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Joe Gallian (University of Minnesota Duluth)
Using Mathematics to Create Symmetry Patterns
We explain how to create symmetry patterns using graphs, exponential functions, logarithms,
and modular arithmetic. These methods were used to create the image for the 2003 Mathematics Awareness Month poster.


Alex McAllister (Centre College)
Of Hopes and Impossibilities
We’ll take a stroll through 19th and 20th century mathematical history exploring the issues that arise from trusting our intuitions about “space” from geometry, “collections of objects” from set theory, “reasoning” from logic, and “number” from arithmetic as possible sources of certain knowledge for a foundation of mathematics. And we’ll discuss how these tales of mathematical hopes and impossibilities parallel and inform our present day hopes and impossibilities as teachers of mathematics.


Jenny Quinn (University of Washington Tacoma)
Epic Math Battles: Counting vs. Matching
Which technique is mathematically superior? The audience will judge of this tongue-in-cheek combinatorial competition between the mathematical techniques of counting and matching. Be prepared to explore positive and alternating sums involving binomial coefficients, Fibonacci numbers, and other beautiful combinatorial quantities. How are the terms in each sum concretely interpreted? What is being counted? What is being matched? Which is superior? You decide.



Abstracts of Contributed Talks

(u)=undergraduate, (g)= graduate, (f)= faculty member

Ibukun Amusan (f), Kentucky State University		
Moments for stochastic processes	
Stochastic equations represent the dynamics of stochastic processes, which also describe the path followed by some random variables over time. Their moments can help give an idea of the underlying distribution for the stochastic processes. This talk will present the derivation of some moments for a few selected stochastic equations.

Megan Barton (u), Thomas More College
Portfolio Management Via Numerical Optimization	
The basis of wealth in the United States has taken root in financial investments, where risk and monetary gain, and loss, coexist in an imperfect balance. This risk however can be minimized while maximizing the expected return of investments. Humans by nature are risk averse creatures. Therefore, by diversifying portfolios in accordance with Markowitz theory can risk be minimized. This mean-variance optimization merges economics and finance with the world of mathematics. Restraints of investments were applied, monetary availability was taken into account, and generalized asset pools were assigned. We use the penalty method as an optimization tool to generate the best diversification of assets in an individual’s portfolio. Ultimately, the highest return comes from a diversified portfolio, which also incurs the least amount of risk.

Timothy Bates (u), Kentucky State University
Newton's Law of Universal Gravitation	
The main focus of my presentation is to bring about how Isaac Newton derived Kepler's laws of planetary motion to come up with the law of gravity we use today.

Zachary Bettersworth (g), Western Kentucky University		
Incoherent Nullification of Torus Knots	
Nullification is a basic move used to simplify a knot. A nullification move which does not change the number of components of the given knot diagram is called incoherent nullification.  We will use a combinatorial argument applied to braids to discuss the effects of these moves upon the knot family known as the torus knots.  The motivation for this question stems from Microbiology, and considers changing a certain crossing within any given knot diagram D, via a nullification move.

Gregory Bryan (u), Morehead State University
Swinging for the Fences: A Model for Measuring Offensive Production in Baseball	
By the end of a season of baseball, there are hundreds if not thousands of numbers and statistics to look at and analyze. When looking at batters, people often associate home runs and RBIs with the signs of a good run producer. However, one can determine the true worth of a hitter by looking at a player’s true number of runs created throughout a season. In using this statistic in conjunction with the strength of pitching faced by a hitter, as well as park factors associated with the player’s home ball park, we hope to truly determine the effectiveness of the top hitters from each Major League team.

Chris Christensen (f), Northern Kentucky University
What Was the Purple Cipher?	
At 2:00 pm on 20 September 1940 Genevieve Grotjan, a US Army codebreaker, spotted a pattern in messages enciphered with the Japanese Purple machine – a pattern that determined the structure of the cipher. One week later the Army was reading Purple. On 12 May 1991, David Kahn, author of The Codebreakers, interviewed Grotjan and recorded three examples of the types of patterns for which she was searching. In this presentation we will explore Grotjan’s contribution to the breaking of Purple.

