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Team NYC – comprised of 13 high school students and projects chosen from this year’s NYCSEF 
competition. This team proudly represented our city at the Intel International Science and 
Engineering Fair (ISEF), competing amongst 1842 high school scientists, innovators and 
mathematicians from 82 countries, regions and territories in Phoenix, Arizona.  As a team NYC, 
placed 1st, 2nd, and 3rd in their respective categories and brought home $27,000 in awards. A 
complete list of NYC ISEF Finalists is listed below. 
 

 
 
Malhaar Agrawal – Junior (Biomedical and Health Sciences/Pathophysiology) 
Project Title: Prostate Carcinomas in African Americans Have Distinct miRNA Expression and 
Biological Markers for Poor Prognosis 
High School: Horace Mann School    Teacher: George Epstein 
ISEF Award: 1st Place Category Grand Award, $3000 
Mentor: Martin Tenniswood 
Abstract: African American (AA) men are disproportionately affected by prostate cancer (PCa), 
with almost twice the incidence and mortality as compared to non-Hispanic Whites. AA have 
been left out of research and clinical trials to determine cancer biology, resulting in gaps 
throughout medical literature. In this study, demographic, pathological and molecular features 
of PCa in AA were characterized to determine the biological basis of disparities. Formalin-fixed 
paraffin-embedded tissues from 91 primary and 23 metastatic PCa cases with their clinico-
pathological data were retrieved. Tissue expression of Programmed Cell Death 1 (PD-1), 
Programmed Death-Ligand 1 (PD-L1) and Mismatch Repair (MMR) proteins was assessed by 
immunohistochemistry. miRNA expression of 24 cases of primary PCa and normal prostate tissue 
was measured by in situ hybridization. Multivariate analysis was conducted by Spearman’s rank-
correlation. A distinct pattern of miRNA expression and specific miRNA associated with highly 
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aggressive PCa in AA were identified in tumor tissue. PD-1 and PD-L1 expression was higher in 
metastatic than primary PCa, thus making AA metastatic PCa patients more amenable to 
immunotherapy. MMR protein expression was largely intact in both primary and metastatic PCa 
cases. Smoking correlated with features of aggressive primary PCa. The biological characteristics 
(high PD-1/PD-L1, intact MMR and distinct miRNA signature) identified in our cohort are 
biological indicators of poor outcomes in AA men. This characterization of PCa can empower 
physicians to create individualized treatment plans for AA patients. The miRNA panel identified 
in this study can help with early diagnosis and prediction of prognosis of PCa in AAs. 
 
Tahmid Ahamed - Senior (Computational Biology and Bioinformatics/Computing Biomodeling) 
Project Title: Novel Analysis of the Growth of the Fetus: A Much Needed Method in the Precise 
Diagnosis of Microcephaly and Other Growth Diseases 
High School: Bronx High School of Science   Teacher: Vladimir Shapovalov 
Abstract: The mathematical analysis of human growth, from the zygote to the adult, is key to 
determining long and short term health and longevity. Many studies prior have sought to develop 
a systematic approach to standardizing the measurement of growth, such as through MRI, 
autopsy results, or ultrasounding. Most, however, lack precision for use in a clinical environment. 
The purpose of the study was to develop a theoretical and intuitive framework through which 
human growth can be analyzed and implemented into usable technology. Practitioners and 
researchers would have a more precise and intuitive method through which they can analyze the 
growth of organs as well as make predictions in the case of diagnosing growth diseases such as 
microcephaly. Cellular allometry was used to analyze a dataset containing de-identified fetal 
autopsy data. Growth of the number of cells, weights/lengths, and geometries were analyzed by 
comparing log - log allometric graphs. Growth in terms of fetal geometry and organ growth were 
found to be allometrically linked, alongside finding particular parameters that (cellular allometric 
slope) that characterize growth for each given organ. Since geometry and the growth of the 
organs are allometrically linked, a set of equations that measure the geometry of the fetus can 
give information about the growth of the fetus as a whole. The next step would be to expand the 
dataset used and develop a probabilistic model on the future of the cell fate, such as through the 
use of monte carlo simulations, alongside expanding the dataset used. 
 
