MAKO 2025: Abstracts


Invited Talk: “Bernoulli Numbers and Some Applications”
Dr. Songfeng Zheng, Missouri State University



Starting from the problem of finding a formula for the sum of powers of natural numbers, we introduce the concept of Bernoulli numbers. The modern definition of Bernoulli number is then given, with some examples. The observational properties of the Bernoulli numbers from the examples are summarized and proofs are given. Several applications of the Bernoulli numbers will be explained, including the power series for trigonometric functions and hyperbolic functions, the value of the zeta function at even numbers, and the tail of  and . Some historical notes about the Bernoulli family will also be mentioned.



“A Reversed -Shaped Bifurcation Curve for a Class of Superlinear Boundary-Value Problems”
Loren Baker, University of Central Missouri
Faculty Advisor: Dr. Nalin Fonseka, University of Central Missouri

We study positive solutions to two-point boundary-value problems of the form:







where ,  is an infinitely differentiable function, , and







 for some . Further, we assume that  (f is superlinear at ) and  for . We establish the existence of multiple solutions to this model with some additional assumptions on f. In particular, we prove the occurrence of a reversed −shaped bifurcation diagram for this model. We prove our multiplicity results via a quadrature method. Moreover, we provide numerical bifurcation diagrams to complement our analytical results.


“Spanning Trees in Chair-Free Graphs”
Serenity Biggs, University of Arkansas
Faculty Advisor: Dr. Warren Shull, University of Arkansas
[image: ]
If one edge of a claw is subdivided, the resulting graph is called a chair. Spanning trees in claw-free graphs have been widely studied, but there is very little work on spanning trees in chair-free graphs. It is conjectured that the same conditions are sufficient, and we prove this for the case of a 2-branch vertex, 5-leaf tree.






“Analyzing Cardiovascular and Kidney Disease Risks Among Diverse Populations with Type 2 Diabetes Using Compartmental Modeling and the NIH All of Us Database”
Jackson Deal*, Southwest Baptist University, Matthew Jensen, University of Arizona, Adrián Martínez Félix, Arizona State University, Tamantha Pizarro, Arizona State University, and Jordy Cevallos Chavez Arizona State University
Faculty Advisor: Dr. Susan Holechek, Arizona State University

Type 2 Diabetes Mellitus (T2DM) is a metabolic disorder influenced by genetic, lifestyle and environmental factors and their complex interactions. T2DM disproportionately affects individuals with racially and/or ethnically diverse backgrounds that reside in the U.S. and is a major contributor to cardiovascular disease (CVD) and kidney disease (KD). By developing a Susceptible Exposed Infectious and Recovered (SEIR) based mathematical model, utilizing k-means clustering, and analyzing genomic data from the NIH All of Us database, racial/ethnic differences in genetic susceptibility and complication patterns were identified along with four distinct T2DM clusters. Calculating the allele and genotype frequencies of eleven Single Nucleotide Polymorphisms (SNP) revealed differences in T2DM subtype risk among races/ethnicities. The results of these analyses will be communicated in several charts in the presentation.


“An Alternative Proof of the Newton-Girard Formula for Non-Commutative Symmetric Polynomials”
Tim Fay, William Jewell College
Faculty Advisor: Dr. Samuel Chamberlin, Park University

The purpose of this project was to provide an alternative proof for a non-commutative version of the Newton-Girard formula proven by Boumova, Drensky, Dzhendrekov, and Kassabov in 2022. The original Newton-Girard formulas are well-known in the field of algebra and describe the relationship between elementary symmetric polynomials and power sums. The proof technique we used took inspiration from a technique Mead used to prove the Newton-Girard formula in the commutative setting in 1992. 


“Fostering Mathematical Creativity in Teachers: An Examination of Problem Posing and its Impact on Fluency, Flexibility, and Originality”
Jewel Madison Fetterly, University of Central Arkansas
Faculty Advisor: Dr. James Fetterly, University of Central Arkansas

Creativity is fundamental to mathematics, and a teacher's creativity is vital for fostering it in students. This undergraduate research explores whether creativity can be fostered in pre-service and in-service teachers to ultimately influence their lessons and students. We first define creativity, particularly in a mathematical context, emphasizing novelty and usefulness relative to the individual. The study uses a pre-post-test design with problem-posing assignments, specifically the "What-If-Not" technique, as the primary intervention. Teacher creativity is measured using Bulka’s Creative Mathematical Ability Test (CMAT), focusing on changes in fluency, flexibility, and originality. The goal is to provide insight into effective strategies for cultivating teacher creativity.





