
In a dimly lit Broome County courtroom, I watched a fifteen-year-old defendant struggle to explain
his actions. But as I pored through his case file during my internship at the County Attorney’s Office, a
pattern emerged. His decisions weren’t random—they reflected an internal logic shaped by his environment
and the rewards and punishments he had learned to expect. He had extracted rules from those experiences
and applied them, even when those rules proved maladaptive.

This unsettled me. Growing up as the perpetual “new kid,” constantly moving between schools, I
too had learned to infer underlying rules—what behaviors earned acceptance, which led to isolation. Each
relocation demanded that I decode new social structures and adapt. Yet while my ability to generalize
fostered adaptation, his led to rigid behavior patterns that failed outside their original context. What deter-
mines whether we extract generalizable rules that transfer across contexts or become trapped by
rigid patterns learned from limited experience?

The answer, I realized, lay not in behavioral analysis through political science - my initial major -
but in understanding how neural circuits implement flexible generalization. This question redirected my
trajectory: from studying collective behavior through law and politics to investigating the neural mechanisms
underlying adaptive learning through systems neuroscience and machine learning.

Intellectual Merit

With limited neuroscience resources at my undergraduate institution, I pursued a physics major to
develop the quantitative tools needed to study neural computation. Adding this major in my junior year,
taking 5 winter and summer courses and self-studying through online lectures, this dedication was recog-
nized through my induction into Sigma Pi Sigma, the national physics honor society requiring faculty
nomination and ranking in the top third of the class—an achievement that validated my unconventional
path into the sciences.

To gain hands-on computational experience, I joined Prof. Kolmogorov’s computational material
science lab as an undergraduate research assistant, where I applied neural networks (NN) to predict
thermodynamic stability of chemical compounds. I researched and compiled datasets on alkali-tin compo-
sitions, trained NN models to identify lowest free-energy configurations, and analyzed predictions. Collab-
orating with a graduate student, we were tasked with deriving a theoretical correction term accounting
for substitutional defects - a crucial factor in predicting thermodynamic stability. When initial approaches
failed, we synthesized insights from statistical thermodynamics, calculus, and combinatorial theory, iterat-
ing through derivation barriers until we obtained the correction term. This derivation enabled us to identify
two previously unsynthesized structures that were subsequently experimentally confirmed. This work re-
sulted in two co-authored publications (Publications, Documentation, & Creative Works) and established
my foundation in computational modeling, data analysis, and conducting first-principles theoretical deriva-
tions. In recognizing that both artificial and biological networks learn structure from experience reinforced
my commitment to integrating machine learning with neuroscience.

The summer after graduating summa cum laude, I pursued an independent project modeling how
genomic constraints shape sensory perception under Prof. Kolmogorov’s guidance. I built a convolutional
neural network (CNN) to analyze olfactory receptor promoter sequences and predict singular gene expres-
sion, exploring how stochastic gene choice might arise from genomic architecture. While the CNN I de-
veloped and optimized ultimately achieved insufficient predictive accuracy for publication, this independent
project was invaluable: it taught me to critically evaluate the input data used for the model, how to properly
plan the stages of a model’s development, and how to iterate through optimization strategies. More im-
portantly, this project immersed me in neuroscience literature on sensory processing, taught me MATLAB
programming from scratch, and demonstrated that I could independently design and execute computational
research projects—skills that would define my subsequent work.

After this summer, pandemic-related disruptions led to limited research hiring in systems neuro-
science. Rather than delay my trajectory, I joined Thorlabs, a leading optical imaging company, as
an Applications Engineer—a position that would provide hands-on technical training with the very tools
I would later use in my research. I provided global technical support for researchers designing imag-
ing experiments, troubleshooting complex optical setups and gained expertise in lasers, fiber optics, and
microscopy systems. This role developed my ability to communicate technical concepts across dis-
ciplines—explaining optical physics to biologists and experimental constraints to engineers. While this
role provided invaluable technical expertise, I found myself drawn back to academic research: I missed



the sustained exploration of complex questions, the collaborative problem-solving, and the deeper intellec-
tual engagement that research provides. This clarity, combined with my specialized training in 2P imaging
systems, made me uniquely qualified for a position at NYU’s Neuroscience Institute—where I could finally
bring together my physics background, computational skills, and optical expertise to investigate how neural
circuits extract structure from experience.

