations, sum them, and divide by N, which gives the variance.  The symbol for the variance is s2 when referring to a sample and SYMBOL 115 \f "Symbol"2 (lowercase Greek letter sigma squared) when referring to a population.  The variance is used mostly for inferential statistics, but you get the variance first to find the standard deviation.  

2.  Standard Deviation.  The symbol for this is "s" for samples, and ( for populations.  The standard deviation is the square root of the variance.

Computing the Standard Deviation:

Formula 4.3 for variance
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3.  For the sample, dividing by N-1 will increase the standard deviation, since the sample does not have the same diversity as the population (will be dividing by the degrees of freedom—the number of scores that are free to vary before the last one is determined.  If N = 10, then nine of the numbers are free to vary, but once we know the nine numbers, the last one must stay the same to get that standard deviation value).  As we decrease the size of the denominator, the number gets larger (1/100, 1/10, 1/5, ¼, 1/3, ½).  The formula for the standard deviation is just the formula above with a square root sign over the formula (see formula 4.3 in your book)

	 Number of Children (Xi)
	 (Xi - 
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)
	 (Xi - 
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)2 

	         0      
	           -2.63     
	              6.92

	         1
	           -1.63     
	              2.66

	         2
	           -0.63
	               .40

	         2
	           -0.63
	               .40

	         2
	           -0.63
	               .40

	         3
	             .37
	               .14

	         4
	            1.37
	              1.88

	         7
	            4.37
	             19.10

	SYMBOL 83 \f "Symbol"(Xi) = 21
	SYMBOL 83 \f "Symbol"(Xi - 
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)= -.04 (rounding error) 
	SYMBOL 83 \f "Symbol"(Xi - 
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)2  = 31.90


The Range would be 7 - 0 = 7

the 
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 = 2.625 = 2.63

Computing the standard deviation using the definitional formula:
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Interpreting the Standard Deviation

1.  It is meaningful in three ways.  The first involves the normal curve, which will be covered in Chapter 5.  The second way, is as an index of variability.  The standard deviation increases in value as the distribution becomes more variable or heterogeneous.  A distribution with no dispersion would have a standard deviation of 0.  In that case, every person in the study would have the same score.  So, 0 is the lowest value of the standard deviation, but there is no upper limit.  The third way is for comparing one distribution with another.  You can find that one city is more homogeneous on a particular variable than is another.  For example, you may find that La Verne students are more homogeneous on the number of children they expect to have in their lifetimes than are students at Notre Dame or Brigham Young University.
2.  The standard deviation does not have a direct interpretation in the same way that the absolute deviation would have.  The absolute deviation would be how far a particular sample was, on average, away from the center (the mean).  However, to eliminate the negative signs, we first squared all the numbers.  The effect was that we exaggerated the distance that the low and high scores were away from the center.  We took the square root of the final total, but we have already exaggerated the distance of the high and low scores.  Therefore, mostly you just report the standard deviation, and people will see it as a relative measure of the distance from the mean for a particular sample.  Does it seem relatively large or relatively small considering the high and low scores for that variable?  For your interpretations, you just say “The standard deviation is ….”  Then you decide if that seems high or low.

Note about your textbook:  your author decided to make this chapter easier by not introducing the idea of degrees of freedom; the standard deviation is computed with N in the denominator, rather than N-1.  He needs to correct all the future formulas by subtracting 1 from N.  This is not done in any other statistics books.  The standard deviation should have been calculated with N-1.
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