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Symposium Participants 

Humanities 
Barber, Zachary. Philosophy. Meditation and the Cultivation of
Character: Why Mindfulness Matters for Morality
Becker, Claire. History. "Estas Cuentas Estuvieró en el Cielo":
Franciscan Nuns, Miraculous Relics, and Experiential Knowledge in
the Early Modern World
Gausselin, Kevin. Philosophy. The Epistemic Distinction between
Epistemic Bubbles and Echo Chambers
Rodriguez, Alyssa. History. Soviet State and Soviet Self: The
Performance of Soviet Identity via the Legal System, 1968-1984
Shaikh, Abdullah. English. Take Me Out in A Boat: Simmel, Flirtation,
and The Mechanics of Daisy Miller
Tanzil, Vincent. Philosophy. Revisiting the Teleological Account of
Composition

  

Social Sciences
Gilbert, Karen. Psychology. Feeling Poor or Feeling Poorer: Comparing
Subjective Measures of Economic Status in Predicting Health and Well-
Being
Kim, Hyun Yeol. Economics. Internal U.S. Migration and Consumption
Dynamics: A Panel Data Analysis
Zhou, Jiwei. Economics. Racial Justice Movement and Medical
Crowdfunding Inequality



Natural Sciences 

Ahuja, Himanshu. Brain and Cognitive Science. Coordinate Transforms
Mediating Tactile Motion Representations with the Hand
Anand, Atma. Physics. Asteroid Magnetization from the Early Solar
Wind
 Castaño, Maria I. Evolutionary Biology. Is Evolution Predictable? a
Comparison Between Parallel Hybrid Zones of the Same Subspecies
Pair and Its Implications for Reproductive Isolation (Flame-rumped
Tanager; Colombia) 
Ghosh, Maitrayee. Chemistry. An Exotic Phase of Iron in Earth’s Inner
Core: A First-Principles–Based Study on the Mechanism of Cooperative
Diffusion in Body-Centered-Cubic Iron
Gu, Yu. Protein Chemistry. Developing MOrPH-Antibody Fusions
(‘Cyclopeptibodies’) as a New Class of Protein-Targeting Agents
Han, Jiwon. Chemistry. Secondary coordination sphere effect on
electrocatalytic hydrogen production by Cobalt-ATCUN complexes.
Koch, Melissa. Chemistry. 3 Evaluation of Electrochemical Properties of
Nanostructured Metal Oxide Electrodes Immersed in Redox-inactive
Organic Media
Potenzino, Rob. Development and Investigation of Micheliolide-Based
Anticancer Agents via Late-Stage Chemoenzymatic C – H
Functionalization
Salamatian, Alison. Chemistry. CO2 Reduction Catalyzed by
Biomolecular Cobalt Catalysts
Sidor, Lynn. Biology. Opticoli: Self-assembled bacterial microlenses for
optical applications
Vaith, Jakub. Chemistry. Ureas and sterically atypical phosphines as
ligand platforms for Pd-catalyzed heteroannulation of 1,3-dienes with
bifunctional reagents

 



Weight, Braden. Physics. Properties of Molecular Exciton-
Polaritons:Coupling Ab Initio Calculations with Quantum Optics
Wellawatte, Geemi. Computational Chemistry. Genrating Model
Agnostic Molecular Counterfactual Explanations
Wnuk, Hayley. Biology. The influence of social isolation on the fronto-
insular circuits and behaviors in the APP/PS1 mouse model of
Alzheimer’s Disease 
Zakusilo, Frances.  The role of ROS stress resilience and metabolism in
aging: comparative study of human, mouse, and naked mole rat
astroglia.
Zhang, Bufan. Chemistry. Lithium Bisamides as a Modular Platform for
Iron-Catalyzed Cross-Coupling
Zhang, Yu. Physics. Kinetic simulation study of magnetized collisionless
shock formation on a terawatt laser system
Zhang, Yue. Brain and Cognitive Science. Spatial resolution of pre-
microsaccadic perceptual enhancements across the foveola
Zhang, Rui. Molecular Biology. U2 snRNA pseudouridylation in the
recognition of branch-site sequence during pre-mRNA splicing

Engineering & Math
Ansari, Mehrad. Chemical Engineering. Inferring Spatial Source of
Disease Outbreaks using Maximum Entropy
Beidelman, Brittney. Materials Science. Influence of Solvent
Composition on the Solvothermal Synthesis of VO2(B) Nanocrystals 
Chakraborty, Debamitra. Materials Science. Pulsed Terahertz
Spectroscopy (TDS): A Novel Tool for Probing Paraffin-Embedded
Pancreatic Ductal Adenocarcinoma Microenvironment
Cheng, Jing. Materials Science. Coherent acoustic phonons in the
Bi2Se3 nanolayer system explored by femtosecond, optical pump-
probe spectroscopy



Chowdhury, Shoieb Ahmed. Strain Induced Phase Transition in
Monolayer MoTe2
Dey, Aditya. Mechanical Engineering. Computational analysis of
heterostrain enabled vibrational properties of Twisted Bilayer
Graphene
Gan, Yiming. Biomedical Engineering. Neural activity increases
cerebrospinal fluid influx and waste removal in the glymphatic
system
Hasan, Masum. Computer Science. Text2App: A Framework for
Creating Android Apps from Text Descriptions
Hossain, Ekram. Computer Science. TIPS: Tabletop Interactive
Play System
Hou, Wenhui. Electrical Engineering. Controlling Electronic
Phase of MoTe2 by Piezoelectric Strain Engineering
Jin, Lisa. Computer Science. Hierarchical Context Tagging for
Utterance Rewriting
Kim, Marie. Biomedical Engineering. Homeostatic Microbiome
Priming Protects Host From Subsequent Infection
Klose, Alanna. Materials Science. Label-free 34-plex longitudinal
serology of individuals vaccinated against Covid-19 
Lakshmanan, Sanjay Nana. Mechanical Engineering. Twyman
effect in thin curved optics: effects of variable thickness and
curvature
Lawley, Lane. Computer Science. Extracting and Explaining
Situational Knowledge in Large Pre-Trained AI Models
Li, Yang. Electrical Engineering. Graph Frequency Analysis of
COVID-19 Incidence to Identify County-Level Contagion Patterns
in the United States
Lyu, Hanjia. Computer Science. How Social Media and Machine
Learning Help Fight Depression, Vaccine Hesitancy, and Hate
Crimes



March, Alyson. Biomedical Engineering. The Effect of
Hydrogel Adhesive Peptide Composition on Endothelial Cell
Sprouting 
Mundra, Pranay. Computer Science. Data Selection based on
Coverage and Fairness
Rahman, Shafaqat. Biomedical Engineering. Can a Calcitonin
Gene-Related Peptide (CGRP) Receptor Antagonist Mitigate
Neuroinflammatory, Hyper-Immune, And Nausea-Like
Responses to SARS-Cov-2 Infection in Preclinical Mouse
Models?
Ramesh, Ashwin. Computer Science. Estimating Meissner
Corpuscular Density in 3D In Vivo Reflectance Confocal
Microscopy Scans via Deep Learning
Ray, Arnab Barman. Optics. Valley engineering electron-hole
liquids in TMDC monolayers
Ruszala, Brandon. Biomedical Engineering. Injecting Arbitrary
Instructions into Anterior Parietal Cortex with Low-Amplitude
Intracortical Microstimulation
Saboksayr, Seyed Saman. Electrical Engineering. Accelerated
Graph Learning From Smooth Signals
Sharipol, Azmeer. Biomedical Engineering. 
Marrow Chip for Targeting of Acute Myeloid Leukemia and
Bone Marrow Microenvironment
Zhang, You. Electrical Engineering. Generalizing Voice Anti-
spoofing to Unseen Synthetic Attacks and Channel Variation
Zhou, Xiaofei. Computer Science. Challenges and Design
Opportunities in Data Analysis for ML-Empowered Scientific
Inquiry - Insights from a Teacher Professional Development
Study
Zhu, Wei. Computer Science. Learning Bias-Invariant
Representation by Cross-Sample Mutual Information
Minimization



Student Abstracts  

Ahuja, Himanshu. “Coordinate Transforms Mediating Tactile Motion
Representations with the Hand”

 

Our ability to perceive motion information on the skin is key to
manipulating dynamic objects in the environment. Previous studies
show that the brain derives tactile motion representations by
integrating cues of the object that impinge on the skin (e.g., speed,
force, direction), a mechanism known as the Full Vector Average
model. This model was derived from studies that placed the hand in
the same posture. Yet, object perception with the hand is a highly
dynamic function. Thus, it is key to study whether motion inputs on the
skin are transformed by hand position, and whether these
transformations depend on the reference frame of the motion
discrimination judgement.  Here, we asked human participants to
discriminate motion stimuli on the index finger in a hand-centric or
sternum-centric reference frame, while the stimulated hand was
placed in different postures. Human participants were instructed to
judge whether a stimulus was moving to the left- or right-side (relative
to their sternum) or towards vs. away from their thumb (i.e., hand-
centric task). The data revealed that humans flexibly represent tactile
motion information according to the instructed reference frame, with
motion judgements relative to the sternum perceived with higher
sensitivity. Furthermore, we found a response bias that is not only
posture dependent, as has previously been reported but also
dependent on the reference frame in which the judgment is made.
Finally, we developed a Bayesian generative model that accounts for
the motion percepts in different reference frames and postural
configurations. These data show that perceptual representations of
tactile motion are generated by neural circuits that integrate
cutaneous and proprioceptive inputs from the hand, and are under
control of goal-directed cortical signals. 

.
 