Cheryll Crowe (f), Asbury University		
Exploring KenKen	
The popularity of Sudoku puzzles has increased over the past few years. Also gaining momentum is the logic puzzle, KenKen. Originating in Japan, KenKen extends the enjoyment of Sudoku by utilizing a mixture of logical, simple arithmetic and combinatorial skills. This presentation will include an overview of KenKen as well as interesting mathematical extensions of the puzzles. Participants will join in the discussion and attempt KenKen problems during the session.

Jordan Culp (g), Murray State University
On the Uniqueness of the Z_1-Eigenvector of Transition Probability Tensors	
We study irreducible, symmetric transition probability tensors. In particular, we show that irreducible, symmetric transition probability tensors of order 3, dimension 3 and order 4, dimension 2 have a unique Z_1-eigenvector in the positive cone corresponding to the unique Z_1- eigenvalue. This work is an extension of the work done by K.C. Chang and Tan Zhang, where that the order 3, dimension 2 case was shown to be true in the general sense. Results are shown by setting up a system of multivariate equations using the definition of symmetric transition probability tensors and some restrictions, which then, were solved using Groebner bases and CAS methods to show that there must exist a unique fixed point.

Andrew Davis (u), Western Kentucky University		
Matrices for Discrete Logistic Population Modeling With Distribution Control	
This talk will demonstrate the advances we have made in our research toward establishing a matrix version of the logistic population model based on Leslie matrices. Our previous work, presented at last year’s conference, simply reigned in the total population to a given capacity, with the population distribution being a dominant eigenvector of the initial Leslie matrix. We are now able to choose the final distribution vector, within certain reasonable constraints that come with Leslie matrices, as well as the final total population size. We will state the conditions needed to construct this model, and the theorems that establish the method. We will also provide several graphical examples of the method in use.

Beverly Dearborn (u), Kentucky State University		
Johann Bernoulli's Brachistochrone Challenge	
What is the formula of the path that will take the least time between two points (the curve of swiftest descent)? A brief history of Johann Bernoulli's Brachistochrone Challenge and its solution.




Rob Donnelly (f), Murray State University	
La Florado Klasado: The ultimate classification theorem?	
In a book review for the December 2014 issue of the Notices of the AMS, reviewer John P. Burgess of Princeton observed that some classification theorems can motivate mathematicians and philosophers towards a strongly platonic viewpoint of mathematics. The platonic solids and the finite simple groups are often mentioned within this context. Still, Burgess opines that somewhere between the “hackneyed” example of the five platonic solids and the “ferociously technical” classification of the finite simple groups, there might be other classification results that are more illustrative and compelling. We believe that what we call La Florado Klasado (“The Flowering Classification” in Esperanto) is one such example, and our purpose is to describe several facets of this intriguing collection of results.

Elizabeth Donovan (f), Murray State University	
Neighborhood degree lists of graphs	
The neighborhood degree list (NDL) is a graph invariant that refines information given by the degree sequence and joint degree matrix of a graph and is useful in distinguishing graphs having the same degree sequence. We focus on those NDLs that have a unique realization by a labeled graph; the characterization ties these NDLs and their realizations to the threshold graphs and difference graphs.

Claus Ernst (f), Western Kentucky University 
How is knotting affected by a tight confinement?	
If K is a random loop in a tightly confined space then is more likely that the loop gets tangled and forms a complicated knot. We investigate how the size of the confinement space effects what kind of knots are formed. This question is motivated by viruses, where a long string of DNA needs to be embedded in a small viral capsid.

Joshua Fugate (u), Morehead State University
Evidence of climate change in Eastern Kentucky?	
The effects of global climate change, as predicted by the consensus of national and international scientists, are probably not going to be observed uniformly across all latitudes and longitudes. This highlights the importance of observing and analyzing meteorological data at the mesoscale level, that is, weather events that range in size from about one mile to about 150 miles and that might go undetected without densely spaced weather observations. This study applied statistical approaches to daily data between 2007-2015, obtained from several WKU Kentucky Mesoscale Network stations located in Eastern Kentucky. It was found that many Eastern KY counties showed evidence of statistically significant increases in climate parameters such as temperature, dew point, and solar radiation. Many Eastern KY counties showed evidence of a statistically significant decrease in average wind speed. No statistically significant differences in humidity or maximum wind speed were noted. This research was supported by the Undergraduate Research Fellows Program (Department of Mathematics & Physics/Office of Research and Sponsored Programs).

