1. About this Guide

This is the instructor’s guide for the text, Elementary Mathematical Models with Spreadsheet Applications (EMM). It is designed to assist you with classroom preparation, spreadsheet usage, and group work. This guide is divided into the following sections:



About this Guide

About the Text

Technology

Managing Student Group Work

Daily Notes



You should read sections 1-3 before the start of the course. Section 5 is designed to be used on a daily basis. Section 4 is optional, depending on whether you intend to have the students to do some in-class group work. 



Daily Notes

The daily notes are intended to be a quick reference and guide for classroom preparation. There are notes for each section of the text, laid out as follows: 

collapse these items

Topic/section (approximate number of lectures) 

Lecture. This is an outline for an appropriate lecture, reminding you of the key topics and examples that need to be presented. 



Caveats for the Instructor. Possible pitfalls that may occur during lecture or amongst the students.



Reminders for the Student. Things that you should remind the students about or that should be emphasized to them. 



Group Work. These are suggestions for appropriate group work assignments. 



Spreadsheet. These point out spreadsheet-oriented homework problems and contain reminders of relevant spreadsheet activities that the students should be doing.



Exercises At a Glance.  These descriptions of the homework problems are designed to make it easy to assign appropriate homework problems without having to read through each one. This is particularly convenient for screening homework problems for areas that you have not covered. 



�2. About the Text

EMM is designed to provide text and materials for a one-semester college course in finite math or business math. We have concentrated on the readability of the text and assumed rudimentary algebraic skills on the part of the student.  This makes it ideal for the student with slight or modest preparation.  



It has been our experience that success is the best motivation and that students are more appreciative of a cut-to-the-chase writing style that gets them up and running as quickly as possible.  Even a little success can pique student interest and tolerance toward more in-depth analyses and discussions. For this reason, we have avoided motivating examples and lengthy discussions at the start of each section. Whenever possible, the more probing discussions have held for the end of the section or posed in the form of “Thinker” problems at the end of the homework section.



Chapters and Sections of the Text

The text has been divided into chapters and sections according logical order and natural presentation. Although most sections are designed to be covered in about one lecture, you should not assume exactly one class lecture per section - some sections will take more than one day, others less. In the daily notes, an approximate coverage time has been give for each section (e.g., “2 days”, or “1+ days”).



The chapters of the text and their contents are as follows:



1. Finance: (Approx. 7 lectures.) This chapter includes traditional topics of finance such as compound and simple interest, annuities, loans, etc. We have avoided proofs of formulas, statements of theorems or any other material that we would not expect the student to reproduce. The spreadsheet instills in this section much needed analysis on the part of the student which is otherwise sacrificed in the mastery of formulas. Also, the spreadsheet empowers the student to handle more natural problems without the restrictions imposed by some formulas. 



2. Linear Models: (Approx. 7 lectures.)  Sections 2.1 - 2.3 cover the mechanics of working with lines on both a geometric and algebraic level.  This will be a review for many students but assumes no prior knowledge.  Section 2.4 covers the application of linear models.  Section 2.5 covers the modeling and solving of linear programming problems in two variables, using a graphing technique. We demonstrate the modeling and graphing technique in their natural order, thus avoiding the need first introduce the graphing technique in an abstract setting.  This saves time in the long run and helps the student to see the relevance of the graphing technique.  The only skills required from the previous sections are the ability to graph a line and to solve a 2 ( 2 linear system.



3. Probability: (Approx. 6-7 lectures.) This chapter begins by introducing just enough set theory to provide a rigorous setting for the treatment of probability, then moves to the basic notations and principles of discrete probability. Also, it serves as an introduction to more advanced treatments of the subject. Most of the solutions can be derived by careful counting and forming appropriate ratios. This type of skill is the most applicable to daily life or the workplace. The spreadsheet is used to help organize experimental results and to show the relations and differences between theoretical and experimental probability.  



4. Data Analysis: (Approx. 5-6 lectures.) The selection of topics in this chapter is designed to instill in each student a facileness with the presentation and interpretation of data of the type that would be encountered in the newspaper and in the work place. The concentration is on being able to interpret, construct and critique the visual presentation of data.  



The chapters of the text are pair-wise independent. They appear in the order in which we prefer to cover them but they can be covered in any order you wish. Some instructors (such as ourselves) prefer to cover Finance first on the grounds that it “hooks” the students on the course: they tend to like this section and find it immediately applicable. Other instructors prefer to cover Probability first because the students find it the most difficult and they like to get it out of the way. 



Homework Problems

The text is formatted in the traditional discussion-example format. However, the homework problems follow a less traditional format. Virtually all the problems are posed as some form of a word problem. Although there is a slight tendency for more straightforward problems to appear earlier in a problem set, you cannot assume that a higher-numbered problem is a harder problem. Also, we have avoided grouping problems by the nature of their solution or flagging them with strongly suggestive labels. This way, the student gets some practice at discerning what type of solution is required. We realize that this makes it a little harder for you to assign homework problems. So, in each section of the daily notes, we have provided you with a synopsis of each homework problem stating the intent of the problem (e.g., “solve for the variable I in the simple interest formula”). 



Note that we have provided answers to both even and odd numbered homework problems. At a later date, we will probably provide the answers to only the odd numbered problems (perhaps, even numbered answers will appear in the instructor’s guide). For now, we have intended that all the homework problems be assigned for each section. You’ll have to screen out some problems in the event that they assume material or techniques that you have not covered. 



Note: The homework problems for sections 3.3 and 3.4 are combined in one group in section 3.4. Similarly, problems for sections 2.1, 2.2 and 2.3 are grouped in section 2.3. All of the data analysis problems are held until the end of the chapter. 



Thinkers:  We have tried to maintain an even level of difficulty in the homework problems that is commensurate with the text and examples. The more challenging problems appear as “Thinkers”. These are not simply harder problems that require advanced mathematical techniques. Rather, they are designed to make the student really think about some special aspect of the material. These would also make good topics for in-class discussions or mini-projects. In many of these, the students is asked to write a paragraph or two to relay their findings. Thus, no solutions are given for these problems. 



Worksheets

Along with the text, each student should purchase the workbook supplement. This contains the worksheets for group work (or for extra assignments) as well as some blank templates for the linear programming portion of the course. The worksheets are designed to solidify the basic concepts and techniques that the students have learned in class. They are not designed to be in-depth, probing problems. There are more worksheets provided than you will probably have time to cover in group sessions. Also, be aware that the completion times of the worksheets vary (we are considering a uniform length).



We have had great success with the material in this text by augmenting the standard lecture with group work. This gives the student an opportunity to verbalize concepts, share techniques, and interact with the material while help is readily available.  The instructor may find that the workshop requires a different set of managerial skills and more effort than the standard lecture format but we think he or she will find, as we have, that the students benefit from them and are most appreciative. 



















