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Sean Ingimarson
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Ian Bright
and Derek Hanely

1:30-1:45 Janalee Poe Shawn Doyle Rebekah Bright Benjamin Elson COMAP MCM C

1:50: Closing Remarks - Lincoln 510
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Morning Session 10:20-10:35

10:20-10:35 Lincoln 112
Pranav Padmanabhan

Quiz Bowl: The Sport of the Mind
Boardman High School

Advised by: Dr. Thomas Wake�eld

I will be explaining the rules and mechanics of the game of Quiz Bowl. I will then analyze the stats of
teams from local high schools and compare them to other teams nationwide.

10:20-10:35 Lincoln 114Robert Browning
The Hip Bone is Connected to the

Lake Erie College
Advised by: Dr. Betty Cli�ord

This presentation will be discussing how to go from points to a vector, standard vectors, basis vectors,
matrix transformations, and group properties. The scope of the project consists of how the concepts
listed can be used to develop 3D models for use in video games and other sources of media. An Excel
presentation will be provided to emphasize the math used and how it was transformed so that it could
be rendered.

10:20-10:35 Lincoln 115Zack While
The Ultimate Mind-Bender: Futurama's Mind-Switching Problem

Youngstown State University
Advised by: Dr. Padraic Taylor

In a critically acclaimed episode of Futurama, a mind-switching machine is created with a catch: two
bodies can only swap minds once. After realizing the dilemma of putting everyone back in their original
bodies, some characters �gure out a strategy to �x the situation. In this talk we will explore the solution
presented during the show, known as Keeler's Theorem, named after the PhD mathematician Ken Keeler
who wrote the episode.

10:20-10:35 Lincoln 103Lauren Minner and Derek Sha�er
The Discrete She�er Sequences and Schrödinger Form

Penn State Behrend
Advised by: Dr. Daniel Gali�a

In this talk, we develop a discrete analogue of the one-dimensional time-independent Schrödinger equation
through the theory of classical discrete orthogonal polynomial sequences. We �rst establish this di�erence
equation in a general context and then obtain speci�c solutions involving each of the discrete She�er
sequences (the Meixner, Charlier, and Krawtchouk polynomials). In turn, we also develop a �rst-order
di�erence equation for each of these polynomials; the derivation of the latter two does not appear in the
literature. We then supplement our analysis by graphing several solutions to our Schrödinger equation
and conclude our work with some future directions.
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Morning Session 10:20-10:35 (continued)

10:20-10:35 Lincoln 202
Tommy Carnes, Taylor Townsend and Derek Kozlowski

Space Debris: The Problem and Solutions
Youngstown State University

Advised by: Dr. Padraic Taylor

With more than 500,000 pieces of debris �oating around space, there is major concern for the safety
of satellites. The challenge is to create a mathematical model that can calculate the best solution for
a private �rm to adopt in order to clean up space. The model that was created is one that takes into
consideration cost, time, risk, and bene�ts of each method suggested. The model took the value of
the total amount of space debris orbiting the Earth divided by the amount of space debris that can be
removed with the respective method over a certain amount of time. This value was then multiplied by
the �fth root of the cost of the method, times a determined value for the risk of the method, divided by
a value of the bene�t for the method. This model makes the risk factor the most important, followed by
how quickly the method can remove space debris, then the bene�t factor, and �nally the cost factor. The
lower the output from the model, the more viable this method is as a solution to the problem of space
debris! The two methods that are examined are the ground-based laser method of slowing space debris
down and causing it to reenter Earth's atmosphere and burn up, and the air pulse method which shoots
air from the upper atmosphere into space, thus, slowing the debris orbiting the Earth and causing it to
slow down and burn up as well. This model has the strengths of simplicity and the manner in which the
values are weighted. The model does have some weaknesses which include the fact that the qualitative
factors of risk and bene�t are being assigned quantitative values. With our model, it was determined
that the air pulse method would be the most e�ective.
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Morning Session 10:40-10:55

10:40-10:55 Lincoln 112
Jason Khavari
Riding the Wave

Applying the Elliot Wave Theory to Your Investment Portfolio
Howland High School

Advised by: Dr. Thomas Wake�eld

There are many strategies savvy investors can use in managing their investment portfolios. Some theories
and methods are more common than others, but this has no bearing on their use and e�ectiveness. This
presentation explores the little-known Elliot Wave theory, and its practical applications to managing
your investments in today's volatile investment markets.