Esther Chai - Junior (Cellular and Molecular Biology/Molecular Biology) 
Project Title: Idenification of GREB1 as a Potential Mutant Estrogen Receptor Coactivator in 
Breast Cancer 
High School: Townsend Harris High School   Teacher: Katherine Copper 
Mentor: Mayur Gadiya 
Abstract: Over 70% of breast cancer patients’ cells express the estrogen receptor (ER), which 
promotes the proliferation of cancer cells, by activating the expression of tumor-promoting 
genes. In the normal ER pathway, estrogen binds to ER, stimulating its activity. Drugs have been 
developed to interfere with ER signaling, thereby inhibiting ER-driven tumor growth. However, 
due to prolonged use of hormonal therapy in the clinical setting, resistance occurs where cells 
develop mutations and activate themselves in the absence of estrogen. To identify the 
mechanism by which one of the mutant ERs, S463P, is able to activate, a RIME analysis revealed 
that high levels of the GREB1 protein was bound to the mutant S463P ER. Based on these findings, 
GREB1 was hypothesized to be a potential coactivator of the mutant estrogen receptor. A series 
of experiments was conducted to better understand the role of GREB1. The data revealed that 
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partial loss of GREB1 using shRNA showed a differential effect on ER activity, as the data showed 
increase in RNA levels of some target genes but decrease in others. Subsequently, the 
CRISPR/Cas9 system was used to knockout the expression of GREB1. The GREB1 knockout 
resulted in a notable decrease of downstream targets, as detected by lighter bands in the western 
blot and decrease in mRNA levels in qRT-PCR analysis. These findings supported the hypothesis 
and indicated that GREB1 is a potential coactivator of the mutant S463P ER. Its role as a potential 
coactivator may be exploited for therapeutic targeting in the clinical setting. 
 
Lucian Dobroszycki – Senior (Behavioral and Social Sciences/Neuroscience) 
Project Title: A Neuromodulator Exerts Antagonistic Effects on the Network State 
of Aplysia californica  
High School: Bronx High School of Science   Teacher:  JoAnn Gensert 
ISEF Award: 3rd Place Category Grand Award, $1,000 
Mentor: Matthew Perkins 
Abstract: Network states are prevalent in virtually all behaviors. In most cases, they are 
established by the actions of neuromodulators. To produce articulate behaviors, 
neuromodulators upregulate the modules involved in one behavior and inhibit their behavioral 
antagonists. An interesting question is what occurs when one neuromodulator exerts 
antagonistic effects on the same module. What are the consequences for the generation of 
behavior? This question was explored in the marine mollusk Aplysia Californica. The Aplysia 
feeding central pattern generator produces ingestive behaviors whose strength and duration 
depend on the network state at the moment of stimulation. Activating the command neurons 
CBI-2 and CBI-3 releases neuromodulators that configure ingestive motor outputs. Likewise, 
repeated stimulation of CBI-2 primes the network to produce ingestive outputs. Here, it was 
found that the CBI-3 neuromodulator, APGWamide, reduces the excitability of motor neurons 
involved in ingestion, despite also upregulating the activity of these cells through their synaptic 
inputs. Notably, this does not drive motor output antagonistic to the ingestive network state. 
Rather, motor output remains strongly ingestive. Here, it is postulated that APGWamide cancels 
the persistent modulatory effects of CBI-2 peptides which drive ingestive priming. Therefore, 
when CBI-2 and CBI-3 are stimulated together, CBI-2 induced ingestive priming does not occur. 
This finding may have implications in the study of the Pre-Bötzinger complex, an area critical for 
the generation of breathing, where the actions of one neuromodulator are contingent on the 
presence of the other neuromodulators in the network. 
 