 
 



Anand, Atma. “Asteroid Magnetization from the Early Solar
Wind”

Magnetic fields provide an important probe of the thermal,
material, and structural history of planetary and sub-planetary
bodies. Core dynamos are a potential source of magnetic fields for
differentiated bodies, but evidence of magnetization in
undifferentiated bodies requires a different mechanism. Here we
study the amplified field provided by the stellar wind to an initially
unmagnetized body using analytic theory and numerical
simulations, employing the resistive MHD AstroBEAR adaptive
mesh refinement (AMR) multiphysics code. We obtain a broadly
applicable scaling relation for the peak magnetization achieved
once a wind advects, piles-up, and drapes a body with magnetic
field, reaching a quasi-steady state. We find that the dayside
magnetic field for a sufficiently conductive body saturates when it
balances the sum of incoming solar wind ram, magnetic, and
thermal pressures. Stronger amplification results from pileup by
denser and faster winds. Careful quantification of numerical
diffusivity is required for accurately interpreting the peak magnetic
field strength from simulations and corroborating with theory. As
specifically applied to the Solar System, we find that early solar
wind-induced field amplification is a viable source of magnetization
for observed paleointensities in meteorites from some
undifferentiated bodies. This mechanism may also be applicable to
other Solar System bodies, including metal-rich bodies to be visited
in future space missions such as the asteroid (16) Psyche



Ansari, Mehrad. Chemical Engineering. Inferring Spatial
Source of Disease Outbreaks using Maximum Entropy

Mathematical modeling of disease outbreaks can infer the future
trajectory of an epidemic, allowing for making more informed
policy decisions. Another task is inferring the origin of a disease,
which is relatively difficult with current mathematical models.
Such frameworks, across varying levels of complexity, are
typically sensitive to input data on epidemic parameters, case-
counts and mortality rates, which are generally noisy and
incomplete. To alleviate these limitations, we propose a
maximum entropy framework that fits epidemiological models,
provides a calibrated infection origin probabilities, and is robust
to noise due to a prior belief model. Maximum entropy is agnostic
to the parameters or model structure used and allows for flexible
use when faced with sparse data conditions and incomplete
knowledge in the dynamical phase of disease-spread, providing
for more reliable modeling at early stages of outbreaks. We
evaluate the performance of our model by predicting future
disease trajectories in synthetic graph networks and the real
mobility network of New York state. In addition, unlike existing
approaches, we demonstrate that the method can be used to
infer the origin of the outbreak with accurate confidence
(expected calibration error =0.123). Indeed, despite the prevalent
belief on the feasibility of contact-tracing being limited to the
initial stages of an outbreak, we report the possibility of
reconstructing early disease dynamics, including the epidemic
seed, at advanced stages. This approach is easily generalizable to
similar classes of spreading reaction-diffusion processes such as
rumors and misinformation in social media or computer viruses
throughout the Internet.

 



Barber, Zachary. “Meditation and the Cultivation of Character: Why
Mindfulness Matters for Morality”

Eastern philosophical and religious traditions celebrate the many
benefits of achieving enlightenment, which are alleged to include
grasping the fundamental nature of reality, dismantling the illusion of
the self, expelling of all sources of suffering, and taking on a mental life of
imperturbable equanimity, bliss, compassion, and attentiveness to the
present moment. Meditative practice, now often referred to by the
buzzword “mindfulness”, plays a central role in bringing about these
awesome changes. Recent academic research has just begun to scratch
the surface of these fascinating claims, examining, and in some instances
vindicating, small bits and pieces of them. Science now attests to the
promise of mindfulness in reducing anxiety and depression; in increasing
empathy and happiness; and in improving concentration and focus. I aim
to situate my dissertation within this growing body of academic
literature by investigating the distinctively ethical dimensions of
mindfulness meditation. Tradition upholds mindfulness as a tool for
cultivating and maintaining virtuous character, and I seek to substantiate
this claim with the help of modern philosophy and psychology. I examine
the nature and aims of mindfulness meditation, and from this
examination, I construct a theoretical framework for understanding the
ethical benefits that flow from it. I find that many of the traits that
mindfulness aims to develop play essential roles within the very
constitution of virtuous character itself. I review empirical research that
suggests that mindfulness does in fact facilitate the acquisition of these
traits. Thus, mindfulness meditation should be incorporated into Western
philosophical theories of virtue ethics; Aristotelian ethics would be more
complete with this supplement from Eastern traditions. I end the
dissertation with an investigation of its socio-political implications: since
mindfulness is indeed an effective tool for cultivating some of the
fundamental constituents of virtue, I argue that it should be taught in
schools.     

 



Becker, Claire. " "Estas Cuentas Estuvieró en el Cielo": Franciscan
Nuns, Miraculous Relics, and Experiential Knowledge in the

Early Modern World
 

In the year 1620, a group of eight Franciscan nuns left Toledo, Spain
and embarked on a journey to Manila, where they founded the first
convent in the Philippines. To aid them on their journey, the nuns
brought along a powerful substance that could cure diseases and
expel impurities from the body: rosary beads. This article examines
the development of spiritual and therapeutic knowledges about
these beads—relics of visionary abbess Sor Juana de la Cruz (1481-
1534)—tracing an intellectual genealogy born in Toledo through
New Spain, the Caribbean, and finally into Manila. It argues,
ultimately, that the nuns’ understandings of the rosary beads and
their uses shifted from essentially miraculous to primarily
medicinal over the course of their journey, which put them in
contact with individuals and environments entirely new to them.
With the goal of bringing scholarship on these religious women up
to date with current historiographies in Atlantic and women’s
history, this article resists a view of the nuns’ healing practices as
solely religious. It places their practices, instead, within the context
of early modern medicine and healing, taking into account recent
studies that have fruitfully explored the ways in which early
modern subjects created authoritative knowledge about the body
and the natural world through experiments. This methodology
illuminates the broader significance of the nuns’ healing practices
and yields conclusions that have been unavailable to past scholars. 



Beidelman, Brittney. “Influence of Solvent Composition on the
Solvothermal Synthesis of VO2(B) Nanocrystals” 

Nanocrystals of VO2(B) have attracted significant attention for
their promising performance in electrochemical energy storage
applications. Both phase-purity and nanocrystal morphology are
crucial factors for the performance of these materials. The amount
of water in the solvothermal reaction of VO(acac)2 in toluene was
found to determine both the phase and length of the nanorods, as
well as affecting the growth mechanism. Using controlled,
stoichiometric amounts of water (20 equivalents per vanadium
center) enables access to short nanorods of VO2(B) whose lengths
follow a Gaussian distribution with an average of 110 nm.
Decreasing the amount of water present to two or four equivalents
results in formation of VO2(A) nanocrystals and eliminating it
entirely results in no reaction. Increasing the amount of water to
more than 20 equivalents increases the average length of the
VO2(B) nanorods and causes the distribution in rod lengths to
evolve from Gaussian to log-normal. These results demonstrate
that a minimum amount of water is necessary for the formation of
VO2(B) nanocrystals and excess water promotes nanocrystal
growth via end-to-end oriented attachment of nanorods.
Preliminary data indicates a phase dependence on the acidity of
the ligand, as well as a potential morphology dependence with
highly acidic ligands.



Castaño, Maria I.’ Is Evolution Predictable? a Comparison Between
Parallel Hybrid Zones of the Same Subspecies Pair and Its

Implications for Reproductive Isolation (Flame-rumped Tanager;
Colombia) 

 
The origin of new species has always intrigued biologists, as it
underlies the world’s spectacular biodiversity. But how does this
process occur? Typically, we define “species” as a group of organisms
that does not interbreed with other groups. When two populations of
the same species accumulate differences until they are no longer able
to reproduce with members of the original population, then new
species arise. This commonly occurs when populations become
geographically isolated from one another and so are free to evolve on
their own. However, the true test of the origin of new species comes
when previously isolated populations once again come into contact
and form hybrid zones. Hence, describing hybrid zones dynamics in
space and time can reveal insights into the evolutionary forces that
drive speciation. To understand how local genomic divergence arises
and is maintained by these forces as populations diverge and then
come into contact, I am exploring three independent contact zones of
the same subspecies pair (Flame-rumped Tanager - Ramphocelus
flammigerus; Colombia) and characterizing the genomic and
phenotypic patterns of introgression. By comparing signatures of
selection and drift across them, I aim to assess if intrinsic barriers to
gene exchange exist independently of geographic, temporal and/or
ecological context. Hundreds of studies have examined what happens
when populations come back into contact, but most of these studies
are limited by lacking replicates. As these Neotropical Tanagers have
established independent sites of contact, they provide me with a
unique opportunity to test if the outcome of breeding interactions
between young species are repeatable, and thus, if the origin of
species is predictable.

 



Chakraborty, Debamitra. “Pulsed Terahertz Spectroscopy
(TDS): A Novel Tool for Probing Paraffin-Embedded
Pancreatic Ductal Adenocarcinoma Microenvironment”

We develop a pulsed terahertz spectroscopy-based imaging
technique to study paraffin-embedded murine pancreatic
ductal adenocarcinoma (PDAC) tissues. We employ a novel
maximum-likelihood estimation (MLE)-based parameter
extraction method to map terahertz markers namely
refractive index and absorption coefficient which can reflect
the tissue characteristics enabling unbiased and reproducible
THz measurements. We report a well-resolved difference
between the tumor and healthy pancreas along with an
enhanced absorbance in tumor tissue compared to its healthy
counterpart. Additionally, we probe untreated and
stereotactic body radiotherapy (SBRT) treated PDAC tissue to
measure the degree of cytotoxic responsivity to such
therapies. 



Cheng, Jing. “Coherent acoustic phonons in the Bi2Se3 nanolayer
system explored by femtosecond, optical pump-probe
spectroscopy”

Topological insulators (TIs) are 2-dimensional materials that attract
intense attention due to their unique and superior electronic
properties. Most recently, TI-based optomechanics devices with
relatively weak Van der Waals interlayer interactions have
demonstrated their great potential in applications varying from THz
photonics and quantum information processing to metrology. In this
presentation, we examine optical generation and detection of
coherent acoustic phonons in a several-layer Bi2Se3 system, ranging
from 13-to-32 nm, equivalently13-to-32 quintuple layers (QLs), as well
as the impact of a few layers of graphene, as an intermediate layer
between the glass substrate and an ultrathin Bi2Se3 film. In both
cases, the coherent phonon frequency decreases with the thickness
increase of the Bi2Se3 film. For Bi2Se3 deposited on fused silica, the
phonon frequency changes from 182 GHz to 115 GHz, with the
thickness increasing from 13 QL to 32 QL. At the same time, we
observe a substantial decrease in the coherent phonon frequency for
the Bi2Se3 film deposited on a substrate covered by the graphene
layer. The downshift frequency varies from 50 GHz to 10 GHz for 13 OLs
and 32 QLs. The observed frequency change with the thickness and
the frequency downshift in the case of a graphene substrate can be
well explained by a so-called linear chain model, where each QL
represents an “atom” coupled to another atom (QL) via a “spring.” The
model also includes the interaction between the “atom” and the
substrate represented as an additional spring coupling.