�3. Technology



Microsoft Excel

EMM uses the Microsoft Excel spreadsheet as a tool for exploring mathematical concepts and for automating routines. The spreadsheet enlarges the size and scope of the data that can be analyzed and provides the student with a powerful tool that can be put to immediate use at home or in a variety of business settings. It allows the student to tackle a spectrum of problems, such as, financial tables, summations and iterative calculations, that yield valuable insight into the principles of final mathematics. 



In order to complete the spreadsheet assignments, both you and the student will need to know how to perform the following basic operations on a spreadsheet (the spreadsheet tutorial provided in the appendix will guide you through these basics in about half-an-hour):



open, close, save and print a spreadsheet

enter data and text

set up basic cell relations and formulas

cut (remove and save), paste (put) and copy cells (data entries) to other cells



Ideally, you should conduct several lab sessions throughout the semester in which the students work in small groups on one of the spreadsheet homework problems or an assignment that you have designed.  This will ensure that the students are exposed to the spreadsheet. In the first lab session, you should have the students work their way through the spreadsheet tutorial. 



Calculators

Each student will require a scientific calculator, particularly for the finance section (keystrokes are included in the text).  If you intend to have the student’s perform linear regression in the classroom (chapter 4), then the student calculators should have this additional capability.  A graphing calculator such as the Texas Instrument’s TI-83 will be more than adequate but the graphing capabilities of such a calculator are not required. Since students often acquire these calculators second-hand without a manual, a special appendix is provided at the Finite Math web site (http://vortex.bd.psu.edu/~jpp/finitemath) for performing linear regression on the following Texas Instruments calculators: TI-81, TI-82, TI-83, and TI-85. 



Use of the Web

The web is a rich source of data and information that is becoming widely used at home and in the workplace. In an effort to keep math education up to date, we have incorporated use of the web into the text. Students are asked to interact with the web in three ways:



Use a web-based application. Students are asked to use on-line tools at both our finite math web site� and other web sites. These include a celsius-fahrenheit converter, a probability simulator, and solvers for systems of linear equations (2x2 and 3x3 only).



Download materials. Students are required to download data sets for analysis that would be too large to enter by hand.



Conduct a Web Search. Students are asked to conduct a well-defined web search. For instance, they are asked to look up the most recent mortgage rates or population data.





















 

�4. Managing Student Group Work: Guidelines for a Successful Workshop

Managing a successful workshop (group working session) requires a different set of skills than giving a traditional lecture. Many of the classroom teaching techniques and principles that you have (perhaps, unknowingly) relied upon during lecture will not apply. In particular, it’s important to ask more probing or leading questions of the students in lieu of giving mini-lectures. You’ll need to be more spontaneous, to serve as both student aid and an authority figure and to give individual attention while maintaining control of the classroom. These skills come with time. 



Many instructors find conducting a workshop more tiring than a giving a traditional lecture. But many also find it more rewarding. When a proper balance between lecture and workshop is achieved, the students will respond well to the workshop and (believe it or not) even express appreciation. You may find it unsettling at first to relinquish the control that you have when lecturing. But this is exactly what makes the workshop work: to put the students in the driver’s seat. 



Below, we have provided some guidelines for maintaining a successful workshop. These have been developed through our own experiences and in sharing tips and experiences with other instructors. You may have concerns that are not addressed here. 



Guidelines for Group Work



1. Announce the Workshop Rules:

Since there is a relinquishing of traditional control on the part of the instructor during group work, it crucial that you announce the rules for behavior before the first workshop. (You may even want to distribute them in writing.) To set the proper precedence, these rules should be strictly enforced during the first workshop. 



(i). Work together. Students should work together, in groups of 3-5 students, toward a common solution to the problem(s) at hand. 



(ii). Submit a solution. At the end of the workshop, the students should submit either a group solution or individual solutions based on the group effort (as the instructor, you should pick one of these criteria and stick with it). It is important that the students feel that they are working toward a well-defined, and hopefully achievable goal. The worksheets will provide the necessary structure. 



(iii). No one leaves the class early. Some students may want to leave class after the lecture or in the middle of the group session. This seriously undermines your authority and sends the signal to other students that group work is “optional” and/or not important. Remember, you cannot insist that students come to class but you can insist that they attend all of a class or none at all. The first time you do group work, make sure that you directly address any student who walks out in a firm, but non-confrontational, manner. 





2. Have the students break up into small groups of 3-5 students. A group size of 3 or 4 is ideal. Groups of more than 5 students are rarely productive. Most students have experienced some sort of group work in another college course, or even high school, so you may be surprised at how readily they break into groups.



3. Rearrange the groups, if necessary. After a few group sessions, you may notice dysfunctional groups or groups which are consistently stumped. Ideally, there should be at least one strong student to keep the group moving.  See that each student is participating at some level. Keep in mind that people participate in different ways. One student may prefer to be the group secretary while another may tend to dominate the conversation. Some students may seem to be doing very little. Use your judgment to discern if they are refusing to participate or are just quiet by nature. Quiet students can get a great deal out of the group process just by actively following the conversation. 



4. Circulate to each group during the working session. Inquire as to their progress. If they are having productive dialogue and interactions don’t interfere (unless they are headed down a very long path). If they are stumped, give strong hints; you may even have to outline a solution for them. It’s good for them to tackle hard problems but it’s also important that they feel some sense of progress (otherwise, they may get turned off from the group process). 



5. Collect the assignment. At the end of the workshop, collect the assignment. If the students were not able to complete the assignment in the allotted time, have them finish it at home and collect it at the beginning of the next class (this may be frequently necessary).



What’s the point? The purpose of group work is many-fold: 

To allow the students to verbalize concepts. Were you ever stuck on a math problem (or any problem, really) but then, when you explained your dilemma to someone, you suddenly saw what to do? The principle here is the same. 

To allow the students to share ideas and techniques. Although it may be painful to our teaching egos, students often learn quicker and easier from each other than from us. 

To solidify the techniques and concepts they have learned in the classroom before they start the homework, while help is readily available.

To allow the students to meet their fellow classmates and form working relationships. Watch how many students trade names and phone numbers after only one group session.

To develop group working skills. This is absolutely invaluable in the workplace today. Virtually no one works in isolation - why do we insist that students do this in school?

To allow the instructor and the student to interact on an individual basis.

To keep the students from falling asleep.





Added perks:

You get to learn each student’s name and their working habits.

You can hand back papers while you are circulating the room during a workshop. This saves valuable lecture time. 

When you are pressed for time in a lecture, you can defer homework questions to the group work.

If you don’t see the answer right away to a student’s question during a group session, it is not as embarrassing as being caught cold at the blackboard - the students will cut you a lot more slack. 