10:40-10:55 Lincoln 114Rebecca Fox
Notakto Strategies

Slippery Rock University
Advised by: Dr. Gary Grabner and Dr. Elise Grabner

Notakto is a misère style game of Tic-Tac-Toe containing only x's as markers. It is a game that can
contain multiple boards which induce a need for strategy. Now, imagine that each individual board is the
shape of a cylinder. Will the strategy change from one board game to two board games? What about
three boards or ten? An unexpected pattern emerges as more boards are added to the game. There is a
direct correspondence to the number of boards being played on and whether Player One or Player Two
will come out the victor. All that is needed to win is the Even X Strategy.

10:40-10:55 Lincoln 115Tyler Gaona
Computing Isometries between Rational Quadratic Forms

Duquesne University
Advised by: Dr. Anna Haensch

A quadratic form is a symmetric homogeneous polynomial of degree 2. In this talk, we will de�ne the
notion of equivalence between quadratic forms and consider the relationship between quadratic forms
and inner-product spaces. We will present an algorithm that, given two equivalent quadratic forms,
computes the transformation that maps one to the other.

10:40-10:55 Lincoln 103Sean Shields
An Extension of Bu�on's Needle Problem

Wheeling Jesuit University
Advised by: Dr. Marc Brodie

Bu�on's Needle Problem asks for the probability that a randomly dropped needle touches one of a number
of equally spaced horizontal lines. Laplace extended the problem to include both horizontal and vertical
lines. In this talk we investigate two sets of parallel lines which meet at an arbitrary angle.
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Morning Session 10:40-10:55 (continued)

10:40-10:55 Lincoln 202
COMAP Modeling Discussion

All are welcome to discuss this year's COMAP problems and potential solutions to both the discrete and
continuous problems. This informal session is meant to share ideas and strategies for the approach to
the problems, which are provided on Page 17 of this abstract book.
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Morning Session 11:00-11:15

11:00-11:15 Lincoln 112
Monica Busser

Exploring Sheehan's Conjecture using Algebraic Geometry
Youngstown State University

Advised by: Dr. Luis Garcia-Puente and Ms. Kaitlyn Phillipson

A Hamiltonian cycle is de�ned as a path through vertices and edges where every vertex is passed through
only once. Graph theorists have long considered questions of unique Hamiltonicity, as there is no easy
way to determine how many Hamiltonian cycles a graph has. One conjecture of particular interest is
Sheehan's Conjecture (1975), which remains open and states that there are no uniquely Hamiltonian
4-regular graphs. Recent methods put forth by De Loera et al use computational algebraic geometry
(and in particular Gröbner bases and standard monomials) to determine the amount of Hamiltonian
cycles in a graph. We will discuss the development of our algorithm which is based on these methods
and determines unique Hamiltonicity. We will also discuss our results regarding Sheehan's Conjecture
as well as other conjectures.

11:00-11:15 Lincoln 114Brad Wolfe
Pascal's Theorem in Euclidean Geometry

Edinboro University of Pennsylvania
Advised by: Dr. Rick White

We shall give a direct proof of Pascal's theorem, which states that if six arbitrary points are chosen on
a circle in order to form a simple hexagon, then the three pairs of extended non-parallel opposite sides
of the hexagon intersect at three points that are collinear.

11:00-11:15 Lincoln 115Sky Semone
The Weierstrass Function

Indiana University of Pennsylvania
Advised by: Dr. Tim Flowers

When Karl Weierstrass published his eponymous function in 1872, his contemporaries were in disbelief
that a function could be continuous but nowhere di�erentiable. The proof of the function, tediously
long but irrefutable, set a precedent for using mathematical proofs to develop the understanding of
mathematics beyond verifying the natural world. Weierstrass functions solicited a further understanding
of analysis, calculus, and stochastic systems. Although initially labeled as �unnatural�, today they play
a crucial role in modeling complex processes including wind and the stock market.