 



Chowdhury, Shoieb Ahmed. “Strain Induced Phase Transition in
Monolayer MoTe2”

Two-dimensional transition metal dichalcogenides (TMDs) are
known for their excellent mechanical and opto-electronic
properties, including phase switching behavior under strain. We
used uniaxial loading in molecular dynamics (MD) simulations to
show lattice reconfiguration from hexagonal (1H) to monoclinic
structure in monolayer Molybdenum Ditelluride (MoTe2). We found
that the extent of this change is dependent on loading orientation
and the new phase is fully reversible upon unloading, resulting in
pseudoelastic behavior. We analyzed the new structure using
Density Functional Theory (DFT) to assess the stability of new phase
and its electrical andoptical properties. Calculation of cohesive
energy and phonon dispersion spectrum in DFT shows that the new
phase is both energetically feasible and dynamically stable. The
optical properties of the monoclinic phase displayed notable
change compared to initial hexagonal structure. In addition, DFT
results show that the electrical characteristics of MoTe2 transition
from semiconducting to metallic.

 



Dey, Aditya. “Computational analysis of heterostrain enabled
vibrational properties of Twisted Bilayer Graphene”

Twisted Bilayer Graphene (tBLG) has been an active topic of research
due to its novel electrical properties such as superconductivity and
flat bands. These unique properties emerge from the interaction of
carbon atoms in different layers stacked in large supercells that
comprise of groups of hexagons with a twist angle, known as ’Moire
patterns’. Recent studies show that by controlling the landscape of
these moire patterns, novel properties of these tBLGs can be
designed and controlled. Along with the twist angle, the application
of independent strain in each layer of stacked two-dimensional
materials or "heterostrain" has become a powerful means to
manipulate the moire patterns. To further understand the effect of
strain on the novel properties of tBLG, we consider a tBLG structure
(θ= 6°) and employ heterostrain to investigate the changes in its
phonon thermal properties using Molecular Statics (MS) and Density
Functional Theory (DFT) simulations. Our goal is to understand the
underlying phonon behavior in tBLGs where only the top layer is
strained and contrast our findings with the methods already
established in the literature where the two layers represent the same
level of strain. We then compare the phonon dispersion behavior to
experimental Raman spectroscopy data and inspect how strain
shifts Raman frequencies through computations. This study
elucidates how phonon frequencies are split due to heterostrain.
Also, it emphasizes on a way to characterize these heterostrain-
enabled systems using computational simulations.



Gausselin, Kevin. “The Epistemic Distinction between Epistemic
Bubbles and Echo Chambers”

C. Thi Nguyen (2020, 2018) has recently argued that a lot of
discussion about social networks has conflated two important,
distinct concepts - epistemic bubbles and echo chambers. The
significance of this distinction is that these structures are connected
to different epistemic consequences. Epistemic bubbles result from
information omission, so mere exposure to relevant information is
sufficient to pop them. But for echo chambers, opposing views and
evidence have been preemptively tainted, so mere exposure to such
information will not break them, and might even reinforce the echo
chamber. Thus, it will be hard to come up with a solution for
breaking someone out of an echo chamber. Nguyen himself offers a
radical solution whereby one deconstructs and reorders all of one’s
beliefs about who to trust. I argue that Nguyen’s analysis suffers
from a loose connection between structure and consequence. His
account allows there to be social groups that count as an epistemic
bubble, but which are hard to break. And it allows there to be social
groups that count as echo chambers but where mere exposure to
relevant information is sufficient to break them. I develop examples
of both. I also argue that the connection between structure and
consequence is loose on Nguyen’s account for two reasons.
Recognizing these reasons allow us to modify his account with a
focus on the epistemic consequences that distinguish these
structures, particularly on the insensitivity to counter-evidence that
is distinctive of echo chambers. This also allows us to offer a novel
strategy for breaking a person out of an echo chamber, one that is
not as radical as Nguyen’s. 

 



Gilbert, Karen. “Feeling Poor or Feeling Poorer: Comparing
Subjective Measures of Economic Status in Predicting Health and
Well-Being”

Research consistently demonstrates that low economic status is
associated with worse physical health (Adler et al., 1994), worse
mental health (Gallo & Matthews, 2003), and lower self-esteem
(Twenge & Campbell, 2002). When measuring subjective economic
status, most researchers have used a normative measure of
economic status, in which people compare their economic status to
relevant others. Some researchers have used a sufficiency-grounded
measure of economic status, in which people compare their
economic status relative to their basic needs. The purpose of the
current study is to examine how subjective-sufficiency economic
status (income compared to basic needs) and subjective-relative
economic status (income compared to others) predict health and
well-being outcomes. Health and well-being outcomes included self-
reports of physical health problems, depression, life satisfaction,
positive and negative affect. 844 participants completed an online
survey containing the scales for the current study. Regression
analyses indicated that both subjective-sufficiency and subjective-
relative economic status positively predicted life satisfaction and
positive affect. However, while higher levels of subjective-sufficiency
economic status predicted lower levels of depression, negative
affect, and health problems, higher levels of subjective-relative
economic status predicted higher levels of depression, negative
affect, and physical health problems. All effects were consistent after
controlling for participant demographics. These results suggest that
subjective-sufficiency and subjective-relative economic status have
different predictive utility for physical and mental health problems.
As such, it is important for psychologists to assess subjective
economic status using multiple measures, with different grounding
criterion to understand the impact of subjective economic status on
important psychological constructs.



Ghosh, Maitrayee. “An Exotic Phase of Iron in Earth’s Inner Core: A
First-Principles–Based Study on the Mechanism of Cooperative
Diffusion in Body-Centered-Cubic Iron”

The primary constituent of the inner core of Earth and Earth-like
exoplanets is iron. There is, however, a prevalent scientific
controversy on the phase of iron that may exist in their inner cores.
Body-centered-cubic (bcc) iron is a strong candidate in this scientific
debate because of a diffusion process involving the iron atoms,
hereafter termed as “cooperative diffusion.” This diffusion is said to
stabilize bcc iron under the pressure–temperature conditions
relevant to Earth’s inner core and can explain critical seismic data,
which is important toward understanding the chemical composition
of the inner core. In this work, we aimed to study the mechanism of
cooperative diffusion using accurate computational methods in bcc
iron. Our results show that cooperative diffusion, a state in between
solid and liquid, operates along energetically facile <111> direction.
Bcc iron in cooperative diffusion regimes is both mechanically and
dynamically stable. Both electron thermal and ionic effects
contribute to the stability. We further extend our simulations to
extreme high pressures, relevant to Earth-like exoplanets—Super-
Earths’ inner cores. The results found at high pressure, pressure–
temperature conditions of Super-Earths are consistent with the
overall physical picture in Earth’s inner core conditions. Our results,
based on first-principles simulations, will shed light on better
understanding the chemical composition of the inner cores of Earth-
like planets and provide important details for future experiments
and theory relevant to high-energy-density sciences. This material is
based upon the work supported by Department of Energy National
Nuclear Security Administration under Award Number DE-
NA0003856.



Gu, Yu. “Developing MOrPH-Antibody Fusions (‘Cyclopeptibodies’)
as a New Class of Protein-Targeting Agents

Antibodies represent the predominant class of protein-based
therapeutics for the treatment of cancer and other diseases.1 Despite
their high value as therapeutic agents, full-length antibodies present
a number of drawbacks, such as complex and multi-chain structure,
and large size that can lead to poor tissue penetration. Moreover, the
production of well-folded and functional antibodies is non-trivial,
expensive, and requires sophisticated eukaryotic expression
systems.2-3 Building on our progress in the discovery of genetically
encoded macrocyclic peptides (MOrPHs) for disrupting protein-
protein interactions,4 we designed and developed
“cyclopeptibodies”, which consist of MOrPHs fused to the constant Fc
region of the antibody, as a new class of protein-targeting agents for
potential therapeutic applications. This strategy is demonstrated
through the development of functional and high-affinity
cyclopeptibodies against four different target proteins, including two
cancer-relevant proteins. Compared to the peptide counterparts,
cyclopeptibodies exhibit improved target affinity and specificity and
they are designed to offer key antibody-like properties, such as
proteolytic stability and prolonged in vivo half-life, while enabling
higher tissue penetration due to their significantly smaller size
compared to full-length monoclonal antibodies. Finally,
cyclopeptibodies can be produced in high yield and purity using
prokaryotic expression hosts, which simplifies their production and
isolation. We anticipate that cyclopeptibodies can provide a
promising new class of antibody-like agents for biotechnological and
therapeutic application, including detection, imaging, and inhibition
of cancer-associated proteins and protein-protein interactions. 



Gan, Yiming. “Neural activity increases cerebrospinal fluid influx
and waste removal in the glymphatic system”

The flow of cerebrospinal fluid (CSF) fluid through perivascular
spaces (PVSs) is an essential part of the glymphatic system, which
promotes metabolic waste clearance in the brain. Neuronal
activation leads to vessel dilation, increased blood flow, and an
increase in local consumption of energy and production of
metabolites. Because neural activity is linked to the production of
metabolic waste, we examined whether neuronal activation
induced by whisker stimulation also increases glymphatic fluid
transport and thereby boosts the removal of metabolic waste. We
studied fluid flow in the brains of anesthetized mice using a two-
photon microscope, dye visualization, and particle tracking. We
found that whisker stimulation increases blood flow and CSF
inflow. Particle tracking showed that vessel dilation decreases the
CSF downstream velocity but also increases outward flow away
from the dilating arterial wall. Increased CSF tracer accumulation
and later clearance were noted within the activated hemisphere
compared with the opposite hemisphere, demonstrating that
neural activity increases glymphatic influx and waste removal. In
comparison, laser-induced constriction of the vessel in transgenic
mice revealed that  pure vessel constriction in the absence of
neural activation does also increase the CSF volumetric flow and
drives backflow in downstream regions.



