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Mary Assad
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Mary Assad
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Victoria Avi

LaunchNet

LaunchNet

Defining

Dian Guo, Simon He, Zijun Li, Jack Liu, Tao Liu, Jialing
Pan, Joe Xie, Randolph Zhao, Tom Zhao, Linqing Zheng
Kaiyi Chen, Xiyi Chen, Yiting Chen, Flora Gu, Grace Hu,
Yijun Hua,Sipei Li, Isabella Ma, Mary Mao, Abby Wang,
Ruochen Wang, Shu Wang, Tianyi Xu

USSY 286S

Icon

Shivika Aggerwal, Sean Beatty, Arielle Francis, Audrey
Freedman, Hein Htet Aung, Andreas Kowald, Jack
Matthews, Kathryn Medrow, Raj Mukkamala, Sam Nalli,
Lexi Scott, Ben Shakow

USNA 287P

Women and Science

Prerna Mammileti, Reva (Emma) Silsdorf

Radical Children’s

Nick Charles, Brandon Lee, Anastasia Petropoulos, Vinay
Sama

Shakesploitation:
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Cara Byrne

USSY 291H

Literature
Interconnecting
worlds: Navigating
identities across
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Haotian Meng, Tong Shi, Florence Wu, Leo Wu, Chenyu
Zhang, Ningjing Zhang, Sherry Zhao, Arthur Zheng
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Gusztav Demeter
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ZiAng Huai, Liyuan Huang, Rebecca Kong, Zixiong Luo,
Haomiao Shi, Freda Tao, Haorui Yang, Sylvia Zhang,
Xiangyi Zhang, Ziyang Zhang, Weihua Zhu
Wonyoung Choi, Audrey Lord, Jad Mobydeen, Aaron
Ng, Olivia, Nevins Kevin Thakker

The Future of News

Tristan Acosta-Pecina, Sean Atwater, Aaron M. Baxter,
Drew Buckles, Afriti Chinoy, Aiden Gindin, Drew Heald,
Xueyan Liu, Zubair Mukhi, Yvonnne Pan, Kailee
Pellicane, Aiyer Sahana, Yunsik Sheen, Andy Sui, Anurag
Upadhya, Mingwei Xu
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The Literature of

Gilbert Doho

Bill Doll
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Yingyi Gao, Sijia He, Jennie Luo, Yihong Nie, Son Pham,
Truong Dong, Jiahui Wang, Lei Wang, Cher Bear Yuan,
Ingrid Zhou, Molly Zou

Reading the 18thCentury Novel after
Caitlin Kelly
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#MeToo

Margaret Butterfield, Gloria Campos, Emerson McGinnis,
Max Ross, Nazar Tkachenko

Diversions:
Experimental Stories
and New Media
Kristine Kelly
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Narratives
Diversions:
Experimental Stories
and New Media

Rich Foley, Andrew Frye, Timothy Fuh, Aidan Grogan,
Michael, Johnson, Morgan Jones, Arihant Kalidindi,
Mattan Manstein, Ryan Marett, Barry McCoy, Christine
Pan, Serene Pierce, Ranjan Sharangpani, Joseph Tucker,
Jensen Turner, Chris Wurst, Morgan Jones

Kristine Kelly

USSY 288i - 101

Shaofei Lu

FSCC 100-104

Julia Li, Ziyang Song, Tianze Yang, Zifan Xu, Zimu Zhou
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Amethyst Bian, Tiffany Chen, Zidong Huang, Mingshi Lu,
Xiaoyang Qian, Qiuyi Wei, Marcus Lin, Tiffany Xu

FSNA 287H

Courtney Baldwin, Lauren Carmon, Noah Castellano,
Olivia Connor, Callie Garcia, Benjamin Klucznik, Sarah
Lavin, Rashi Shukla, Caroline Thiele, Bryant Thompson,
Kasey Vangelov, Peter Wilson, Adrianna Yoder

Shaofei Lu

Erika Olbricht

Narrative

Joseph Broady, Katrina Coronel, Hannah Han, Kayla
Kirton, Amish Kumar, Emily Murphy. Garrett Pearce,
Ryan Pickrell, Andrew Smeader, Kate Smersfelt, Katie
Smith Nikith Veluru, Rebecca Vontroba

Plants in Medicine

Brie Parkin
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Medieval Robots

Sheila Pedigo

Discussions

Discussions

Kayle Barclay, Steve Cao, Michael Cunningham, Emma
Dooley, Reed Gershenson, Tianxin (Elena) Jiang, Brian
Kent, Michael Kiltisko, John Mappes, William McDonald,
Braden McShane, Alexander Podkopal, Cooper
Schwartz, Liwei (Sion) Shi, Stuart Song, Hannah
Swanson, Kiran Winemiller
Saloni Lad, Zahin Islam, Michael Gabe

The Writing Program
Martha Schaffer &

& the Writing

Kimberly Emmons

Resource Center

Contemporary
Martha Schaffer
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American Rhetoric
What We Talk About
When We Talk About