The worksheets. The worksheets provided with the text are designed to use a working-group setting to solidify the basic concepts and techniques that the students have learned in class. They are not designed to be in-depth, probing problems. It’s OK to occasionally assign an open-ended or hard problem for the purpose of generating a group discussion but they will find too much of this humiliating and unrewarding. Don’t feel that you need to cover all worksheets in a group setting (others can be assigned as homework). Pick and choose the ones you like. Feel free to design your own. Also, be aware that the worksheets vary in the length of time it will take to complete them (we are considering a uniform length).



How much group work to do? The amount of group work that you do in the course is entirely up to you but we recommend that every instructor at least attempt some group work over the course of the semester. We have found that an ideal use of class time is 2/3 lecture and 1/3 group work. In a 50-minute lecture, this translates to about 35-40 minutes of lecture and 10-15 minutes of workshop. You can push this ratio as far as 5-15 minutes of lecture and 35-45 minutes of workshop but this requires that you first deliver a concise, motivating overview of the topic at hand that inspires some self-confidence in the students. Don’t feel obligated to do group work every class period, particularly if you are running behind. Even two or three workshops during the semester are beneficial. Also, if you have done group work consistently for several class periods you may want to “treat” the students to a full lecture - it is less work for them and they feel more secure when you are at the board. 



Do you speak “student speak”? When addressing a working group, the most important thing is to let them verbalize to each other or to you, even if the wording comes out all scrambled and it is not the way you would have phrased it. Hang loose: do they have the right idea? Are they on the right track? Also, don’t be surprised if the students seem to share a common language (what we call “student-speak”) that you don’t quite understand. Often times, they will explain something to one another in a way that is unintelligible to you but that makes things click for each other. This is a productive part of the working process - if it works for them, let it go. However, you should insist that when written assignments are handed in, that they be grammatically correct.





Can you do one more example for us? In general, you should resist requests for repeated examples done by you, at the board. Many students maintain the belief that they will catch on if you do “one more” at the board. This is largely an illusion. The fact of the matter is, that after one (or maybe two) good examples at the board, they will never catch on until they try a problem themselves. Use your judgment, though, sometimes, they really do need one more example! 



What did you just say to me? Don’t be surprised if the students say things to you that they would never dream of saying to you during a lecture. While you should not tolerate outright disrespect, you should be prepared for the fact that the group working atmosphere relaxes the formalities of the traditional lecture and students loosen up a lot. Use your judgment as to whether a student is being flippant or just carried away with the moment. Maintain a firm (but friendly) demeanor that commands respect. 



The 
“
problem child
”
. Usually, students remain quiet and respectful during a lecture for fear of being singled out in front of a room full or people. This fear evaporates as soon as a group working environment begins. During the workshop, you’ll need to exercise a different form of crowd control.  Passive intimidation works best on unruly students: show them more attention, keep asking them what they think - be productively involved and assertive with them.



What if they don’t work? The concern here is that the students 
will 
just sit and chat or work on 
their English homework
. Amazingly enough, this doesn’t seem to be a problem. In general, you’ll find that the students break up into groups readily and go straight to work. 



Is the workshop working? No matter how many workshops you have conducted, there will be days when you may feel that the workshop is “not working”.
 The students are off the wall, y
ou seem to be pulled in four different directions, no one is getting through the assignment, and so on. Resist the urge to retreat to the comfort and saf
ety of the traditional lecture 
- 
the workshop is probably more successful than you think. So long as the students are working together in small groups on an appropriate assignment and generating meaningful dialogues, then they are deriving the benefits of the workshop. Also, you should listen for student feedback on the workshop but remember that you are the educator and you know what’s best. 



They’re too noisy. The noise level may steadily increase as the workshop goes on. Provided that the students are being productive, this is OK. But if the noise level starts to carry over to other classrooms, you’ll need to hush the crowd. This is best done on a group-by-group basis rather than trying to quiet the whole crowd. 



Everybody stop!  Occasionally, you may find that a single point of confusion permeates the classroom and that you need to halt the entire workshop, draw attention to yourself, and work something out on the board. You should do this sparingly and consider it a last resort because it defeats the entire purpose of the group session. In fact, you should make any class announcements before the workshop begins. You’ll find that once the class breaks into groups, it is very difficult to get their attention.




Alternatives to Group Work
:


If time does not permit a full group session (at
 least 10-15 minutes), you may
 want to take the last few minutes of class to have each student try to work out a sample problem on their own. Ideally, you should check each student’s solution 
before they leave the room. This is a great way
 to keep them involved and to make
 sure they are on firm ground before they leave 
lecture.






You can have the students work on
 
group 
projects outside of class
. You can use any of the worksheets or 
“
thinker
”
 problems for this
 or
 design a project of you own.






An
 alternative use 
for the worksheets is to assign them as (individual) homework, in addition to whatever other homework you may be assigning. Because each worksheet will be returned with a standardized format, they are much easier to 
grade 
than a standard homework set. This is an ideal option for the instructor who would like to collect some, but not all, homework. Also, this ensures that all the worksheets get done, even if you don’t have time 
for
 them in a group setting. 












�1.1 Simple Interest



Lecture (1 - 1.5 days)

Introduce the two simple interest formulas: 



I = Prt         A = P(1 + rt)



I = interest, A = future amount, P = principal, 

r = interest rate (in decimal form), t = time (in years)



Point out that the whole idea behind simple interest is that the interest earned is directly proportional to the amount of the principle and to the amount of time the money is held. For each of the two formulas, do two types of examples: one in which the principal is given and one in which it is sought. If time permits, do examples in which the variables r or t are sought (screen the homework for these type problems, if you don’t). 



Caveats for the Instructor

Go slowly - this lecture is a refresher for many students on how to solve an equation for one unknown. Don’t worry if you spill over into the next lecture to finish the second simple interest formula. 



Reminders for the Students

There are two simple interest formulas; either one can be used to solve a simple interest problem but, usually, one is more convenient than the other. 

Interest rates must be converted to decimal form (e.g., 5.2%  (  r = 0.052) and time values must be converted to years (e.g., 13 months   (   t = 13/12 years).

There is no formula needed to answer questions such as, “borrowed $1200, paid back $1300, how much interest paid” - just subtract. (Students sometimes get caught up in the formulas and try to apply them universally.)

Students will need to purchase a scientific (or better) calculator, if they have not already done so.



Group Work

If time permits, have the students start on one of the simple interest worksheets. Eventually, they should complete all three of them, even if they are done as homework. 



Spreadsheet

Hold off on spreadsheet assignments until the next section (compound interest). The spreadsheet tutorial involves compound interest.



�1.1 Simple Interest: Exercises At a Glance



Note: No spreadsheet problems appear in this next section.