Han, Jiwon. “Secondary coordination sphere effect on
electrocatalytic hydrogen production by Cobalt-ATCUN
complexes”

Hydrogen (H2) has versatile usage as a chemical reductant
and a carbon-free fuel but is often obtained from non-
renewable steam-methane reformation or inefficient
electrolysis of water in the absence of a catalyst. Therefore, it
is necessary to develop a way to produce hydrogen from
carbon-free sources. Biological systems provide a great
example of generating hydrogen from water with high
efficiency. This outstanding activity can be attributed to
enzymes with highly functionalized structures that facilitate
transfer of protons and electrons to the active site of the
catalyst. However, usage of biological systems on an
industrial scale is limited due to the instability and
inefficiency of the catalysts outside the biological
environment. Inspired by nature, emulating the
functionalized structure onto a molecular catalyst can
provide improved hydrogen evolution reaction (HER) for a
practical application. We introduced a bio-inspired molecule
as a hydrogen evolving catalyst which originates from
proteins in blood plasma. This complex (Cobalt-ATCUN),
consisting of three amino acids bound to cobalt metal, can
be easily modified by varying amino acids. Among the several
possible options for constructing a catalyst, we introduced a
lysine (a type of amino acid) which contains a flexible carbon
chain and a proton-attached functional group (-NH3+,
protonated amine group) at the end. This moiety can
participate in relaying protons from water to the metal active
site, resulting in producing hydrogen at a faster rate with a
high efficiency compared to others without the protonated
amine group. 



Hasan, Masum. “Text2App: A Framework for Creating
Android Apps from Text Descriptions”

We present Text2App -- a framework that allows users to
create functional Android applications from natural
language specifications. The conventional method of
source code generation tries to generate source code
directly, which is impractical for creating complex
software. We overcome this limitation by transforming
natural language into an abstract intermediate formal
language representing an application with a
substantially smaller number of tokens. The intermediate
formal representation is then compiled into target
source codes. This abstraction of programming details
allows seq2seq networks to learn complex application
structures with less overhead. In order to train sequence
models, we introduce a data synthesis method grounded
in a human survey. We demonstrate that Text2App
generalizes well to unseen combination of app
components and it is capable of handling noisy natural
language instructions. We explore the possibility of
creating applications from highly abstract instructions
by coupling our system with GPT-3 -- a large pretrained
language model. We perform an extensive human
evaluation and identify the capabilities and limitations of
our system. The source code, a ready-to-run demo
notebook, and a demo video are publicly available at
https://text2app.github.io/ .



Hossain, Ekram. “TIPS: Tabletop Interactive Play System”

More than 90 percent of deaf infants are born to hearing
parents. Successful linguistic parent-child interaction plays a
big role to improve deaf children’s mental growth and other
soft skills. Lack of communication among them can lead deaf
infants to language deprivation. Eventually, it may lead to a life-
long impact on language skills, cognitive and socio-emotional
development. It is also challenging for hearing parents to
provide meaningful and linguistic-rich interaction with their
deaf children due to a lack of communication strategies and
fluency in sign language. There are several disadvantages and
challenges that hearing parents are struggling to engage in
linguistic interactions with their deaf infant. Infant’s time-
sensitive language acquisition window makes it difficult for the
hearing parent to learn sign language and deliver it in just-in-
time and contextually. It is difficult for the parent to learn a
second language while an infant can acquire a language within
a given limited time and resources. Addressing these problems
we have built an AI-driven tabletop system using projection-
based augmented reality (AR) to improve hearing parent-deaf
children linguistic interaction during face-to-face joint play
scenarios. This tool aims to support context-aware and non-
intrusive parent-child interaction using American Sign
Language (ASL). To improve the parent’s ASL fluency, the AR
lamp projects on-demand ASL vocabulary videos on the fly next
to the object placed on the table during their playtime. Thus our
prototype design aims to improve the hearing parent’s ASL
fluency by facilitating opportunities for real-time vocabulary
signing during face-to-face joint play scenarios.



Hou, Wenhui. “Controlling Electronic Phase of MoTe2 by
Piezoelectric Strain Engineering”

A new type of strain-based phase change transistor has been
introduced in our previous work [1]. Transition metal
dichalcogenide MoTe2 can be reversibly switched between the
1T’ semimetallic phase and a semiconducting phase under
application of gate controllable ferroelastic strain, achieving
large non-volatile control of the channel conductivity. The phase
change was achieved by strain engineering of MoTe2 through
the combination of a higher static strain set by a thin film
stressor with a smaller electric-field controllable strain from the
relaxor ferroelectric Pb(Mg1/3Nb2/3)0.71Ti0.29O3 (PMN-PT). Here,
we show that the thin film stressor can also result in large strain
gradients near the surface of the ferroelectric, causing a
flexoelectric field comparable with the coercive field of PMN-PT.
By controlling the film force of the thin film stressor, we can
continuously tune the internal bias to control ferroelastic strain
applied by the ferroelectric vs. applied electric field, thereby
achieving control of ferroelastic non-volatility [2]. Moreover, by
combining thin film strain engineering and PMN-PT with
different intrinsic internal biases, we show MoTe2 phase change
devices with the same engineered non-volatility, demonstrating
the full control of the non-volatile functionality in our
‘straintronic’ devices.



Jin, Lisa. “Hierarchical Context Tagging for Utterance Rewriting”

Utterance rewriting aims to recover coreferences and omitted
information from the latest turn of a multi-turn dialogue. Recently,
methods that tag rather than linearly generate sequences have
proven stronger in both in- and out-of-domain rewriting settings.
This is due to a tagger's smaller search space as it can only copy
tokens from the dialogue context. However, these methods may
suffer from low coverage when phrases that must be added to a
source utterance cannot be covered by a single context span. This
can occur in languages like English that introduce tokens such as
prepositions into the rewrite for grammaticality. We propose a
hierarchical context tagger (HCT) that mitigates this issue by
predicting slotted rules (e.g., "besides _") whose slots are later filled
with context spans. HCT (i) tags the source string with token-level
edit actions and slotted rules and (ii) fills in the resulting rule slots
with spans from the dialogue context. This rule tagging allows HCT
to add out-of-context tokens and multiple spans at once; we further
cluster the rules to truncate the long tail of the rule distribution.
Experiments on several benchmarks show that HCT can outperform
state-of-the-art rewriting systems by up to 17.8 BLEU points.



Kim, Hyun Yeol. “Internal U.S. Migration and Consumption
Dynamics: A Panel Data Analysis”

Using the Kilts Nielsen Consumer Panel (KNCP), this paper
documents novel empirical findings on expenditure and income
growth upon migration. First, movers' KNCP expenditures relative
to non-movers' decline by 6% during a year before the move, and
then increase by 9% during a year after the move. Thus, there is a
3% net increase in relative expenditures from a year before to a
year after the move. On the other hand, movers' relative earnings
on average increase by 3% over the same 2-year window around
the move time. The V-shaped pattern in movers' relative
expenditures departs from predictions of the standard
permanent income hypothesis (PIH), which many migration
models in the literature implicitly assume. If movers can expect
an income increase after moving, the PIH predicts movers to raise
their spending upon deciding to move, not subsequently. I see
similar spending responses to moving for non-storable foods,
implying that the V-shaped response does not reflect moving
households' dissipating then accumulating inventories. Next, I
document that movers' income growth displays higher variance
than non-movers', both before and after moving. Movers'
expenditure growth also exhibits higher variance than non-
movers before and after the move. These findings suggest that
movers have higher precautionary savings motives than non-
movers. Hence I explore whether the PIH combined with
precautionary savings motives is consistent with the
documented data moments. I find that a PIH model with a
reasonable size of prudence can match the delayed increase in
movers' expenditures after the move.



Kim, Marie. “Homeostatic Microbiome Priming Protects Host
From Subsequent Infection”

Sepsis is uncontrolled systemic inflammation caused by a
dysregulated host response to an infection. Despite the high
mortality rate and prevalence, the heterogeneous development and
response to sepsis make treatments difficult. Factors predisposing
individuals to sepsis are poorly understood, but recent studies have
suggested the host microbiome may be crucial for sepsis
susceptibility. We hypothesized that differential homeostatic
interaction with the microbiome affects the host response to
subsequent infection. We detected bacterial DNA (bDNA) in a
subpopulation of circulating neutrophils of healthy humans. Serum
and other peripheral leukocytes (monocytes, B cells, and T cells)
tested negative for bDNA. Inter-individual differences in neutrophil
bDNA level were observed. Neutrophil microbiome profiles were
homogeneous among healthy subjects, with Proteobacteria as the
dominant phylum. Transcriptome analysis showed that bDNA-high
neutrophils significantly downregulate genes related to neutrophil
activation and function. When neutrophils were activated, bDNA-
high neutrophils produced more complement proteins related to
their clearance via efferocytosis. Mouse exposed to more wild-like
environment had significantly increased bDNA content in
circulating neutrophils and survived significantly better in response
to endotoxemia. Adoptive transfer of bDNA-high neutrophils
protected susceptible mice from septic death. Our data suggests
that increased homeostatic priming by neutrophils alters the host
response to be less severe when an infection occurs. The
heterogeneous host response to sepsis may be associated with
differential priming by microbiome during homeostasis.
Understanding how this interaction between host and microbiome
affects neutrophil function may provide insight on new mediators
related to the detrimental host immune response seen in sepsis.



Klose, Alanna. “Label-free 34-plex longitudinal serology of
individuals vaccinated against Covid-19”

 
The Covid-19 pandemic has sparked widespread interest in
antibodies and vaccines. There is a need to understand immune
responses to the new mRNA vaccines in healthy,
immunocompromised, and previously infected individuals. Our 34-
plex viral serology array analyzed by Arrayed Imaging Reflectometry
(AIR) provides snapshots of circulating antibodies in serum samples.
AIR quantifies protein binding by measuring the change in
reflectivity of a silicon/silicon dioxide/protein surface (AIR chip). The
34 antigen targets are quantified simultaneously with a single CCD
image. The array is comprised of 2 targets against respiratory
syncytial virus, 17 influenza hemagglutinins (HAs), 4 common human
coronaviruses, 3 MERS CoV targets, 2 SARS-CoV-1 targets, and 6
SARS-CoV-2 targets covalently attached to the AIR chip. In this study,
serum samples collected from 25 individuals before vaccination, 1
week after first dose, 1 week after second dose, monthly thereafter as
possible, and one week after a breakthrough infection or booster shot
were incubated with the respiratory array to detect circulating
antibodies. The resulting heatmaps provide insight into individual
immune responses to Covid-19 vaccine and/or infection over time as
well as cross-reactivity with other viruses. Future arrays could contain
new variants of concern in order to rapidly understand the risk and
need for booster doses. 