Brita Thielen
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Food

Danielle Bobay, Wendy Brown, Adam T Cao, Alvin
Quang-Viet Cho, Angela Cosmo, Nick Cole Gonzalez,
Michael Anthony Grome, Henry Thomas Halfin, Emma
M Kadish, Zachary B Nunnery, Anthony Tremaine
Powers, Bridget Beggs, Erin Saluan, Katie Maron Shah,
Sarthak Rajesh Van Huffel, Isabel Kathleen Verma,
Akshay Wu, Daniel Bradley, Caroline Zhu
Katie Brown, Peter Dernelle, Phil Hoffman, Cole Jarrett,
Austin Keil, Phil Kotis, Archana Mandava, Mitchell
McKay, Riddhi Modi, Makena Ray, Maité Rey, Briana
Siale, Joseph Sklansky, Eddie Xu, Arland Zatania Lojo

NanoPower, the Easy to Assemble Solar Nanogrid
Kareem Agag, Department of Economics, Alberto Gonzalez Campos, Department of Aerospace & Mechanical
Engineering, William Clarizio, Department of Mechanical Engineering, Nora Shaheen, Department of
Chemical & Biomolecular Engineering, Diana Zavela, Department of Electrical Engineering & Computer
Science
On a macroscopic scale, governmental agencies and corporations are striving to become more
environmentally friendly by developing “green” energy technologies. While this effort is critical towards
developing a more sustainable future, there is potential, on a microscopic scale, to develop sustainable
technologies for individual use. NanoPower, a student-led group at Case Western Reserve University comprised
of economists, chemical, mechanical, and industrial engineers, has identified a market to develop a semipermanent sustainable energy source. By harvesting solar energy, storing it in a rechargeable battery, and
making it available for immediate use as a “NanoGrid in a Box”, consumers can reduce their environmental
footprint without sacrificing their electricity needs. Our design will be a greener, longer-term, and higher
capacity solution than current market alternatives. Discussions between NanoPower, Great Lakes Energy
Institute, Siemens, and Case Western Reserve University professors have and will continue to foster and
develop this product to market. The final products will come in a variety of sizes and have a wide range of uses:
recharge stations in parks, supplying energy to exterior lighting fixtures in a home, and portable uses such as
camping.
Project Advisor: Mark Haberbusch, Great Lakes Energy Institute





Relationship between College Scholarships and Revenues from Athletics
Kareem Agag, Economics; Kyle McIntosh, Economics
We examine the relationship between the revenue a college sports department generate versus the
scholarship money offered to better understand profitability as a whole and the feasibility of paying college
players a salary. Major college sports in the larger conferences in the NCAA bring in hundreds of millions of
dollars in revenue for the university. A portion of this revenue goes towards scholarships for the athletes in
their respective sports. Additionally, there is the debate about paying college athletes more than just a full
ride scholarship. This is of economic interest because universities across the nation have been considering
paying college athletes. If this occurs, we want to understand the consequences.
As there is no data on paying college athletes, (since it is not currently happening) we look at a comparison
with revenue and scholarships given. We use a regression analysis where the amount of scholarship money
given out in a school is the dependent variable. Our control variable of interest that explains that dependent
variable includes revenue a sports department generates. Using this data, we can better understand how
revenue relates to the scholarship money a school gives out.
Project Mentor: Professor Jenny Hawkins, Department of Economics
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The Role of Credit-Market Sentiment in the Economy
Shrey Agarwal, Finance and Economics; Philip Adikes, Economics
The economy is cyclical in nature and its booms and busts are seemingly inescapable. Credit lies at the center
of the economy and enables it to grow since spending, income, and productivity growth are directly linked to
the availability of credit. Hence, to evaluate the reasons behind the boom and bust nature of the economy, we
analyze the role that credit plays. More specifically, we see if time-varying investor sentiment plays a role in
determining the quantity and allocation of credit in the economy and its subsequent impact on economic
activity and economic cycles.
Our hypothesis is that investor over-optimism, in times of an expansion, leads to an overheating of the creditmarket. This overheating drives narrowing of credit-spreads and a decline in credit quality, both of which
subsequently lead to a decline in economic activity.
If these results hold there are several policy implications, particularly towards accommodative monetary
policy. Low interest rates make investors chase higher yields in riskier assets, which in turn puts downward
pressure on credit-risk premiums. This implies that the Federal Reserve faces an intertemporal trade-off,
balancing the stimulation of the economy in the short-term but increasing the risk of an economic slowdown
in the medium- to long-term.
Project Mentor: Jenny Hawkins, Department of Economics