1. Compute total interest, I, using either simple interest formula. 

2. Compute total interest, I, using both simple interest formulas. 

3. Compute future amount, A. 

4. Compute future amount, A. 

5. Compute total interest, given A and P (just subtract - no formulas needed).

6. Compute total interest, I, using I = Prt.  Also, this question asks if interest doubles when the bond is held for twice as long (yes, it does - I is a multiple of t).  

7. Compute future amount, A, for three different time lengths. 

8. Compute total interest I owed on a loan and the interest rate, r.

9. Compute future amount, A, for three different time lengths. 

10. If a simple interest loan is held for three years instead of one year before paying it back, will three times as much interest be owed? Why or why not?

11. Solve for t in the formula I = Prt. 

12. Solve for t in the formula A = P(1 + rt).

13 - 16. Given A, find P in the formula A = P(1 + rt).



�1.2 Compound Interest



Lecture (1 - 2 days)

Introduce the concept of compound interest and how it differs from simple interest.  We suggest that you start with a very simple example of compounding, then move to something more involved that requires a table. This way, you can be sure that they see the effect of compounding without getting lost in calculations or a tabular format. 



Next, introduce and show examples of the compound interest formula. Stress the fact that this formula “jumps” to the final balance at the bottom of a compound interest table.



Do at least one example in which time must be “stopped” to make an interim calculation before computing the final answer (see example 3 in the text).



Caveats for the Instructor

Students will need help with calculator keystrokes. Be sure to write them on the blackboard. Point out that keystrokes are not unique. 

A formal algebraic proof/derivation of the compound interest is probably not productive at this stage. Note that the last part of this section informally derives the formula.

Don’t be surprised if you get bogged down showing calculator keystrokes during lecture - that’s one of the reasons that this topic may take more than one day. This is time well spent. We find that once students master the exponential key and nested parentheses, they get quite proficient with the calculator. 

Some of the homework exercises ask the student to estimate the values or r or t required to achieve a certain result. Don’t assign these unless you have talked about how to do this (refined guessing).





Caveats for the Students

Discuss rounding, if it has not come up before. Show them how to round to the nearest penny at the end of a problem. Remind them not to round during a calculation.



Group Work

Time permitting, end lecture with group work in which the students do (or at least start) one of the two compound interest worksheets. 



Spreadsheet

Assign the spreadsheet tutorial (in the spreadsheet appendix) to the students. They can do this on an individual basis or, better yet, schedule a group computer lab session (50 minutes) in which the students work in pairs or small groups to complete the tutorial, under your supervision. This way, they can get help when first working with Excel and you will be sure that each student has been introduced to Excel. Otherwise, they might keep postponing use of the spreadsheet. 



1.2 Compound Interest: Exercises At a Glance 



1. Compute A, given P.



2. Compute P, given A. 



3. Compute total interest earned but, first, compute A given P.



4. Compute P, given A.



5. Which of two accounts earns more interest. The student must supply a common time period to be used as a base line (this is told to them as a hint).



6. Given A, find P. The student must show some judgment as to how old a starting freshman college student would be (answers are supplied for 18, 19 and 20 years). 



7. Estimate the value of t.  This could be done on a calculator but the best way is to code up the compound interest formula in a spreadsheet with t as a user-supplied variable. 



8. “Stop the clock”. Compute total interest on an account in which the interest rate gets changed. 



9. Compute the final amount due on a loan and the amount of interest. 



10. Compute the future amount of a retirement fund. The wording of this problem is slightly harder than usual.



11. Refers to problem 10. Find P needed to achieve a certain A. 



12. Compute the interest accumulated on a credit card purchase. 



13. Compute the total interest earned on a credit card. The student must realize that the balance can be treated as two separate balances with different interest rates. 



14. “Stop the clock”. Break down a credit card balance into three periods for analysis. 



15. Estimate the interest rate r in the compound interest formula by a sequence of refined guesses. 



16. Basically, this asks if interest is proportional to principle (yes it is).



17. Compute the (average) savings in interest charges that result when the interest rate on a credit card is lowered. 



18. Compute the interest earned on an account. The student must realize that the monthly interest on a constant balance is constant. 



19. (SS) Write a compound interest table.

20. (SS) Write and use a compound interest table to find the ultimate balance of an account for which the interest was changed mid-stream.



21. (SS) Write and use a compound interest table to find the ultimate balance of an account for which the interest was changed mid-stream.



22. (SS) Write a compound interest table, then analyze it.



Thinkers: 



23.  360 vs. 365. The number of days per year is often rounded to 360 when doing compound interest calculations. Does this make a significant difference?



24 (SS). “Inaccuracy” of the compound interest formula. This explore the “inaccuracy” introduced in the compound interest formula, which comes from the fact that, in practice, periodic payments are rounded to the nearest cent.



25 (SS). Rule of 72. This explores the accuracy of the “rule of 72” that is used for estimating doubling time (divide 72 by the annual interest rate).  The student is given the log function to program as a cell relation but need not understand it. 

�1.3   Annual Effective Rate (AER)



Lecture (1 day)

Introduce annual effective rate: Annual effective rate is the percentage by which money grows in an account (or on a loan) in one year.



Do two types of AER problems: (1) a problem in which AER must be computed from starting and ending amounts and (2) a problem in which AER is computed from the nominal interest rate and the compounding rate.  We suggest that you emphasize in case (2) that starting and ending amounts can be generated by compounding an arbitrary balance for one year and that the answer is independent of the chosen starting amount.  An initial balance of $100 (or $1) is particularly useful because the final AER can be ”read off” the ending balance. Once starting and ending (annual) balances have been computed, case (2) reduces to case (1).



Caveats for the Instructor

Students struggle with the concept of AER. We believe that this is primarily because they are not accustomed to working from a definition. 

In the text, we have avoided giving a formula for computing AER based on the nominal interest rate, r (this is easily derived from computing the future amount with an initial balance, P, of one dollar).  The danger here is that, once supplied with such a formula, the students will try to apply the formula in a case as simple as this: “find the AER on an account that grew from $1000 to $$1100 in one year”.  Moreover, there is no need to memorize such a formula: one can always achieve the same result by setting P = 1 in the compound interest formula and solving for A.



Caveats for the Students

The definition of AER is not just a formality - it is the key to solving AER problems. That is, AER problems can be solved by looking for, or generating, the percentage increase over one year. We recommend that you formally assign them the task of memorizing the definition of AER and quiz them on it periodically. 

AER is not the same as APR, the nominal (quoted) rate. 



Group Work

Worksheet 6.  Note that question 3(d) asks them to use AER as a shortcut to the compound interest formula.  All that is meant by this is that once the AER is known, say, 10.2%, then the amount of interest earned after one year on P is (0.102)P. 



Spreadsheet

None of the exercises requires a spreadsheet, though it would be helpful on problem 15. �1.3 Annual Effective Rate (AER): Exercises At a Glance 



1. Give the definition of annual effective rate.



2.  Compute AER on an account for various initial balances. The point is to realize that AER is independent of the initial amount. 