Koch, Melissa. “3 Evaluation of Electrochemical Properties of
Nanostructured Metal Oxide Electrodes Immersed in Redox-
inactive Organic Media”

This work describes analysis of dropcast nanocrystalline and
electrochemically deposited films of NiO and ï�¡-Fe2O3 as model metal
oxide semiconductors immersed in redox-inactive organic electrolyte
solutions using electrochemical impedance spectroscopy (EIS).
Although the data reported here fit a circuit commonly used to model
EIS data of metal oxide electrodes, which comprises an RC circuit
nested inside a second RC circuit that is in series with a resistor, our
interpretation of the physical meaning of these circuit elements
differs from that applied to EIS measurements of metal oxide
electrodes immersed in redox-active media. The data presented here
are most consistent with an interpretation in which the nested RC
circuit represents charge transfer between the metal oxide film and
the underlying metal electrode, and the non-nested RC circuit
represents the resistance and capacitance associated with formation
of a charge-compensating double-layer at the exposed interface
between the metal electrode and electrolyte solution. Applying this
interpretation to analysis of EIS data collected for metal oxide films in
organic media enables the impact of film morphology on
electrochemical behavior to be distinguished from the effects of the
intrinsic electronic structure of the metal oxide. This distinction is
crucial to the evaluation of nanostructured metal oxide electrodes for
electrochemical energy storage and electrocatalysis applications. This
evaluation allows the measurement of an experimental density of
states, allowing the better design of photocatalytic reactions.



Lakshmanan, Sanjay Nana. “Twyman effect in thin curved
optics: effects of variable thickness and curvature”

Grinding or finishing of thin curved optics introduces surface-
localized stresses that may result in bending deformations,
thus affecting optical performance (Twyman effect). The
Twyman effect depends on local thickness of the optic as well
as its curvature. We use numerical and analytical techniques
to assess the effects of these variables for shallow and deeply
curved axisymmetric optics. A useful metric of comparison,
valid for shallow optics, is the deformation of a similar flat
optic (window). This comparison is inadequate for more
curved optics which demonstrate a smaller deformation
which is now localized in a boundary layer near the optic free
edge. The effects of thickness variation are also presented.
Normal deflection and slope for a positive optic (thickness at
the center greater than the tip) are well approximated by a
constant thickness optic. This is not the case for a negative
optic, where deformations near the apex are more
pronounced, thus extending significant deformations through
the full optic aperture.



Lawley, Lane. “Extracting and Explaining Situational Knowledge in
Large Pre-Trained AI Models”

Large language models, like GPT-3, have entered public awareness for
their uncanny ability to produce human-like text from prompts
written in natural language. But does their knowledge run deeper?
And if it does, can we extract and represent it in a general and
interpretable format? Our work aims to extract general "schemas"---
stereotypical patterns of real-world events, like dining at a restaurant
or going to school---from large language models. To do this, we
"bootstrap" the process with simple schemas, inspired by child
psychology, that form the conceptual basis of more complex schemas
obtained by analyzing AI-generated text. We first present a large GPT
language model with prompts about everyday situations, from which
it generates dozens of short stories. These stories are then processed
into logical forms, something like an abstract "mental-ese", and
common patterns of behavior such as eating, moving objects, asking
others for information, and others are identified. Once each story has
been processed and analyzed in this way, the dozens of stories
generated from one situational prompt are compared and contrasted
to help determine which details---like getting on a school bus to go to
school---are core components of the situation, and which details---like
waving hello to a friend at school---are less inherent. The resulting
schemas are meant to enable machines to "fill in the gaps" in partial
descriptions of situations, e.g. stories. While this knowledge may
already exist in large language models, these symbolic event schemas
will be an important step toward interpretable, explainable human-AI
interaction.



Li, Yang. “Graph Frequency Analysis Of COVID-19 Incidence to
Identify County-Level Contagion Patterns in the United States”

The COVID-19 pandemic severely changed the way of life in the
United States (US). From early scattered regional outbreaks to
current country-wide spread, and from rural areas to highly
populated cities, the contagion exhibits diverse patterns at various
timescales and locations. We thus conduct a graph frequency
analysis to investigate the spread patterns of COVID-19 in different
US counties. The commute flows between all 3142 US counties were
used to construct a graph capturing the population mobility. The
numbers of daily confirmed COVID-19 cases per county were
collected and represented as graph signals, which were then
mapped into the frequency domain via the graph Fourier transform.
The concept of graph frequency in Graph Signal Processing (GSP)
enables the decomposition of graph signals (i.e., daily confirmed
cases) into modes with smooth or rapid variations with respect to
the underlying mobility graph. These different modes of variability
are shown to relate to COVID-19 spread patterns within and across
counties. Changes in the nature of spread within geographical
regions are also revealed by graph frequency analysis at finer
temporal scales. Overall, our GSP-based approach leverages case
count and mobility data to unveil spatio-temporal contagion
patterns of COVID-19 incidence for each US county. Results here
support the promising prospect of using GSP tools for epidemiology
knowledge discovery on graphs.



Lyu, Hanjia. “How Can Social Media and Machine Learning Help
Fight Depression, Vaccine Hesitancy, and Hate Crimes?”

Although the survey data of a traditional design can lead to
detecting causality, it is more labor-intensive and expensive, difficult
to collect at a large scale, prone to biases and delay, compared to
social media data. In addition, due to the passive nature of collecting
social media data, observing social media data can potentially
capture a reliable and unperturbed view of human behaviors.
Meanwhile, applying machine learning and computational methods
to social media data has proven capable of capturing real-world
patterns in many domains such as public health and political
science. We introduce three recent social media studies including (1)
detecting depression in the context of COVID-19 with a fusion
classifier that combines deep learning model scores, psychological
text features, and user information, (2) measuring intent regarding
COVID-19 vaccines by adopting a human-guided machine learning
framework, and (3) understanding public opinion toward the
#StopAsianHate and #StopAAPIHate movement and its relation to
racially motivated hate crimes. Through the lens of social media, the
findings of our studies can promote research on health and society,
provide insight for social media platforms and policymakers, and
ultimately create common benefits for all communities.



March, Alyson. “The Effect of Hydrogel Adhesive Peptide Composition
on Endothelial Cell Sprouting” 

The development of new blood vessels is critical for tissue regeneration.
To promote bone regeneration, tissue engineering scaffolds must be
designed to support neovascularization via functionalization with integrin
binding epitopes necessary for endothelial cell migration and vessel
morphogenesis. We have developed an engineered extracellular matrix
(eECM) using matrix metalloproteinase (MMP) degradable poly(ethylene
glycol) (PEG) hydrogels with the tethered adhesive peptide, RGD, to
improve vascularization and bone regeneration. Indeed, bone allografts
modified with the eECM resulted in a 4-fold increase in graft-localized
vascular volume versus unmodified allografts. To further investigate the
role of hydrogel biochemical cues that coordinate host vascular
infilitration, we are focusing on adhesvie peptide identity, concentration,
and potential synergies between multiple peptides. We hypothesize that
inclusion of various adhesive peptides will enable integrin-mediated
signaling pathways that improve vascularization. To measure
vascularization, an in vitro angiogenic assay based on sprouting from
spheroids composed of human umbilical vein endothelial cells (HUVECs)
and human mesenchymal stem cells (hMSCs) is used. The adhesive
peptides investigated are RGD, GFOGER, and YIGSR which mimic
extracellular matrix proteins, including fibronectin, collagen, and laminin.
Preliminary data indicate that RGD and YIGSR result in dramatic
differences in sprouting morphologies, with RGD total network length
approximately 2-fold greater than YIGSR at day 5. Current studies are
evaluating cell sprouting with GFOGER and combinations of adhesive
peptides using design of experiments methodolgy while future studies
will investigate rate of degradation. Ultimately, this work will guide the
investigation of an improved eECM in our in vivo murine femur graft
model. 



Mundra, Pranay. “Data Selection based on Coverage and
Fairness”

In the past 20 years, ML (Machine Learning) has progressively
moved from an academic endeavor to a pervasive technology
adopted in almost every aspect of computing and our digital lives.
Over the years we have seen an improvement in ML models, but at
the cost of larger model architectures, that rely on enormous
amounts of data and take days, or sometimes even weeks to train.
Recently, it has been shown that with newer architectures and
learning algorithms, the models can learn the underlying
compositional structure of data. Our work focuses on leveraging
this and aims at solving the problem of enormous training data, by
generating a subset of the dataset, i.e, coreset that satisfies two
requirements:  coverage, i.e, all data points have some
representatives in the subset, and user-provided group
distribution., i.e, minimum count requirements for each group in
the data, where the groups can be based on a single feature, or
subsets of features; such that the models trained on these subsets
are able to perform on par with the models trained on the whole
dataset. Our work focuses on multi-dimensional data that are
compositional in nature, like images, natural language,
mathematical equations, etc. Finding a coreset for the data has
been an open problem with a lot of theoretical results but no
application on real-world data. Our work focuses on combining
prior results from covering and facility location problems to help
find exact and approximate algorithms for the same. 



Potenzino, Rob. “Development and Investigation of
Micheliolide-Based Anticancer Agents via Late-Stage
Chemoenzymatic C – H Functionalization”

Natural products are a major source of therapeutic agents, but
modification of these molecules is often critical for improving
their pharmacological properties as drug candidates. Our group
has pioneered the use of chemoenzymatic synthesis using
engineered P450 enzymes for the late- stage functionalization of
complex molecules such as natural products. Using this strategy,
a P450 enzyme was developed for the regio- and stereoselective
hydroxylation of micheliolide (MCL), a natural product with
antileukemic properties. These enzymes were leveraged to
produce a panel of novel micheliolide analogs via late-stage
enzymatic hydroxylation, followed by azidation and
azide/alkyne cycloaddition reactions. The analogs were further
diversified through the synthesis of both 1,4-triazole and 1,5-
triazole MCL derivatives by changing the catalytic conditions for
the click reaction. These compounds were tested for
antileukemic and anticancer properties in vitro, resulting in the
identification of MCL analogs with distinct anticancer profiles as
well as analogs with significantly enhanced antileukemic and
anticancer activity compared to the parent natural product. An
improved MCL analog was combined with a bone marrow-
targeted nanoparticle-based drug delivery system to reduce the
burden of leukemia stem cells in the bone marrow in vivo in a
murine model of leukemia.