Does Overspending on Healthcare Benefit Patients with Acute Conditions?
Priyal Chadha, Economics and Healthcare Management; Rasheed Ajala, Economics and Chemistry
Overspending in the healthcare system has been an issue for the United States for decades. Compared to
other countries, the US spends the highest percentage of its GDP on healthcare, at 18%. Comparable countries
spend an average of 11% of their GDP on healthcare. This research aims to analyze whether the high
spending that occurs in our healthcare system leads to having better health outcomes for patients. This is an
issue because if money is not being used efficiently, the extra spending should widen access to care for other
patients. We plan to use readmission rates to determine whether patients are benefited with the additional
spending. However, we will limit our scope to patients with acute conditions, since patients with chronic
conditions are likely to be readmitted multiple times due to their condition and not the quality of care they
are receiving. On the other hand, adequate healthcare for acute conditions, in theory, should not have any
readmissions.
We attempt to evaluate this problem using a linear regression model when the Y-variable is the readmission
rate and the X-variable of interest is the average amount the hospital spends on healthcare per patient. We
also use control variables such as location, hospital quality rating, and others. Our data includes all Medicaid
and Medicare hospitals in the nation. Lastly, we will also square our X-variable of interest to determine the
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optimal amount of spending to minimize 30-day readmission rates. We hypothesize that the average amount
of hospital spending on healthcare per patient will be negative because greater hospital spending should
reduce the possibility for that patient to have to return within the next 30 days for the same exact issue.
However, we also hypothesize that there are diminishing marginal returns on healthcare spending after the
optimal amount.
The implications of this study would lead us to believe that high spending on healthcare does benefit patients
with acute medical conditions to an extent. If we find that over-spending has no marginal patient benefit, then
we should look into policies and means to decrease unnecessary healthcare spending. These possibilities can
include lowering malpractice insurance.
Project Mentor: Professor Jenny Hawkins, Department of Economics




Explore Correlation Between Body Balance and Perception using mHealth Technology
Ridaa Ali, Department of Biomedical Engineering, Department of Electrical Engineering; and Computer
Science; Jia Chen, Department of Electrical Engineering and Computer Science; Jianian Zheng, Department of
Electrical Engineering and Computer Science; Dr. Ming-Chun Huang, Department of Electrical Engineering
and Computer Science
Body balance and perception have been shown to be linked in a number of studies, ranging from plasma
membrane calcium ATPase isoform PMCA2 deﬁciency causing both balance and hearing problems in mice to
MS (multiple sclerosis) patients’ loss of foot sole sensitivity correlating with compromised balance. This
project involved developing a system that tests balance as well as hearing using Augmented Reality (AR) and
mobile health (mHealth) technology. Four balance tests are included in the AR application; three are from
Smart Balance Master (Limits of Stability, Rhythmic Weight Shift, Sit to Stand), and the fourth is a modiﬁed
Single Leg Stand with 32 sensory conditions. Hearing is tested within the same application through beeps
played sequentially at frequencies of 500 Hertz, 1000 Hertz, 2000 Hertz, 4000 Hertz, and 8000 Hertz for each
ear. The ﬁrst volume level they are played at is less than 10 Hertz and this can be sequentially increases in
increments of 10 decibels up to 100 decibels until the player can hear the beep; this volume level is recorded.
The application is meant to be used with Wearable Gait Lab (WGL), an underfoot plantar pressure unit. The
user wears Microsoft HoloLens (which runs the AR application) and WGL (which records balance data);
experimental data is analyzed for a correlation between perception and balance in ten young adults as a proof
of model.
Project Mentor: Professor Ming-Chun Huang, Department of Electrical Engineering and Computer Science
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Implementation of a Smart Stats System for Tracking Statistics and Running Advance Analytics for
Youth and High School Sports
Lucas Alva-Ganoza, Department of Electrical Engineering and Computer Science; Raza Agha, Department of
Electrical Engineering and Computer Science, Raghav Wadhwa, Department of Electrical Engineering and
Computer Science and Veijay Raj, Department of Electrical Engineering and Computer Science
The Smart Stat System is a web application that will allow for coaches of high school, college and recreational
basketball leagues to track team and player statistics. The primary goal of this new system is to replace the
arduous task of tracking statistics using pen and paper which high school and recreation league coaches
typically use. The system will allow coaches and player scouts to perform advanced analytics which can
determine key information regarding players and team dynamics. Our application will process the inputted
data and then run analytics scripts written in Python and utilizing a variety of different Python libraries, to
perform these advance analytics. The features of the system will allow for coaches to make better informed
decisions regarding their lineups on the court or field at any possible time in the game and will provide
further analytics to determine best lineups/players going forward. For the current time period, development
will be limited to basketball statistics only and will model high school and recreational basketball games and
their rules. The system will then be expanded to model other sports
Project Mentor: Professor Soumya Ray, Department of Electrical Engineering and Computer Science





Silyl Ketenes: Synthesis, Applications as Functional Monomers, and Formation of Small Molecules

Alexis Amburgey, Department of Chemistry; Sarah Mitchell, Department of Chemistry