Clay Harrison (u), Asbury University	
In Over Our Heads	
We developed a model to maintain any desired temperature for the perfect bath. The goal is to match the energy lost in the system with energy gained, thus maintaining the tub water temperature. The energy gained is from a constant flow of hot water into the tub. We modeled the process by which heat leaves the tub through radiation, evaporation, and thermal conduction. We also modeled the effect a human has on the water temperature. Our model, while abiding by the prompt’s constraints, produces the number of milliliters per second needed to match the loss of energy from the tub. By analyzing the changes in our independent variables’ effect on the loss of energy, we were able to compare many solutions. These comparisons show that our model operates according to the laws of thermodynamics, and they validate its accuracy.

Janie Hils (u), Thomas More College		
Partial Differential Equation (PDE) constrained optimization
The field of numerical optimization aims at finding efficient solvers for problems in science and engineering. Even with super computing technology, there is an ever increasing need for efficient numerical solvers. Partial Differential Equation (PDE) constrained optimization problems arise when an objective function being optimized has a PDE as a constraint. The focus is on the distributed optimal control problems in this project. In some applications, instead of heating at the boundary, the distributed heat source is applied as a control (e.g., electromagnetic induction). We will investigate two problems; an unconstrained problem and a problem with constraints on the control variable u. We follow the paradigm of first discretize and then optimize. The resulting linear systems are solved by Newton’s and semismooth Newton’s Method. The goal is to find the optimal control which minimizes the cost functional. Numerical results will be presented.

Katrina Hlebiczki (u), Thomas More College
Trust-region methods: Trust or bust	
We investigate Trust-region methods by studying a quadratic model of the objective function. The Trust-region methods define a region around the current iterate within which they trust the model to be an adequate representation of the objective function and then choose the step to be the approximate minimizer of the model in this region. The size of each step and the region itself are critical to its effectiveness. The ratio pk analyzes the actual reduction parsed by the reduction predicted by the model function and is the component chosen and found differently for each method. We discuss a strategy using the Cauchy point method for finding a quadratic approximation of the objective function. The Cauchy point method is the minimizer of the model function along the steepest decent direction. The Cauchy point is not strongly influenced by the Hessian. To improve the convergence, we consider the dogleg method when the Hessian is positive definite. Numerical results will be presented using various test functions.

Lisa Holden, Aimee Krug, Jill Terlau, Kathy Donelan (f), Northern Kentucky University, Highlands Middle School	
The Northern Kentucky Math Teachers' Circle: Ready, SET, Go!	
The Northern Kentucky Math Teachers' Circle was launched last summer with an immersion workshop for middle grades math teachers. Math Teachers’ Circles, supported by the American Institute of Mathematics, are professional development communities comprised of middle school math teachers, math professors and professional mathematicians. By offering intensive problem solving experiences, we hope to encourage teachers as mathematicians, to connect mathematics professors with K-12 education, and to build a community of mathematics professionals committed to fostering a love and understanding of mathematics among all students. Early research indicates that Math Teachers’ Circles help teachers feel more pedagogically prepared and more enthusiastic about mathematics. Teachers participating in Math Circles are also found to have more mathematical knowledge and to use more inquiry-based teaching practices and more interactive, student-centered problem solving in their classrooms. Join us as we provide an overview of our planning process and highlights from our first year. We will talk about the challenges and joys of running a circle, provide resources for starting your own circle, and try to answer any questions you may have concerning math teachers circles.

Ben Hovey (u), Northern Kentucky University
MLB: Paying More for Less Performance?	
In baseball, players are paid through contracts which ideally are reflected in game-day performance. However, we postulate that there is a point in time at which a player’s salary far exceeds performance, particularly late in a player’s career, where contracts are more reflective of past performance. In this study, we utilize performance metrics and available salary data (adjusted for inflation) over the time period from 2000 to 2013 to investigate the relationship between salary and actual performance. Logistic regression and time series analysis techniques were employed to show that many players’ largest salaries occur past their performance peak. At such a point, the logical economic decision would be to replace them.