11:00-11:15 Lincoln 103Mackenzie Jones
Markov Chains and their Applications in Economics

The University of Akron
Advised by: Dr. Malena Espanol

In this talk, we will discuss what Markov Chains are and how to solve the steady state problem. We will
also discuss how they are used with unemployment statistics and the di�culties with using real world
data.
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Morning Session 11:00-11:15 (continued)

11:00-11:15 Lincoln 202
COMAP Modeling Discussion

All are welcome to discuss this year's COMAP problems and potential solutions to both the discrete and
continuous problems. This informal session is meant to share ideas and strategies for the approach to
the problems, which are provided on Page 17 of this abstract book.
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Morning Session 11:20-11:35

11:20-11:35 Lincoln 112
Gabbie Van Scoy

A Bone Eat Bone World: Math Models of Bone Metabolism
Youngstown State University

Advised by: Dr. Alicia Prieto Langarica and Dr. Marnie Saunders

Bone mass and density are regulated by bone cells (osteocytes, osteoblasts, and osteoclasts) in response
to stress on the bone. It is understood that micro fractures within bone increases communication among
cells, which allows new bone to replace damaged cells. A biomedical engineering lab at the University
of Akron is developing experiments to better understand the ways and methods of bone metabolism
(resorption and formation) in response to stress on the bone. Discrete stochastic mathematical models
are constructed to aid in the understanding of the bone resorption and the bone replacement processes.
These models are ideal because they allow for the tracking of the decisions made by each individual bone
cell as opposed to the average activity for a large group of bone cells. They are also very �exible to new
or changing information which tends to be the trend in biological experiments. Progress on the above
described mathematical models and statistics will be presented and future work mentioned.

11:20-11:35 Lincoln 114Jon Waters
A �Smooth� Way to Find a Formula for the nth Integral

Lakeland Community College
Advised by: Dr. Carl Stitz

We introduce and abuse the properties of the Laplace Transform to arrive at, and generalize, a formula
which computes the nth integral of a function.

11:20-11:35 Lincoln 115Rachael Troutman
Median Concurrence Theoreom: An Euclidean Exploration

Edinboro University
Advised by: Dr. Richard White

Using Euclidean Geometry, this talk demonstrates one of the various proofs of the Median Concurrence
Theorem. While implementing theorems, such as the Parallel Projection Theorem, it is veri�ed that the
three medians of any triangle are concurrent.
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Morning Session 11:20-11:35 (continued)

11:20-11:35 Lincoln 103
Kalene Ireland

Methodology of Principal Components Analysis
Slippery Rock University

Advised by: Dr. Dil Singhabahu

A new teaching pedagogy known as a �ipped classroom has become a popular technique used by many
teachers and professors in the past few years. A �ipped classroom is one where the traditional classroom
and homework structures are switched. The students watch a lecture video outside of class as their
homework, and then classroom time is left for class discussions, group projects, and hands on work with
the topic that the students learned while watching the lecture videos prior to the class. The purpose
of the study is to investigate if Principal Components Analysis (PCA) can be used to identify any
underlying structures between traditional teaching and �ipped classroom teaching. The �rst step of the
study is to understand PCA mathematically. Next, PCA will be performed on data that was collected
from the Fall of 2013 to the Spring of 2015 by a Slippery Rock University professor. The data collected
came from her students in Elementary Statistics I courses she taught in traditional classrooms as well as
�ipped classrooms. Each class lasted one single semester and consisted of students of di�erent genders,
majors, class statuses, and success levels. The three variables that will be analyzed through Principal
Components Analysis are the �rst, second, and �nal exam grades. The results of the study will inform us
if we can identify any underlying structures in the di�erent teaching pedagogies and if these structures
can explain similarities or di�erences in these teaching pedagogies, as well as if PCA is a tool that can
be used in the future for data such as these.

