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A. Shifting focus of the course
· Descriptive ( Inferential statistics
· Instead of just describing our sample, we will look to draw broader conclusions about the population (people as a whole)

· Inferential statistics rely heavily on probability

· Just because there is an interesting finding in our unique sample does not mean it will apply to people in general, but we can use probability to estimate whether a finding is reliable

· In our sample, we found tanning is related to lower vocabulary.  It could be that our sample is weird, uncharacteristic, or unlucky.  Is this a chance finding or will it hold up in other studies?
· In our sample, ACT scores predicted college GPA.  Is this a chance finding?  Nationally, would we expect similar results?
· To make these grand conclusions, must have a basic understanding of probability

· Will also hit on peripheral topics related to probability, when useful

B. Probability Basics
· Vocabulary: “probability” and “proportion” are used interchangeably.  A “percentage” is simply the probability (or proportion) x 100

· Probability of an event or outcome, (E), is the number of ways the desired outcome can happen divided by the total number of outcomes


p(E) = # of ways desired event can happen


        # of total possible outcomes


p(E) =   “hits”  or  “successes”      


   # of possible outcomes

	What is the probability of drawing an Ace out of a complete deck of 52 cards?


p(Ace) = 4 / 52 = 0.08 or 8%


	What is the probability of rolling an odd number, using a standard die?


p(odd number) = 3 / 6 = 0.50 or 50%


C. Probability of Multiple Events

· To determine the probability that BOTH 
of two independent events would occur, 
multiply their probabilities
	What is the probability two coins will land on heads?
p(H1) * p(H2) = .50 * .50 = .25 or 25%
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What is the probability that the Pistons will steal the ball, make a shot from beyond half court to tie the game at the buzzer, and win in overtime?
p(steal) * p(3ptr) * p(winOT)
= .40 * .05 * .50 = .01 or 1%


	At the bar, Albert Ellis found that 75% of women would have a conversation with him, and about 20% of the woman who had a conversation with him would be willing to leave with him.  What were the odds that any random woman would leave with Ellis?
p(conversation) * p(leave after conversation)

= .75 * .20 = .15 or 15% or about 1 in 6


	An anxious young college student presents to the university clinic convinced that he failed an exam, which will make him fail the semester, which will prevent him from graduating, which will make his family disappointed.  Is this reasonable?
p(fail exam) * p(failing exam causes failing course) 
* p(failing course causes late graduation) 
* p(family will be disappointed by late graduation)
≈ .60 * .50 * 1.00 * .40 
= .12 or 12% chance of disappointing family


	A standard roulette wheel has 2 green spaces, 18 red spaces, and 18 black spaces.  What is the probability of the wheel stopping on red?


p(red) = 18 / 38 = 0.47 = 47%

An illustration of how statistics show that betting on games of chance is usually not very smart…

If you spin the roulette wheel 100 times at $5 a spin, how much will pay to play?


100 * $5 = $500

Based on probability, if you always bet on red, how often will you win?


p(red) = 0.47 or 47% of the time, so 47 of 100

If the casino pays you $10 for each time you “hit” on red, what are your expected winnings?


47 * $10 = $470

Profit:   Winnings minus cost to play 


$470 - $500 = -$30

Casinos make money because people have a poor understanding of statistics and make cognitive errors:

· Confirmation bias: only remember times winning at the casino, forget losses

· Positive illusions: I’m more skilled at gambling than others

· Seeing patterns in random events


D. Probability in Psychology
· Can calculate probabilities of various scores in psychology by looking at frequency tables or frequency distributions (histograms, polygons, curves), or by making calculations
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· 7.5% of people say they like horror movies the best, so the probability that a randomly chosen person would indicate that horror movies are their favorite is .075 or 7.5%
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· If we asked this question to a random person, there is about a 2.2% chance they’d say turtle.  There is a 68.8% chance they’d say Dolphin or Eagle.
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· p(non-family member hero) = 36.9%

· There is a 36.9% chance a random person would indicate that their hero is a non-family member.
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· p(exercise 0 days/week) = 15.1%
· p(exercise 7 days/week) = 4.9%