Rahman, Shafaqat. “Can a Calcitonin Gene-Related Peptide
(CGRP) Receptor Antagonist Mitigate Neuroinflammatory, Hyper-
Immune, And Nausea-Like Responses to SARS-Cov-2 Infection in
Preclinical Mouse Models?”

In December 2019, the coronavirus disease (COVID-19) caused by
SARS CoV-2 was identified.  COVID-19 causes a respiratory illness like
the flu with symptoms such as fever, cough, headache, chills, and
nausea. The FDA approved Biohaven Pharmaceuticals to pursue a
clinical trial of its CGRP-receptor antagonist for treating patients with
severe COVID-19, suggesting that the neuroinflammatory reaction
that is initiated by CGRP in response to SARS-CoV-2 could be a
therapeutic target for treating severe COVID-19.   We were interested
in testing if a CGRP receptor antagonist (olcegepant) would mitigate
COVID-19 symptoms in mice.  As a readout of SARS-CoV-2 infection
symptoms, we have assessed weight loss, O2 saturation, and
temperature in young and old mouse models with the CGRP
receptor antagonized by olcegepant (2 mg/kg/day/SQ).  In ongoing
experiments, we will monitor the presence of a nausea-like state by
assessing hypothermic responses to provocative motion. We have
determined that CGRP receptor antagonism is protective in older
C57B6 and older 129Sv mice, as there was no significant difference
between CGRP receptor antagonism and placebo controls in
younger mice.   Ongoing studies will determine if CGRP antagonism
is protective against provocative motion-induced nausea-like
symptoms. The information gained from these studies will provide a
direct assessment of whether a CGRP-receptor antagonist can
mitigate symptoms associated with SARS-CoV-2 infection.  This
research is supported by a COVID19 research supplement to NIH R01
DC017261 (AL).  We would also like to thank Dr. Ralph Baric (UNC) for
the MA-10 SARS CoV-2 virus stock, and Dr. Steve Dewhurst (UR) for
MA-10 viral expansion. 



Ray, Arnab Barman. “Valley engineering electron-hole liquids
in TMDC monolayers”

Electron-hole liquids(EHLs), a correlated state of matter and a
thermodynamic liquid, have recently been found to exist at room
temperatures in suspended monolayers of MoS2. Appreciably
higher rates of radiative recombination inside the liquid as
compared to free excitons hold promise for optoelectronic
applications such as broadband light emission. In this paper, we
show that leveraging the valley physics in MoS2 maybe a route
towards achieving tunability of specific characteristics of an EHL,
such as emission wavelength, linewidth, and most importantly,
the liquid density. The conditions under which EHLs form, in bulk
semiconductors as well as TMDC monolayers are quite stringent,
requiring high purity in bulk semiconductors and suspension in
mono- layers. Using a simple yet powerful model for describing
free excitons and show that a phase transition into the EHL state
may be feasible in substrate-supported monolayer samples. More
repeatable experimental realizations of EHLs may be essential to
answer questions regarding the nature of electron-hole
correlations and how they may be used to generate non-trivial
states of light.



Rodriguez, Alyssa. “Soviet State and Soviet Self: The
Performance of Soviet Identity via the Legal System, 1968-
1984”

For my dissertation, I study Soviet law. To paraphrase a
question that I hear a lot: did the Soviet Union even have laws?
Actually, law was ubiquitous within daily life. The Soviet state
put a lot of effort into teaching the law and legal system
through books, lectures, and even punitive measures such as
sentencing, which the individual citizen was meant to learn
from for the sake of halting as well as preventing crime, and
therefore building communism. The reality was much more
complex than that. Soviet citizens often interpreted the law for
themselves, and over the course of the 1970s, increasingly
understood the law as a tool for their own individual rights
instead of solely as a boon for the collective improvement of
society. In more detail then, this is what I really study: the
interaction of the Soviet citizen and state through the law, how
people forged and displayed their own individual identities
within the public space of the courtroom or letter, how the
state sought to spread legal awareness, and what this tells us
about Soviet society and people. As Soviet law was so deeply
infused within daily life, it is the perfect avenue to understand
the Soviet person more in depth and to further view how
people were capable of being an individual in a collective
society. By studying individuals as well, I seek to challenge
some persistent misconceptions about life in the Soviet Union. 



Ruszala, Brandon. “Injecting Arbitrary Instructions into Anterior
Parietal Cortex with Low-Amplitude Intracortical Microstimulation”

Current efforts to improve brain-machine interfaces (BMIs) are focused
on delivering information about the state of the BMI to the brain.
Providing such information from multiple sensory modalities can
improve the speed and accuracy of BMIs. Information has been
successfully delivered to the cerebral cortex by exciting neurons in
gray matter with intracortical microstimulation (ICMS). ICMS
subthreshold for evoking muscle contraction (low-amplitude ICMS)
can elicit sensory percepts when delivered in primary somatosensory,
visual, and auditory cortex. Association cortical areas, however, are
generally believed to be silent to low-amplitude ICMS, making them
unsuitable for delivering information from BMIs. Recent work has
shown though, that low-amplitude ICMS can elicit distinguishable
experiences (percepts, urges, thoughts, etc.) when delivered to ventral
premotor cortex – an association cortical region – which a subject can
associate with arbitrarily assigned movements. The anterior
intraparietal cortex (AIP) is another potential association cortical
region where information could be delivered with low-amplitude
ICMS. AIP extracts visual information about objects and
communicates with the ventral premotor cortex to plan appropriate
grasping movements. Such visuomotor transformations are critical for
making natural, dexterous grasps, making AIP a desirable region for
interfacing with neuroprosthetics involving motor control. Here, we
demonstrate that low-amplitude ICMS in AIP elicited distinguishable
experiences that could be associated with arbitrarily-assigned
movements. Further, the ICMS instructions could be interpreted at
amplitudes as low as 15µA and when pulse-trains at 35µA were
comprised of just 2 pulses. AIP offers novel cortical territory for
delivering information from BMIs to improve their functionality.



Saboksayr, Seyed Saman. “Accelerated Graph
Learning From Smooth Signals”

We consider network topology identification subject to
a signal smoothness prior on the nodal observations. A
fast dual-based proximal gradient algorithm is
developed to efficiently tackle a strongly convex,
smoothness-regularized network inverse problem
known to yield high-quality graph solutions. Unlike
existing solvers, the novel iterations come with global
convergence rate guarantees and do not require
additional step-size tuning. Reproducible simulated
tests demonstrate the effectiveness of the proposed
method in accurately recovering random and real-world
graphs, markedly faster than state-of-the-art
alternatives and without incurring an extra
computational burden.



Salamatian, Alison. “CO2 Reduction Catalyzed by
Biomolecular Cobalt Catalysts”

The light-driven reduction of CO2 is a promising route to
producing renewable fuels using an abundant carbon
feedstock. Herein, we describe the activity of a
metalloporphyrin biocatalyst, cobalt microperoxidase-11
(CoMP11-Ac), a cobalt porphyrin attached to an eleven amino
acid peptide chain. The performance of CoMP11-Ac is compared
to that of CoTPPS, a simple water-soluble cobalt porphyrin
(cobalt-tetra(4-sulfonatophenyl)-porphyrin) using
electrochemical techniques in water. CoMP11-Ac is shown to
significantly outperform CoTPPS for CO2 reduction which
indicates that their structural differences significantly impacts
their activity. CoMP11-Ac exhibits turnover numbers as high as
32,000 for CO, while in most cases CoTPPS did not show
significant above-background activity. Buffer effects on activity
and selectivity are also demonstrated with lower pKa buffer
leading to higher catalytic activity due to ease of proton
donation while selectivity for CO2-to-CO in enhanced with
higher pKa buffers. Remarkably, it was shown that the
selectivity for CO versus H2 formation increases when lowering
the applied potential, which occurs without loss of activity. We
propose that the dependence of selectivity on the applied
potential is due to a change in the catalytic mechanism. At
lower potentials a concerted mechanism is proposed to take
place avoiding formation of a Co(I) species that can be readily
protonated and lead to H2 formation. In summary, CoMP11-Ac is
reported as an active and selective CO2-to-CO reduction
catalyst in purely aqueous conditions and the impact of that
catalyst structure, buffer, and applied potential had on its CO2
reduction activity and selectivity were investigated.   



Shaikh, Abdullah. “Take Me Out in A Boat: Simmel, Flirtation, and
The Mechanics of Daisy Miller”

The infamous Daisy Miller question – one of her innocence – that
Mrs. Lynton puts forward to Henry James in her letter is well
dissected and answered by many critics, including James himself,
yet continues to excite ‘ire in celestial minds’ (1997: 84). While the
disagreement may never be settled, one point of concurrence
amongst all parties involved in unravelling the character of Daisy,
including Daisy Miller herself, is that she is undisputedly a great flirt.
Poole in his introduction to the Oxford edition hesitates to
subscribe the art of flirtation onto Daisy Miller as she blends it so
effortlessly in social interaction that it seems ‘natural’ rather than
‘artful’ but if anything, this is a testament rather than a negation to
her proficiency (2013: xii). Similarly, critics have glossed over the
mechanics of flirtation as an employed device in the context of
cultural sociability that seems to be the key to unravelling the
mystery of Daisy Miller. What has remained prevalent is the opinion
that Daisy is an inarguably simple unlike James’s other more
sophisticated heroines like Isabel Archer or Maggie Verver. A careful
study of the mechanics of her flirtatious interactions reveals not
only a masterful awareness of interiority but also an extremely high
level of social and emotional intelligence given her circumstances.
Flirtation as a form of discourse goes beyond serving a hedonistic
purpose for Daisy – it is the way in which she engages with the
world, understands others, maintains her innocence, and
safeguards her interests. The Daisy Miller question, becomes then,
not one of her innocence, but, as Graham puts it, one of our
slipperiness in ‘human judgement’ – ‘the unresolved dialect
between the impulse to discriminate, which connotes intelligence,
and the impulse to sympathize, which connotes love’ (1993: 35). 



