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Overview
Many institutions have one or two mathematics courses specifically for undergraduate business majors. Traditionally, many of these courses have not been well liked either by the students who took them or by the faculty who taught them—or, I suspect, by the faculty who required them. However, current trends in the teaching of mathematics provide an excellent opportunity to improve these courses. I will outline these trends and give an example of a redesigned business mathematics sequence at the University of Arizona.

Myths and Realities

Before talking about new mathematics courses, let us examine some of the assumptions made by faculty in business and in mathematics. For many years there has been a startling lack of communication between the two groups. Being in a mathematics department, I can report that there is a common perception that mathematics courses were there to weed out potential business students, rather than to teach them anything useful. Rightly or wrongly, mathematics departments often felt the content of these courses was not important to the business colleges. Besides putting mathematics departments into a role that no faculty would want—someone else’s executioner—this made the courses extremely difficult to teach, as both faculty and students approached them as a forced march rather than a shared intellectual endeavor. My impression, based partly on a recent conference in Tucson,
 is that business faculty have had equally many disappointments in their relationships with mathematics departments. 

The reason that I bring up these perceptions is to point out that there are bound to be some rough beginnings as we strive to start again. It will take some time, and some effort, to build the bridges that are needed for genuine cooperation. However, there is now a real willingness to do this, which should greatly improve the education that business students receive in the future.

In planning for the future, mathematics departments need to learn more about what mathematics and what tools are used in colleges of business. For example, many mathematicians are unaware of how much can be done with Excel. It is equally important for colleges of business to appreciate the mathematics backgrounds and attitudes of freshmen. Mathematics departments teach a much wider range of students that the ones who finally reach junior year courses in colleges of business.  In the interests of equity and access, we have to give all freshmen students a chance, including those with weak backgrounds and shaky motivation. At this time, many incoming students do not have solid backgrounds in algebra and graphing, and do not easily acquire such backgrounds. Addressing this problem is much more complicated than faculty outside mathematics might expect, as it is rooted in phenomena outside of the control of academia.  Both mathematics and business faculty face a future in which students' skill with symbolic manipulation is declining, at the same time as their technological savvy is increasing. We need to respond creatively to these trends.

Changes Taking Place Nationally in the Teaching of Mathematics

The past decade has seen a renaissance in the teaching of lower level undergraduate courses in mathematics. Propelled by students with increasingly diverse interests, by changes in technology, and by international comparisons, the mathematics community has undertaken several initiatives in undergraduate education. At many colleges, calculus and statistics have been modernized. New topics have been introduced, computers and calculators are incorporated, and new pedagogies used. Courses are more likely to be interactive, to involve projects, writing, and group work. There is, of course, considerable variability in the level of innovation around the country; however, most departments have some faculty who are experimenting. 

In both research and teaching, mathematicians have recently renewed their commitment by to collaboration with other disciplines. The current curriculum review by the Mathematical Association of America (a national professional organization of mathematicians) involves, for the first time ever, substantial input from faculty in other fields. The past decade has seen a rapid increase in the number of mathematics courses tailored to particular disciplines— business, biology, and engineering, for example.

Many redesigned courses have some or all of the following characteristics:

· More emphasis on conceptual understanding. 

· Problem driven, rather than theorem driven.

· Increased use of real data; increased emphasis on mathematical modeling.

· Use of technology: computers and calculators. 

· More numerical and graphical work—often made possible by software.

· Alternative assessment: projects, oral and written presentations.

For those who would like an illustration of the kinds of changes taking place, some problems typical of new curricula are in Appendix A at the end of this report.

Mathematics for Business Students at the University of Arizona
In 1998, Richard Thompson (Mathematics) and Chris Lamoureux (Finance) undertook to redesign the two-semester mathematics sequence taken by business students at the University of Arizona. The resulting course, Business Mathematics I and II, is strikingly different from its predecessors. It is centered on business projects; students work in groups to learn mathematics in the context of these projects. Calculations are done using Excel, and students give PowerPoint presentations. The course materials are entirely electronic (available at http://www.math.arizona.edu/busmath and on CD).