· p(exercise more days than not) = 35.1%
[image: image5.wmf]40. Cigarettes Smoked per Day
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· p(don’t smoke) = 79.9%
· p(smoke 10 or more cigs per day) = 7.5%
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64. Happiness




· What is the approximate probability that someone will rate themselves as a 7?  37.1%
· p(6 or lower)?  30.8%
· A woman on a TV commercials said she was rejected from E-harmony for rating her level of happiness as a 3.  Any complaints?
p(3 or lower)? 2.6%



E. Problem

· The above techniques for determining probability assume that we have access to every single data point.  Often this is not the case.  We may only know the M and SD
· Reading journal articles

· Using a survey somebody else made

· If I only told you that for the 9-point happiness scale, M = 6.8, SD = 1.3…
How would you determine the percentage of people with a 3 or lower?  A 7 or higher?

· Luckily, there is a statistical trick

F. Solution
· Most variables have a normal or semi-normal distribution:
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· Normal Distribution: family of distributions with same general shape, symmetric, with scores concentrated in the middle. “Bell-shaped”
· If we know the M and SD for a variable, we can make some statistical adjustments to convert the raw score distribution to a Z score distribution

[image: image9]
· Why Z scores?
· A common metric (like degrees or meters)

· M = 0, SD = 1

· If we convert a variable to the Z distribution, we only need one frequency table (the Z table, Appendix B) for looking up probability information
· Z scores instantly provide a lot of information:
· Describes a score’s place within the distribution

· + (above the mean) or – (below the mean)

· # (distance in SD’s from the mean)

· Can be used to find probabilities and percents

· We will use more complicated but similar statistics later in the year, so it’s good to have a thorough understanding of Z now

G. Calculating Z scores

· Remember, Z scores are just a common scale, so this is no harder than converting Fahrenheit to Celsius

· Z score = X – Mean



   SD

where X is the raw score on the scale that you want to convert to a Z score.
	You got an 80 on a history exam (M = 83, SD = 5).  What was your Z score?

Z score = (80-83) / 5 =  -0.6, meaning you scored 0.6 standard deviations below average

You got a 71 on an organic chemistry exam (M = 57, SD = 14).  What is your Z score?

Z score = (71-57) / 14 =    

Which test should you put on the refrigerator?
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	p(X<43) = 

p(X>85) = 

p(43<X<71) = 

p(Z>-1) = 

p(1<Z<2) = 


· For more complex Z scores (e.g. Z=1.42), we can use a Unit Normal Table (Appendix B1, 
p. 687 – 690)
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H. Other Standard Scores
· Z scores are the most commonly used standard score (like the metric system, e.g. meters)

· Other standard scores are also available (like the English measurement system, e.g. miles)

· Z scores have two weaknesses
1. Decimals: people get freaked out by decimals, fractions, and anything else they cannot count on their fingers
· 2.3 children per household?

2. Negative values: when it comes to highly-prized variables (e.g. IQ, mental health, job performance), nobody wants to hear that they have a negative score
· IQ = -1.0?

· Other commonly used standard scores:

· IQ scores: M = 100, SD = 15

· T scores: M = 50, SD = 10

· SAT or GRE scores: M = 500, SD = 100

· Z scores can be converted back and forth, so you can take a Z score and put it on some other scale:


X = Meandesired + (Z score)*(SDdesired)

Use this formula to convert 
Z-scores to any scale you want

· Thus…
IQ score = 100 + (Z)*(15)
T score = 50 + (Z)*(10)
SAT score = 500 + (Z)*(100)

· To transform back to Z scores, use the initial Z score formula:



Z score = X – Mean



   SD

· Thus…
Z = (IQ – 100) / 15
Z = (T – 50) / 10
Z = (SAT – 500) / 100

	You got a 30 on a vocabulary test (M = 25, SD = 5), convert this to an IQ score:

You got 550 on the GRE verbal section, convert this to a Z score:




	Someone got a Z score of -1 on the organic chemistry exam (M = 57, SD = 14), what was their raw exam score?