Sharipol, Azmeer. “Marrow Chip for Targeting of Acute Myeloid
Leukemia and Bone Marrow Microenvironment”

Induction therapy of Acute Myeloid Leukemia (AML) results in an
average 5-year survival rate of <30% with few new treatment options.
Conventional cell culture and murine models do not faithfully
recapitulate the interactions within the human bone marrow (BM)
microenvironment (niche) which affect hematopoietic stem cell (HSC)
fate, and disease burden. Particularly our lab has shown that
inhibition of osteoblastic activity through CCL3 signaling from AML
cells resulted in a leukemia-favorable niche. In this project, our goal is
to generate a 3D model of murine and human AML with niche
components by using a microfluidics approach and fibrin hydrogel
scaffolding. The preclinical model will enable investigation of AML
cell-niche interactions to discover potential therapeutic targets. We
generated a murine marrow-chip using Emulate Chip S-1® with
robust osteoblastic and endothelium layer to simulate the
perivascular HSC niche. HSCs (Lin- Sca+ cKit+) and stromal cells were
cultured for two weeks in fibrinogen hydrogel in the apical
compartment with continuous flow in the basal vascular channel.
HSCs showed maintenance at 0.29 ± 0.13% of total cells, similar to BM
at 0.15 ± 0.04% and were able to engraft in a murine BM transplant
model and gave rise to ~60% of total peripheral blood mononuclear
cells (PMBCs). When leukemic cells were introduced in the chip,
inhibition of osteoblastic activity was observed by reduction of
Osteocalcin I (-98.8%) and Collagen I (-94.82%). These findings suggest
that the chip provides a supportive microenvironment for HSC
survival and can replicate leukemic cell and BMME interaction.



Sidor, Lynn. “Opticoli: Self-assembled bacterial microlenses for
optical applications”

Microlenses are a cutting-edge technology for imaging,
detecting, and coupling light, but current fabrication methods
require labor- and energy-intensive steps. The use of bacteria for
the assembly of microlenses can combine high refractive indices,
short focal lengths, and the aberration free nature of silica-based
bioglass, while also being more tunable and patternable. The sea
sponge enzyme silicatein can catalyze the polymerization of
monomeric silica into polysilicate layers at physiological pH and
temperature. We have engineered Escherichia coli to express
silicatein fused to outer membrane protein OmpA at the surface
of the bacteria, so that the silicatein enzyme can polymerize a
layer of polysilicate surrounding the cell. Fluorescence confocal
microscopy of silicatein-expressing bacterial cells stained with
Rhodamine123, which binds polysilicate, revealed a highly
stained cell boundary with little internal staining. This result
indicates that the E. coli are encapsulated with polysilicate. To
measure the light-focusing behavior of the polysilicate-coated
bacterial cells, we illuminated them with total internal
fluorescence microscopy and detected the pattern of light that
was scattered into a fluorescent agarose pad. The bioglass-coated
bacterial scattered light off their surface that illuminated a larger
area with a brighter intensity compared to bacteria not
expressing silicatein, indicating that the engineered bacteria can
capture and focus light. Through the overexpression of BolA and
SulA, E. coli are significantly rounder (aspect ratio shifting from 2
to 1) and longer respectively (over 40 Âµm). The size and shape
manipulation of these cells will enable the creation of novel-sized
microlenses with tunable optical properties.



Tanzil, Vincent. “Revisiting the Teleological Account of
Composition”

P Peter van Inwagen asks the Special Composition
Question (SCQ): under what conditions do a collection of
things compose another thing? TELEOLOGY answers: the
xs are proper parts of a whole y when there is a proper
function ϕ that the xs perform together. I attempt to show
that this view is at least defensible if not plausible. I do that
by distinguishing between proper function and function in
general. With that, I also illuminate the concept of misuse
and brokenness. I also clarified the view and replied to
some objections that are not addressed by other version of
the account or objections unique to my view, specifically
the folk intuition and natural composite objects
objections. I argue that the folk intuition objection doesn’t
affect the teleological answer and other views are no
better in accounting for natural composite objects.



Vaith, Jakub. “Ureas and sterically atypical phosphines as ligand
platforms for Pd-catalyzed heteroannulation of 1,3-dienes with
bifunctional reagents”

Palladium-mediated heteroannulation of 1,3-dienes with halo-
anilines and related bifunctional reagents represents a convergent
approach to synthesis of five-membered and larger sp3-rich
azaheterocycles. However, since its first example reported almost
four decades ago, this method has remained limited in scope to
iodoanilines and primarily mono-substituted linear 1,3-dienes. Our
hypothesis has been that this arises from the incompatibility of
established ligands with the steric congestion of the Pd complex in
the transformation. Herein, we report the development of two
atypical ligand platforms for Pd-catalyzed heteroannulations that
overcome the limitations of existing methodologies. Ureas as
sterically undemanding ligand platform have enabled the synthesis
of 2-subtituted indolines and pyrrolidines while the use of sterically
atypical phosphine ligands, i.e., phosphines with disproportionately
high cone angle compared to its percent buried volume, have
enabled the synthesis of the complementary 3-substituted
indolines. The application of the urea-enabled methodology
towards the total synthesis of physiologically active natural
products virantmycin C and benzastatin E and their synthetic
analogues will also be presented.



Weight, Braden. “Properties of Molecular Exciton-Polaritons: 
 Coupling Ab Initio Calculations with Quantum Optics”

Polaritonic chemistry has become the leading direction to
control a multitude of processes, such as charge transfer,
selective bond breaking, and excited state dynamics. An exciton-
polariton is an entangled state of light and matter in which the
native excitonic and photonic degrees of freedom hybridize to
form new states. These new states can be tuned in various ways
to modify and produce unique properties, such as the potential
energy landscape or the emission efficiency of materials.
However, much is still unknown about how these new hybrid
states can modify such chemical properties. For example, the
nature of the exciton is lost and becomes effectively mixed with
all other molecular excitations, and so the shape and distribution
of resulting exciton-polariton wavefunctions will be dramatically
different from the uncoupled excitonic picture. These changes
will dictate all the resulting properties, such as the
absorption/emission spectra though the polaritonic transition
dipole moment and the excited state dynamics through
modification of the potential energy surfaces. In this work, we
explore a set of real, atomistic molecules via density functional
theory and couple their electronic structure to a single-mode
cavity in order to explore the resulting properties of the coupled
system.



Wellawatte, Geemi. “Genrating Model Agnostic Molecular
Counterfactual Explanations”

An outstanding challenge in deep learning in chemistry is its
lack of interpretability. The inability of explaining why a neural
network makes a prediction is a major barrier to deployment
of AI models. This not only dissuades chemists from using
deep learning predictions, but also has led to neural networks
learning spurious correlations that are difficult to notice.
Counterfactuals are a category of explanations that provide a
rationale behind a model prediction with satisfying properties
like providing chemical structure insights. Yet, counterfactuals
have been previously limited to specific model architectures or
required reinforcement learning as a separate process. In this
work, we show a universal model-agnostic approach that can
explain any black-box model prediction. We demonstrate this
method on random forest models, sequence models, and
graph neural networks in both classification and regression.



Wnuk, Hayley. “The influence of social isolation on the fronto-
insular circuits and behaviors in the APP/PS1 mouse model of
Alzheimer’s Disease ”

Alzheimer’s Disease (AD), the 6th leading cause of death in the United
States, is a dementia with specific brain pathology that impairs an
individual’s cognitive functions. Loneliness, a critical determinant of
emotional well-being, has been identified as a risk factor for
developing Alzheimer’s Disease late in life. Recent research has
implicated the fronto-insular cortical circuits in regulating self-
referential emotional processing and the perception of an individual’s
loneliness state. However, little is known about how loneliness
influences the molecular and cellular phenotypes in the fronto-
insular cortices that are associated with Alzheimer’s Disease and
cognitive deficits. Here, using the APP/PS1 mouse model of
Alzheimer’s Disease, we investigated the interaction between social
isolation and APP/PS1 genotype on fronto-insular pathology and
cognitive behaviors. We established two behavioral assays, the
elevated plus maze and the attentional set shifting task, to assess
risk-taking and cognitive flexibility in mice. Our preliminary data
suggest that isolation housing of APP/PS1 mice results in the worst
performance compared to control groups in these tasks. In parallel,
we established histological assays to assess molecular pathology,
confirming the accumulation of common molecular markers
associated with Alzheimer’s Disease including beta-amyloid and the
microglial activation marker Iba1, as well as the alteration of the
neuronal activation marker cFos, in the fronto-insular cortices of
socially isolated APP/PS1 mice. Ongoing experiments will further
quantify the interaction between genetic and social factors. Overall,
these experiments will provide new insight into how loneliness, as
perceived by the fronto-insular cortices, influences the progression of
Alzheimer’s Disease. 



Zakusilo, Frances.  “The role of ROS stress resilience and metabolism
in aging: comparative study of human, mouse, and naked mole rat
astroglia”

 
Oxidative stress is one of the factors driving aging associated disease,
which can affect integrity of DNA, proteins, lipids, and cellular
organelles. Resilience to the reactive oxidative species (ROS) induced
damage is suggested to be one of the most important features of
healthy aging. Oxidative stress and DNA damage are suspected to be
involved in development of neurodegenerative disease, such as
Alzheimer’s Disease (AD). Naked mole rats (NMRs) are subterranean
mammals that show exceptional lifespan and resistance to disease.
Though subjected to prolonged periods of hypoxia, NMRs show
surprisingly little age-related degeneration and cognitive decline. In
order to understand each cell type response to age-related stressors,
NMR neuronal, OPC, and astroglia cultures were purified. Among the
NMR cell types, NMR astroglia showed superior resilience to ROS stress.
Next, we compared NMR astroglia’s resilience to astroglia from mouse,
degu, rodent species suggested to have naturally occurring AD-like
neuropathology with age, and humans. NMR cells showed superior
survival after oxidative stress than both mouse and human cells, but not
degu. In order to further understand this cell type specific response, we
performed comparative cross-species RNA sequencing analysis to
identify genes and pathways enriched in NMR astroglia that could
underlie the mechanism of resilience. There was an enrichment of lipid
oxidation and oxidative phosphorylation related genes in NMR cells,
while in human astroglia genes associated with glycolysis were
enriched. To assess the effect of each metabolic pathway on resilience
to ROS, we grew the cells in standard glucose enriched versus modified
ketogenic media before subjecting them to ROS stress. Human cells
subjected to modified ketogenic media showed moderate but
significant increase in resistance to ROS. Further understanding of the
role of metabolic pathways could help us uncover important players in
age-related decline and diseases.