Margaret Hull (u), Asbury University
Modeling Water Scarcity	
Throughout the world, water resources are dwindling to dangerous levels, but despite the increasing urgency our understanding of what causes the problem is still very limited. Our model aims to increase our knowledge of the factors significantly contributing to water scarcity by breaking water withdrawal and replenishment into their component parts. We categorized all water exchange factors as either natural or human processes in order to gain a clearer picture of how human actions impact water cycles. We then subdivided each category into a wide variety of possible sources of change so that the most dangerous variables would be quickly apparent. Using previous water usage trends, our model can also be used to predict future water stress levels. To provide a practical demonstration of our model, we applied our model to the Kingdom of Swaziland, where water resources are heavily overexploited. While some of the data necessary for an accurate result from our model is difficult to attain, with enough data the model accounts for all significant variables affecting water consumption and replenishment.

Fariba Kashan (f), Kentucky State University
100 prisoner’s problem	
This is an experiment which has two possible outcomes. All prisoners will be executed or all will be free. A method will be discussed that optimize the chance of freedom for all prisoners.

Joel Kilty, Alex McAllister (f),Centre College
Mathematical Modeling and Applied Calculus	
In the modern world we are inundated with data. As mathematicians, we are typically more comfortable discussing the behavior of functions presented analytically, in contrast with data-driven or tabular presentations. In this talk, we will present an approach to an entry level Mathematical Modeling and Applied Calculus course for students who will only take one mathematics course in college. The course is designed to develop the student’s ability to model data with elementary functions and then improve their models using the Method of Least Squares, which is fully developed in the course. The tools of Calculus are then used to analyze these models in both the discrete and continuous contexts. Students are exposed to many elements of the modeling cycle including the need to refine their models in light of new data.

Young Hwan Kim (u), Asbury University
Bathtub Temperature Model	
We developed a model to maintain any desired temperature for a perfect bath. The goal was to match the energy lost in the system with the energy gained in order to maintain the tub water temperature. The energy gained is from a constant flow of hot water into the tub, and we modeled a process by which the heat leaves the tub through radiation, evaporation, and thermal conduction. We also modeled the effect a human has on the water temperature. By analyzing the changes in our independent variables’ effect on the loss of energy, we were able to produce the amount of water needed to be added per second to match the loss of energy from the tub in different circumstances.

Sarah S. King (g), University of Louisville
M_k Rules on a Countably Infinite Population	
May (1952) characterized simple majority rule, based on two alternatives and a finite set of voters, in terms of three axioms. Llamazares (2006) extended May's Theorem by characterizing the difference of votes rule, M_k. We will explain how to extend Llamazares' Theorem from the finite case to a result based on a countably infinite set of voters.

Janie Knell (u), Morehead State University	
Evidence of climate change in Western Kentucky?	
The most recent consensus of the scientific community regarding global climate change is straightforward: “Human influence on the climate system is clear, and recent anthropogenic emissions of greenhouse gases are the highest in history.” This study applied statistical approaches to daily data between 2007-2015 obtained from several WKU Kentucky Mesoscale Network stations, located in Western Kentucky, to test the predictions of global climate change at the mesoscale levels (between 1-150 miles in range). It was found that many Western KY counties showed evidence of statistically significant increases in climate parameters such as temperature, dew point, humidity, and solar radiation. Many Western KY counties showed evidence of a statistically significant decrease in average wind speed. Understanding the local effects of climate change is important in order to plan ahead and make any necessary changes to minimize its economic and social impact. This research was supported by the Undergraduate Research Fellows Program (Department of Mathematics & Physics/Office of Research and Sponsored Programs).