3. Compute AER, given the banking terms. 



4. Compute AER, given starting and ending amounts for the year. 



5.  Compute AER, given the banking terms. 



6. Compute AER, given starting and ending amounts for the year. 



7. Compute AER, given the banking terms. 



8. Compute a percent increase over one year. The student is asked how this is related to AER (it is AER, by definition).



9. Compute AER on a loan, given the terms of the loan. 



10. Compute an AER, given the banking terms. The question actually asks for an annual percentage increase, not an AER - the student should realize that this is the same as AER. 



11. Compute an AER, given the banking terms. The question actually asks for an annual percentage increase, not an AER - the student should realize that this is the same as AER. 



12. If a bond pays 12.0% interest per year, compounded daily, will the bond’s value increase by exactly 12.0% after one year? Why or why not?



13. If a bond pays 12.0% interest per year, compounded annually, will the bond grow at the rate of 12.0% per year? Why or why not? Compute the AER if you’re not sure.



14. Compare the AER of two accounts, one that pays 8.95%, compounded daily, and one that pays 9.0%, compounded quarterly.



15. Compute the AER of an account for various compounding frequencies. 



16. Compute the increase on an account, given the AER (just multiply).



17.  Probe the effects of rounding AER to three different levels of accuracy. 



�1.4  Inflation

Lecture (1 day)

Show how inflation problems can be solved with the compound interest formula. Point out that we are entitled to use the compound interest formula because prices compound in inflationary times. Also, show how to compute future prices when the inflation rate changes each year (compute each end-of-year price with its respective inflation rate). Note the example in the text that computes whether or not a worker’s salary has kept up with inflation. You may find that students struggle with this simply because they do not understand what is meant by the phrase, “keep up with inflation”.



Make mention that, in practice, inflation is not uniform: some prices rise more than others. That’s why we have various price indeces such as the consumer price index (CPI), to track the rise in prices of only certain types of goods. 



It’s up to you whether or not you introduce inflation problems in which the inflation rate is quoted other than yearly (say, monthly). If you do, remember that there are two ways to solve such problems: (1) convert the non-annual interest rate to an annual interest rate or (2) use the compound interest formula with non-annual time units. The students will probably find the first method the simplest. See homework problems 11 and 12.



Caveats for the Instructor

Students may need to be convinced/reminded that a legitimate shortcut to increasing an amount by, say, 6% is to simply multiply it by 1.06. Some are probably more comfortable with first computing 6% of the amount, then adding it to the amount. 

Time permitting, do an example in which the value of t is arrived at by a series of refined guesses. It’s important that the students see you do this so they are reassured that estimation is a legitimate process. 



Caveats for the Students

There is no (new) formula for inflation problems. Problems in which the annual inflation rate remains the same can be solved with the compound interest formula by setting the compounding frequency n to 1.  

Remember the temporal relation of A and P in the compound interest formula (and, therefore, inflation problems): P comes before A (the future amount). This will settle the issue of which variable given and which is sought.



Group Work

There are no worksheets on this topic. You might want to have the students complete another compound interest worksheet since this is such an important concept. 



Spreadsheet

No spreadsheet problems for inflation.�1.4  Inflation: Exercises At a Glance



1. Compute the future price of a boat, given the inflation rate. 



2. Compute the past price of a mini-van, given the inflation rate. 



3. Compute the future price of a rare coin, given the inflation rate. 



4. Compute the future price of a house, given the inflation rate. 



5. Has one’s salary kept up with inflation? Inflation rates are given as well as the actual salary increases.



6.  Find how long it will take for the cost of a $100 item to increase to $200, given the inflation rate. The students is expected to arrive at the answer by refined guessing. 



7. Compute the past median income in the U.S., given the inflation rate. 



8. Compute the time it takes for the cost of a home to triple, given the inflation rate. 



9. Compute the 1897 cost of a postage stamp, given a 3% inflation rate. 



10. Compute the future cost of an antique clock and the future amount of a bank account.



Thinkers 



11. Comic Books.  Compute the future price of a comic book, given the monthly inflation rate. 



12. Stock Values. Compute the future price of a stock, given the weekly inflation rate. 





�1.5  Increasing Annuity



Lecture (1 - 1.5  days)

Define an increasing annuity (a stream of payments made into an interest-yielding account). Next, construct an annuity table keeping in mind that they will need to be able to do this on a spreadsheet.  It would be a good idea to include the cell relations on the board. Spend some time analyzing the finished table. For instance, how much total interest was paid? Is the monthly interest going up or down and why? Can such a table be constructed when the deposits are made at the beginning of the compounding period, rather than the end? How can a positive initial balance be taken into account? 



Show how to use the increasing annuity formula two ways: (1) given D, find A, and (2) given A, find D. In the latter case, they will need help with the algebra and/or keystrokes because the large fractional part of the formula appears on the same side of the equation as the variable D. 



If you spent significant time constructing an annuity table, then you might not have time to show both uses of the increasing annuity formula (solve for deposit amount or the final balance).  But this can be covered in the next lecture (decreasing annuities) because a decreasing annuity is so similar to an increasing annuity. 



Caveats for the Instructor



Don’t spend time algebraically deriving the increasing annuity formula.

Students will need help with the keystrokes. 

For some reason, students struggle with computing the total interest on an annuity. You may find they even get stumped on how to sum the deposits! It’s a good idea to compute the total interest on every annuity example that you do. 



Caveats for the Students

The increasing annuity formula assumes that deposits are made at the end of each compounding period, that there is no initial balance, and that all deposits are of equal size. 

The spreadsheet has an advantage over the increasing annuity formula: it does not require any special assumptions about an increasing annuity. In particular, the deposit amounts can be unequal. This is 



Group Work

Worksheets 12, 13 require no spreadsheet so they may be done in class. Worksheet 11 is also on increasing annuity but requires a spreadsheet.



Spreadsheet

Problems 8, 9, 13, 14 involve the use of a spreadsheet. Problem 9 has changing deposit amounts. 

1.5  Decreasing Annuity



Lecture (1 day)

This lecture should go quickly because the ground work has been laid in the increasing annuity section.  You may still be mopping up from increasing annuities. Define a decreasing annuity (a stream of withdrawals from an interest-yielding account).  Point out that the only difference between an increasing annuity table and a decreasing annuity table is a minus sign in the computation of the ending balances. For this reason, you might not need to repeat the table construction process. 



Do two types of examples: one in which the withdrawal amount W is sought, and one in which the initial deposit amount P is sought. At the end of each problem, compute the total amount withdrawn and the total amount of interest earned. 



Time permitting, do a “retirement” problem (see text). In these problems, an increasing annuity builds to a peak, then is drained. Students may struggle with the fact that the decreasing annuity part of the formula (the second half) needs to be done first. Stress the fact that the value P in the decreasing annuity formula becomes the value of A in the increasing annuity formula.