11:20-11:35 Lincoln 202COMAP Modeling Discussion

All are welcome to discuss this year's COMAP problems and potential solutions to both the discrete and
continuous problems. This informal session is meant to share ideas and strategies for the approach to
the problems, which are provided on Page 17 of this abstract book.
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Morning Session 11:40-11:55

11:40-11:55 Lincoln 112
Ian Lim

Alternating Polygonal Harmonic Series
Youngstown State University

Advised by: Dr. Thomas Smotzer

It is well known that
∑

(−1)n 1
n converges. On the other hand, it is not simple to determine if the

following series converges:
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We will call these types of equations �Alternating Polygonal Harmonic Series�. The harmonic nature is
simple to note, but further observation will show that the signs of each term mirror a triangular number
pattern (i.e. 1, 3, 6, 10,. . .). Using several means of analysis, we will prove that this series converges.
Using similar arguments, we will also show square (1, 4, 9, 16,. . .) and pentagonal (1, 5, 12, 22, . . .)
patterns applied to the signs of the harmonic series converge as well.

11:40-11:55 Lincoln 114Jenna Wise
Summing Like Euler

Youngstown State University
Advised by: Dr. Padraic Taylor

In 1644, Pietro Mengoli posed the problem of �nding the sum of the series 1 + 1
22 + 1

32 + . . .. For nearly
one hundred years, all e�orts to �nd a closed form for the series, including those of the Bernoulli brothers,
Johann and Jakob, proved fruitless. In 1735, Euler approached the problem in a novel way and discovered
a formula. This talk will share his method of discovery.

11:40-11:55 Lincoln 115Oliver Evans
Molecular Dynamics Simulation to Analyze Nanodroplet Spreading

The University of Akron
Advised by: Dr. Mes�n Tsige

We perform molecular dynamics (MD) simulations in order to understand the spreading behavior of
water droplets on the scale of a few nanometers in diameter. In this presentation, I will describe the
basic concepts of MD, as well as some of the major post-analysis techniques for this problem, including
two and three dimensional visualization, and least squares �tting.

11:40-11:55 Lincoln 103Kallie Simpson and Kristina Bell
Cluster Analysis: A Pedagogical Investigation

Slippery Rock University
Advised by: Dr. Dil Singhabahu

In recent years, there has been a debate in the education �eld regarding the success of using ��ipped�
classrooms as a new teaching pedagogy. Flipped learning is de�ned by flippedlearning.org to be, �a
pedagogical approach in which direct instruction moves from the group learning space to the individual
learning space, and the resulting group space is transformed into a dynamic, interactive learning environ-
ment...� The lack of published literature regarding this topic is hindering the improvement of the learning
process. The primary purpose of our study is to perform cluster analysis on the graded material from
Elementary Statistics 1 taught in regular and �ipped classroom settings by a single professor at Slippery
Rock University to identify clusters that might give insight into the two di�erent teaching pedagogies.
The data collection took place from Fall of 2013 to Spring of 2015, where each class spanned a single
semester. These classes include a variety of majors, class stati, genders, and evaluation methods. We are
concentrating on Hierarchical Clustering and K-Means Clustering through the use of R software.
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Morning Session 11:40-11:55 (continued)

11:40-11:55 Lincoln 202
COMAP Modeling Discussion

All are welcome to discuss this year's COMAP problems and potential solutions to both the discrete and
continuous problems. This informal session is meant to share ideas and strategies for the approach to
the problems, which are provided on Page 17 of this abstract book.
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Afternoon Session 12:50-1:05

12:50-1:05 Lincoln 112
Justin Goodwill

Image Fusion Using SURE-Guided Piecewise Linear Estimation
Duquesne University

Advised by: Dr. Stacey Levine

In recent years, a number of image processing algorithms have employed the Gaussian mixture model
(GMM) as a probabilistic patch-based paradigm for data classi�cation and signal estimation, achieving
near state-of-the art results. Yu, Sapiro, and Mallat developed a general framework for solving inverse
problems through the connection that the Weiner �lter estimation of an image patch from a GMM is
precisely equivalent to sparsely representing an image patch using an structured over-complete PCA
dictionary. Wang and Morel expanded upon this work by developing a piecewise linear estimation (S-
PLE) using a �exible Bayesian Gaussian factor model and a SURE (Stein's unbiased risk estimator)
guided statistical �lter selection. In light of Wang and Morel's results for single image denoising, we
show how the S-PLE formulation can be adapted for fusing multiple images that have been corrupted
by additive Gaussian noise.

12:50-1:05 Lincoln 114Emily Kiesel
In�nity and Intuition
Cleveland State University
Advised by: Dr. Leah Gold

There aren't many things in the natural world that are in�nite. As a result, intuition about in�nite sets
is often misleading. This talk will discuss in�nite sets and cardinality, showing that the set of integers is
really the same �size� as the natural numbers, even against intuition.