Ari Firester – Junior (Robotics and Intelligent Machines/Biomechanics) 
Project Title: WormBot: Mimicking Earthworm Locomotion 
High School: Hunter College High School   Teacher: Philip Frankel 
ISEF Awards: (1) The IEEE Foundation Presidents' Scholarship Award of $10,000 
(2) National Aeronautics and Space Administration - Honorable Mention 
Abstract: This research designed, constructed, and tested an earthworm-inspired robot that can 
maneuver through narrow spaces in order to search for survivors in rubble or inspect dangerous 
sites without risking lives. An earthworm can crawl through dirt or passages little wider than its 
own diameter. Like an earthworm, the “WormBot” alternately elongates and contracts its body 
and uses retractable claws to grip its surroundings to prevent it from slipping. This research made 
use of biomimicry, emulating animals or biological processes, as well as soft-robotics, using 
pliable parts and actuators to interact with moving environments and flex instead of breaking. 
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The WormBot is modular, and is built from inexpensive, commonly available parts. It is powered 
by compressed air, and the control and power components are remote, connected to the robot 
through a “leash” of thin, plastic air tubes. Thus, a crushed or lost WormBot could be abandoned 
and inexpensively replaced. The working prototype has an extension section, which can lengthen, 
bend, or contract using inflatable actuators based on surgical tubing, and two claw sections, each 
with eight plastic claws that extend and retract. It is controlled by an Arduino microcontroller, 
which switches electric valves in precise sequences to move the robot. Additional research will 
test potential claw improvements, adding more modules, more accurate and repeatable 
extension, and air pressure sensing to provide feedback to the control programs. With additional 
research and improvements, earthworm-based robots could save lives in disasters, improve the 
safety of machinery maintenance, or even assist in minimally-invasive surgery. 
 
Maria Geogdzhayeva – Junior (Earth and Environmental Sciences/Atmospheric Science) 
Project Title: Evaluating Sever Weather Predicition Methods from Thermodynamic Profiles 
High School: Hunter College High School   Teacher: Philip Frankel 
ISEF Awards: (1) American Meteorological Society - Honorable Mention  (2) King Abdul-Aziz & 
his Companions Foundation for Giftedness and Creativity – Award of $1500 in Intelligent-Based 
Solutions  
Mentor: Irina Repina 
Abstract: Severe weather events such as tornadoes and high-wind thunderstorms pose a 
significant threat to human life and well-being. According to the NOAA, severe storms have 
caused over $200 billion in damage since 1980. We are currently able to predict the occurrence 
of specific event types from a thermodynamic profile of the atmosphere. These prediction 
methods rely on indices such as CAPE, CIN, and BRN to quantify convective instability in the 
atmosphere. However, few empirical studies have been done to test the efficacy of these indices 
over a large period of time. This study aimed to apply atmospheric sounding data to the issue of 
better understanding severe weather prediction. The study analyzed the frequencies of index 
values for severe weather and tornado events in sounding data collected from 1973 to 2017 in 
the continental US when compared against severe weather occurrences in the same locales. It 
was found for the set of all severe weather event types that while CAPE(V) and BRN(V) are well 
suited for use as prediction parameters, CIN(V) is a less effective indicator. For tornado events, 
however, only CAPE and CAPEV were statistically significant indicators. Since tornadoes pose the 
greatest problem for prediction, a novel, integrated tornado-specific prediction index was 
created on the basis of the findings and further analysis of other indices via a logistic regression 
algorithm. This model was tested to be accurate 62% of the time. The novel index retains the 
advantages of individual indices while streamlining the prediction process. 
 