Silyl ketenes are unique compounds, of the general from C=C=O, with the capability to polymerize. The two
units of unsaturation found in silyl ketenes provide the energy required for polymerization. The silyl group
adds stability, due to the β- silicon effect, to ensure that reactions can occur in mild conditions. Ketenes are
highly reactive and are known to undergo several different reactions as both electrophiles and nucleophiles,
as well as self-reacting through [2+2] cycloadditions. Multiple ketenes (TIPS, TES, MDPhS, etc) were
synthesized and reacted with various nucleophiles in order to analyze silyl ketene reactivity. The
nucleophiles examined include alcohols, thiols, and amines to produce the corresponding α-silyl ester,
thioester, and amide, respectively. Once these were well established, cationic polymerization was explored
using the silyl ketenes, various nucleophiles, and BF3OEt2 as a Lewis acid catalyst.

Project Mentor: Professor Emily Pentzer, Department of Chemistry
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Using Genus Traits to Predict Species Richness among Genera in the Carnivora Order
Timothy Andrews, Department of Biology
The mechanisms by which some genera exhibit vast speciation while others exhibit sparse speciation is an
intriguing question in evolutionary biology. While the underlying mechanism of speciation is often
characterized as the absence of gene flow between populations, this absence can result from a variety of
sources. First, the adaptability of a species can lead to higher rates of speciation, via the ability to occupy
more niches and adapt to these environments which could eventually cut off gene flow and set the stage for
speciation. However, species adaptability is not the only factor that might influence speciation. Speciation is
often a long, slow process, so differences in species richness might not be a result of a varying diversification
rate, but rather longer evolutionary histories. Finally, environmental factors might have a large role in
shaping diversification rates due to resource availability. To explore this question, five traits were measured
and included diet variety, habitat variety, area occupied, genus age, and latitude. I then investigated which
traits of a genus was the best indicator of species richness among the Carnivora order. I predicted that genus
age and latitude would be the best because adaptability of a genus means little if it does not have the resource
availability to differentiate which is closely correlated with latitude, while genus age allows for more
speciation even if the diversification rate is lower. To test this hypothesis, I constructed a multitude of models
to include every trait and interaction with and without incorporating phylogeny, and compared AIC values to
find the best model. The best model was found to not incorporate the phylogeny, and the area occupied,
latitude, habitat variety, and the interactions between those traits were all critically important. This indicates
that the amount, location, and type of land a genus occupies are the most important factors in determining its
species richness. This analysis emphasizes the importance of niche differentiation and the subsequent
isolation of gene flow in setting the stage for speciation and can be used to predict diversification rates of
other genera.
Project Mentor: Professor Jean Burns, Department of Biology





Screening for Social Needs and Adverse Childhood Experiences in Pediatric Primary Health
Care Settings: a Review
Gabriela Arima, Department of Anthropology
Over the past two decades, interdisciplinary efforts to reduce health inequities related to social
determinants of health have increasingly directed attention towards programming opportunities in pediatric
primary health care settings. This focus has been mainly driven by burgeoning biological and epidemiological
evidence for the foundational, lifelong importance of healthy childhood development, continued conversations
over the long term economic and social costs of pediatric disease, and an overarching professional acceptance
of the substantial effects social determinants have on health. While screening for social needs, counseling
patients, and referring them to community resources can be outsourced to contracted organizations, pediatric
primary health care professionals can still face overwhelming challenges in navigating the ever-growing
literature and complex community resource landscapes. This assessment synthesizes the available information
on what works and what should be avoided when planning and implementing screening programs for social
needs or adverse childhood experiences in pediatric primary health care. Recommended actions include first
appraising and coordinating with local community resources, as well as identifying an appropriate screening
tool for a clinic’s individual needs. Strategies for integrating screening with clinical processes, storing and
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disseminating data, and effective patient follow up are also summarized. As a relatively young body of literature,
many of the available studies on screening programs have been conducted on a smaller-scale - often regarding
specific patient populations or social needs. Therefore, consensuses have yet to be reached on numerous
components of the screening process, such as which clinical staff roles would best administer screening tools
and how. The broader implications of expanding the role of pediatric primary health care to include these
additional responsibilities are also still under discussion, and are indicative of an unfolding paradigm shift in
our conceptualizations of lifelong health.
Project Mentor: Dr. Janet McGrath, Department of Anthropology