12:50-1:05 Lincoln 115Victoria Jakicic
Fermat's Last Theorem: The Lengthy Development of a Simplistic Equation

Indiana University of Pennsylvania
Advised by: Dr. Timothy Flowers

This presentation analyzes the history of Fermat's Last Theorem from its origins over 300 years ago to its
conclusion a mere twenty years ago. Additionally, the mathematical concepts used during the progression
of the theorem's proof are explored.

12:50-1:05 Lincoln 103Lauren Casale
Connect Four

Youngstown State University
Advised by: Dr. Thomas Smotzer

In this project, I worked to develop a program in MATLAB to simulate the game of Connect Four. I
will present my progress so far. The program runs with the ability for two-players, one-player versus the
computer, or the computer versus itself. Currently, the computer player makes random moves. In the
future, the program will be revised to give the computer player strategy when moving. This project was
done in part with faculty advisor Dr. Tom Smotzer as part of a Senior Research Project.
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Afternoon Session 12:50-1:05 (continued)

12:50-1:05 Lincoln 202
Sean Ingimarson and Kalene Ireland

A Statistical Approach to the Distribution
of Grants to Facilities of Higher Education

Slippery Rock University
Advised by: Ms. Amanda Goodrick

Grants can have a huge impact on institutions throughout the world. Most institutions have plans to
improve certain areas at their schools, but they may not have access to proper funding. Grants from
organizations such as the Goodgrant Foundation step in to aid them. We provided a solution to Problem
C of this year's MCM. The problem described that the Goodgrant Foundation has $100 million to give
each year for 5 years. The goal was to determine which schools from a given data set should receive this
grant money, and when during the �ve years they should receive the funding. Maximizing the return
on investment for the foundation and maximizing the number of schools funded were key aspects of this
problem.

As models require, we made many assumptions about the problem. We assumed that the foundation's
rate of return increased as the undergraduate experience improved. We also assumed that undergraduate
quality in schools the best was represented by the rate of undergraduates that graduated on time. We
used statistical software to run a multiple regression to analyze which variables were most signi�cant in
predicting this on time graduation rate. We were then able to make a decision about to which schools
need the most funding, when they should be funded, and how they should be funded appropriately.
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Afternoon Session 1:10-1:25

1:10-1:25 Lincoln 112
Brady Sheehan

Optimality Bounds for Recovering
Geometric Information in Images

Duquesne University
Advised by: Dr. Stacey Levine

Techniques for denoising natural images have seen incredible advances over the past several decades.
Recent statistical analysis performed by Levin and Nadler considered how much better current denoising
algorithms can do in the sense of optimality bounds for the expected mean square error. However, it
can be bene�cial to remove noise from other quantities related to a natural image in hopes of improving
other measures of image goodness. Some quantities to consider are Fourier or wavelet coe�cients, or
geometric features of an image such as its unit normal vector �eld of level line curvature. In this work we
are studying how to generalize these optimality bounds to cover other geometric measures and how this
information can provide improvements over state of the art denoising algorithms, with a speci�c focus
on the curvature denoising framework.

1:10-1:25 Lincoln 114Lucas Stanek
Mathematical Model of Graphene Sheets

The University of Akron
Advised by: Dr. Malena I. Espanol, Dr. Dmitry Golovaty, and Dr. John P. Wilber

We will model the behavior of a graphene sheet as it reacts with a rigid substrate. We will consider
molecular forces such as forces induced by bonds, Van Der Waals interactions as well as sheet bending
forces. Our model is a one dimensional model that can allow us to visualize how a suspended sheet of
graphene evolves over time due to these forces. Including a rigid substrate that the graphene sheet is
suspended above, we will be able to analyze how the sheet of graphene reacts to the atomistic properties
of the substrate. Our model is an atomistic model as opposed to a continuum model to allow for
computational e�ciency as well as a better understanding of how graphene behaves on a microscopic
level.

With this model we will also be able to explore the phenomena of lattice mismatch between the
graphene sheet and the substrate and learn how to predict where and when this mismatch might occur.

