
Previous Research 
 

My previous research experiences have spanned mathematical neuroscience, 
computational modeling of infectious disease, and signal processing. I use mathematical 
modeling as a fundamental research tool to analyze complex processes occurring in engineering 
and nature. This has given an interdisciplinary depth to my research that I will develop further in 
my graduate studies.  

My mathematical neuroscience research was funded by a NSF training grant in the 
Complex Biological Systems Group at the University of Pittsburgh. Mentored by Dr. Zachary 
Kilpatrick, I explored the visual phenomenon of perceptual rivalry where perception alternates 
between two or more interpretations of a visual stimulus. We described the switching in 
perception through the dynamics of coupled nonlinear differential equations. These equations 
modeled the mean firing rates for two competitive neural populations in the visual cortex. In 
particular, I explored the effects of time-varying input to the system corresponding 
psychophysically to visual stimuli whose intensity/contrast changes over time.  
 Our main result was the analytical classification and numerical simulation of complex 
dynamics during perceptual rivalry. These dynamics had been experimentally observed but not 
analytically predicted in such models before. I helped develop the main tool of fast/slow 
timescale analysis and worked independently on both analysis and coding numerical simulations 
for a year. I realized I could use the analysis to identify parameter regions where such dynamics 
could be numerically simulated. These simulations generated testable experimental predictions 
that have broad implications about neural visual processing. I presented our results at two 
scientific presentations at Math Association of America Sectional Meeting in Clarion 
University and the Society of Industrial and Applied Mathematics Regional Student Conference 
at Shippensburg University. I am first author on a publication in the Bulletin of 
Mathematical Biology1, where reviewers commented on its intellectual merit by stating “the 
numerical results are interesting and the authors discuss them in the context of potential 
experimental set-ups on perceptual bistability that may uncover new information about the 
adaptive processes of the visual system.” 
         This past summer, I worked for the Modeling of Infectious Diseases Agent-Based Study 
(MIDAS) at the University of Pittsburgh Graduate School of Public Health advised by Dr. 
Jagpreet Chhatwal. In public health, computational methods such as Markov Chain Monte Carlo 
simulations are used to predict infectious disease outbreaks. My first project focused on adjusting 
cycle lengths in discrete-time Markov chains so models could be robustly adapted to multiple 
timescales. Given a probability transition matrix determined for a certain cycle length, I 
discovered theoretical conditions and implemented numerical algorithms to produce transition 
matrices reflecting new adjusted cycle lengths (i.e. converting a yearly transition matrix to a 
monthly transition matrix). This research offered simple tests for public health researchers to 
verify whether a model’s cycle length could be adjusted, validating a model’s robustness to real 
world data measured in different timescales. I collaborated directly with Dr. Elamin Elbasha, a 
senior research director at Merck Research Laboratories, who informed me of the applicability of 
my findings for clinical researchers.   

My second MIDAS project explored efficient sampling methods for the probabilistic 
sensitivity analysis of these Markov Chain Monte Carlo simulation models. We wanted sampling 
methods that reduced the simulation runs needed to perform uncertainty quantification and 
parameter estimation. Analyzing an economic model for the cost-effectiveness of a Hepatitis C 



drug, I implemented three sampling methods: random sampling, Latin Hypercube sampling, and 
Latin Hypercube-Hammersley sampling using C++ and MATLAB code. I then ran Monte Carlo 
simulations for the model and performed data analysis of the results. Our results allow Monte 
Carlo simulations to be computationally efficient with easily implemented sampling methods for 
researchers. 

The broader impacts for these projects emphasize bridging the gap between theoretical 
problems in computational modeling and applied clinical research of infectious diseases. We 
offer practical, easily implemented solutions for working researchers. I hope to pursue more 
interdisciplinary research collaborations in the future similar to that with Dr. Elbasha. I presented 
both these projects at a technical seminar in the program, and we are submitting two papers 
this fall to Medical Decision Making3,4, a journal aimed for clinical physicians interested in 
computational modeling and decision-making.  

My current research interests in signal and image processing arose from two NSF-REU 
summer programs at Texas A & M University. My first summer, I implemented an algorithm for 
spoken word recognition using wavelet compression with a team of five undergraduates. This 
project taught me signal-processing tools including filter design and Fourier analysis. The next 
summer, I researched mathematical limitations of signal processing studying uncertainty 
principles in time-frequency analysis and information theory, and developed frame theory for 
signal multiplexing and binary codes in degenerate vector spaces over finite fields. I was 
accepted to present the latter two topics as separate talks at the NSF-funded Young 
Mathematician’s Conference in Ohio State University. Moreover, I was invited to present on 
frame theory in a special session for undergraduates at the American Mathematical 
Society/Math Association of America Joint Mathematics Meetings in Boston, a national 
conference with over 7200 attendees in total.  In addition, I also have submitted a paper in 
number theory/combinatorics2 from my independent research study I took last spring. 

My previous research experiences testify that I am a motivated researcher eager to 
explore interdisciplinary research problems in computational science and electrical engineering. I 
have a proven history of independent and collaborative research in generating results, and have 
disseminated research findings at numerous scientific conferences. The NSF Graduate Research 
Fellowship would support my efforts in exploring further interdisciplinary research opportunities 
on the basis of my previous work. 
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