“Mastermind”
Erin Hancock, Evangel University
Faculty Advisor: Dr. Jeremy Osborne, Evangel University

We will analyze the board game Mastermind. We will review Knuth's algorithm for winning every game in five moves, and the game theory components that are essential for the algorithm. We will also include the optimal algorithm for a win in the shortest number of moves discovered by Koyama and Lai. 


“Alternating Sequences of Sum and Difference Dominated Sets”
Yorick Herrmann, University of California, Irvine, Merlin Phillips, University of Minnesota, 
and Connor Hill, Shenandoah University
Faculty Advisors: Dr. Steven J. Miller, Williams College, and Dr. Steven Senger, Missouri State University

A More Sums Than Difference (MSTD) set is a finite set of integers A, where the cardinality of its sumset, A+A, is greater than the cardinality of its difference set, A-A. We present multiple methods with various constraints for generating infinite sequences of nested sets that alternate between being MSTD and More Difference Than Sums (MDTS).


“Where Cars Meet Combinatorics: A Presentation on Parking Functions”
Isaiah Holgerson, Evangel University
Faculty Advisor: Dr. Jeremy Osborne, Evangel University



Have you ever parked a car, and you know exactly what spot you would like to park in? Parking functions utilize vectors of n cars’ preferences to determine if all cars would be able to park on a one-way, one-sided street with a dead end. Through combinatorics, modular arithmetic, and proof techniques, we can show that the number of preference vectors for a given number of cars, n, is equal to , and the number of parking functions for a given n is equal to . We will explore the parking problem that defines this scenario, examples to help us conceptualize, proofs of the two formulas above, and areas for further research.



















“VC-Dimension of Subsets of Hamming Graphs”
Chris Housholder, Missouri State University
Faculty Advisor: Dr. Steven Senger, Missouri State University

In this project, we study the Vapnik–Chervonenkis (VC) dimension of subsets of Hamming graphs, motivated by its role in quantifying complexity in both mathematics and machine learning. We focus on the neighborhood model, where each vertex is represented by the set of its neighbors, and use elementary combinatorial methods to determine when subsets of H(2,q,1) achieve VC-dimensions 2 and 3, completely characterizing it. These results extend to higher dimensions through simple counting and pigeonhole arguments, giving general bounds on H(d,q,1). Further, we construct large subsets of higher-dimensional Hamming graphs with low VC-dimension, showing that our bounds are relatively sharp. Our latest discovery identifies a configuration in the generalized Hamming graph H(2,q,n) whose VC-dimension grows linearly with n, the first known example of such behavior in this setting. Overall, our work provides new insight into a complexity-theoretic measure on graphs resistant to spectral methods."


“Modelling Wait Times for Local Doctors’ Offices”
Sam Stagner, Drury University, and Jan Dueppe, Drury University
Faculty Advisor: Dr. Colin T. Barker, Drury University

Queueing theory is the mathematical study of waiting lines, focusing on how consumers (or tasks) arrive, wait for service, and are processed by servers. It is used to model and optimize systems involving congestion or delays. We apply queueing theory to the health care industry, analyzing wait times for small doctors’ offices. Our goal is to model system cost and wait-time dynamics for consumers and marketers. We propose that small doctor's offices follow a two-stage system, thus following an Erlang distribution as opposed to a Markovian distribution. We developed schema for multiple systems, in particular specific models for M/E2/1 and M/E2/2 systems.


“The Impact of Prior Mathematics Experience on College Students' Mathematical Beliefs and Anxiety”
Ethan Tritch, University of Central Arkansas
Faculty Advisor: Dr. James Fetterly, University of Central Arkansas

Society’s recent technological revolution has emphasized the need for effective mathematics education in universities worldwide. This mixed methods study addresses how college students' prior mathematical experience impacts their mathematical beliefs and anxiety. The research seeks to inspire mathematics educators to create a more engaging and creative classroom environment. We will survey two groups—students from freshman-level math courses and mathematics pre-service teachers—and then conduct focus group interviews with the pre-service teachers. The results will determine which aspects of mathematics education best minimize anxiety and contribute toward more dynamic mathematical beliefs.
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