1:10-1:25 Lincoln 115Shawna Howard
Unraveling Celtic Knots

Westminster College
Advised by: Dr. David O�ner

Celtic knots have fascinated both artists and mathematicians for centuries. A Celtic knot may be thought
of as a laser which bounces o� the edges of a boundary until it returns to its point of origin. In this
project, we examined what is previously known about how to calculate the number of components in
Celtic knots in various boundaries. We then used these facts to explore the mathematical properties
of other Celtic knot boundaries as well. We also examined what is already known about mirrors in
rectangular boundaries and further explored these properties.

1:10-1:25 Lincoln 103Josh Whitlinger
5-Arc Connectedness

University of Pittsburgh at Greensburg
Advised by: Dr. Benjamin Espinoza

A space X is n-arc connected if given n di�erent points, there is an arc in X passing through the points.
We will prove that every 3-regular graph with no cutpoints is 5-arc connected.
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Afternoon Session 1:10-1:25 (continued)

1:10-1:25 Lincoln 202
Ian Bright and Derek Hanely

An Analysis of Optimizing Philanthropic Investment
Allocation in Undergraduate Education

Indiana University of Pennsylvania
Advised by: Dr. John Chrispell

Given the ability to allocate one hundred million dollars a year, for �ve years, to universities in order
to improve the educational success of undergraduates (e.g. four year graduation rates, retention rates,
and research expenditures), how does one ensure an optimal return on investment? Utilizing data
for all postsecondary institutions in the United States sourced from the Department of Education's
database, the present talk will discuss a bi-faceted approach to answering this question. After some
data cleaning, we �rst employed multiple regressions to determine and weight signi�cant predictors for
educational success. Informed by these regressions, we successfully developed an optimization algorithm
to determine approximate optimal allocations of funds for each of our undergraduate success indicators.
Our model was able to demonstrate that through targeted donations to a variety of opportunities (e.g.
improving student-to-faculty ratios and increasing scholarship opportunities) many of our de�nitions of
undergraduate success could be improved with the exception of median income and the employment
rate of graduates. We will also discuss some of the issues that arose and some general problem-solving
strategies undertaken during our experience with the 96-hour COMAP competition.
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Afternoon Session 1:30-1:45

1:30-1:45 Lincoln 112
Janalee Poe

Women in Mathematics
Fairmont State University

Advised by: Dr. Kenneth Millen-Penn and Dr. Robin Payne

Upon entering my Junior Year of college, I couldn't name a single woman that was a mathematician.
Thus, I set out to �nd out if any women contributed to mathematics. This presentation examines a few
women and their contributions to mathematics.

1:30-1:45 Lincoln 114Shawn Doyle
Madhava's Series for π

Youngstown State University
Advised by: Dr. Thomas Wake�eld

I will be discussing an Indian mathematician's little-known derivation of the series for π, π4 = 1− 1
3 +

1
5 −

· · · . The derivation uses similar triangles, binomial series expansion, and limits. Sometimes called �the
Father of Analysis�, Madhava discovered in�nite series centuries before Gregory, Leibniz, and Newton.

1:30-1:45 Lincoln 115Rebekah Bright
Solution to Math Horizon's �Golden Root� Problem

Slippery Rock University
Advised by: Ms. Amanda Goodrick

Math Horizons posed a problem entitled �Golden Root�. We are asked to show that the golden ratio
raised to the negative n power is one of the roots of the polynomial x2 + ((−1)(n + 1)Ln)x + (−1)n,
where Ln denotes the well-known Lucas numbers. The Lucas numbers satisfy the same relationship as
the Fibonacci numbers, except that L0 = 2 and L1 = 1. We use factoring and relationships between the
Lucas numbers, Fibonacci numbers, and the golden ratio to show that the golden root to the negative n
is a root, and to �nd the second root of the polynomial.

1:30-1:45 Lincoln 103Benjamin Elson
Bayesian Survival Analysis
Cleveland State University

Advised by: Dr. Sandra Hurtado Rua

This presentation will cover a brief introduction to Bayesian survival analysis. Beginning with an example,
survival analysis topics will be covered. These topics include survival functions, Kaplan-Meier plots
and Cox proportional hazard models. These topics will then be elaborated on mathematically using
Bayesian analysis. A visual and intuitive representation of concepts such as prior, posterior and likelihood
distributions will be discussed in the context of survival analysis.