Mohammadou Gningue – Senior (Biomedical Engineering/Biomedical Imaging) 
Project Title: A Novel & Robust Computer Vision-Based Algorithm for Heart Rate Estimation 
Using Cameras 
High School: Bronx High School of Science   Teacher: Vladimir Shapovalov 
Abstract: Heart rate estimation using cameras provides a cost-efficient, robust, and non-invasive 
heart rate detection methodology. Faces create subtle fluctuations in facial redness as a result of 
heart contractions sending waves of oxygenated blood to the face. Cameras are able to detect 
these changes and use them to calculate heart rate. Prior methods prove to be inaccurate when 
tested on databases that involve drastic head motions and changes in illumination. The purpose 
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of this research is to develop a novel algorithm for heart rate estimation that performs efficiently 
regardless of these parameters. A facial feature-point tracking was used in order to maintain the 
facial structure despite head movements. Three raw RGB signals of facial skin were then 
extracted. Independent Component Analysis was then used over the three signals to extract a 
mutually independent blood volume pulse signal. Temporal filtering was performed over the BVP 
signal and a peak detection method was used to extract the highest confidence frequency at 
which there existed a heart rate signal. This methodology was tested on the open-source 
MAHNOB-HCI database for accuracy. The facial feature tracking method proved to be beneficial 
in extracting a more accurate heart rate regardless of head motions. However, the illumination 
removal method was not robust enough when tested on more diverse backgrounds. This 
research has proved the possibility of creating a robust algorithm that performs thoroughly 
regardless of head movements; thus developing an applicable technology. Heart rate estimation 
using cameras is one step in creating a globally accessible mobile healthcare model.  
 
Richard Han – Junior (Microbiology/Bacteriology) 
Project Title: Investigating the Role of Fusobacterium nucleatum in Esophageal 
Adenocarcinoma 
High School: Horace Mann School     Teacher: George Epstein 
Mentor: Mara Roxana Rubinstein 
Abstract:  Fusobacterium nucleatum (Fn) is an opportunistic oral commensal bacterium that has 
been implicated in various GI disorders ranging from inflammatory bowel disease and 
appendicitis, to colorectal cancer (CRC). Recent studies have demonstrated that Fn stimulates 
CRC through the Annexin A1 (ANXA1) pathway. Esophageal adenocarcinoma (EAC) is a rapidly 
spreading cancer in the Western populations, yet it is severely understudied. Due to the 
similarities between EAC and CRC, it was hypothesized that Fn would play a similar role in both 
cancers. Thus, the purpose of this study was to test whether or not Fn is involved in EAC and if it 
plays a similar stimulatory role via the ANXA1 pathway. First, immunohistochemistry was 
performed on esophageal tissues collected from EAC patients to examine the presence of Fn. 
Next, growth stimulation assays were conducted to determine if Fn stimulates the growth of EAC 
cells. Western blot analysis was then performed to evaluate if Fn stimulates Annexin A1 
expression. Finally, ANXA1 expression in EAC cells was suppressed by siRNA to examine its effect 
on cell growth. Through these studies, the presence of Fn in EAC was detected, and Fn showed a 
significant stimulatory effect on EAC cell growth. Additionally, Fn induced the production of 
Annexin A1, which was required for EAC growth. This is the first study to demonstrate the role of 
Fn in EAC, and based on its results, Fn and ANXA1 may be diagnostic and therapeutic biomarkers 
for EAC.  
 
Suha Hussain – Senior (System Software/Mobile Apps) 
Project Title: Detecting Privacy Violations in Children’s Apps Using HPCs 
High School: Queens High School for Sciences @ York College Teacher: Jose Mondestin 
ISEF Awards: (1) Association for Computing Machinery - 2nd Award, $3,000  
(2) National Security Agency Research Directorate, 1st Place Award "Science of Security" of 
$3,000 
Mentor: Kanad Basu 
Abstract: The recent surge in children's apps reflects the proliferation of new avenues for 
education and entertainment globally. However, more than half of all children's apps on the 
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Android platform violate the Children's Online Privacy Protection Act (COPPA), indicating an 
invasion of user data privacy that threatens the safety of millions. Previous research on detecting 
COPPA violations rely upon an analysis of the system binary, which is neither scalable nor reliable. 
To overcome these challenges, hardware performance counters (HPCs) were utilized to detect 
COPPA violations. A novel dataset was established after the profiling of a number of COPPA-
compliant and COPPA-violating Android apps. Based upon this dataset, two methods, a general 
COPPA violation detector and a series of specialized COPPA violation detectors, were formulated. 
The former detects the existence of any possible COPPA violation. Supervised learning algorithms 
were applied to the whole dataset and, to address HPC measurement constraints, to feature-
reduced data. The latter detects the existence of a specific COPPA violation. Thus, several specific 
COPPA violation detectors trained upon feature-reduced data were developed. In addition to 
yielding high accuracies and low misclassification rates, these classifiers are secure, efficient, and 
adaptable due to the nature of HPCs. Moreover, this software can be incorporated within 
multiple points in the architecture of the mobile phone and the supply chain as a whole. 
 
