Sample Topics

The following are samples of topics that are worthy of semester papers. You may not use these topics for your seminar paper, but you may use the topics as sources of ideas.

International Economics and Fiscal Policy

The purpose of this model is to examine the behavior of the governments of three countries with respect to fiscal policies and economic growth. In this model, we assume that the world is comprised of three countries. Each country can produce either (or both) of two products. Consumers are assumed to have identical preferences across countries. Firms are assumed to be competitive and to have identical production functions across countries. Each country’s government must raise G dollars to fund its operations. That money can be raised via any (or a combination of) three sources: (1) a proportional income tax on consumers, (2) a sales tax on goods purchased by the country’s consumers, or (3) a tariff on foreign goods purchased by the country’s consumers. The model attempts to address the question: What form (or combination of forms) of taxation generate the desired tax revenue while achieving the greatest welfare for the country’s consumers?

Social Constructs

Societies maintain cohesion, in part, through a system of morés – behavior that is considered socially acceptable. In developed societies, more important morés are officially encoded into laws. This permits an official social response to those who violate the morés (e.g. fines, imprisonment, death). In less developed societies as well as in societal sub-groups that do not enjoy the force of law, the only punishment for violating morés is exclusion from the society (or sub-group). The purpose of this model is to examine the behavior of individuals who gain utility from violating morés but in so doing, increase the probability of being banished from society. The probability of being banished is a negative function of the compatibility of an individual’s behavior with the morés of those around him. The model attempts to address the following questions: (1) What is the impact on the individual of the society being proximate to an antagonistic enemy (to which the banished member would be vulnerable)? (2) What is the impact on the likelihood of anti-social behavior as the society’s governance moves along a continuum from anarchy to totalitarianism? (3) What is the likelihood of sub-groups with different morés evolving within the same society and what does the model predict about the optimal size of sub-groups relative to the population as a whole?

Consumer Behavior and Monopolistic Competition

A consumer is faced with choosing a single brand from among many brands with different attributes. The consumer is not aware of all of the brands that exist and is aware of his lack of information. The consumer derives utility from consuming a brand that is most compatible with his tastes and derives disutility from collecting information about brands and their attributes. At the time of selection, the consumer assesses a brand’s attributes with error. Only after consuming the brand is the consumer fully aware of the brand’s attributes. This model attempts to answer the questions: (1) For a given brand, X, what impact does an increase in the number of brands similar to X have on the consumer’s demand for X? (2) For a given brand, X, what impact does an increase in the uncertainty about other brands’ attributes have on the consumer’s demand for X.
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How to use math to choose a wife

by Chris Matyszczyk 
Perhaps the subject most fascinating to me at the moment is the gamble that is involved in choosing a life partner.

Perhaps I have been unnecessarily haunted since research revealed that Facebook destroys romantic relationships. Still, it was quite odd that a man whom I have chosen to follow on Twitter for his remarkable erudition in social psychology (oh, alright, his name is Dominic Johnson) passed along a quite extraordinary article from New Scientist, one that has made me ponder more deeply than I usually care to.

While the article begins by discussing the mathematical ways in which you can improve your chances in Vegas (or, if your taste and eyes have deserted you, Atlantic City), it goes on to discuss the marriage problem. Apparently, mathematicians have tortured themselves over marriage for some years. I did not know this. I figured that perhaps mathematicians only ever had one girlfriend, whom they married very soon after sex.

May I go down on one knee and admit how wrong I was?

Mathematicians have racked their brains and abacuses, for the good of society, in order to help us all choose wisely the person who shares our king-size. According to New Scientist, the law of diminishing returns has long been thought to be a marvelous indicator of when to stick, rather than turn another card.

Naturally, scientific laws have certain suppositions. And at first glance, I considered the idea of having a mere 100 choices a little unrealistic.

Were they each the other's 38th choice?

(Credit: CC Simon Shaw/Flickr) 

However, the more I thought about it, the more it seemed a little more natural than it might have appeared. We march our way merrily through life, meeting people and declaring them a "yay" or a "nay." 

Oh, we have some supposed criteria in our heads about what makes a "yay"- body type, nose shape, or some such nonsense. But commitment is a very hairy creature, one that barks at us more often than it sings.

So for a long time, mathematicians believed that, given 100 choices (each of which has to be chosen or discarded after the interview) you should discard the first 50 and then choose the next best one. (The assumption also is that if you don't choose the first 99, you have to choose number 100, which, again, seems rather realistic to me. I know so many people who have chosen the last resort out of perceived necessity rather than, say, happiness.)

The "Discard 50 then Choose the Next Best" method apparently gives you a 25 percent chance of choosing the best candidate.

However, then along came John Gilbert and Frederick Mosteller of Harvard University. I do not believe they were married. However, they came upon the idea that the magic number is, in fact, 37. Yes, you should stop after 37 candidates and choose the next best one. This number was apparently derived by taking the number 100 and dividing by e, the base of the natural logarithms (around 2.72). And it apparently increases your chances of the best choice to 37 percent.

Here's the real beauty of this calculation, though. You don't have to limit yourself to 100. This optimization works for any population. So if you have a world of 26 potential life partners, simply divide by 2.72 and choose the next best one.

Now, I know it is sometimes hard to know exactly how many potential partners are in your firmament. But it is surely not beyond some calculation.

We need a little more stability in this world. We need more happiness. And we need just a little more good judgment. It seems that only math can save us.