Caveats for the Instructor

Don’t spend time algebraically deriving the decreasing annuity formula.

Again, students struggle with computing the total interest on an annuity.  Remind them that total interest earned on a decreasing annuity is just the difference between the initial balance and what the sum of the withdrawals. Don’t be surprised if they don’t know how to sum the withdrawals!



Caveats for the Students

The decreasing annuity formula assumes that withdrawals are made at the end of each compounding period and that all withdrawals are of equal size. 

The variable P , formerly used for principal, is being re-used for the initial balance of a decreasing annuity.

Students will need to know how to compute total interest earned on a decreasing annuity. 



Group Work

Worksheet 14 covers decreasing annuity.



Spreadsheet

Problems 11 and 12 require a spreadsheet.

�1.5  Decreasing Annuity: Exercises At a Glance



1. Compute P, given W.



2. Compute W, given P.



3. Compute the sum of withdrawals for various decreasing annuities. 



4. Compute sum of withdrawals, total interest earned and initial deposit, given W.



5. Re-do problem 4, with different account terms. 



6. A retirement problem (increasing annuity followed by a decreasing annuity).



7. A retirement problem (increasing annuity followed by a decreasing annuity).



8. Compute W, sum of withdrawals and total interest, given P.



9. Complete a decreasing annuity table, given varying withdrawal amounts. 



10. Compute W and total “interest” (profit), given P. The problem is posed as a bond-selling problem.

 

11. SS Compute time it will take for a decreasing annuity to reach two different amounts. Also, compute interest earned after 5 years. 



12. SS (Similar to problem 11.) Compute time it will take for a decreasing annuity to reach two different amounts. Also, compute interest earned after 2 years. 





Thinkers



13. In Example 2, we said that Gretta withdraws about $1843.78 per month. Why can’t Gretta withdraw exactly $1843.78 at end of each month? (Answer: if she withdraws this rounded amount, the withdrawals won’t sum to exactly to the amount of the initial deposit.) 



�1.5  Amortization



Lecture (1 day)

This lecture should go quickly because the formula and spreadsheet construction for an amortized loan is the same as it is for a decreasing annuity.  Do two types of examples: one in which the payment amount M  of an amortized loan is sought, and one in which the initial loan amount P is sought. At the end of each problem, compute the total amount paid and the total amount of interest paid. 



Concentrate on car loans and home mortgages, since these are the most common amortized loans. Also, it would be worth discussing why repaying a loan in equal payment amounts is not the best way to repay a loan (it’s best to make higher payments earlier on, if possible). 



Be sure that students understand why the decreasing annuity formula can be used for computing amortized loans (draining an interest-yielding account is the same as draining an interest-generating debt). 



Caveats for the Instructor

Students may struggle with computing the total interest paid on a loan. 



Caveats for the Students

The decreasing annuity formula assumes that withdrawals are made at the end of each compounding period and that all withdrawals are of equal size. Hence, these requirements extend to amortized loans when the decreasing annuity formula is applied. 

Don’t forget to subtract the down payment (if there is one) before computing the amount of a loan (e.g., car purchase, home mortgage).



Group Work

Worksheet 15 covers some basics of amortization. Also, it asks how much of a given payment goes toward principle and how much toward interest. Make sure you have covered this in class, if you assign this worksheet. 



Spreadsheet

Problems 15 and 16 require a spreadsheet.

�1.5  Amortization: Exercises At a Glance



1. Compute weekly payment on an amortized loan.



2. Compute the monthly payment and total interest on an amortized loan.



3. Compute the monthly payment and total interest on an amortized loan.



4. Compare two loans by computing the total interest that would be paid on each.



5. Compute payment amounts on a loan for potential life spans of the loan to see which of these falls within a budgeted amount. 



6. For each of the three installment (amortized) loans, calculate three things: the monthly payment, the total amount paid, and the total interest paid.



7. Compute which of two loans has a lower payment.



8. Compute payment amount and total interest over the life of a boat loan. The deposit must be taken into account. 



9. Compute the real cost of a car, taking total loan interest and down payment into account. 



10. Compute the total interest paid over the life of a realistic mortgage (the number will be surprisingly large).



11. Calculate the monthly payment and the total interest paid to the bank on a home mortgage for various loan lengths.



12. Compute monthly installments on a home mortgage for various interest rates. 



13. By way of example, this question probes whether or not a lower monthly payment and a lower interest rate is necessarily a better bargain (it’s not, if the loan is carried for too long).



14. For each of the first two months of a loan, calculate three things: the interest paid for the month, the amount of the principal paid off and the balance at the end of the month. 



15. SS Compute how long it will take to pay off a mortgage, given a fixed payment amount.



16. SS Compute monthly payments for a loan, given that, for the first year, no payments were made and that the loan was allowed to accumulate interest. 



Thinkers



17. Table ### most recent final amount not agree with dec annuity formula. How can you explain this discrepancy? Which is correct?



18. The student is asked to write a convincing argument that it is better to repay a long-term loan in unequal installments, making higher payments earlier on. 

�2.1, 2.2, 2.3  Lines and their Equations, Finding the Equation of a Line, Intersection of Two Lines



Lecture (2 days)

These three sections cover the standard mechanics of linear equations: 



the cartesian plane

ordered pairs

graphing a line

slope-intercept form

vertical/horizontal lines

x- and y-intercepts

perpendicular and parallel lines

how to find the point of intersection of two lines

how to find the equation of a line given two points on the line or one point on the line and the slope (explicitly or implicitly)



Cover these topics in any order that you are comfortable with; we have found that this takes about two lectures. Much of this will be a review for students so move at a brisk pace. 



Caveats for the Instructor

Most of this material is procedural in nature so multiple examples are probably not a good expenditure of class time. 

We have intentionally excluded the most general form of a linear equation in two variables, Ax + By = C. Instead, we have given two forms: y = mx + b (for non-vertical lines) and x = c (for vertical lines). This is to stress the fact that vertical lines are an anomaly and often require special consideration. Also, we are trying to cut down on the amount of memorization in these sections: since these two forms must be memorized under any circumstances, we consider it redundant to have students memorize the most general form. Feel free to introduce the general form, however, if you feel that it is important that they are aware of the unified form. 

The homework problems for all three sections are held until the end of section 2.3, so, screen the problems carefully.  Again, this was done to emphasize that we do not recommend spending one day on each section. Eventually, we may distribute these problems over all three sections. 

We have intentionally excluded the point-slope form for the equation of a line, that is, y - y1 = m(x - x1). This is because we want to cut down on the amount of memorization: since students will have to learn to work with the slope-intercept form (y = mx + b) anyway, we consider the point-slope form redundant. Also, we have observed that students tend to make mistakes when working with this deceptively form.