 



Zhang, Bufan. “Lithium Bisamides as a Modular Platform for Iron-
Catalyzed Cross-Coupling”

The construction of carbon-carbon bonds is pivotal to the
pharmaceutical, agrochemical, and fine chemical industries. While
these transformations have been historically dominated by noble
metal catalysts, recent decades have witnessed renewed interest in
iron catalysis, owning to iron’s high natural abundance, low
cost/toxicity, and opportunity for complimentary and novel
reactivity compared to noble metal catalysis. Significant advances
have been made in iron-catalyzed cross-coupling methodology over
the last 20 years, including a handful of highly effective systems that
utilize N-methylpyrrolidone (NMP) as an additive. Mechanistic work
from our group found that NMP stabilized the iron catalyst by
coordinating to the magnesium counterion, indicating that these
catalysts, while successful, cannot be tuned for better selectivity or
yields through ligand modification. Additionally, the repro-toxicity
and operational complexity of existing iron/NMP cross-coupling
systems further motivate the development of alternative iron-
catalyzed cross-coupling methods that are more tunable,
generalizable, and less toxic. Drawing inspiration from mechanistic
insights, we targeted strongly donating lithium bisamides as an
easily modifiable ligand scaffold for iron-catalyzed cross-couplings.
The first iteration of this promising new class of ligands has proved
capable of coupling alkyl Grignard reagents with a variety of aryl
electrophiles in an operationally simple reaction protocol. In
addition, the same ligands were also shown to successfully cross-
couple aryl Grignard reagents with alkyl electrophiles, moving
beyond the scopes of existing iron/NMP cross-coupling systems.
Future work will focus on tuning catalyst reactivity and selectivity
through introducing systematic perturbations on ligand
architecture, including backbone flexibility, wing-tip steric bulk, as
well as donor capabilities. 



Zhang, Rui. “U2 snRNA pseudouridylation in the recognition of
branch-site sequence during pre-mRNA splicing”

 During spliceosome assembly, spliceosomal small nuclear
ribonucleoproteins (snRNPs) and splicing factors recognize and
interact with the pre-mRNA sequence. Specifically, U2 snRNP
recognize the branch site sequence (BSS) of pre-mRNA and the
binding last until splicing complete. Pseudouridines (Ψs) are
concentrated in the branch site recognition region (BSRR) of U2
snRNAs and it is proved to be essential for the splicing of pre-
mRNAs. However, information is still limited regarding how exactly
the Ψs contribute to recognizing the pre-mRNA BSS during
splicing. Our group developed a yeast screening system where a
library of reporter pre-mRNAs with randomly mutated BSSs is
transformed into different yeast strains containing different
numbers and combinations of Ψs in the U2 BSRR. The BSSs, which
can support pre-mRNA splicing under different U2 Ψ background
were screened and sequenced, allowing us to decode how Ψ
contribute to the recognition of different BSSs. With high
throughput sequencing and spot test assay, we identified that Ψs
in the BSRR of U2 snRNA play a role to select different BSSs. By RT-
PCR, we confirmed that not only in a reporter gene, but also in the
native genes, Ψs in the BSRR of U2 impact pre-mRNA splicing. With
primer-extension assay, we further demonstrated that Ψs in the
BSRR of U2 play a role in the alternative splicing, which is common
in other eukaryotes but rare in yeast. 



Zhang, You. “Generalizing Voice Anti-spoofing to Unseen
Synthetic Attacks and Channel Variation”

 
Automatic Speaker Verification (ASV) systems aim to verify a
speaker’s claimed identity through voice. However, voice can be
easily forged with replay, text-to-speech (TTS), and voice
conversion (VC) techniques, which may compromise ASV systems.
Voice anti-spoofing is developed to improve the reliability of
speaker verification systems against such spoofing attacks. One
main issue of voice anti-spoofing systems is its generalization
ability to unseen synthetic attacks, i.e., synthesis methods that are
not seen during training of the anti-spoofing models. We propose
one-class learning, where the model compacts the distribution of
learned representations of bona fide speech while pushing away
spoofing attacks to improve the results. Without resorting to any
data augmentation methods, our proposed system achieves an
equal error rate (EER) of 2.19% on the evaluation set of the
ASVspoof 2019 Challenge logical access scenario, outperforming
all existing single systems (i.e., those without model ensemble).
Another issue is the robustness to variations of acoustic and
telecommunication channels. To alleviate this issue, we propose
channel-robust training strategies, including data augmentation,
multi-task learning, and adversarial learning. Results show that
these strategies successfully improve the cross-dataset
performance of CM systems. In this chapter, we analyze the two
issues within the scope of synthetic attacks, i.e., TTS and VC, and
demonstrate the effectiveness of our proposed methods.

 



Zhang, Yu. “Kinetic simulation study of magnetized collisionless
shock formation on a terawatt laser system”

Perpendicular, magnetized, collisionless shocks in hydrogen and
neon plasmas are studied with 2D particle-in-cell simulations for
parameters accessible to experiments on OMEGA EP [Maywar et al.,
J. Phys.: Conf. Ser. 112, 032007 (2008)]. The simulations are
performed with realistic ion-electron mass ratios by which the
relative importance of different micro-instabilities can be accurately
captured. The dispersion relation of the modified two-stream
instability (MTSI), the main dissipation mechanism for these shocks,
is used to find suitable parameters for upcoming experiments.
Simulations show that magnetized collisionless shocks can be
readily formed within a few tenths of an ion gyro-period in both
hydrogen and neon gases, with a background magnetic field of 50 T,
achievable using the magneto-inertial fusion electrical discharge
system [Barnak et al., Rev. Sci. Instrum. 89, 033501 (2018)]. A portion
of the ions are reflected to the upstream region and accelerated in
both shock normal and tangential directions, indicating the
formation of a supercritical shock. Shock front reformation is seen in
longer time 1D simulations. The results show that the formation
time and width of these shocks are determined by MTSI.



Zhang, Yue. “Spatial resolution of pre-microsaccadic
perceptual enhancements across the foveola”

We previously showed that before the onset of a microsaccade,
fine spatial vision is enhanced at the microsaccade goal. In this
study, we investigated the spatial resolution of this phenomenon
and examined to which extent this enhancement spreads to
foveal locations surrounding the microsaccade target. In
addition, we examined how microsaccade preparation impacts
sensitivity at the preferred locus of fixation where fine spatial
vision is highest. Observers (n = 7) fixated on a marker surrounded
by eight location placeholders presented foveally and arranged
in a circle (20’ radius). Observers were then instructed to shift
their gaze at the location indicated by a central saccade cue.
Subjects naturally used microsaccades to relocate their gaze.
Nine probes (7’x2’ tilted bars) were briefly presented, one at each
location and one at the center of gaze, before the onset of the
microsaccade. After microsaccade landing, a response cue
appeared. Observers reported the orientation of the probe
previously presented at the location indicated by the response
cue. Our findings show that pre-microsaccadic enhancements of
sensitivity are limited to the microsaccade goal: decrease in
performance was observed at the locations surrounding (7’ edge-
to-edge distance) the microsaccade goal (1.9 vs. 0.4 and 0.3 d’, p <
0.002). Furthermore, before microsaccade onset, observers’
sensitivity at the center of gaze decreased by more than half
compared to baseline. We also observed a vertical vs. horizontal
meridian asymmetry in foveal sensitivity: observers’ performance
at baseline was higher for stimuli presented at locations along
the horizontal than the vertical meridian (p < 0.002). This
asymmetry, however, was reduced right before the onset of
microsaccades. These findings show that pre-microsaccadic
enhancements of fine spatial vision are highly localized in the
foveola, and that microsaccade onset is preceded by a drop of
sensitivity at the preferred locus of fixation.



Zhou, Jiwei. “Racial justice movements reduce the racial gap in
informal social security – Evidence from Medical Crowdfunding
Fundraising ”

Crowdfunding has been an important supplement to the expensive
medical care in the US. Utilizing a novel data set from Gofundme
covering around 400K medical crowdfunding records from 2019 to
early 2021, we first document the racial gap in crowdfunding
outcomes and find that black beneficiaries, on average, get less
money and fewer donors than non-black beneficiaries. We then
explore the impact of racial justice movements on the racial gap in
medical crowdfunding. With the plausibly exogenous surge of
racial justice movements in 2020, we compare medical
crowdfunding records of black to non-black beneficiaries and find
that black beneficiaries could gain more money and more donors
in months after the massive movements. The timing analysis
indicates that such impact could last for around 5 months. We also
find heterogeneous effects across locations; our preliminary
analysis shows that the effect is larger for black beneficiaries in zip
codes exposed to more movements on average.



Zhou, Xiaofei. “Challenges and Design Opportunities in Data
Analysis for ML-Empowered Scientific Inquiry - Insights from a
Teacher Professional Development Study”

The increasing impact of machine learning (ML) on real-world
scientific investigations demands a shift to teaching ML-
empowered scientific inquiry to familiarize younger students with
authentic science practices. Evidence from previous studies has
suggested that glyph-based data visualization is promising for
making multidimensional data analysis accessible for K-12
students. With different glyphs' different affordances in supporting
multidimensional pattern interpretation, little research, however,
has investigated how to mitigate the contextualized challenges of
applying glyphs in K-12 ML-empowered scientific inquiry. Based on
our prior work, we propose new glyph visualization and interaction
designs and to evaluate them via experimentation with K-12
students. We also hope to derive design guidelines on how different
glyphs can benefit young & novice learners in different data
interpretation tasks.



Zhu, Wei. “Learning Bias-Invariant Representation by Cross-
Sample Mutual Information Minimization”

Deep learning algorithms mine knowledge from the training data
and thus would likely inherit the dataset's bias information. As a
result, the obtained model would generalize poorly and even mislead
the decision process in real-life applications. We propose to remove
the bias information misused by the target task with a cross-sample
adversarial debiasing (CSAD) method. CSAD explicitly extracts target
and bias features disentangled from the latent representation
generated by a feature extractor and then learns to discover and
remove the correlation between the target and bias features. The
correlation measurement plays a critical role in adversarial debiasing
and is conducted by a cross-sample neural mutual information
estimator. Moreover, we propose joint content and local structural
representation learning to boost mutual information estimation for
better performance. We conduct thorough experiments on publicly
available datasets to validate the advantages of the proposed
method over state-of-the-art approaches. 
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