There is a small word of warning, however. Some psychologists, such as JoNell Strough at West Virginia University, believe that the more we invest (in a gambling and, one supposes, marriage context), the more likely our decision will be attached to disaster. 

However, I would be interested whether any of you number-conscious geniuses out there have also used mathematical principles to choose your betrothed. Perhaps you have done it more than once, but we would still love to hear your number-based criteria.

November 2, 2005
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Plane Geometry:
Scientists Help Speed
Boarding of Aircraft

America West Saves Minutes
With 'Reverse Pyramid';
Link to Relativity Theory

By NICHOLAS ZAMISKA 
Staff Reporter of THE WALL STREET JOURNAL
Several years ago Menkes van den Briel, an industrial engineer at Arizona State University, tackled a "nonlinear assignment problem with quadratic and cubic terms in the objective function."

In other words, he wanted to stop people from bumping into each other when they board an airplane.

Mr. van den Briel's research has led to an innovative boarding system at America West Airlines called "reverse pyramid." The first economy-class passengers to get on the plane are those with window seats in the middle and rear of the plane. Then America West gradually fills out the plane, giving priority to those with window or rear seats, until it finally boards those seated along aisles in the front.

Anthony V. Mulé, senior vice president for customer services, says the system, introduced in 2003, has saved at least two minutes in boarding time. "This is a great illustration of how science helped improve both efficiency and customer service," says Mr. Mulé.

Mr. van den Briel is one of a small cadre of experts in the science of airline boarding. Their research has upset much of the conventional wisdom about how to get people quickly into their seats. Boarding from the rear to the front, still standard practice at many American airlines, is almost certainly not the fastest way, these scientists say. Among the faster methods may be letting everyone board randomly or calling out each individual seat number.
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Airlines have long looked for marginal improvements to save money. In the 1980s, Eastern Airlines stripped paint off its jets to reduce the load on each plane by a few hundred pounds. Trans World Airlines once introduced "Project Skinny," in which it cut the number of pillows and blankets on board.

Boarding time is one of several variables affecting how quickly airlines can turn their planes around and get them back in the sky. Others include luggage loading and refueling. Every extra minute the plane sits on the ground means lost revenue. "It can add up to tens of millions of dollars," says Andrew Miller, chief executive of the Centre for Asia Pacific Aviation, an aviation consultancy based in Sydney.

America West, which after a recent merger is now part of US Airways Group, isn't the only airline to focus on boarding. On Oct. 1, United Airlines introduced a new boarding system -- dubbed WilMA, for window, middle, aisle, the order in which the seats are called -- to save time and money. By boarding window passengers first, United hopes they won't have to climb over their fellow passengers to make it into their seats.

A United spokeswoman says the new system was selected from five candidates because it triumphed in time trials at the United hub in Denver and elsewhere. United expects WilMA to shave four to five minutes off the average boarding time and save $1 million annually.

The time it takes for passengers to board has more than doubled since 1970, according to studies by Boeing Co. One study in the mid-1960s found that 20 passengers boarded the plane per minute. Today that figure is down to nine per minute, as passengers bring along heftier carry-on luggage. Both Boeing and Airbus, the two top commercial-aircraft makers, are working on improving boarding time as a selling point to airlines.

Willy-Pierre Dupont, an Airbus cabin engineer, believes national differences can affect boarding time. A few years back, he watched some 560 passengers on a Japan Airlines domestic flight in Japan disembark in six minutes flat. A new group of travelers was completely boarded and seated within an additional 25 minutes. The same turnaround in the U.S. or Europe could take as long as an hour and a half, Mr. Dupont says.

"It was razor-smooth," he says. "We have a lot to learn about their behavior."

Eitan Bachmat, a lecturer in computer science at Ben-Gurion University in Israel, considered the topic in a paper titled "Airplane boarding, polynuclear growth, disk I/O scheduling and space-time geometry." (The paper, in expanded form, was submitted for publication this year.) He asserted that the boarding problem raises some of the same issues addressed by Lorentzian geometry, the branch of mathematics developed to deal with Einstein's theory of relativity.
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Because no information can move faster than the speed of light, two events in different parts of the universe may be unable to affect each other. Other events, meanwhile, may be close enough in space and time to affect each other. Likewise, two events on an airplane being boarded also may or may not influence each other, depending on time and distance. "As far as I know, this is the first application of this theory outside physics," Dr. Bachmat says.

The model he developed suggests that boarding a plane back to front is slower than simply letting people file on at random. According to the professor, people stowing carry-on luggage in the overhead bin or pausing to check the magazine rack still tend to block the aisles and cause boarding backups. "If people were cardboard thin, this would be a great idea," he says.

When America West wanted help on its boarding strategy in the summer of 2002, it turned to Arizona State University. There, a group of engineers including Mr. van den Briel, a graduate student, took on the project.

Mr. van den Briel flew to Los Angeles International Airport to film passengers. He took the tapes back to the university and played them over and over again, timing how long it took people to walk, sit and stow their luggage. He and his colleagues identified a variable called the "pass ratio" -- the proportion of people who successfully squeeze by someone putting their luggage in the overhead compartment. The pass ratio was just one in 10.

The team published its findings this summer in the operations-research journal Interfaces, showing that the reverse pyramid boarding can reduce boarding time by as much as 39% and reduce congestion caused by luggage loaders. Mr. van den Briel is now writing a dissertation on artificial intelligence, hoping to develop techniques that could help robot explorers on Mars operate by themselves.

Write to Nicholas Zamiska at nicholas.zamiska@wsj.com