The mathematics covered in Business Mathematics is roughly the same as before—an introduction to probability and calculus—but the focus is on using these tools to solve substantial business problems. We still do some mathematics on the blackboard and the students still take paper and pencil exams. However, a large part of the students' grade comes from a presentation of their group's project. The fact that these projects make substantial use of mathematics makes the point that this material is useful in a way that faculty exhortation cannot match. Evaluations reflect the fact that students find the course worthwhile. In addition, their performance on exams and homework, as well as on the projects, indicates that students are learning.

There are two projects each semester in Business Mathematics. A description of each of the projects and of the mathematics and computer tools required to solve it are in Appendix B at the end of this report.

Implementation of Business Mathematics at Arizona
We are currently nearing the end of the first semester of full implementation of Business Mathematics I; Business Mathematics II will go into full implementation next semester.  In Business Mathematics I there are now 624 students in sections of about 30 each. We are well beyond the first group of instructors who were volunteers, and have demonstrated that it is possible for faculty assigned to the course to teach it successfully.

The Future
While other institutions may chose to develop different mathematics courses for their business students, I strongly recommend the method by which the University of Arizona's course was born: Substantial collaboration between Business and Mathematics faculty with each partner contributing what they do best.  By such collaboration, we believe that we can make mathematics a springboard for students of business, rather than a hurdle.

APPENDIX A:       EXAMPLES OF NEW CALCULUS CURRICULA

(For Students in Any Field, Not Especially Business)

The following problems give an idea of the kinds of changes taking place in mathematics courses. The more standard computational problems that you may remember are also still present; these problems were chosen to illustrate the different features of new courses.

1. Let P(t) be the population of the US in millions where t is the year. What do the following quantities or statements represent, in terms of the US population?
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2. The temperature outside a house during a 24-hour period is given, for 0 ( t ( 24, by
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where F(t) is in degrees Fahrenheit and t  is in hours.

(a) Find the average temperature, to the nearest degree Fahrenheit, between t = 6 and t = 14.

(b) An air conditioner cooled the house whenever the outside temperature was at or above 78 degrees Fahrenheit. For what values of t was the air conditioner cooling the house?

(c) The cost of cooling the house accumulates at $0.05 per hour for each degree the outside temperature exceeds the outside temperature exceeds 78 degrees Fahrenheit. What was the total cost, to the nearest cent, of cooling the house for the 24-hour period? 

3. The following graph represents the number of hours of daylight in Madrid for one month. 

(a) Estimate the derivative, dH/dt. 

(b) What is the practical interpretation of this derivative?  

(c) What month does the graph show?
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The first problem focuses on the meaning of a derivative, and involves no calculation. Students find this problem difficult if they do not think of a derivative as a rate of change and are not used to using units. The second problem,
 which was on the 1998 Advanced Placement (AP) Calculus exam, required students to interpret an integral in a way that was almost certainly new to them. Ten years earlier, such a problem would not have been considered for the AP exam. 

The third problem
 also asks for an interpretation, but the difficulty here lies in part (c), which uses the fact that in the northern hemisphere there are less than 12 hours of daylight at the start of the month of March and more than 12 hours at the end. Such problems, which require information from outside mathematics, may not be appropriate in all circumstances (for example, on exams), but they do emphasize the connection between mathematics and other fields. 

APPENDIX B:       CONTENTS OF BUSINESS MATHEMATICS I AND II AT ARIZONA.

(Richard Thompson, Mathematics, and Chris Lamoureux, Finance)

Business Mathematics I: Project 1: Loan Work-Out


Acadia Bank has a business loan of $4,000,000 outstanding to John Sanders.  The bank has recently audited John's books and discovered that he will be unable to make interest payments for several months.  Acadia must decide whether to foreclose on the loan or to work out a new schedule of payments.  If it forecloses, it will recover only $2,100,000 of the loan.  If it enters into a work out arrangement, the entire loan might be re-paid.  On the other hand, if John's venture fails anyway, then the bank will recover a default value of only $250,000.