1:30-1:45 Lincoln 202COMAP Modeling Discussion

All are welcome to discuss this year's COMAP problems and potential solutions to both the discrete and
continuous problems. This informal session is meant to share ideas and strategies for the approach to
the problems, which are provided on Page 17 of this abstract book.
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2016 MCM / ICM - COMAP Modeling Problems

Continuous Modeling (Problem A)
A Hot Bath

A person �lls a bathtub with hot water from a single faucet and settles into the bathtub to cleanse and
relax. Unfortunately, the bathtub is not a spa-style tub with a secondary heating system and circulating
jets, but rather a simple water containment vessel. After a while, the bath gets noticeably cooler, so the
person adds a constant trickle of hot water from the faucet to reheat the bathing water. The bathtub is
designed in such a way that when the tub reaches its capacity, excess water escapes through an over�ow
drain.

Develop a model of the temperature of the bathtub water in space and time to determine the best
strategy the person in the bathtub can adopt to keep the temperature even throughout the bathtub and
as close as possible to the initial temperature without wasting too much water.

Use your model to determine the extent to which your strategy depends upon the shape and volume
of the tub, the shape/volume/temperature of the person in the bathtub, and the motions made by the
person in the bathtub. If the person used a bubble bath additive while initially �lling the bathtub to
assist in cleansing, how would this a�ect your model's results?

In addition to the required one-page summary for your MCM submission, your report must include a
one-page non-technical explanation for users of the bathtub that describes your strategy while explaining
why it is so di�cult to get an evenly maintained temperature throughout the bath water.

Discrete Modeling (Problem B)
Space Junk

The amount of small debris in orbit around earth has been a growing concern. It is estimated
that more than 500,000 pieces of space debris, also called orbital debris, are currently being tracked as
potential hazards to space craft. The issue itself became more widely discussed in the news media when
the Russian satellite Kosmos-2251 and the USA satellite Iridium-33 collided on 10 February 2009.

A number of methods to remove the debris have been proposed. These methods include small, space-
based water jets and high energy lasers used to target speci�c pieces of debris and large satellites designed
to sweep up the debris, among others. The debris ranges in size and mass from paint �akes to abandoned
satellites. The debris' high velocity orbits make capture di�cult.

Develop a time-dependent model to determine the best alternative or combination of alternatives
that a private �rm could adopt as a commercial opportunity to address the space debris problem. Your
model should include quantitative and/or qualitative estimates of costs, risks, bene�ts, as well as other
important factors. Your model should be able to assess independent alternatives as well as combinations
of alternatives and be able to explore a variety of important �What if?� scenarios.

Using your model, determine whether an economically attractive opportunity exists or no such op-
portunity is possible. If a viable commercial opportunity exists as an alternative solution, provide a
comparison of the di�erent options for removing debris, and include a speci�c recommendation as to how
the debris should be removed. If no such opportunity is possible, then provide innovative alternatives
for avoiding collisions.

In addition to the required one-page summary for your MCM submission, your report must include
a two-page Executive Summary that describes the options considered and major modeling results, and
provides a recommendation for a particular action, combination of actions, or no action, as appropriate
from your work. The Executive Summary should be written for high level policy makers and news media
analysts who do not have a technical background.
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Interdisciplinary (Problem C)
The Goodgrant Challenge

The Goodgrant Foundation is a charitable organization that wants to help improve educational per-
formance of undergraduates attending colleges and universities in the United States. To do this, the
foundation intends to donate a total of $100,000,000 (US100 million) to an appropriate group of schools
per year, for �ve years, starting July 2016. In doing so, they do not want to duplicate the investments
and focus of other large grant organizations such as the Gates Foundation and Lumina Foundation.

Your team has been asked by the Goodgrant Foundation to develop a model to determine an optimal
investment strategy that identi�es the schools, the investment amount per school, the return on that
investment, and the time duration that the organization's money should be provided to have the highest
likelihood of producing a strong positive e�ect on student performance. This strategy should contain a
1 to N optimized and prioritized candidate list of schools you are recommending for investment based
on each candidate school's demonstrated potential for e�ective use of private funding, and an estimated
return on investment (ROI) de�ned in a manner appropriate for a charitable organization such as the
Goodgrant Foundation.