At the NYU Neuroscience Institute, I joined the Rinberg and Shoham labs to investigate a
fundamental problem in sensory processing: how neural circuits extract relevant signals from noisy, dynamic
backgrounds—a question related to my interest in how the brain identifies meaningful patterns in complex
environments. Leveraging my Thorlabs training, I was immediately able to contribute by optimizing our
laboratory’s 2P microscope design. I redesigned optical pathways, custom-fabricated components using
3D printing, and aligned the system to achieve optimal laser transmission. Having gained proficiency
in 2P microscope design and operation, I became the primary user of the Rinberg lab’s 2P setup and
created a comprehensive 200-page manual documenting its procedures and software as they related to
each individual project being conducted in the lab. This standardization streamlined protocols and reduced
training time for new users.

As part of my own project in the Rinberg lab, working at the interface of behavior and neural
recording, I focused on the olfactory system’s ability to detect specific odors amid changing background
scents. Using optogenetics to selectively activate individual glomeruli (the first processing stage of olfactory
information) while simultaneously imaging downstream mitral cell responses with 2P microscopy, I devel-
oped a Go/No-Go behavioral paradigm to test whether mice could detect these precise neural activations
at different phases of the inhalation cycle. This approach allowed me to address whether timing of neural
activation—relative to the natural breathing cycle—affects sensory perception, addressing a longstanding
question in olfactory neuroscience. Through months of behavioral training, I learned that mice consis-
tently adopt the most efficient strategy to complete a task - whether or not it aligns with the experimenter’s
intended question. When mice initially exploited unintended cues to solve the task, I systematically re-
designed the paradigm, testing multiple approaches until mice revealed the intended information from their
behavior. Planning, executing, and refining this experiment taught me the essential skills of experi-
mental iteration: adapting behavioral paradigms when initial approaches failed and reshaping hypotheses
as the data revealed unexpected patterns, maintaining persistence through setbacks. Every couple of
months, I presented my progress in lab meetings, learning to synthesize complex multimodal data
(imaging and behavior) into a clear and cohesive narrative to solicit meaningful feedback and advise
on future directions and refinements. Over two and a half years at NYU, I performed and trained others in
more than 60 cranial window surgeries, conducted longitudinal imaging in 17 trained mice, and maintained
detailed documentation of my work in a GitHub repository (Publications, Documentation, & Creative Works)
to support the Ph.D. student who succeeded me on the project.

These experiences led to my acceptance into Cornell’s Neurobiology and Behavior Ph.D. pro-
gram, where I now work in the lab of Prof. Weinan Sun, studying how the hippocampus and prefrontal
cortex support learning and memory by forming internal models of the world. Our lab combines cutting-
edge 2P-RAM imaging—capable of recording from thousands of neurons simultaneously—with computa-
tional modeling, integrating the interdisciplinary skills I developed through physics, computational research,
optical engineering, and systems neuroscience. My current project examines how neural circuits extract
abstract task structure to guide behavior in novel contexts through generalization. This work brings me
full circle: from observing maladaptive pattern learning in the courtroom to repeatedly having to adapt to
new environments as a child, I now study how the brain builds cognitive maps—internal representa-
tions that capture the abstract structure of the environment—enabling flexible generalization across
contexts.

Future Goals: My long-term goal is to lead an independent lab to understand how neural cir-
cuits support flexible learning. To achieve this, I will complete my Ph.D. at Cornell studying biological and
artificial intelligence, pursue postdoctoral training in dynamical systems modeling and machine learning,
and establish a faculty position at a research-intensive institution. As a principal investigator, I will explore
how biological systems achieve data-efficient learning and what principles from the brain can inspire more
robust machine-learning architectures. My lab will emphasize training diverse interdisciplinary scientists,
developing open-source computational tools, and engaging the public through education and outreach.