In making its work out decision, Acadia can use the facts that John has a Bachelor’s degree in Business Administration and has been in the same type of business for 7 years.  At the moment, economic times are normal.


The bank’s decision must be based on the expected value of a work out.  This can be computed from records of over 8,000 past work out attempts at three former banks whose merger formed Acadia.  Unfortunately, the former banks kept records on different aspects of their loans.  Hence, Acadia cannot directly match the characteristics of John’s loan with past records.


You must use conditional probability and Bayes’ Theorem to decide whether or not Acadia should enter into a work out agreement with John Sanders.

Loan Project: Mathematical and Computer Tools
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Business Mathematics I: Project 2: Pricing a Stock Option


On June 18, 1999 you want to determine the present value of a 20-week European call option on a share of International Business Machines stock, with a strike price of $138.  An internet site allows you to download the adjusted weekly closing prices of IBM stock for the past 8 years.  It can be assumed that the resulting 417 ratios of one weekly close to the preceding close are all independent of each other.


The future value of the option after 20 weeks will be determined by the value of the stock at that time.  This value can be characterized probabilistically by random sampling from the records of weekly closing ratios.  Each simulated closing stock price yields a simulated future value of the option.  A collection of such values forms a random sample, whose sample mean is an estimate for the expected future value of the option.


To determine the expected value of the option on June 18, 1999 we will assume that money currently earns an annual rate of 6%, compounded continuously.  

 
If in 20 weeks the stock price is less than the strike price, then the option will expire worthlessly.  Thus, the expected final stock price alone does not determine the expected value of the option.  

Option Project: Mathematical and Computer Tools
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Business Mathematics II: Project 1: Bidding on an Oil Lease


The federal government auctions the right to drill for oil in tracts of sea-bottom off the Louisiana and Texas coasts.  Bidders are major oil companies that each conduct their own geological assays to estimate the amount of oil in, and the ease of extracting that oil from, each tract.  Historical data is available, giving the final proven value on 22 similar leases that have already been developed.


Data containing the estimated value of each lease, as made by individual bidders’ geologists prior to the bidding are also available.  Past experience allow us to assume that the geologists are all equally competent and that, when averaged over a long time, their estimates have an expected error of zero.


You represent a bidding oil company in the auction of a new lease.  Given your geologist’s estimated value of the lease, and the historical data, you must determine an appropriate bid for the lease.


Demonstration auctions will be conducted during class meetings, with each student receiving a simulated estimate for the worth of the tract.  

Oil Lease Project: Mathematical and Computer Tools
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Business Mathematics II: Project 2: Marketing


Save-it-All!, Inc. has just developed and patented a new type of computer disk-drive, the Y2K.  Estimating the national market as 120 million potential customers, six test markets were used to determine the fraction of the potential buyers who would actually purchase the Y2K, at various price levels.  The production and engineering departments at Save-it-All! estimated the fixed overhead costs and the production costs for several different quantities of drives.


Given this information, how should you price the Y2K drive in order to attain the maximum yearly profit?  How many drives can Save-it-All! expect to sell at this price?


The company is considering its options in terms of advertising and of putting more capital into its business.  You are to analyze the following questions.


1.  How much should Save-it-All! pay for an advertisement that would increase demand for the Y2K drives by 6% at all price levels?


2.  Would it be wise for Save-it-All! to put $4,000,000 into plant improvements which would reduce the fixed costs of producing the drives by 35%?

3. Would it be better for Save-it-All! to put $4,000,000 into training and streamlining which would reduce the non-fixed production costs by 5%?

Marketing Project: Mathematical and Computer Tools
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� In October 2000, a conference sponsored by the Mathematical Association of America (MAA), the National Science Foundation, and the Eller College of Business was held at the University of Arizona to write a report on “Mathematics for Business Students” for the MAA’s 20-year curriculum review.


� From the 1998 AP Calculus exam. The AP exam is taken by more than 100,000 students each year. 


� From Calculus, by Hughes Hallett, D, Gleason, A.M, et al., 2nd edition, p. 125 (New York: John Wiley, 1998).
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