Chapter 5: Measures of Variability
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Suppose an Education Psychologist sampled 100 students from 3

different high schools & recorded their SAT scores

The 3 distributions, shown above, represent each school

In what way are these distributions similar, different?

What is variability?

The degree of dispersion (spread) of data points in a distribution

Data set: 
3
5
7
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Data points all fairly “close” together

Data set: 
0
5
10
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Data points relatively “far” apart

statistical summaries of the degree of variability

1. Range





3.  Variance

2. Inter-quartile Range


4.  Standard Deviation
The Range:

Conceptual definition: difference b/n the 2 extreme scores in the distribution

Calculated:  range = Xmax – Xmin
Scores: 4, 8, 10, 16, 26

Range: 26 – 4 = 22

Pros:







Cons:


Easy to calculate





Only uses the 2 extreme scores


Makes conceptual sense



Not resistant to outliers









The Inter-quartile Range (IQR):

Conceptual definition: Range of the middle 50% of the distribution

Quartiles split the distribution into “quarters” (“fourths”)

Q1 = value at 25%ile



Q3 = value at 75%ile

Q2 = value at 50%ile (median)

Q4 = value at 100%ile

IQR calculated: Q3 – Q1

To calculate:  

(a) Arrange all scores from lowest to highest

(b) Find the median value location

(c) Find the quartile (Q1 and Q3) locations & quartiles

(d) Take the difference between Q1 and Q3

How to find the Quartile location? 

(Median location + 1) / 2

Note: if the median location is a fractional value (as when n is even), the fraction should be dropped before computing the quartile location

Example Dataset (N is odd):

1
3
5
5
6
7
8
9
13

Median location: (N + 1) / 2 = (9 + 1) / 2 = 5


1
3
5
5
6
7
8
9
13

Quartile location = (5 + 1) / 2 = 3

Count up 3 from the bottom &3 down from the top for the quartiles

1
3
5
5
6
7
8
9
13

IQR = 8 – 5 = 3

Example Dataset (N is even):
1
3
5
5
6
7
8
9

Median location: (N + 1) / 2 = (8 + 1) / 2 = 4.5
            Average of 5 & 6 = 5.5

1
3
5    5     6
7
8
9


Quartile location = (4 + 1) / 2 = 2.5

Count up 2.5 from the bottom & 2.5 down from the top for the quartiles
1
3
5    5     6
7
8
9

IQR = 7.5 – 4 = 3.5

Pros :







Cons:


Not influenced by outliers



Only uses 2 scores


Good for skewed distributions 


Doesn’t consider entire distribution

Variance:

Conceptual definition: degree to which the scores differ from (vary around) the mean

deviation (d) = (X - ()

	X
	d =X-(
	d

	1
	1 – 2
	-1

	0
	0 – 2
	-2

	6
	6 – 2
	+4

	1
	1 - 2
	-1


( = 2


  (d = 0

B/c the (d is ALWAYS ZERO, the average of the deviations will also always be 0

We get around this problem by squaring the deviations

Variance: called a “mean square;” ave of the squared deviations around the mean

Population variance
(2 = 
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  Step 1       Step 2
	X
	d =X-(
	d
	d2

	1
	1 – 2
	-1
	1

	0
	0 – 2
	-2
	4

	6
	6 – 2
	+4
	16

	1
	1 – 2
	-1
	1


Step 3:  (d2 = (1 + 4 + 16 + 1) = 22

Step 4: 22 / 4 = 5.5


(2 = 5.5

Large values of (2 indicate more variability around (

Pros:







Cons:

Moderately resistant to outliers


Interpretation isn’t entirely easy

Very useful for inferential statistics

Units are squared

Standard Deviation:

Conceptually similar to variance, only “un-squared”!

Population SD
( = 
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Estimate of average deviation/distance from (
Small value means scores are clustered close to (
Large value means scores are spread farther from (
Very useful for inferential statistics and easier to interpret than the variance

(2 = 5.5  
( = 
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Computing Variance and Standard Deviation: Two Important Issues

1. Definitional vs. Computational Formulas



Definitional formula for population variance:

( 2 = 
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Computational formula for population variance:

( 2 = 
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Note absence of ( in calculation using computational formula

Computational more useful when N is large

Computation & definitional formulas will yield same results, use either

2.   Population vs. Sample


A major goal in statistics is to use sample values as estimates of population 

values.  Therefore a major criterion in deciding which sample statistic to use is how well it estimates its corresponding population parameter