Broader Impacts

My commitment to broadening participation in STEM stems from my own unconventional path. As a
student who discovered neuroscience through physics and political science, I understand how access, men-
torship, and representation shape scientific identity. I have worked to expand these opportunities through
teaching, mentorship, and outreach at every stage of my training.

Promoting Scientific Literacy and Broadening STEM Participation
Past Contributions: As an undergraduate Lead Lab Instructor for calculus-based Physics II, I indepen-
dently taught classes of 16 students on a weekly basis for 1.5 hour durations, guided students through
mathematical problem-solving, and demonstrated real-world applications. I also volunteered for my univer-
sity’s Physics Outreach Program, visiting three local schools a semester to teach scientific concepts through
hands-on demonstrations. These experiences strengthened my ability to explain complex ideas to diverse
audiences from first principles to foster collaborative learning. Future Contributions: I am developing
a four-session course through Cornell’s GRASSHOPR Program, “Exploring the Brain Through Light:
Physics and Neuroscience in Action.” The course introduces the interdisciplinary nature of modern science
as students learn how two-photon imaging and optogenetics allow researchers to visualize and control
neural circuits with precision, culminating in a guided walkthrough of a real neuroscience experiment that
connects physics, biology, and engineering to the study of behavior and cognition.

Advancing Teaching, Training, and Learning Through Mentorship
Past Contributions: After graduation, I continued supporting scientific pursuits across multiple contexts.
At Thorlabs, I provided global technical support for researchers daily, developing troubleshooting protocols
for microscopy projects. At NYU’s Neuroscience Institute, I trained students (4), research assistants (2),
and visiting scientists (2) in chronic cranial window surgeries, adapting my approach to each trainee’s expe-
rience level. These experiences taught me that effective mentorship combines patient technical instruction
with collaborative problem-solving. Future Contributions: In Dr. Sun’s lab, I will recruit two to three
undergraduate research assistants through Cornell’s undergraduate research programs, including
the Meinig Family Cornell National Scholars Program and the Leadership Alliance Summer Research Early
Identification Program (SR-EIP), which support underrepresented students in STEM. I will train these stu-
dents in two-photon microscopy, computational analysis, and mouse behavioral training, involving them in
all research stages - from experimental design to data analysis and manuscript preparation - providing
comprehensive training in modern systems neuroscience.

Enhancing Infrastructure and Broadening Dissemination
Past Contributions: Understanding that scientific progress depends on accessible resources, I compiled
a comprehensive GitHub repository at NYU documenting experimental methods, Python code for image
processing and behavioral analysis, and future research directions. This repository is now accessed and
contributed to by the Ph.D. student continuing my project. Future Contributions: I will maintain my GitHub
page and upload code developed for analyzing large-scale calcium imaging data and implementing machine
learning models, making these tools available to the broader neuroscience community. Additionally, I
plan to publish results in open access journals and upload early drafts to bioRxiv, facilitating timely
advancement of scientific knowledge across academia and AI industries.

The NSF GRFP grant would provide the intellectual freedom and funding flexibility to fully re-
alize these broader impacts: dedicating time to develop and refine my GRASSHOPR curriculum, recruit-
ing and training undergraduate researchers without being constrained by grant budgets, and investing effort
in creating well-documented open-source tools rather than rushing to next publication. This fellowship would
allow me to prioritize mentorship, teaching, and community-building alongside my research—establishing
habits that will define my future laboratory.

My path from a small-town courtroom to Cornell’s Neuroscience program has been unconven-
tional—spanning political science, physics, industry, and now cutting-edge systems neuroscience. This
diverse training uniquely positions me to bridge computational and experimental methods to approach a
question that has driven me since childhood: how do neural circuits extract patterns that enable us to thrive
in changing environments? By investigating the neural basis of generalization - a capacity central to both
human cognition and machine learning systems - I aim to advance our understanding of how biological
systems learn flexibly from experience.