Development of a Mobile Robot with Reconfigurable Wheels for Climbing Stairs
Samuel Armm, Mechanical Engineering; Srikarran Sowrirajan, Mechanical Engineering; Xiaoyue Xu,
Mechanical Engineering; Chuanqi Zheng, Department of Mechanical and Aerospace Engineering
Simple robotic wheeled mobility is often limited to smooth, flat surfaces due to the size and shape of
the wheels. Dr. Kiju Lee, assisted by doctoral student Chuanqi Zheng, created a robot that can traverse rough
terrain and climb a small box with a height of up to 60 millimeters. The robot can climb by using a passive
reconfigurable wheel mechanism that uses a central gear to unfold three legs outward into a star shape, then
uses a passive tail to generate force from the ground as the legs catch the edge of the box and pulls the robot
on top. Our team developed an upscale model of the prototype developed by Dr. Lee, with the intention of
being able to climb staircases within academic buildings at Case Western Reserve University. We created a
new CAD model of this wheel-leg mechanism with properly selected dimensions based on the heights of
common staircases, built prototypes to test technical feasibility, and built a mobile robotic platform with
these wheels. We also had to design the robot chassis. Throughout the process, we had to determine the
relationship between stair height and leg height that would allow the robot to clear the stair. We also had to
determine a new passive tail length that would allow the robot to continually climb stairs and also continue to
receive force from its contact point. Other important decisions included selecting a new motor with sufficient
torque to turn the larger wheels, choosing manufacturing methods, and picking all electronic components,
and housing them in the chassis. We elected to have both the wheels and the body be made of wood, and all
shapes be cut using the laser cutters at Thinkbox. Future improvements can be made to our prototype,
including choosing a more suitable material than wood and being able to control the robot at more than one
speed.
Project Mentor: Dr. Kiju Lee, Department of Mechanical and Aerospace Engineering
Faculty Sponsor: Dr. Clare Rimnac, Department of Mechanical and Aerospace Engineering
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Field assisted sintering for soft magnet powder consolidation
Jonathan Arms, Bowen Dong, and Matthew Willard
Department of Materials Science and Engineering, Case Western Reserve University
Inductors and transformers are cumbersome electrical components in circuits as a result of their bulky cores
necessary for inductance matching in circuits. By elevating their switching frequencies, energy conversion devices
can be miniaturized due to the squared dependence of frequency on inductance.
However, at higher frequency,
losses from eddy currents become the dominant source of losses, an impetus to develop energy efficient magnetic
materials. To develop high performance energy conversion devices working at high frequencies with a smaller
size, we are considering a novel amorphous matrix nanostructured alloy. To reduce eddy current loss, magnetic
cores are consolidated using silica coated magnetic alloy particles via field assisted sintering. In this project, we
have consolidated SiO2 coated Fe particles using a Field Assisted Sintering Technique (FAST) at temperatures
between 850 °C and 1050 °C for 1 hour, with a heating rate of 100°C/min heating rate and loading pressure of 25
MPa. Relative density of the sintered compacts was measured using the Archimedes method. The maximum
relative density of 99 % was obtained from sintering at 1050 °C. The magnetic properties of sintered samples were
characterized with Vibrating Sample Magnetometry (VSM), and the coercivity of 591 A/m and saturation flux
density of 2.06 T has also been found from specimens sintered at 1050 °C.
Acknowledgement: This work was conducted in collaboration with Powdermet under a Department of Energy
SBIR grant.
Project Mentor: Professor Matthew Willard, Department of Materials Science and Engineering





RideCWRU

Kieran Aulak, Computer Science and Music
Kameron Damaska, Computer Science and Economics
Ananth Suresh, Computer Science

CWRU is a reasonably large campus, and thus getting to places in and around campus is not always trivial.
Especially given Cleveland’s inclement weather for most of the year, sometimes walking from one side of
campus, or even to the grocery store to buy food, seems like an insurmountable task. We aim to solve this
problem by providing a ridesharing service that is mutually beneficial to both students on campus who own
cars, as well as those who don’t. RideCWRU is a mobile rideshare application by Case Students, for Case
Students. While there already exist rideshare services such as Lyft and Uber, these services do not make sense
7

from the point of view of a student trying to get across campus, as they are expensive for short rides.
RideCWRU takes advantage of the fact that students already use their personal cars for transportation around
campus, as well as to some common areas off campus such as grocery stores or the airport. These cars are
rarely at full capacity during these trips. RideCWRU allows drivers to advertise these spots, for a small cost,
and for students without cars to avail them easily, providing safe and inexpensive transportation.

Project Mentor: Soumya Ray, Department of Electrical Engineering and Computer Science





A Modern Understanding of Ancient Art: Greek Tragedy Sheds Light on the Struggles of Veterans
Madison Avolio, Department of Accountancy
The transition of veterans from the hostile work environment of war to civilian life is not easy. Veteran
suicide has increased exponentially over the years nearing emergency levels. While the suicide rate decreased
from 30.5 per 100,000 to 30.1 per 100,000 between 2105 and 2016, this movement is not enough. Suicide,
homelessness, and drug abuse in veterans are just a few of the hardships that many endure after their service.
Sometimes the issues these veterans encounter stem specifically from traumas they endured during their
deployment, effects of Post Traumatic Stress Disorder (PTSD). This has a detrimental effect not only on the
veterans’ home life but their work as well. There have been major advancements in medical technologies and
teachings in the past 2,300 years, and I believe the methodologies, coupled with he expression found in Greek
tragedy, have the ability to help veterans process trauma in ways that are being discovered in the modern
age. This project will explore ways that veterans, working with artists and healthcare professionals, might be
able to address issues of trauma. Emphasis will be placed on a few ancient Greek tragedies such as Ajax,
Herakles, and Philoctetes. We often look back on antiquity to see how we can understand it in a modern way.
In this project, I will explore plays from antiquity and try to make sense of the present.