To assist your e�ort, the data �le (ProblemCDATA.zip) contains information extracted from the
U.S. National Center on Education Statistics (www.nces.ed.gov/ipeds), which maintains an extensive
database of survey information on nearly all post-secondary colleges and universities in the United States,
and the College Scorecard data set (https://collegescorecard.ed.gov) which contains various insti-
tutional performance data. Your model and subsequent strategy must be based on some meaningful and
defendable subset of these two data sets.

In addition to the required one-page summary for your MCM submission, your report must include
a letter to the Chief Financial O�cer (CFO) of the Goodgrant Foundation, Mr. Alpha Chiang, that
describes the optimal investment strategy, your modeling approach and major results, and a brief discus-
sion of your proposed concept of a return-on-investment (ROI) that the Goodgrant Foundation should
adopt for assessing the 2016 donation(s) and future philanthropic educational investments within the
United States. This letter should be no more than two pages in length.

2016 MCM-COMAP Participants from YSU

Jenna Wise Kayla Zitello Joseph Ciarniello
Kyle Gumbel Camron Bagheri Joshua Potkanowicz
Michael Baker Elizabeth Urig Kayla Rektor
Joshua Fromel Andrew Welsh Thomas Carnes
Nicholas Tancabel Montana Gessler Taylor Townsend
Trenton Cersoli Andrea Beck Derek Kozlowski
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2016 PME National Meeting at MAA MathFest

Please join us at this year's meeting to be held August 4 through August 6, 2016, in Columbus, Ohio.
Students are invited to give �fteen minute talks on any mathematical topic or application in areas
such as statistics, computing, or operations research. Topics including expository research, interesting
applications, problems, etc. are also welcome. Transportation reimbursement is also available to those
who qualify. Visit the National Pi Mu Epsilon website at http://www.math-pme.org for more details.

Ohio Section of MAA Spring Meeting at Ohio Northern University

The Ohio Section of the Mathematical Association of America will hold its annual spring meeting at
Ohio Northern University on Friday, April 8 and Saturday, April 9, 2016. The meeting consists of talks
by mathematics faculty, graduate students, and undergraduates from around the state. The Section
especially welcomes talks and participation by undergraduate students. In addition to student talks,
there is an undergraduate problem solving competition with cash prizes, and a pizza party. We encourage
you to give a talk at the meeting or participate in the competition or pizza party.

If you are participating in the problem solving competition, we ask that you register at:

http://constum.ohiomaa.org/

If you have any questions, please do not hesitate to contact Tom Wake�eld by phone 330-941-1395 or
by email tpwakefield@ysu.edu.
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A Warm Welcome to the Participating Schools:

• Boardman High School

• Case Western Reserve University

• Clarion University of Pennsylvania

• Cleveland State University

• Duquesne University

• Edinboro University of Pennsylvania

• Fairmont State University

• Howland High School

• Indiana University of Pennsylvania

• iSTEM Geauga Early College High School

• Kent State University

• Lake Erie College

• Lakeland Community College

• The Ohio State University

• Penn State Erie, The Behrend College

• Slippery Rock University

• The University of Akron

• University of Pittsburgh at Greensburg

• Westminster College

• Wheeling Jesuit University

• Youngstown State University

YSU Pi Mu Epsilon O�cers

President: Jenna Wise

Vice President: Crystal Mackey

Secretary: Emily Hoopes

Treasurer: Gabbie Van Scoy

Historian: Sam Rakocy

Webmaster: Zack While

Pi Mu Epsilon Faculty Advisors

Dr. G. Jay Kerns

Dr. Alicia Prieto Langarica

Dr. Thomas Madsen

Dr. Angela Spalsbury

Dr. Thomas Wake�eld

Dr. George Yates

Funding for this conference is provided by the YSU Student Government Association and National Pi
Mu Epsilon Honor Society.

Special thanks to President Tressel, Dr. Gregg Sturrus, YSU Student Government, the Department of
Mathematics and Statistics, and the Center for Undergraduate Research in Mathematics (CURMath) at
Youngstown State University.


