
Math 5900, Potential Project Ideas

1. Central Limit Theorem: The Central Limit Theorem states that under appropriate condi-
tions, averages of n random variables become more and more normally distributed as n increases.
Investigate the precise statement of the theorem, the conditions under which it holds, and the var-
ious generalizations that are available. Using Monte Carlo methods, investigate how large n must
be for the Central Limit Theorem to give a good approximation to the distribution of the sample
mean. Your investigation should involve considering a wide variety of distributions and sample sizes.
Compare your results to those obtained by others.

2. Robustness of the t test: The one-sample t test is a test for whether the mean of a distribution
equals some specified value or not, and the two-sample t test is a test for whether the means for two
distributions are the same or not. Both tests involve assumptions about normality and independence.
Using Monte Carlo methods, investigate how the tests perform when these assumptions are violated.
Is it true that the one-sample t test is robust to departures from normality? How does the two-
sample t test perform when the variances are unequal? Compare your results to those obtained by
others.

3. Testing normality: Given a set of data, how do we decide whether the data are consistent with
normality or not? Find out what tests are available, and compare those tests in terms of power using
Monte Carlo methods. Your investigation should involve considering a wide variety of alternative
distributions and sample sizes. Propose your own tests of normality and add them to the mix.
Are there scenarios in which your tests are more powerful than standard tests that are available?
Compare your results to those obtained by others.

4. Robustness of the F test for equal variances: The F test is a test for comparing the variances
for two distributions. Like the t test, it involves assumptions about normality and independence.
Using Monte Carlo methods, investigate how the test performs when these assumptions are violated.
What alternative tests are available? How do the alternative tests compare to the F test in terms
of maintaining the level of the test? How the alternatives compare to the F test in terms of power?
Compare your results to those obtained by others.

5. The bootstrap: The bootstrap, invented in the 1970s by Efron, is a method for doing statistical
inference without making an assumption of normality. In particular, it offers a method for finding
confidence intervals for the population mean when the usual methods fail. Find out how bootstrap
methods work, and develop code for applying bootstrap methods to important problems like that
of making a confidence interval for a population mean. Compare your results to those obtained by
others. You might consult Zuo (2010) for some ideas.

6. Line-up simulation in baseball: Given a particular list of players, how should the players
be ordered in order to maximize the expected number of runs scored? Develop code for simulating
the performance of a given line-up, and use your code to compare different line-up choices for some
selection of players. Do the results follow what you expected, or are there some surprises? How
much difference does line-up selection make?
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7. Testing Poisson-ness: Given a set of data, how do we decide whether the data are consistent
with a Poisson distribution or not? Find out what tests are available, and compare these tests in
terms of power using Monte Carlo methods. Your investigation should involve considering a wide
variety of alternative distributions and sample sizes. Propose your own tests of Poisson-ness and
add them to the mix. Compare your results to those obtained by others.

8. Markov chain Monte Carlo: Standard Monte Carlo methods involve generating a sequence of
independent draws from some distribution. In some problems, this strategy can’t be implemented.
Markov chain Monte Carlo is an alternative in which one generates a dependent sequence of draws
from some distribution. Find out about the standard Markov chain Monte Carlo methods, and
develop code to implement some of them in specific examples. One important example is the
Metropolis-Hastings algorithm.

9. Ranking college football teams: There are many different methods for ranking college
football teams. For some of these methods, the ranking can be computed deterministically, but
for others, Monte Carlo methods are required. One example is the “simple walker” model developed
by Callaghan, Mucha, and Porter (2004), and another is the method developed by Frey (2005).
Develop code for implementing one of these ranking systems, and develop a ranking system of your
own that operates along similar lines. How do the methods differ? Which seems to be better? How
does one decide which method is preferable?

10. Tolerance intervals: A tolerance interval is an interval that, with specified high probability,
contains a specified high proportion of all of the probability for a distribution. Thus, for example,
one might construct a 90% tolerance interval for 95% of the probability for a certain distribution.
Investigate how tolerance intervals are constructed, and use Monte Carlo methods to compare the
various methods in terms of coverage probability and length. Your investigation might involves
looking at higher-dimensional tolerance regions as well as tolerance intervals.

11. Species problem: The species problem is the problem of deciding how many different species
there are in a population of animals. One draws a sample at random, counts up the number of
distinct species and how many times each species occurs, and then uses this information to estimate
the total number of species in the population. This is analogous to using a sample of M&Ms to decide
how many different colors of M&Ms there are in a particular jar. Find out what estimation methods
are available for this problem, and compare these methods in terms of accuracy using Monte Carlo
methods.

12. Ranking college basketball teams: Explore the methods used for ranking college basketball
teams. Develop code for implementing some of the ranking methods. Using Monte Carlo methods,
simulate the rest of the season, or the Big East tournament, or perhaps the NCAA tournament.
You might do this for previous seasons so that the results are also available. Which team should be
favored to win? Is this actually the best team, or do some teams have more difficult paths to victory
than others?
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