Ange Louis – Senior (Materials Science/Electronic, Optical and Magnetic Materials) 
Project Title: Evidence of Gain in Cleaved Facet II-VI Quantum Well Structures through 
Photoluminescence Spectroscopy 
High School: Brooklyn Technical High School   Teacher: MaCrae Maxfield 
Mentor: Vasilios Deligiannakis 
Abstract: Measurement of gain in light-emitting quantum wells using etched facet semiconductors is 
time-consuming and may damage the quantum well material. Photoluminescence measurements of 
cleaved facet samples can be fast and reliably correlate with the optical gain produced by the quantum 
well structure while preserving the integrity of the material. It has been shown that samples had an optical 
gain when their InP substrates were replaced with sapphire ones through the process of etching and 
transferring. However, this can be a very tedious process since there is a chance the sample can be 
damaged. Cleaved facets in semiconductor lasers are a preferred way of manufacturing due to the ease 
of fabrication. The goal of this project is to analyze surface emission of II-VI quantum well semiconductor 
structures using PL before and after cleaving a facet to observe if optical gain occurs. The combination of 
a quantum well structure and cleaving a facet will produce a semiconductor of great quality which will be 
seen in the spectra images as a line that has an increase in its slope. From analyzing samples it was found 
that the number of quantum wells didn’t matter for showing evidence of optical gain, at room 
temperature a cleaved and strained material shows evidence of gain, probing different positions on a 
sample can cause a slight shift in the peak, and a cleaved and non-cleaved strained material at low 
temperatures show the onset of lasing. 
 
Paige Sherman – Sophomore (Chemistry/Materials Chemistry) 
Project Title: The Effects of a Silica Coating on the Aggregation of Gold Nanoparticles  
High School: Hunter College High School    Teacher: Gilana Riess 
ISEF Award: 4th Place Category Grand Award, $500.00 
Abstract: Gold nanoparticles (AuNPs) are a rapidly developing technology with applications in 
biosensorics, targeted drug delivery, cancer therapy, diagnostics, and purity testing. One of their 
properties that is often exploited in these applications is their tendency to aggregate in the 
presence of certain molecules, creating a color change. However, one problem scientists face 
when using gold nanoparticles is that their aggregation is nonspecific and can be induced by many 
different molecules. In this study, AuNPs were coated in silica to try to control their aggregation 
in acidic and basic environments. Regular AuNPs and silica-coated AuNPs were prepared and 
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placed in neutral, acidic, and basic environments, and changes in their light absorbance were 
measured with a spectrophotometer. The results showed that the absorbance spectrum of the 
silica-coated AuNPs showed significantly smaller changes in acidic and basic environments, 
demonstrating that the silica coating significantly reduced the aggregation of the AuNPs. 
Additionally, the silica-coated AuNPs showed slightly more aggregation over time in the acidic 
environment than in the basic one. This shows that unlike regular AuNPs, silica-coated AuNPs can 
be used to distinguish between acidic and basic environments. Because silica is biocompatible, 
the silica-coated AuNPs have the potential to be used for treatment in vivo, and their stability 
under conditions of varying pH indicates that they could be used in acidic or basic areas of the 
human body. Their reduced sensitivity to both acids and bases indicates that they could be used 
for the detection of other molecules within an acidic or basic environment. 
 