Aimee Krug, Brooke Buckley (f), Northern Kentucky University 
IMath – A free and easy-to-use online homework system	
IMath is a free, open-source homework and course management system specifically designed for mathematics courses. It supports randomized, algorithmic questions, has built-in support for mathematical symbols, and includes a simple graphics editor. The system is completely web-based which means it runs on any operating system using any of the major browsers without compatibility problems. There are banks of pre-written questions for common undergraduate mathematics topics, and one can download questions designed for an ever increasing list of texts. Original questions can be written using simplified LaTeX syntax which allows for complete customization. IMath can also serve as a course management system with some advantages over other platforms. It is far easier to post mathematical content in IMath as it supports all the common media used in mathematics courses. IMath seems to be relatively unknown in the mathematics community, and its ease-of-use and cost make it a tool worth knowing about.


Jordan Love (u), Murray State University
Diamond delightfulness and La Florado Klasado	
In the latter half of the nineteenth century, some Killing and Cartan discovered one of the great classification theorems of mathematical history. Their classification of the finite-dimensional simple Lie algebras over C is now often presented in terms of graphs: There is exactly one such simple Lie algebra for each graph in one of the the infinite families A_n (n >= 1), B_n (n >= 3), C_n (n >= 2), D_n (n >= 4) and for each of the five exceptional graphs E_6, E_7, E_8, F_4, and G_2. It turns out that many mathematical phenomena are classified by these same graphs. Our goal is to present a simple graph classification problem that has these A through G graphs as its answer.

Ryan Luke (g), University of Louisville
The "Way-Below" Relation and Residuated Maps	
In this talk, we will discuss the "way-below" relation (some authors call this relatively compact) as it pertains to residuated maps. The definition, some examples, and current results will be presented.

Andy Martin (f), Kentucky State University	
Folding Developmental Mathematics into the Liberal Arts Requirement: One University’s Attempt to Save Student Time and Money while Increasing Retention and Graduation Rates.	
After years of disappointing results requiring one (or two in some cases) pre-college, non-credit arithmetic/algebra courses for our students as qualification for the college level liberal arts math requirement, Kentucky State University ended that developmental experiment. We are into our first full year of “folding” into our liberal arts math course the needed background review. In this talk I will share how it is going so far.

Andy Martin (f), Kentucky State University	
Discrete Sines: Three Concrete Cases
Case 1 is Gilbert Strang’s “1000 Points of Light” investigation of sin(n) for
integer n. Case 2 proves the density of sin(n) on the interval [–1 ,1]. Case 3 is a reminder of the discreteness of calculator mathematics.

Rus May (f), Morehead State University
The art of stippling	
Stippling is a process of creating images with patterns of small dots. Georges Seurat popularized this method of painting in the late 1800's. With the rise of computing power, automated stippling has gained popularity since the late 1900's. We present a simple recursive algorithm for rendering stipplings of photographic images and then discuss connections with TSP (travelling salesman problem) art.

Phil McCartney (f), Northern Kentucky University
A well-aged inequality
In 1970, The American Mathematical Monthly posed an inequality for the sides of a triangle, contributed by A.W. Walker of Toronto, Canada as problem E2245. In August 1971, that journal published Walker’s proof of his result, since it was the only correct proof submitted. The editor remarked that Walker’s inequality might in fact be true for all non-negative numbers and that a computer had checked it for 1000 different sets of three non-negative numbers. In November 1972, A. van Tooren of Leusden, Holland published his proof Walker’s inequality for the case that the nonnegative numbers in the statement were not the sides of a triangle. The editor wrote: “A straight-forward algebraic proof of Walker’s inequality valid for all non-negative a, b, and c is still solicited.” 
In August 1973, The American Mathematical Monthly published a proof of Walker’s result submitted by Robert Breusch of Amherst College. However, Breusch’s proof was neither straight-forward nor algebraic. I have searched the mathematical literature and have found no record of the Monthly’s solicitation ever being settled. However, in 2013, I created a straight-forward algebraic prove of Walker’s inequality which I intend to present.

Ngoc Nguyen (f), Western Kentucky University
Statistical Tests for Related Records Search Results	
Related record searching option within bibliographic databases bases on a principle that an individual result record is linked to other articles on the basis of the number of references cited they share in common, the theory being that two articles that cite many of the same sources are likely to be highly similar in subject content. Results of the related record searching are usually displayed in the order of each items actual number of commonly-shared references In the present paper we suggest an improved way of ranking the results, employing statistical significance tests based on the Binomial Index of Dispersion, and the Centralized Cosine Index.

