Descriptive Statistics: Variability

___________________________________________

1) Present a brief overview of the 'Rare Event Approach'.

2) Discuss several methods for describing the variability in a set of data listing their strengths and weaknesses.

· Range

· Inter-quartile range

3) Present two methods for calculating the Variance / Standard Deviation.  

4) Describe the calculation and interpretation of two measures of relative standing:

· Standard scores (z-scores)
· Percentiles

Who are the people in your Neighborhood?

___________________________________________

You were hired by the polling firm of Widry and Associates to determine the proportion of college-aged students who think that the drinking age should be lowered.  You are considering three neighborhoods in which to do your sample:



a) My neighborhood (M = 22)



b) Your neighborhood (M = 20)



c) Mim’s neighborhood (M = 80)

Clearly, you wouldn’t choose Mim’s neighborhood, but would the other two neighborhoods be equally good choices?
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Rare Event Approach

___________________________________________

1) Experimenter makes a hypothesis about the frequency distribution of a given population.

2) Collects a sample of data from that population

3) Decides how likely it is that the sample came from the hypothesized distribution

___________________________________________

Examples:


a) Fuel economy


b) Meeting a friend for dinner


c) Commander Bill


d) Girls vs. Boys

Range

___________________________________________

90  75  86  77  85  72  78  79  94  82  74  93

1) Order the observations
72  74  75  77  78  79  82  85  86  90  93  94

2) Highest Obs. – Lowest Obs.

94 – 72 = 22

___________________________________________

Problems:  

· Susceptible to outliers

· Very Inefficient

· Insensitive to Shape

Range – Insensitive to Shape

______________________________________________
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Different shapes – and therefore different variability – 

but the range is exactly the same.

Interquartile Range

___________________________________________

1) Order the observations
72  74  75  77  78  79  82  85  86  90  93  94

2) Find the Median
72  74  75  77  78  79
|||
82  85  86  90  93  94

3) Find: 

Q3 (75th %ile) is the Median of the upper half


Q1 (25th %ile) is the Median of the lower half

72  74  75  ||  77  78  79
|||
82  85  86 || 90  93  94

4)  IQR = Q3 – Q1



(Semi-IQR= IQR / 2)


88 – 76 = 12




[(88 – 76) / 2] = 6
___________________________________________

Problems:  

· Somewhat inefficient

Initial calculation of Variability: Average Deviation

___________________________________________

Sample I

	Score
	
	Dev. Score

	2
	(2-6)
	-4

	4
	(4-6)
	-2

	6
	(6-6)
	0

	8
	(8-6)
	2

	10
	(10-6)
	4

	
	
	

	M = 6
	
	Σ = 0


Average Deviation  
= 
(0/5) 
= 
0
___________________________________________

Sample II

	Score
	
	Dev. Score

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	
	
	

	M= 6
	
	



Solution: Average of the Squared Deviations

___________________________________________

Sample I

	Score
	
	Dev.
	(Dev.)2

	2
	(2-6)2
	-42
	16

	4
	(4-6) 2
	-22
	4

	6
	(6-6) 2
	02
	0

	8
	(8-6) 2
	22
	4

	10
	(10-6) 2
	42
	16

	
	
	
	

	M= 6
	
	
	Σ = 40


Average (Deviation)2  
= 
(40/5) 
= 
8

___________________________________________

Sample II
	Score
	
	Dev.
	(Dev.)2

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	
	
	
	

	M = 6
	
	
	


Average (Deviation)2  
= 


Cool!!






Wicked Cool!!!




Formulae for Variability & Standard Deviation

______________________________________________

Long Way



Sample





Population
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______________________________________________

Shortcut



Sample





Population
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______________________________________________

   Arabic letters



Greek Letters

Sample / Statistic


Population / Parameter

Showing that the two formulae are identical

______________________________________________
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Calculating the Variance and SD: The Long Way

______________________________________________

1
6
2
2
0
3
2
0

Step1:
Calculate the mean

Step2:
Calculate ((x-M)2

	1
	(1-2) 2
	-12
	1

	6
	(6-2) 2
	42
	16

	2
	(2-2) 2
	02
	0

	2
	(2-2) 2
	02
	0

	0
	(0-2) 2
	-22
	4

	3
	(3-2) 2
	12
	1

	2
	(2-2) 2
	02
	0

	0
	(0-2) 2
	-22
	4

	
	
	
	

	M = 2
	
	
	Σ(x-M)2 = 26


Step 3:
Divide by (n-1)

Var

=
26 / 7
=
3.71

Step 4:
Take the Square root

SD
=
(Var
=
(3.71
=
1.92

Calculating the Variance and SD: The Shortcut

______________________________________________

1
6
2
2
0
3
2
0

Step 1:
Calculate ((x)2 

Step 2:
Calculate ((x2)

	1
	
	12
	1

	6
	
	62
	36

	2
	
	22
	4

	2
	
	22
	4

	0
	
	02
	0

	3
	
	32
	9

	2
	
	22
	4

	0
	
	02
	0

	Σx = 16
	
	

	(Σx)2 = 162 = 256
	
	Σ(x2) = 58


Step 3: Plug into formula
Var = 
[Σ(x2)- [(Σx)2/n]] / n-1



[(58 – (256/8)] / 7




(58-32) / 7

26 / 7
=




3.7

Step 4:
Take the Square root 

SD
=
(Var
=
(3.71
=
1.92

Calculating Var and SD

______________________________________________

8
-2
1
3
5
4
4
1
3
3

	8
	
	
	

	-2
	
	
	

	1
	
	
	

	3
	
	
	

	5
	
	
	

	4
	
	
	

	4
	
	
	

	1
	
	
	

	3
	
	
	

	3
	
	
	

	
	
	
	

	
	
	
	


Quick Checks on your Calculations

______________________________________________

1) SD should not be much larger than ¼ the range

2) SD should not be much smaller than 1/6 range (especially if there are no outliers).