Project Mentor: Dr. Timothy Wutrich, Department of Classics
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Optimization of Fluorescent Probes For In Situ Hybridizations
Victoria Bakaturski, Department of Biology

In situ hybridization (ISH) is a commonly used technique in developmental biology that allows researchers to
detect spatiotemporal expression of messenger RNA (mRNA). Traditional in situ hybridizations use a
combination of chemically labeled mRNA and enzymatic detection of the probe with colorimetric reagents.
While double and triple in situ hybridizations can be done using these methods, the detection of overlapping
expression domains is very difficult using colorimetric substrates. Fluorescent ISH does allow the detection of
multiple mRNA probes at once, however, this procedure is very costly and protocols for fluorescent in situ
hybridization are not optimized for early embryonic and neonatal mouse tissue. I designed mRNA antisense
probes against genes that are known to be highly expressed in the inner ear, (EDNRB and RASGRP3). I used
various methods of in situ hybridization in order to detect the expression of EDNRB and RASGRP3 within the
anatomy of the inner ear. With these probes I was able to compare the efficiency of various colorimetric
versus fluorescent ISH, and I have been able to optimize a protocol to replace expensive reagents used in the
fluorescence method for solutions made in the lab.

Project Mentor: Dr. Martin Basch, Department of Otolaryngology
Faculty Sponsor: Dr. Susan Burden-Gulley, Department of Biology





Tylok Workbench

Walter Ballard, Department of Mechanical and Aerospace Engineering; Adam Gratz, Department of
Mechanical Engineering; Taesik Won, Department of Mechanical Engineering

The aim of this project is to create a three dimensional computer model of a single person mobile inspection
workbench for Tylok, a leading fluid systems manufacturer. The main objectives are designing an ergonomic
single person rolling workbench which has all the tools necessary to perform inspection on manufactured
components and includes AC and battery power, digital capability, inspection lights, and drawers for specific
tools and gauges. First, we visited Tylok’s plant to gain a better understanding of the workbench design
requirements. Then we conducted extensive research regarding ergonomic design, Occupational Health and
Safety Administration (OSHA) standards, and current Tylok inspection systems. With this information, we
developed derived requirements and drew initial conceptual sketches. After getting feedback from our
advisor, Jesse Henning, a final conceptual design was selected. Along with the final conceptual design,
weighted Pugh charts were used to select the optimal material. Finally, SolidWorks was used to create the
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detailed digital design. According to our detailed design, our workbench’s main body consists of two
extendable platforms which will provide extra workspace and fold away when not in use. Each one of the
platforms is attached with a handle to help the inspector push the cart. On the workbench, outlets for both AC
and DC power are available, allowing the user to charge any tool at any time. Furthermore, the back of the
workbench contains a tablet holder that is capable of rotating 360 degrees on any axis. The holder contains a
spring mechanism that is universal for any size tablet. The lower portion of the cart contains a battery storage
slot that indicates the battery charge percentage and drawers for inspection tools. Each drawer has a
customizable storage design, allowing the user to store any tools that satisfies their demands. Next to the
drawer space, rack spaces are located for the user to store parts for inspection. The wheels are designed to
allow the user to push the cart smoothly in any direction without slipping on the concrete floor. Each material
of the workbench is selected to withstand the weight requirements and corrosion from air, water, or oil. The
workbench is designed to fully satisfy any inspectors and help them reach their maximum work efficiency.

Project Mentor: Jesse Henning, Tylok
Faculty Sponsor: Professor Sunniva Collins, Department of Mechanical and Aerospace Engineering