X = Meandesired + (Z score)*(SDdesired)

    = 57 + (-1)*(14)

     = 57 + - 14 = 43

Convert the Z score of -1 to a scale with a mean of 83 and SD of 5:

X = 83 + (-1)*(5)   =   83 + -5   =   78




I. 68-95-99 rule

· 68% of people are within ±1 SD of the mean

· 95% of people are within ±2 SD of the mean

· 99% of people are within ±3 SD of the mean
[image: image12.png]Normal Distribution

Sor50%

© 1359

o0 os | i

ZScores 3 2 0 ]




J. Converting Z scores to Percentages using Tables

· Finding the proportion of scores below a Z value

· Find Z score in Table B1 (p. 687)

· Look at column B

· You’re done! (Usually)


· Problem: Table B1 only has positive Z values

· What if Z is negative?

· Proportion of scores below a negative Z value is the same as the proportion of scores above the corresponding positive Z

· Huh?
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	WARNING: We are to a point in this course where simply memorizing facts will be insufficient. Logic will be needed to solve problems. 
To prepare adequately for exams, you must practice repeatedly.


· Finding the proportion of scores above a Z value

· Find Z score in Table B1 (p. 687)

· Look at column C

· You’re done! (Usually)


· Problem: Table B1 only has positive Z values

· What if Z is negative?

· Proportion of scores above a negative Z value is the same as the proportion of scores below the corresponding positive Z
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· Negative Z values are not in the table, so find an equivalent proportion for a positive Z value
· Finding proportion of scores between Z values
· Good idea to make a drawing
· Usually multiple ways to solve the problem
· Often involves adding or subtracting two proportions you find in the Z table
· Similar to finding the area of irregular shapes (high school geometry stuff)
· No set formulas, so best to practice this
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· Another example…

[image: image18.png]Normal Distribution

Sor50%

© 1359

o0 os | i

ZScores 3 2 0 ]




[image: image19.png]Normal Distribution

Sor50%

© 1359

o0 os | i

ZScores 3 2 0 ]









	Extra help (not covered in class)


	Still confused by conversions? 

See p. 156-157!





· Convert to Z score: 

Z = (X – M) / SD

· Convert from Z score to other score:

X = Meannew + (Z score)*(SDnew)
*In these equations, the “Other standard score” 
or “raw score” are both symbolized by X


Just for Fun…

Here are several short personality scales.  I have supplied the M and SD for each scale (large CMU sample).  You can determine your raw score, convert it to a Z score, and look up your percentile in Appendix B1

Use the following scale to rate how well each item describes you:

	1
	2
	3
	4
	5

	Very Inaccurate
	Moderately Inaccurate
	Neutral
	Moderately Accurate
	Very Accurate


Self-consciousness (M = 14.8, SD = 3.8)
1. Am easily intimidated. 

2. Am afraid that I will do the wrong thing. 

3. Find it difficult to approach others. 

4. Am afraid to draw attention to myself. 

5. Only feel comfortable with friends.






Total Score = 







Z-score = 







Percentile = 
Assertiveness (M = 16.2, SD = 3.5)
1. Take charge. 

2. Try to lead others. 

3. Can talk others into doing things. 

4. Seek to influence others. 

5. Take control of things.






Total Score =







Z-score = 







Percentile = 
Achievement Striving (M = 19.2, SD = 3.4)
1. Go straight for the goal. 

2. Work hard. 

3. Turn plans into actions. 

4. Plunge into tasks with all my heart. 

5. Do more than what's expected of me






Total Score =







Z-score = 







Percentile = 
.3413 (p)= 34.13%





.0228 (p) = 2.28%





.1359 (p) = 13.59%





IQ, T, SAT





X�raw�score





Z�standard�score





Other�standard�score














Sorry, last year’s data file. No term papers and what makes people with they were a dog
































Practice, practice, practice!





p(0<Z<1.0) = 34% using column D





p(1.0<Z<2.5) = 49% - 34% = 15%





p(0<Z<2.5) = 49% using column D





p(1.0<Z<2.5) = ??%





p(-1.5<Z<0) = p(0<Z<1.5) = 43% using column D





p(0<Z<1.0) = 34% using column D





p(-1.5<Z<1.0) = 43% + 34% = 77%





p(-1.5<Z<1.0) = ??%





p(Z > -1.5) = p(Z < 1.5) = 93% via column B





p(Z > -1.5) = ??%





??%





Value in column C of table = 16%