3) Most obs should be within 3 SDs of mean

4) Did you take the square root of the variance?

Measures of Relative Standing

______________________________________________

1) Percentile - percentage of scores that fall below a 

given value

2) Z-Score (standard score) - number of standard deviation units between a given value and the mean 

We can use Z to figure out percentiles.

Formula for Z-score

______________________________________________

Sample
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Using SD to compare observations

from the same sample

______________________________________________

You and your biggest rival take the first exam in Stats.  You get a 75.  Your rival gets a 70.  You want to rub it in.  Let’s assume the class mean was 70.  How much better did you do than your rival if the SD for the quiz was

10??

5??

1??

Z-Score example I: Chemistry

______________________________________________

Students in Intro Chem get two grades for the semester, a lab grade and an exam grade. Last semester, your roommate scored a 66 on the Exam portion and an 80 on the Lab portion.  S/he says to you, “Man, I really botched the exams, didn’t I?”  Because you are an Intrepid Data Hound, you know this might not be true.  You ask your friend what the mean and standard deviations were for the two parts of the course (let’s pretend your friend had any idea what you were talking about).  Based on the information given below, for which portion of the course did your roommate achieve a better relative standing?

Exams: M = 51

Labs:   M = 72

 SD = 12
SD = 16
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Z = 1.25
Z = 
.50

______________________________________________

What symbols should take the place of mean and SD?

Z-Score example II: My new Porsche

______________________________________________

I am trying to decide whether to buy a new or used Porsche convertible.  The best deal you can get for the old car is $6400.  The best deal you can get for the new car is $6960.  The mean and sd for the price quotes you have gotten for each car appear below.  Based only on the purchase price relative to the mean, which car is a better deal?


Old car
New Car

M  = 7400
M  = 7960


SD = 960
SD = 820

______________________________________________

What symbols should replace Mean and SD in this example?


Interpreting Z-scores:

Where does a given score fall in a distribution?

______________________________________________

	
	Chebyshev’s Rule
	Empirical Rule

	When Applicable


	Any Distribution


	Mound-shaped Distributions



	+/- 1 sd

+/- 1 z-score
	???
	( 68%



	+/- 2 sd

+/- 2 z-score


	> 75%
	( 95%

	+/- 3 sd

+/- 3 z-score


	> 89%
	( 99%

	+/- k sd

+/- k z-score


	> 1-(1/k2)
	


Chebyshev’s Rule: Coffee example

______________________________________________

If all the 1-pound cans of coffee filled by a food processor have a mean weight of 16.00 ounces with a standard deviation of 0.02 ounces, at least what percentage of the cans must contain between 15.80 and 16.20 ounces of coffee?  

So we are looking at +/- .20.

How many standard deviations is +/- .20?
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Z = -10





Z = 10 





Chebyshev’s Rule:

· At least 1 – 1 / k2 fall within k std. dev. of the mean.  

· 1 - 1/ 102 = 1 – 1 / 100 = .99 
or 

· 99% of the coffee cans should weigh between 15.80 and 16.20.

Chebyshev’s Rule: Chip’s Ahoy example

______________________________________________

Chip’s Ahoy claims that every cookie contains 23 chips (with a SD = 2 chips).  You and Biff randomly choose a cookie from a package and find that there were only 19 chips.  How likely is it that you would get a cookie with 19 chips, if the true population mean is 23?

So we are looking at +/- 4 chips.

Chebyshev’s Rule:

Graphical representation of the Empirical Rule

______________________________________________
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Empirical Rule: Ski-Jump example
______________________________________________

In a past life, I was an Olympic-Class ski jumper.  I competed in the 1994 Winter Olympic Games in Lillehammer, Norway.  As everyone knows, ski jump jumps approximate a mound-shaped distribution.  The average jump in the Olympics was 100 meters with a standard deviation of 8 meters.  What is my percentile rank if I jumped 84 meters?

108 meters?

Variability and the Rare Event Approach

______________________________________________

Fuel Efficiency Example

How likely are we to get 20 mpg, if the car is supposed to get 25 mpg?

1) Use mean and SD to calculate Z-score.

2) Determine percentile from Z-score.

3) Set a cut-off score.  Somewhat arbitrary decision about when something is “rare”

Gender and pain tolerance?

Let’s say girls can hold their hand in a bucket of really cold water for 65 seconds, but boys can only do so for 45 seconds.  How likely is that to occur if there are no differences in pain tolerance?

1) Use means and SDs to examine overlap between boys and girls distributions.
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