Build Me Up Buttercup: Competition and Soil Legacy Effects on Solidago and Ranunculus Species
Alexis Balog, Department of Biology, Department of Music
Plants form mutualistic relationships with fungi in the soil, creating plant-soil feedbacks (PSFs). These
mutualists may cause either positive or negative PSFs. I hypothesize that Solidago gigantea (giant goldenrod)
and Ranunculus recurvatus (blisterwort/hooked buttercup) will develop negative PSFs and will grow the most
alone, rather than in inter- or intraspecific competition. In a positive PSF, S. gigantea grown in soil inoculum
from previous S. gigantea plants to grow well compared to S. gigantea grown in other Solidago inocula. In a
negative PSF, S. gigantea would perform better in Solidago inocula other than in S. gigantea inoculum. S.
gigantea was grown in competition with Carex tribuloides (blunt broom sedge), and in soil inocula from
Solidago and Carex species over the summer of 2018. Three competition treatments were tested: S. gigantea
grown alone, S. gigantea grown with C. tribuloides (interspecific), and two S. gigantea grown together
(intraspecific). R. recurvatus was grown in competition with R. acris (tall buttercup) and R. abortivus (littleleaf
buttercup), and in soil inocula from these three species over fall and winter 2018-2019. Five competition
treatments were tested, similar to those from the summer experiment. After harvesting in the summer, I
analyzed the data in R using linear regression models and root:shoot ratios. Due to unexpectedly high mortality
in S. gigantea, results from the Solidago experiment were limited. The summer results rejected the negative
PSF hypothesis, but failed to reject the competition hypothesis in S. gigantea. I am collecting and analyzing
specific leaf area (SLA), root traits, biomass and root:shoot ratios for the Ranunculus experiment. Observations
do not indicate strong PSFs but seem to reject the competition hypothesis, showing greater growth in R.
recurvatus in intraspecific competition than when grown alone.
Project Mentors: Associate Professor Jean H. Burns, Adjunct Assistant Professor David J. Burke, Department of
Biology
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My Enemy’s Enemy: Native and Non-Native Oak Species Facing Herbivory
Alexis Balog, Department of Biology, Department of Music
Invasive species are often characterized by their lack of natural enemies in invaded areas, and native species
often face greater predation and lose diversity due to the invasion. I hypothesize that the introduction of nonnative oak species will cause further damage to native species, especially by herbivory. Data on oak species
from multiple arboretums has been analyzed by the phylogenetic generalized least squares (PGLS) method
using the picante, ape, and phytools packages in R. Preliminary analyses show greater herbivory damage to
native species than to non-natives, but the difference between the amount of damage to natives and nonnatives is not significant. Further analysis shows that native species may experience significant herbivory
damage, with the most affected species experiencing leaf damage of about 30%. I conclude that my
hypothesis is supported, and that native oak species will continue to decline due to herbivory damage as
more invasive species are introduced to these communities. Other studies have shown that native plant
species suffer when invasive species are introduced, although it is possible for the native plants to recover
over time. I will perform a long transformation of the data to strengthen my conclusion and further analyze
the data to see if there are any strong trends among the location and native/non-native designations of the
oak species.
Project Mentor: Associate Professor Jean H. Burns, Department of Biology




A Critical Review of Antidepressant Medication for the Treatment of Tinnitus
Fiona Barbagallo, Department of Psychological and Communication Sciences.
Tinnitus, the perception of a noise in the ear not caused by an external stimulus, is a common problem
affecting 15 to 20 percent of people. Past research has shown depression to be more prevalent in individuals
with tinnitus than in the general population, and the severity of depression in tinnitus patients has been
positively correlated with the severity of tinnitus. Tinnitus patients may receive a variety of treatments based
on the specific etiology and presentation of their tinnitus, with one possible treatment being the use of
antidepressant medication. Two theoretical frameworks exist to justify the use of antidepressant medication
in tinnitus patients. One proposes that antidepressants treat underlying depression, which may result in a
less severe perception of tinnitus. The other framework suggests that antidepressant medications directly
impacts tinnitus through acting on neurotransmitters in the central auditory pathway. The purpose of this
paper is to assess these two framework by reviewing the literature regarding the efficacy of antidepressant
medication, including SSRIs and tricyclic antidepressants, in the treatment of both depressed and nondepressed tinnitus patients. The current research indicates that, while antidepressants may contribute to less
severe depression and tinnitus in depressed tinnitus patients, there is no evidence to suggest that
antidepressants treat tinnitus in non-depressed tinnitus patients. Future studies must include more
participants with depression and anxiety disorders, more thorough testing of the depression and anxiety
levels of participants, generally more diverse participants, and comparisons to other treatments for tinnitus
in depressed tinnitus patients.
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Keywords: Antidepressants, depression, tinnitus
Project Mentor: Dr. Amy Przeworski, Department of Psychological Science



Comparing nFCA to other Intrinsic Network Discovery Algorithms

Max Barbo, Computer Science Department

nFCA is a novel algorithm for mining general numerical data. It computes the hierarchical clustering and
inherent network structure of the input data, in unprecedented fashion. ARACNE is a network analysis
benchmark, with application to genetic studies and other areas. In this work, we compared the intrinsic
networks produced by nFCA to that generated by the ARACNE algorithm, revealing the changes in the
network structure of the algorithms when perturbing the data. We showcase the advantages by nFCA, and a
new concept of dominator, as well as the differences by competitors.