Brian Wu - Junior (Physics and Astronomy/Astronomy and Cosmology) 
Project Title: Tatooine Found! Discovery, Confirmation, and Characterization of the First-Ever 
Circumbinary Planet Detected Using Doppler Spectroscopy  
High School: Horace Mann School    Teacher: George Epstein 
ISEF Award: National Aeronautics and Space Administration - Top Award of $5,000 
Mentor: Jian Ge 
Abstract: Since the first discovery of an exoplanet in 1989, new stellar companion detections 
have strengthened astronomers’ understanding of the Universe’s origins, components, and 
future. By utilizing Doppler spectroscopy, also known as the Radial Velocity (RV) method, to 
analyze the spectra of 1,100 FGK yellow dwarf stars (V = 8-11) observed by the SDSS-III MARVELS 
high precision (~12 m/s at V=10) investigation, this research discovered 9 giant planets, 1 brown 
dwarf, 2 spectroscopic binary stars, and 1 unique P-type circumbinary planet (CBP), of which only 
23 have been detected thus far. Subsequently, a novel confirmation method was created to 
evaluate the authenticity of the circumbinary; N-body simulations, regression analysis, and an 
innovative spectrum creation/orbital parameter recovery software developed in MATLAB 
confirmed the CBP as the first object of its kind detected using Doppler spectroscopy. This 
breakthrough technique was also used to (1) tightly constrain the circumbinary’s orbital 
parameters and (2) provide deeper insights into its unique binary stellar environment. Moreover, 
a comprehensive characterization of the circumbinary revealed that the CBP spends its entire 
orbit within its binary habitable zone. Although this giant planet is uninhabitable, it likely 
possesses terrestrial moons, which may harbor liquid water, a catalyst critical to the thriving of 
life. By proving that RV spectrographs can detect rare stellar systems such as CBPs, the 
refinement of Doppler spectroscopy’s precision to approximately 0.1 m/s is proposed, thus 
allowing for Earth-like terrestrial planets to be located within their habitable zones. These planets 
demonstrate a high potential for hosting extraterrestrial life. 
 
Brian Wu was also interviewed for The Society’s Science News for Students: 
https://www.sciencenewsforstudents.org/blog/eureka-lab/ISEF-2019-teen-astronomer-finds-
planet-two-suns  
 
Jialin Zhuo – Senior (Earth and Environmental Sciences/Geosciences) 
Project Title: Ash Me Again! Looking for U in All the Unusual Places at Golema Pest, Macedonia 
High School: Bronx High School of Science   Teacher: Vladimir Shapovalov 
Mentor: Bonnie Blackwell 

https://www.sciencenewsforstudents.org/blog/eureka-lab/ISEF-2019-teen-astronomer-finds-planet-two-suns
https://www.sciencenewsforstudents.org/blog/eureka-lab/ISEF-2019-teen-astronomer-finds-planet-two-suns
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Abstract: Continuously occupying Europe and western Asia for 300 millennia, Neanderthals 
survived three major glacial periods there and invented more efficient methods to flake Middle 
Paleolithic (MP) lithic tools, the Mousterian. Electron spin resonance (ESR) can date teeth from 
Neanderthal sites, like Golema Pešt, Macedonia's only MP cave, but accurate ESR ages require 
accurate sedimentary dose rates, especially in caves. This study measured the sedimentary 
radioactivity and dose rates, and ages for Golema Pest's MP layers. Reaching > 5.5 m deep, 
Golema Pest has > 21 distinct, flat-lying, silty-sandy matrix-supported conglomerates with 
plentiful, but inhomogeneously distributed, eboulis gravel. Now filling the Treska River valley, 
Lake Kozjak flooded the cave mouth and Sondage 1 in 2003. Layers 0-5 contain many hearths, 
whose many thin layers had bone, charcoal, and wood ash. Dentine from Sondage 1, near the 
mouth, had 10 times more U than teeth from Sondage 2, 7 m deeper in the cave. After powdering 
66 sediment samples, their radioisotope concentrations were measured by neutron activation 
analysis and individual BETA and GAMMA dose rates calculated using Data-HPS. Then, 
volumetrically averaged and time-averaged sedimentary dose rates were calculated. Low 
radioactivity in Lake Kozjak sediment suggests that its flood waters likely did not supply the 
anomalously high U. The Campanian Ignimbrite (CI) cryptotephra produced abnormally high 
sedimentary radioisotope concentrations, and dose rates. Adding eboulis, calcined bone, and 
charcoal associated with the hearths did the opposite. The CI tephra may have leached U into the 
Sondage 1 dentines, which will be tested this year. 
 


