Chapters 6 & 7: Probability & the Normal Distribution

Probability and Inferential Statistics

Bag: 50 GREEN & 50 RED M & Ms

The bag is a “population”

Suppose you select one M & M from the bag at random

That one M & M is a “sample” 

How likely are you to select a RED M & M?

What if a second Bag had 90 GREEN & 10 RED? 

How likely are you to select a RED M & M this time?

The answers to these questions involve the use of probability

Probability links populations & samples! 

But, isn’t the goal of inferential stats the opposite?  Don’t we usually start with a

sample and try to say something about the population?

Yes – but, if we know how samples relate to populations, we can use samples to 

draw inferences about the populations from which they came!  

Two bags of M & M’s:

Bag #1: 50 RED and 50 GREEN 

Bag #2: 90 RED and 10 GREEN


Choose 10 M & M’s from one of the bags, blindfolded 

Your “sample” has 7 GREEN and 3 RED

How many RED would you have expected from bag #1?

How many GREEN would you have expected from bag #1?

How many RED would you have expected from bag #2?

How many GREEN would you have expected from bag #2?

Which bag did your M & M’s come from, #1 or #2?

This is inferential statistics! 

What is probability?

Event = outcome of a trial

Probability: likelihood of an “event” occurring 


Typically defined in terms of a fraction or proportion 


Can range from 0 (never) to 1.0 (always)


Possible “events” referred to as A, B, C, etc.



p(A) =    Number of outcomes classified as A

                          


total number of possible outcomes


Probability Examples:

1.
Toss a coin, what is probability of heads?    p(Heads) = 
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Number of outcomes classified as Heads:
1


Total number of possible outcomes:


2 (Heads or tails)

2.
Select a card from a deck. What is probability of Heart?  p(Heart) = 
[image: image2.wmf]52

13

 = 
[image: image3.wmf]4

1


Number of outcomes classified as Hearts:
13 hearts in deck

Total number of possible outcomes:


52 (cards in deck)

Can think of it as a proportion problem:  In the whole deck (52), how many are

hearts (13)?

Distributions and Probability

Distributions are important for a number of reasons

They provide descriptive info like central tendency & dispersion of a

variable

They also provide information about probability


Examine the following pie chart of the class standing of students in 

a particular course:

This chart indicates that the class had 50% freshmen, 25% sophomores,

15% juniors & 10% seniors

Notice that %’s of the different categories directly relate to the %’s

of the area of the pie (circle) occupied by those categories

For example, 50% of the students are freshman, & 50% of the pie is occupied by the “freshmen” category

If we know the area of the circle occupied by a particular category, we

can deduce its percentage of the total 

Finally, if we assume that the total area of the circle is 1, then the area

occupied by a particular category reflects its proportion in the popl’n

Thus, since 50% of the students are freshmen, if you randomly

picked a name of one student from the course, the chance (probability) that s/he would be a freshmen is .50 

We can also add areas/percentages/proportions from these charts

25% of the students are “upper classmen”  (15%  jr + 10% sr)

So, if you randomly selected one student from the class, the

probability is .25 that s/he would be a junior or senior

Can use these same principles of deducing probabilities/percentages

from other types of graphical or tabled distributions like histograms, line graphs, and frequency distributions
Probability and Frequency Distributions

Can compute probability from a frequency distribution

p = 
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	X
	f

	9
	1

	8
	3

	7
	4

	6
	2








          (f = N = 10

What is the probability of selecting X =8?

p(X=8) =   
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   =   
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 = .30 

Can discuss probability in terms of a fraction, a proportion, or a percentage
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      =     .50      =      50%

Frequency dist’n represents a population

Different frequencies represent different portions of the population

From the previous freq dist’n, what is the probability of getting score < 8?

p(X < 8) = ?

Probability and the Normal Curve

Special statistical tool called the Normal Curve

A theoretical curve defined by a mathematical formula

Known proportions/areas under the curve 

      Is the most important type of distribution b/c:

Many variables are distributed normally or approximately normally



The
distribution of sample means from numerous samples from the 

same population is typically normal

If a variable is normally distributed, we can use the techniques


described here to make many inferences about the variable
Properties of the Normal Curve

· Based on mathematical formula

· Bell-shaped, symmetrical, unimodal

· ( = Median= Mode
· Can standardize, such that ( = 0, ( = 1  

· To standardize, simply convert “raw” scores to Z-scores 

· Total area under the curve will sum to 1.0

· Areas or proportions under standardized curve provided in Table E.10

· Can use Table E.10 for any normal distribution once the distribution is standardized (converted to z-scores)

Table E. 10

Appendix E:

Four columns (from left to right):

1 = z-scores

2 = Mean to z

3= Larger portion

4 = Smaller portion

z-score cuts curve into two portions



0
  + z
Things to note about Table E. 10:

· Curve is symmetrical ( so only + z scores shown

· Columns 3 & 4 always sum to 1.0

· Proportions/probabilities are always positive
Tip:  Always sketch a curve first!  

Example Type 1:

What proportion of distribution falls above z = 1.5? 

What proportion falls below z = -.5? 

What proportion falls between z=1.0 and z=1.5?


Break into three parts:

a) Area below z = 1.0 =  0.8413

b) Area below z = 1.5 =  0.9332

c) Take larger Z area & subtract smaller Z area: 0.9332 – 0.8413 = 0.0919 

Example Type 2:

What z-score separates top 10% from lower 90%?  (Same as 90th percentile.)?

What z-score separates lowest 25% from upper 75%? (Same as 25th percentile)?  

If exact proportion not found in Table E. 10, choose the value that is closest

Example Type 3: 


Assume that the Verbal Score of the GRE is normally distributed. . .


GRE Verbal ( = 500

( = 20


Eric scored 525 on the Verbal GRE.  What proportion of the population of

GRE test takers scored at or below him?

Step 1: 
Convert Eric’s Score to a Z ( (525 – 500) / 20 = 1.25

Step 2:
Find the area below this Z-score in Table E. 10 ( 0.8944



Example Type 4:



Kim scored 455 on the Verbal GRE



GRE Verbal ( = 500


Cindy scored 510 on the Verbal GRE




( = 20


What proportion of the population of GRE test takers scored between them?

Step 1: Convert both scores to Z’s :



Kim: (455 – 500) / 20 = -2.25



Cindy: (510 – 500) / 20 = +0.5

Step 2: Find the area below each Z-score in Table E. 10:



Kim: Area below –2.25 = 



Cindy: Area below +0.5 = 

Step 3: Take larger Z area & subtract smaller Z area:     -      = 0 .6793

Example Type 5:


GRE Verbal ( = 500
( = 20

Jose scored 532, what is his percentile rank?

Step 1:
Convert Jose’s score to a Z score ( (     -     ) /    = 1.6

Step 2: 
Find area below this z-score: ???? 

Example Type 6:


GRE Verbal ( = 500
( = 20

Mark took the Verbal GRE.  His Z-score is –0.80.  What was his score on

the GRE?

Only 1 Step:
Convert Z to original score:

z = 
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X = ( + z(
X = 500 + (-0.80)(20) = 484

Example Type 7:


GRE Verbal ( = 500
( = 20

What score is associated with the 60th percentile?

Step 1:
Find Z that has an area of .60 below it ( +0.25

Step 2:
Convert that z-score to an original score:

X = ( + z(
X = 500 + (.25)(20)

X = 505

Column 4





Column 3





10% Sr.





15% Jr.











50%  Fresh.





25% Soph.
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