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STAT 200: Chapter 6 Commentary and Assignment

STAT 200: Introductory Statistics

Chapter 4 commentary and assignment
To use a hypertext link in Word, press Ctrl and click on the link.
Chapter commentaries follow the structure of the chapters in the textbook, Elementary Statistics: A Step by Step Approach, 5th edition, Allan G. Bluman, McGraw Hill, 2004. These commentaries do not represent a standalone course: they are meant to complement the textbook. They provide alternative explanations, additional help in known problem areas, and further reading. When appropriate, guides to calculator use are included for the following calculators: Texas TI -30X IIB, TI-36x, TI-83+, BA-II plus and the Casio fx-115ms. Excel tutorials are provided.
The Internet, allows the utilization and sharing of resources in ways that are only now being accepted. This commentary links to other web sites. Although an author’s work is freely accessible on the Internet, they still retain copyright. Please show your gratitude for the free access to the sites, by respecting the author’s rights as creator of the work. All links have been tested at the start of the current course: please report any broken links to me via e-mail (bcann@faculty.ed.umuc.edu).
Chapter 4: Probability and Counting Rules
Please post questions on the reading in the Chapter 4 study group.
We are slowly moving into the area of inferential statistics - using observed data to make inferences about populations that we haven’t observed in their entirety. Of course, any inference is basically informed guesswork. The key to controlling the possibility of error is probability. Probability is the bridge from descriptive to inferential statistics.
We can date the study of probability back to the 17th Century. Blaise Pascal, an intensely religious man who gave up mathematics for the study of theology in his 20s, was employed as a teenager by a Belgian nobleman to assist him with scientific investigation. Being a committed gambler was part of the job description of a 17th Century nobleman and Pascal was frequently confronted with his employers gambling problems. 

Section 4.2 is a tidy explanation of events and assigning probabilities. It begins by defining a probability experiment and a sample space before moving on to look at different types of probability. Classical probability is generally thought of as the probability of gambling: please make sure you are happy with your understanding of this concept before moving on. 

Many of the situations you will be asked to consider, both in textbook questions and in the field, can be clarified by using a carefully constructed tree-diagram: do not underestimate their use! Get into the habit of modeling any probability question with a tree diagram before you start calculating.

Please also pay attention to the discussion of complementary events: it is important to note that the probabilities of all possible outcomes in the probability space add up to 1. In gambling terms, a certainty has a probability of 1. The complement of an event is everything contained in the probability space apart from the specific event under consideration: the complement of the set of red cars, is the set of cars that are not red.  Knowing the probability of an event P(A), we can calculate the probability of its complement by subtracting P(A) from 1.

Alternate explanations can be found by following the links:
Simple Probability and Subjective Probability from David Lane’s HyperStat text 
Java simulation.
 Introduction to Probability Models: Random Variables. Control the number of dice and the number of rolls and see how the outcomes of a dice rolling experiment shape up over the long term. When you play, repeat the simulation with the same variables at least 30 times in order to see the effect. 
Family Applet 1. by R. Webster West. Repeatedly generate families of three children. How many girls will there be? The probability distribution is displayed in a graph. When you play, repeat the simulation at least 30 times in order to see the effect. 
M and M Applet. by R. Webster West. Repeatedly generate samples of 56 M & Ms. Samples are listed by number of candies of each color? The probability distribution is displayed in a graph. When you play, repeat the simulation at least 30 times in order to see the effect. Watch how the relative heights of the bar chart change at first and then stabilize. What proportion of M & Ms are what color?

Psychic Test Demonstration by R. Webster West. Predict the outcome of a coin toss before it happens and see how you shape up in the long term.
The addition rules for probability are discussed in Section 4.3.  If we wish to find the probability of one event or another of occurring, we add probabilities: in probability theory, “or” situations always lead us to add something. We need to be a little bit careful here, though. If 90% of visitors to Heidelberg, Germany, visit the castle and 80% visit the Student Prison, the sum of 170% is clearly too high to be the proportion who visit both castle and student prison. Simply stated, it’s too high because we’ve counted the people who visit both sites twice. Hence the general addition rule for probability:

P(A or B) = P(A) + P(B) – P(A and B) .

Alternate explanations can be found by following the links:
Probability of A or B from David Lane’s HyperStat text
Section 4.4:  Joint probabilities concern two events occurring together (though not necessarily synchronously). Joint probabilities always involve the multiplication of two individual probabilities. In situations where the two events exert no influence on each other, the events are said to be independent and the joint probability is simply the product of the individual probabilities of the two events. 
Where the events are dependent, we have to determine the probability of the dependent event occurring given that the independent event has already occurred. To find the probability of Cheryl driving her convertible with the roof open in the rain, for example, we need to know the probability of it raining (the independent event: P(rain)), then the probability of her choosing to drive in the rain with the roof open (the dependent event: P(roof open | rain)). Hence the multiplication law for probability: 
P(A and B) = P(A)P(B | A).

