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PSY 230


STUDY GUIDE #3

Variability
I.
The Concept of Variability

1.
What is meant by the concept of variability? 

Indices of variability inform us about the extent to which scores in a distribution vary or differ from each other.  Measures of variability summarize and describe the degree of spread or dispersion in a distribution of scores.  

2.
Why is variability crucial to psychology and to other social sciences?  Why is variability 
important to report when presenting descriptive statistics?
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3.
What are the two types of measures of variability?

Range measures of variability take into account the distance between the highest and the lowest score.  Deviation from the mean measures of variability take into account the distance between each score in the distribution and the mean.

II.
Range Measures of Variability

4.
How can the inclusive range be defined and computed?


What are the limitations of range measures of variability?

The inclusive range (IR) is the difference between the highest score and the lowest score plus 1.

IR = [Highest score - Lowest score] + 1

Class 1: IR = [140 - 60] + 1 = 81

Class 2: IR = [102 - 98]  + 1 = 5

5.
How is squaring a score different from taking the square root of a score?  What does the 
absolute value of a number refers to?

III.
Deviation from the Mean Measures of Variability

6.
Why is it (a) impractical to build an index of variability by subtracting each score in the distribution from every other score in the distribution; and (b) impossible to build an index of variability by summing the deviation scores?

7.
How did statisticians decide to build deviation measures of variability?

8.
What does the term, sum of squares  refer to?   How is the sum of squares calculated? 

Sum of Squares refers to the Sum of the Squared deviation scores.  The abbreviation for sum of squares is SS.  The formula for the SS is:  ((Xi - (x)2
Computing the SS: Class 1 Data
Step 1: (x = (X/N = 500/5 = 100



Step 2



Step 3  

X

Xi - (x  


(Xi - (x )2
Raw score       Deviation score                       Deviation Score Scored 

  60

  60 - 100 =  -40

1600

  80

  80 - 100 =  -20
  
  400

100

100 - 100 =     0
      
      0

120

120 - 100 =    20
  
  400

140

140 - 100 =    40

1600

________________________________________________

Step 4: ((Xi - (x)2  = Sum of the Squared Deviation Scores = SS =  4,000 

Computing the SS: Class 2 Data
Step 1: (x = (X/N = 500/5 = 100



Step 2



Step 3  

X

Xi - (x  


(Xi - (x )2
Raw score       Deviation score                       Deviation Score Scored

  98

  98 - 100 =  -2
    

     4

 99

  99 - 100 =  -1
     

     1

100

100 - 100 =    0
     
     0

101

101 - 100 =    1
     
     1

102

102 - 100 =    2
     
     4

________________________________________________

Step 4: ((Xi - (x)2  = Sum of the Squared Deviation Scores = SS = 10

SS = 10

9.
How is the population standard deviation be defined and computed?

The symbol for the population standard deviation is  (x.  The population standard deviation is calculated by dividing the SS by N and then taking the positive square root.  

              _____

(x =  +( SS/N

Steps in Computing (x once the SS is known                  

(1) divide the SS by N and (2) take the positive square root     

Class 1:  SS = 4000 (see Handout, P. 3)

Step 1: SS/N = 4000/5 = 800 

                         ___

Step 2: (x = +(800 = 28.28

Class 2: SS = 10 (see Handout, P. 3)

Step 1: SS/N = 10/5 = 2

                          __

Step 2: (x =  +( 2     = 1.41

Let’s walk through all of the steps that are involved in computing (x from a set of raw scores for the following population:  3, 4, 8, and 1.

                                               ____________

For a population, the (x = +(((Xi - (x)2/N
 (1) calculate the mean ((x)

(2) calculate deviation scores by subtracting the mean from each raw score (Xi - (x)

(3) square each the deviation score (Xi - (x)2 

(4) sum the squared deviations scores to obtain the SS [((Xi - (x)2].

(5) Divide the SS by N and

(6) Take the positive square root.

Step 1: (x = (X/N = 16/4 = 4



Step 2




Step 3  

X

Xi - (x  



(Xi - (x )2
__________________________________________________

3

3 - 4 =  -1
    

     
       1

4

4 - 4 =   0  

     

       0

8

8 - 4 = +4

     

     16

1

1 - 4 = -3



       9

________________________________________________





  
        Step 4: SS = 26 

Step 5:  SS/N = 26/4 = 6.5

                          ___

Step 6: (x =  +(6.5   =  2.55

10.
How can the standard deviation be interpreted?    In computing the standard deviation, 
why do we take the square root of the SS/N? 