Samples tend to have less variability than populations

Thus the sample variance statistic is biased; its long-range average is NOT 

equal to the true population variance it estimates


Specifically, sample variance underestimates the true population variance

Correct for problem by adjusting formula (to make it unbiased):

s2 = 
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Note difference in symbols:   s2  vs.  (2   ;  
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  vs.  (
Note difference in denominator:   n-1  vs.  N

n-1 = “degrees of freedom”

Everything else (including interpretation) is the same

Definitional Formulas

Population Variance (2
(2 = 
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2= sum of sq. deviations = SS

N  =  population size
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Sample Variance s2
s2 = 
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n-1 = ( sample size – 1)  = “degrees of freedom”
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Computational Formulas


Population Variance

(2 = 
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Population Standard Deviation

( = 
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Sample Variance
s2 = 
[image: image25.wmf](

)

1

X

X

2

2

-

å

-

å

n

n


Sample Standard Deviation
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Computing s2 and s using definitional formula

	Student
	Test Score

X
	(X-

)
	(X-

)2

	Eliot
	3
	3 – 5 = -2
	4

	Don
	2
	2 – 5= -3
	9

	Janice
	5
	5 – 5= 0
	0

	Amanda
	9
	9 – 5 = +4
	16

	Duane
	1
	1 – 5 = -4
	16

	Chris
	8
	8 – 5 = +3
	9

	Stephanie
	8
	8 – 5 = +3
	9

	Denise
	4
	4 – 5 = -1
	1


   (x = 40  
     ((X-

) = 0     ((X-

)2 = 64

    n =    8




     

   

 =   5



     

s2 = 
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variance ( 



s2 =   
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Computing s2 and s using computational formula

	Student
	Test Score

X
	X2

	Eliot
	3
	9

	Don
	2
	4

	Janice
	5
	25

	Amanda
	9
	81

	Duane
	1
	1

	Chris
	8
	64

	Stephanie
	8
	64

	Denise
	4
	16


    (X = 40  
     (X2 = 264

s2 = 
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**Notice the absence of 

**

Graphical Representations of Dispersion and outliers

From histograms & stem-&-leaf displays one can decipher dispersion

& outliers
However, box plots (box-&-whisker) give more prominence to these

You might observe a “gap” in a histogram or stem-and-leaf display,

indicating a break between the majority of the data points & a few extremely large or small data points

Are they extreme or do they represent the upper or lower part of a

typical range of scores?

Box plots can help us answer this question!!

How to construct a box-&-whisker plot:

1.  Find the median location & median value

2.  Find the quartile location

3.  Find the lower (Q1) & upper (Q3) quartiles (also called hinges)

4.  Find IQR (also called H-spread): Q3 – Q1

5.  Take IQR (H-spread) X 1.5

6.  Find the maximum lower whisker: Q1 – (1.5)(IQR)

7.  Find the maximum upper whisker: Q3 + (1.5)(IQR)

8.  Find the end lower & end upper whisker values: values closest to but 

not exceeding the whisker lengths

9.  Draw a vertical line & label it with values of the X variable

10.  Draw a horizontal line representing the median

11.  Draw a box around the median line, with the top of the box at Q3 and the bottom of the box at Q1

12.  Draw the upper whisker, a vertical line extending up from the top of the box to the END upper whisker value

13.  Draw the lower whisker, a vertical line extending down from the bottom of the box to the END lower whisker value

14.  Place * at any location beyond the whiskers where there are data points

To illustrate, let’s re-examine an earlier dataset:

1
3
5
5
6
7
8
9
13

From previous calculations, we know:

Median location is: 5

Median value is 6

Quartile location: 3

Lower (Q1) quartile: 5
Upper (Q3) quartile: 8

IQR (H-spread) = 3

Thus:


IQR*1.5 = 4.5


Maximum lower whisker: Q1 – 4.5 = 5 – 4.5 = .5

Maximum upper whisker: Q3 + 4.5 = 8 + 4.5 = 12.5

End lower whisker value = Smallest value  ( .5 = 1

End upper whisker value = largest value ( 12.5 = 9






 

Importance of Variance & Standard Deviation in Inferential Stats

Var & st dev estimate the spread of the scores

If scores are closely packed to the mean, the var/st. dev is small

If scores are very far away from the mean, the var/st dev is large

In general, var & st dev can be conceived of as “error variance”


The amount to which there is random fluctuations b/n scores

If there is a great deal of error, patterns in data are hard to detect

If there is a small amount of error, patterns are easier to see

Inferential stats are a way to determine how well a sample set of data allows us to see patterns & infer that those patterns exist in some population

Thus, var & st dev will play big roles in inferential statistics
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What can we ascertain about this distribution from the plot???
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