Alternate explanations can be found by following the links:
Conditional Probabilities and Probability of A and B from David Lane’s HyperStat text
Java simulation. 
Conditional Probability by R. Webster West. Not the most visually exciting, but it shows how conditional probabilities change as the level of overlap between two possible outcomes changes. Move the boxes around to control overlap and see how it effects P(A/B) and P(B/A).
The Monty Hall Problem. In the “Let’s Make a Dead” TV show hosted by Monty Hall, contestants were shown 3 doors. Behind two doors were gag gifts, the other hid a great prize, usually a car. Contestants chose a door. Monty Hall then opened one of the other doors to show that it hid a gag gift. Then gave the contestant the chance to either stick with the door they had chosen or choose the other, unopened, door. What should you do? Run this simulation and be surprised. A discussion of the Monty Hall problem is included in the Further Reading section.

 (creator unknown, found at: http://www.hofstra.edu/~matsrc/MontyHall/MontyHall.html
Section 4.5 provides an introduction to counting techniques. 

The difference between permutations and combinations is simply that a permutation takes into account the order of selection whereas combinations do not. As before, your calculators will simplify the calculation of both permutations and calculations.

Please note, that in Webtycho and HTML documents, I shall use the convention nCr to denote a combination of r elements selected from a total of n, and nPr for permutations. 

Alternate explanations can be found by following the links:
Permutations and Combinations from Ask Dr. Math at the Math Forum @ Drexel
Factorials and Permutations and Combinations, Lawrence Spector, from the Math Page: Topics in Precalculus. Move your mouse pointer over the green boxes to see the solutions!

Section 4.6: pulls together the concepts of probability learnt in this chapter with the counting techniques from chapter 4. 

Further Reading: 
Classic Problems in Probability: The Birthday Problem 
If there are thirty people in the room, what are the chances that two of them have the same birthday? How many people in the room do you need for the probability of any two having the same birthday to be at least 50%? 
The Birthday Problem at the StudyWorks! Online site. A nice explanation of the problem from a good site.
The Birthday Problem by Scott Surgent shows how to calculate the probabilities by hand

Coincidence from the Cut the Knot site. Particularly interesting is the excerpt from John Allen Paulos’ Innumeracy
Random Birthday applet. Java simulation from the Probability by Surprise website.  Choose how many birthdays to randomly generate, then note if two or more fall on the same day. Record your results and repeat a number of times to predict the expected probability 
Classic Problems in Probability: The Monty Hall Problem 
In the “Let’s Make a Dead” TV show hosted by Monty Hall, contestants were shown 3 doors. Behind two doors were gag gifts, the other hid a great prize, usually a car. Contestants chose a door. Monty Hall then opened one of the other doors to show that it hid a gag gift. Then gave the contestant the chance to either stick with the door they had chosen or choose the other, unopened, door. What should you do?

The Monty Hall Dilemma by Alexander Bogomolny from the Cut the Knot site.

Let’s Make a Deal from Kevin O’Bryant’s Cryptology site. A good discussion of the problem and the controversy.
Marilyn is Tricked by a Game Show Host by Heb Weiner generated much of the controversy over the Monty Hall problem. Best read after the others.  

Other Reading

An Introduction to Probability, Jim Albert
A good overview of the subject, nicely present

A Short History of Probability, Tom M. Apostle

The Layman’s Guide to Probability Theory, Peter Webb
From the site introduction: “An in-depth but easily readable guide on probability theory, covering various aspects of the theory with a bias to gambling games and strategies. Includes working examples in an excel spreadsheet.”

Probability: Philosophy and Mathematical Background, P. B. Stark, SticiGui online Section 8.1.
From the chapter introduction: “The philosophical aspect, described in this chapter, connects the mathematical theory with the world--it says what "probability" means when we make statements like "the probability that a fair coin lands heads is 50%." The mathematicians amongst you might like to see Section 8.2 for a discussion of set theory useful in understanding probability concepts and Chapter 9 for a discussion of the axioms of probability theory. These sections require some mathematical sophistication..
Terms to know and understand:  to online glossary 
tree diagram, probability; experiment; sample space; outcome; classical probability; empirical probability; subjective probability;  event; complement; Venn diagram; union; intersection; addition law; mutually exclusive; conditional probability; joint probability; independent, combination; permutation. 
Assigned Questions. Please post your solutions in the Chapter 4 assigned problems conference. Show any work. Post questions in the Chapter 4 study group. When your work is posted here, you will be given access to the Chapter 4 solutions study group area: check your solutions, ask questions, assist others, and check back occasionally in week one to see if the discussion has moved on ... posting your assignment does not imply the end of your involvement!
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Calculators. Instructions for entering fractions for use in fractions problems and for calculating factorials, permutations and combinations can be found following the link for your model of calculator.