The standard deviation is a kind of average.  It represents the positive square root of the average of the squared deviation scores.  The standard deviation tells us approximately, on average, the distance that scores are located from the mean (either above or below it).  On the one hand, when the standard deviation is small, the scores, on average, are bunched up close to the mean.  On the other hand, when the standard deviation is large, the scores, on average, are spread out far from the mean.

11.
How can you determine which of two distributions has more variability by just inspecting  
the raw scores in each distribution?

12.
How does the variability in a distribution influence the interpretation of individual test 
scores?
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13.
How is the size of the standard deviation affected by sample selectivity?

IV. The Sample versus the Population Standard Deviation

14.
What adjustment must be made in the formula for computing the standard deviation when 
the data are from a sample rather than a population?  Why is this adjustment made?

Whereas the population standard deviation is designated (x, the sample standard deviation is designated Sx . 


In terms of computation, with Sx we use M in the numerator and n-1 in the denominator whereas with (x  we use (x  in the numerator and N in the denominator.

                       ______                                                 _____


Sx =  (SS/n-1



(x  =  (SS/N 





           ____________
  

          ___________



Sx = ((Xi - M)2/n-1


(x = (((Xi - (x)2/N
On page 4 of the Handout, we computed the population standard deviation for the scores of 3, 4, 8, and 1.  We found that (x was equal to 2.55.   Suppose we draw a sample of three scores from this population (3, 4 and 1).   If  we treat these three scores as a sample instead of a population, then let’s see how we obtain the Sx.
Step 1: M = (X/N = 8/3 = 2.67



Step 2




Step 3  

X

Xi - M  



(Xi - )2
__________________________________________________

3

3 – 2.67 =     .33    

     
       .1089

4

4 – 2.67 =   1.33  

     
     1.7689

1

1 – 2.67 = -1.67

     
     2.7889
    

___________________________________________________





  
      Step 4: SS =   4.6667 

                                                                                          _______

Step 5:  SS/n - 1 = 4.6667/2 = 2.33335     Step 6: Sx =  (2.33335  = 1.53

Empirical Illustration of Why We Use n-1 Rather than N

in the Denominator of the Sample Standard Deviation (Sx)

Raw Data: Population of First Semester GPA (N = 20) 

4.00
3.75
3.50
3.50
3.50

3.25
3.00
3.00
2.75
2.50

2.50
2.50
2.25
2.00
2.00

2.00
2.00
1.50
1.50
1.00

                                          ____               _______     ___

(x = 2.60 SS = 11.70 (x  =  (SS/N =  (x  =  (/20 = (.585 = .76

Sample of 5 First Semester GPAs from the Population

3.50 
2.75
2.00
3.00
2.50

Step 1:   M = (X/n = 13.75/5 = 2.75



Step 2


Step 3  

X

Xi  - M


(Xi - M)2   

______________________________________________________

3.50

3.50-2.75 =  .75
      .5625

2.75

2.75-2.75 =  .00  
      .0000

2.00

2.00-2.75 = -.75
      .5625

     

 

3.00

3.00-2.75 =   .25
      .0625

2.50

2.50-2.75 =  -.25
      .0625



 

________________________________________________




       Step 4: SS =   1.25 

Step 5:  SS/n-1 = 1.25/4 = .3125

                       _____

Step 6: Sx =  (.3125 = .56

Note that if we inappropriately use n in the denominator rather than n-1, then Sx is even farther away from (x which equals .76.

                                                                           _____      ___

Sx (incorrectly using n in the denominator) = (1.25/5 = ( = .50.      
      
      

By using n - 1 rather than N in the denominator, Sx provides an unbiased estimate of (x. 

Summary

The range is:

1.  A measure of the distance between the highest and lowest score;

2.  Calculated by subtracting the lowest score from the highest score and adding 1;

3.  Based on only two scores;

4.  A crude measure and is not recommended for descriptive statistics;

5.  Rarely used in inferential statistics.

The standard deviation is:

1.  A measure of the positive square root of the average squared distance of scores from the mean;

2.  Calculated in 3 steps--(a) find the SS; (b) divide by N for a population or n-1 for a sample; 

and (c) take the positive square root;

3.  The preferred measure for quantitative variables when the distribution is normally distributed;

4.  Often reported with the mean, for normal distributions;

5.  The measure with the best sampling stability;

6.  A measure that is affected by every score in the distribution;

7.  Fairly sensitive to extreme scores, so it is not recommended for markedly skewed distributions; 

8.  Widely used in inferential statistics.