We have not emphasized the notion of slope as “rise over run” but you may wish to do so. We have found that students have been sufficiently drilled on this in high school. 

When demonstrating the elimination procedure, it might be a good idea to show (when possible) that the other variable could have been eliminated as well. 

You may be aware of shortcuts to the some of the solutions we have presented in the text (particularly in the “four routines”). To cut down on the volume of techniques that the students are expected to master, we tried to group problems by similarity and provide for each type only one method of solution which we thought the students would have to master anyway.  Feel free to present other techniques.



Caveats for the Students

Consider special cases first (vertical and horizontal lines), before launching into a standard routine. 

In almost all instances of the elimination process, either variable can be eliminated (except when one of the equations represents a vertical or horizontal line). 



Group Work

Worksheet 16 covers many of the mechanics of working with lines. This will help to solidify the lecture and spot any troubles before students attempt the homework.



Spreadsheet

At the end of section 2.3, we discussed how to program a spreadsheet to automate the elimination procedure. This is a worthwhile exercise because it requires that the student think about the elimination procedure in a general form. Also, the students can use the spreadsheet to check their answers and to help expedite the graphing technique in linear programming.  Problem 9, the “Thinker” problem, asks the students to consider the consequences of a spreadsheet that always eliminates the x variable. For instance, what if one of the equations does not have an x variable?



�2.1, 2.2, 2.3  Lines and their Equations, Finding the Equation of a Line, Intersection of Two Lines: Exercises At a Glance

1. These non-computational questions ask the student to reflect a bit on the representation of lines and points. 



2. State what type of lines these 10 equations represent (i.e., vertical, horizontal, other). 



3. Give examples of equations that represent lines with the specified properties.



4.  For each line given, find the x- and y-intercepts (if they exist), the slope, and then graph the line. 



5.  Find the equation of the line, given its slope and one point on the line.



6. Find the equation of the line that passes through the pair of given points. 



7. Find the equation of the line given one point on the line and a line to which it is parallel (or perpendicular).

 

8. For each pair of lines, find all intersection point(s). 



Thinkers



9. Bugaboos of the spreadsheet for elimination. In section 2.3, we introduced a spreadsheet for automating the elimination procedure.  The students is asked to think about the special cases in which the spreadsheet will fail. For instance, what if one of the equations has no x variable?

�2.4  Applications of Linear Models

Lecture

Do some examples in which a linear model can be applied.  See the text for some suggestions. 



Caveats for the Instructor

It may appear that students do not see the linear relationship or equation in a word problem.  We have found that students are often just stumped on the formality of it.  For instance, in a problem modeled by a cost equation, students are usually able to compute the cost of a specific number of items but they need to do this for a couple of different values before they generalize to the variable x.  For this reason, the examples in the text build up to the linear equations by computing with specific amounts. 



Caveats for the Student

Be sure to include any restrictions on the linear equation(s) you have written. For instance, there is usually a non-negativity constraint (e.g., x  ( 0). 

In a cost-revenue problem, revenue is gross sales, so you do not need to subtract any costs when writing an equation for revenue.



Group Work

Worksheet 17 provides a full application of a linear model. 



Spreadsheet

There are no spreadsheet problems in this section.

2.4  Applications of Linear Models: Exercises At a Glance



The homework problems are all word problems designed to generate one or more linear equations. Eventually, the students should complete all of these problems. In most problems, there are some follow-up questions beyond the formation of an equation.

�2.5 Linear Programming

Lecture (3 - 5)

This section introduces a modeling-graphing technique for solving linear programming problems in two variables. If you have not taught this method of linear programming before, read this section very carefully. 



Note that we do not first teach the graphing technique for abstract linear systems.  We have found that students are fully capable of mastering the modeling and graphing procedures in their natural order. Also, this immediately justifies to the student the need for the graphing technique. 



We recommend that your first linear programming example be the complete solution of a linear programming problem, from beginning to end. However, in the first linear programming homework assignment, you may want to have the students set up the mathematical system and stop just before applying the graphing technique. This way, mistakes can be corrected before they graph the systems for the next assignment. 



We have not presented the traditional tableau simplex procedure for three reasons. First, it is very time-consuming to learn and execute. Secondly, it offers virtually no more insight into a problem than the graphing technique (and probably less). Thirdly, modern linear programming solvers do not actually use the tableau method because it is very inefficient to store so many vectors (instead, they use algorithms that compute matrix inverses). 



Caveats for the Instructor

To do one linear programming problem from beginning to end may take the better part of a full lecture. Remind the students that this is largely because you have to explain each step along the way.  After a little practice, most of the problems presented in this text should take them only 10-20 minutes. 

Students may often get “stuck” at the start of a problem. This is almost always because they have not defined the variables at hand. 

Some of the homework problems are actually integer programming problems (require an integer solution), not linear programming problems. Strictly speaking, there is no guarantee in an integer programming problem that an optimal solution will lie at one of the vertices of the ambient polytope - a fact which the graphing technique relies upon. However, we have “rigged” the integer programming problems so that the optimal vertex is an integer solution, hence, an (overall) optimal solution. We have never found the need to trouble the students with this distinction but the instructor should be aware of it; this will be an issue only if you explain how we know that, in a linear programming problem, one of the optimal solutions must lie at a vertex. Eventually, we plan to treat integer programming problems as a separate topic.

At some point, you should mention the possibility that the student encounters an unbounded region. 

We recommend that, when solving a linear programming example, you stop after the objective function and variables have been established but before the non-trivial constraints are written. Ask the students what the solution to the problem is, based on what has been written so far. The solution will always have a trivial (e.g., x = 0 = y) or unbounded solution. If they do not see this, there is no point in proceeding - they do not understand what it means to optimize the objective function and this issue should be addressed. 



Caveats for the Student

By its very nature, linear programming is an optimization model with a very rigid structure. Do not deviate from the templates and methods provided. In particular, be sure to start each problem by clearly defining the (two) variables at hand, then the objective function. 

Note that the text provides a template (recipe) for solving linear programming problems, a page of tips, and the answers to commonly asked questions. 



Group Work

Worksheets 18 and 19 ask the students to set up a linear programming problem but to not solve it. We recommend that you have the students do at least one of these worksheets while they are still in class so that you can address fundamental difficulties with modeling. Worksheets 20 and 21 ask the students to solve established linear programming systems.  Also, it would be best if you resist requests for multiple examples done by you at the board. This detracts from the time that students could be spending tackling these problems themselves. Moreover, they have been provided with a template to follow, so multiple examples really should be unnecessary. 



Spreadsheet

There are no linear programming spreadsheet problems at this time. However, the students can download from the Math 110 web site an Excel document for automating the process of finding all of the vertices. As a minimum, the students should use this to verify their vertices. The document is not a substitute for the hand method - you can enforce this by asking to see the elimination procedure performed.  Note that the document works off of a brute-force method: it finds the intersection points of each pair of lines, then, tests each point for validity. If one of these points is valid for all constraints, then it must be a vertex. 