Texas TI-30X IIB
Texas TI-36x 

Texas BA II+
Casio fx-115MS 

Texas TI-83+: see 
Calculating Relative Frequency Tables, textbook, p.191



Factorials, Permutations, and Combinations textbook, p. 213
Excel: The Excel work is not so difficult this week. The textbook explanations will work.See:
Constructing a Relative Frequency Distribution, textbook, p.191
Constructing a Contingency Table, textbook, p.192
Factorials, Permutations, and Combinations textbook, p. 213
Refer also to the relevant sections of Prof. Arsham’s Excel guide. 
Please post any Excel related questions in the Excel study group.
Appendix: Calculator guides follow.

Calculator Guide: Casio fx-115MS
Part 2: Probability and Probability Distributions

Fractions

To enter fractions, press the [Ab/c] key between entering the numerator and the denominator. You can perform all arithmetic calculations on fractions entered this way. 

Example: Multiply  ¾ · ½
Enter 3  [Ab/c]  4  [ x ]  1  [Ab/c]  2  [ = ]
The calculator shows the product: 3 / 8.
Factorials

To find the factorial of a number, first enter the number, then press [ SHIFT] [ x! ] (x! is above the [ x-1 ] key. Press [ = ].
Example: Find 7!
Enter 7  [PRB]  [ ►]  [ ►] [ = ]. Press [ = ] to confirm.
The calculator shows the factorial: 5040.
Permutations and Combinations

To calculate permutations or combinations, first enter the number of possible options, n , then press [ SHIFT ] and either [ nPr ] or [ nCr ]. Then enter the number of selections being made, r. Press [ = ].
Example: Find 18C5
Enter 18  [SHIFT]  [nCr ]  5  [ = ].

The calculator shows the combination: 8568.
Back to Main Text

Calculator Guide: Texas BA-II+
Part 2: Probability and Probability Distributions

Fractions

The BA-II+ does not have a key to facilitate entering numbers in fraction form. To enter a fraction in the calculator use the key sequence [ ( ] numerator [ ] denominator [ ) ]. You can perform all arithmetic calculations on fractions entered this way, but the solution will be given as a decimal. 

Example: Multiply  ¾ · ½
Enter  [ ( ]   3   [ ]  4  [ ) ]   [ x ]  [ ( ]   1  [ ]  2  [ ) ]  [ = ]
The calculator shows the product: 0.375.
Factorials

To find the factorial of a number, first enter the number, then press [ 2nd ] [ x! ]. 
Example: Find 7!
Enter 7  [ 2nd ] [ x! ].
The calculator shows the factorial: 5040.
Permutations and Combinations

To calculate permutations or combinations, first enter the number of possible options, n , then press [ 2nd ] and select either [ nPr ] or [ nCr ]. Then enter the number of selections being made, r. Press [ = ].
Example: Find 18C5
Enter 18  [2nd]  [ nCr ]  5  [ = ].

The calculator shows the combination: 8568.

Back to Main Text

Calculator Guide: Texas TI-30X IIB
Part 2: Probability and Probability Distributions

Fractions

To enter fractions, press the [Ab/c] key between entering the numerator and the denominator. You can perform all arithmetic calculations on fractions entered this way. 

Example: Multiply  ¾ · ½
Enter 3  [Ab/c]  4  [ x ]  1  [Ab/c]  2  [ = ]
The calculator shows the product: 3 / 8.
Factorials

To find the factorial of a number, first enter the number, then press [ PRB ] and select !. Press [ = ].
Example: Find 7!
Enter 7  [PRB]  [ ►]  [ ►] [ = ]. Press [ = ] to confirm.
The calculator shows the factorial: 5040.
Permutations (nPr) and Combinations (nCr)
To calculate permutations or combinations, first enter the number of possible options, n , then press [ PRB ] and select either nPr or nCr. Then enter the number of selections being made, r. Press [ = ].
Example: Find 18C5
Enter 18  [PRB]  [ ►]  5  [ = ].

The calculator shows the combination: 8568.
Back to Main Text
Calculator Guide: Texas TI-36X

Part 2: Probability and Probability Distributions

Fractions

To enter fractions, press the [Ab/c] key between entering the numerator and the denominator. You can perform all arithmetic calculations on fractions entered this way. 

Example: Multiply  ¾ · ½
Enter 3  [Ab/c]  4  [ x ]  1  [Ab/c]  2  [ = ]
The calculator shows the product: 3 / 8.
Factorials

To find the factorial of a number, first enter the number, then press [3rd] [ x! ].
Example: Find 7!
Enter 7  [3rd] [ x! ]
The calculator shows the factorial: 5040.
Permutations and Combinations

To calculate permutations or combinations, first enter the number of possible options, n , then press [ x ►◄ y ]  Then enter the number of selections being made, r. Select either 

[ 2nd ] [ nPr ] or [ 3rd ] [ nCr ].

Example: Find 18C5
Enter 18  [ x ►◄ y ]  5  [ 3rd ] [ nCr ].
The calculator shows the combination: 8568.
Back to Main Text
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