Robert Powers (f), University of Louisville
An Axiomatic Characterization of the Center Function	
Let G = (V, E) be a finite connected graph with vertex set V, edge set E, and where d is the minimum path length metric on G. Using a mini-max criterion with respect to d, the center function Cen on G takes as input any n-tuple of vertices (for any positive integer n) and outputs a nonempty subset of V. We will show that Cen has a simple axiomatic characterization for some special types of graphs.

Donald Price, Hayden Brooks (u), Western Kentucky University
Nullification Number of Minimal Diagram Knots	
This study considers two different nullification numbers that are based on diagrams of knots. Nullification moves are local changes made to a crossing in a knot diagram that change the knot diagram to a trivial knot diagram. The number of such moves needed is called the nullification number of the knot diagram. We use the PD Code to represent knot diagrams and our algorithms make nullification moves using PD codes. We looked at which form of nullification tends to be better or worse in terms of how many nullifications moves are needed to end up with the unknot. This research was started last summer by Hayden Brooks and I as Gatton students.

Xhafer Rama (u), Berea College
Phase Measuring Profilometry using Third Harmonic Injection	
Phase Measuring Profilomety (PMP) is a method that measures the three dimensional shape of an object using a camera system and projected light patterns. The 3D reconstructed object is susceptible to noise. In practice, there are multiple factors effecting the reconstruction of the object such as sensor noise, ambience light, reflection of light from the object, resolution, white noise, non-white noise, and the amount of frames per second (fps) a video is captured. The purpose of this talk is to show how reducing the number of fringe patterns, applying a third harmonic injection to the sinusoidal wave, and optimizing the amplitude to satisfy the dynamic range does in fact reduce the noise and provides effectiveness in the reconstruction. The effectiveness of these methods are shown through detailed explanations and MATLAB experiments.

Emily Reed (u), Thomas More College
The Lagrangian Method - Applications to Portfolio Theory	
The Lagrangian Method is an optimization technique that can be used to combine the objective function with its given constraints to provide optimal points. After using Microsoft Excel to statistically analyze three assets, the resulting data for the three assets can then be transferred to R to complete calculations for portfolio optimization through matrix algebra. The Lagrangian Method will be used to compute the global minimum variance portfolio, and then will be applied to the optimization problem proposed to us through Henry Markowitz's Modern Portfolio Theory. Results will then be used to calculate and project an efficient portfolio frontier.

Tom Richmond (f), Western Kentucky University
Transitions of 4-intersection values	
In Geographic Information Sciences, the spatial relationship between two planar regions A and B can be (partially) quantified by determining whether the boundary and interior of A intersect the boundary and interior of B. The 4-intersection value of A and B is the binary 4-tuple whose entries are the intersection values (0 or 1) for Int(A)&Int(B), Bd(A)&Bd(B), Bd(A)&Int(B), and Int(A)&Bd(B), respectively. We consider dynamically moving regions A and B and discuss which intersections values are adjacent to which. For example, suppose A is a stationary unit disk centered at the origin and B is a unit disk with center (0, t). When t = 3, A and B are disjoint and have intersection value (0,0,0,0); when t = 2, only the boundaries of A and B touch, giving intersection value (0,1,0,0); and when t = 1, A and B overlap, with intersection value (1,1,1,1). Is it possible to find regions which transition from disjoint to overlapping without passing through the intersection value (0,1,0,0) where only the boundaries intersect?

David Roach (f), Murray State University
Wavelets and image compression	
Wavelets are the mathematical functions behind the state of the art image compression standard known as JPEG2000. In this talk, I will demonstrate how wavelets are used to compress images.

Jordan Robinson (u), Kentucky State University
Lokta-Volterra Equations	
In my current research of the Lokta-Volterra equations which is also known as the Predator Prey Model, I will explain its brief history and its significance. I will also investigate solutions for The Predator Prey Model and, what would happen if we were to change the parameters of the equation.

Mark Robinson (f), Western Kentucky University
Taylor's Theorem for Functions of One and Several Variables	
Taylor's Theorem for functions of a single variable is a standard topic in introductory calculus. In this presentation the single-variable case is reviewed, followed by a discussion of Taylor's Theorem for functions of several variables. An application of the latter to the solution ofnonlinear systems of equations is considered.