�2.5 Linear Programming: Exercises At a Glance

Exercises 1-12 are two-variable linear programming problems, each of which generate three to five constraints.  Solutions are provided for each.

�3.1 Sets 

Lecture (1+ days)

This section of the text provides a rigorous framework for the subsequent study of probability. You should introduce the basics of sets such as containment, equality, union, intersection, the universal set, the empty set, set complements, and the inclusion-exclusion principle. Emphasize the need for the student to master both the reading and manipulation of  set notation. This section is not intended to be a comprehensive study of set theory.  



You should do at least one example in which the students have to decipher an expression involving multiple symbols, such as [ (B ( { }) ( U ] ( CC.



You may want to make more use of Venn diagrams then we have in the text. 



Assign exercises 1 - 50 for homework. Screen these problems if you have not gotten through all the material.



Caveats for the Instructor

There are no formal examples in this section, so, the students may be more dependent upon you than usual for in-class examples similar to the homework problems. 

The most difficult topic of this section is the inclusion-exclusion principle. Remind the students that the main purpose of this “formula” is to help one correctly count the size of the union of two sets. 

There is a class of problems that can be solved either algebraically with the inclusion-exclusion principle (formula) or by a two-circle Venn diagram. Do an example similar to Exercise 46 so the students can see both methods. 

Note that exercise 48 has no solution, based on the information that’s given. We consider it important that students recognize ambiguities such as this.



Caveats for the Student

Be sure that you are fully comfortable with all of the symbols presented in this section (for instance, {integers x ( x ( 1}, (, and ().



Group Work

There are no worksheets for this section. Time permitting, either of the paradoxes posed in the homework set would make good topics for brief class discussions.  (These would not be so good for small group discussions - students will get confused as to “what they are supposed to do”.) 



Spreadsheet

There are no spreadsheet exercises for this section. 

�3.1 Sets: Exercises At a Glance



1 - 21. Determine the validity of some set-theoretic statements. 



22 - 25. Compute some set expressions.



26. Give examples of set with the specified properties.



27 - 29. Compute some set expressions.



31 - 41. Determine the validity of some set-theoretic statements. 



42. Find the number of subsets of a set A, given the number of elements of A. 



43 - 45. Compute one of the four quantities in the inclusion-exclusion principle (formula), given the other three. 



46 - 49. Use a Venn diagram or the inclusion-exclusion principle (formula) to find the quantity described in the given word problem. (Note: In exercise 48, insufficient information given - answer is “can’t tell”).



Thinkers



Well-defined Sets.  Explain why each of the six ill-defined sets is ill-defined (e.g., “the set of all fast computers”). 



Even Numbers. Consider the set of all even integers. Is this set infinite? Write a short paragraph to convince a classmate that it is (or isn’t).  What about the set of odd integers?



Prime Numbers.  The set of primes is well-defined but is it infinite? How can we tell? 



Inclusion-Exclusion Principle. When is it valid to conclude that n(A ( B) = n(A) + n(B)? Conversely, if you know that n(A ( B) = n(A) + n(B), what can you conclude about the intersection of A and B?



Tautologies. A statement that is always true is called a tautology.  Explain why each of the following statements is true, no matter what universal set is declared.  

Statement 1: {  }C =  U. Statement 2: UC = {  }



The Lion’s Paradox, Russell’s Paradox  Students are asked to ponder these two paradoxes. Either of these would make good topics for group discussions. 

�3.2 The Basics of Probability

Lecture (1-2 days)

Begin by defining an experiment, sample space and event. Emphasize that for an experiment/sample space to be well-defined, it must be clearly stated what is to be recorded (see the paragraph after the definition of an experiment). Give examples of experiments that are well-defined and some that are ill-defined.



Establish the notation P(E) and the fact that 0 ( P(E) (1, for any event E. Give examples of how to compute unconditional probabilities from experiments such as drawing a card from a deck of playing cards, picking letters out of a word, coin toss, etc. Be sure to do some examples in which the outcomes of the sample space are not all equally likely. 



Assign exercises 1 - 11 for homework (exercises 12 and beyond require topics from the next section).

 

Caveats for the Instructor

Sloppily defined experiments/recordings lead to multiple sample spaces and potential confusion. If an experiment is truly well-defined, then it has a unique sample space.  Early on, be precise in your statements of experiments and their recordings. 

Don’t be surprised if the students cannot write down sample spaces for experiments that seem (to us) to be very similar to ones you have introduced. For instance, they might not recognize the similarity between a boy-girl sample space ({BBB, BBG, BGG, …}) and a heads-tails sample space (HHH, HHT, HTT, …}).  Introduce the students to as many sample spaces as possible.

You’ll need to emphasize that, usually, the probability of the intersection of events is computed by directly intersecting the appropriate sets and counting the number of elements.  There is no “formula” for this counting procedure as there is for unions (the inclusion-exclusion principle).

Not all students are familiar with a deck of 52 playing cards.  Those that are not should be assigned the task of familiarizing themselves with one so they are not at a disadvantage.

Students will doubtless catch on to the fact that most of the probabilities we encounter can be computed by informal counting. Remind them that some must be handled more formally (see problem 3 of worksheet 22). 



Caveats for the Student

Most problems that you will see can be handled in two ways: by reasoning it out (counting) or by formal manipulation of set notation and/or formulas. You need to be proficient at both.



Group Work

Worksheets 22, 23 and 24 cover the basics of probability.



Spreadsheet



3.2 The Basics of Probability: Exercises At a Glance

1 - 11. These exercises ask the students to compute a number of probabilities taken from the following sample spaces: drawing a (single) playing card, choosing a month of the year, choosing a student at random, the three-coin coin toss, rolling a six-sided die, drawing a marble from a bag of colored marbles. 













3.3 Conditional Probability

Lecture (1 day)



Assign exercises 12 (a)-(h), 14, 15, 16, and 17.



Caveats for the Instructor



Caveats for the Student



Group Work



Spreadsheet



�3.3 Conditional Probability: Exercises At a Glance

1 - 11. These exercises ask the students to compute a number of probabilities taken from the following sample spaces: drawing a (single) playing card, choosing a month of the year, choosing a student at random, the three-coin coin toss, rolling a six-sided die, drawing a marble from a bag of colored marbles. 

�3.4 Mutually Exclusive and Independent Events

Lecture (1 day)



Assign exercises 12 (i) and (j), 13, 18, 19, 20, 21, and 22.



Caveats for the Instructor



Caveats for the Student



Group Work



Spreadsheet









�3.4 Mutually Exclusive and Independent Events: Exercises At a Glance







� http://vortex.bd.psu.edu/~jpp/finitemath
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