Timothy Schroeder (f), Murray State	
Reflection groups and manifolds	
A right-angled mock reflection group (RAMRG) is a group that acts isometrically on a connected CAT(0)-cubical complex $X$ such that the action is simply transitive on the $0$-skeleton, and the stabilizer of every edge is isomorphic to $\mathbb{Z}_2$. We consider finite index, torsion free subgroups of such RAMRGs, and explore the resulting orientable and non-orientable manifolds.

Vincent Tembo (u), Berea College
Error in Calculated Phase Due To Discontinuities in Phase Measuring Profilometry	
When using Phase Measuring Profilometry (PMP) several assumptions such as the pinhole camera model as well as the point-pixel model are made. Since this is not the case in real life, several problems are faced such as errors in calculated phase at surface discontinuities. This presentation focuses on what happens to the calculated phase when we consider a pixel to be two dimensional and the light that falls on it comes from a discontinuity in order to investigate the real world behavior of PMP at a discontinuity. We will show that for most cases the calculated phase shift is bounded between the interacting phases, except when the phase shifts are more than π apart. We discover that this behavior explains some observed reconstruction errors.

Steven Washington (u), Kentucky State University
Symbolic language	
George Boole: How his work influenced society today from Boolean algebra all the way to how his theory on 1 0 affects society today.

Susan White (f), Bellarmine University
Engaging Students in a Statistical Literacy Course	
As the use of statistics has become widespread in our society, there has been an increasing focus on a delineation between statistical literacy and the more traditional study of statistics. Bellarmine University offers a statistical literacy course (Math 200, Statistics & Society); it first appeared on the schedule in the fall of 2008. In this talk, we discuss a topic-based set of modules developed for use in our Math 200 course. The modules present engaging, real-world examples of interest to our students, and ask them to critically evaluate them. Dynamic assessment strategies are employed with the modules whereby students learn to build logical arguments based solely on statistical evidence.

Steven Wilkinson (f), Northern Kentucky University
Visualizing the 4D Mandelbrot Set	
The Mandelbrot set is a well-known planar object that is the set of points for which the dynamical system iterating the complex map f(z) = z^2 does not escape. Using the quaternion numbers in place of the complex numbers, one can study the corresponding 4D dynamical system. We will discuss ways of trying to visualize this set.

Robert Williams (u), Asbury University
Liberating Libya’s Water	
As the human population grows the ability to access water has not kept up with the growth, thus, over one third of the world’s population is facing imminent water deprivation. A model that measures a region’s specific water situation, the Water Stress Index (WSI), was modified to include time-dependency based on population growth and urbanization rates as well as overall water availability over time. This modified model was then applied to Libya, both measuring the current water scarcity situation and then forecasted 15 years hence. Libya relies on large underground, nonrenewable aquifers, which are being depleted at a rate of 300 million m3/year by the piping system named the Great Manmade River. This is an alarming rate that will result in the eventual exhaustion of these crucial resources that amount to a significant portion of Libya’s water withdrawals. We proposes and models multiple intervention plans to curb these effects. These plans include strategies such as providing piped water services to the majority of the urban population and the implementation of rainwater collection systems. Such plans, when implanted through 15 years, affected the model indicators, thus lowering the WSI value and also providing multiple long-term solutions to the Libyan water scarcity. 

Bangteng Xu (f), Eastern Kentucky University 
Bent functions on group actions	
Let $G$ be a finite abelian group acting on a finite set $X$. $G$-bent functions on $X$ are generalizations of bent functions on $G$. We introduce the notion of a $G$-dual set $\widehat X$ of $X$, which plays a role similar to the dual group $\widehat G$ of $G$. For any $T$-valued function $f$ on $X$, where $T$ is the unit circle in the complex plane, we define the Fourier transform $\widehat f$ of $f$ as a function on $\widehat X$. Then we characterize a $G$-bent function
$f$ in terms of its Fourier transform $\widehat f$. Constructions of $G$-bent functionswill also be discussed. This is a joint work with Y. Fan.