Project Mentor: Professor Jiayang Sun, Department Quantitative Health and Epidemiology




Spectroscopy Data Analysis in Lifetime and Degradation Science of Architectural Exterior Coatings

Micensie Barrett, Department of Material Science

The goal of this project is to analyze spectroscopy data by using statistical learning methods for service life
prediction of exterior waterborne acrylic coatings. More specifically, I hope to achieve the subsequent
objectives:
-

Collect data on the lifetime and degradation science characteristics of exterior coatings over
accelerated, simulated exposures and real-world exposures.
Perform statistical analysis on spectral data to output quantitative variables to evaluate performance
of exterior coatings under different exposure condition.
Understand the underlying processes behind the stressors of exposure and the degradation
mechanisms.
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Establish the cross-correlation of performances between accelerated exposures within the
laboratory and real-world exposures in environmental conditions of Cleveland, OH.
The results I expect to see are a decrease in YI, gloss, FTIR, and Filmetrics measurements across all exterior
coatings.
-

Mentors: Dr. Roger French, Dr. Laura S. Bruckman, Dr. Devin Gordon, Department of Material Science





Hand Activity Monitor for Assessing Daily Hand Use
Angelina Batty, Department of Biomedical Engineering; Michael Douglass, Department of Biomedical
Engineering & Department of Physics; Noel Jeansonne, Department of Biomedical Engineering; Bridget
Rabaglia, Department of Biomedical Engineering
Every year, approximately 6,000-10,000 upper arm amputations are performed in the United States. “Smart”
microprocessor prosthetic devices, such as the DEKA arm, are being developed to allow patients to regain
functional hand use for daily tasks. The DEKA arm, however, currently has a battery life that can only support
30 minutes of continuous hand use per full charge. There is minimal data to support whether 30 minutes of
continuous hand movement truly translates to 16-18 hours of intermittent hand movement in a day.
However, to create an optimized device, prosthesis battery life should follow able-bodied daily hand usage.
To achieve this, designers need a way to measure and monitor daily movements to provide quantifiable data
to steer decision making. With this motivation, our team has designed and begun prototyping a glove-based
sensor which will collect positional data in order to evaluate thumb, pointer finger, and middle finger bend
angles as well as the angle of the palm with respect to the ground. Our design constraints included ease of use,
durability, maximization of battery life, and non-obstructiveness. The device ensures accurate data
collection that is immediately transferable to designers and engineers who are striving to create innovative
and relevant prostheses that are analogous to able-bodied hand use.
Project Mentors: Dr. Colin Drummond, Dr. Matthew Williams, Department of Biomedical Engineering
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Facilitation of Caregiver Dependent Transfers with Functional Neuromuscular Stimulation
Nicholas F. Bean, Department of Biomedical Engineering; Brooke M. Odle PhD, Department of Biomedical
Engineering; Lisa M. Lombardo MPT; Musa L. Audu PhD, Department of Biomedical Engineering; Ronald J.
Triolo PhD, Department of Biomedical Engineering
Background: Over the last 25 years, implanted neuroprostheses have been used to restore basic standing,
walking, and trunk stability to individuals with paralysis from an SCI. FNS facilitation of dependent transfers
could enable individuals with paralysis to support a portion of their own weight, reducing the load a
caregiver experiences in their shoulders and lower back during a dependent wheelchair transfer. Methods:
To test this, a physical therapist with 21 years of experience served as the "caregiver", while volunteers with
chronic SCI served as the “patients”. Each volunteer had been implanted with a 16-channel lower extremity
neural prosthesis over a year prior to data collection and were regular users of the system for reconditioning
exercise and standing. The preliminary experiments focused solely on the lifting phase of the transfer, as it
was deemed the most injurious phase of an assisted transfer. Vertical lifts were performed with and without
stimulation. Kinetic and kinematic data were collected with in-ground force plates and video motion capture.
Multiple surveys focusing on the caregiver’s perceived exertion and the patient’s perceived comfort and
safety were administered at the end of each lift. Results: A significant difference was shown between peak
vertical GRF under the caregiver for trials with and without FNS (p < 0.05) for each patient. Caregiver
perceived exertion in the shoulder and lower back was decreased in trials with FNS augmentation (p < 0.05),
and patient perceived safety was increased during trials with FNS augmentation (p < 0.05). Conclusion: The
preliminary results indicate that with stimulation, the caregiver was able to complete a lifting task of equal or
greater height while supporting less weight, and less perceived effort at the low back and shoulders. These
results support that FNS assistance could help minimize the risks of injury to personal assistants during
transfer and patient handling maneuvers.
Project Mentor: Dr. Ronald Triolo, Department of Biomedical Engineering



Goals of Care Discussions in the Imminently Dying Trauma Patient

Jasmin Bhangu, Department of Biology; Sarah Posillico, Department of Surgery; Brian Young, Department of
Surgery; Husayn Ladhani, Department of Surgery; Vanessa Ho, Department of Surgery

Trauma is one of the leading causes of death and disability, and is the number one cause of death from age 1
to 46. One out of every 10 deaths are trauma related, and many victims are previously healthy. Patients and
families must navigate unexpected life-changing medical decisions, often under time pressure. including
life-sustaining interventions such as emergent surgical procedures with uncertain mortality and morbidity,
blood transfusions, prolonged ventilation, feeding tubes, and the use of cardiopulmonary resuscitation. These
decisions are guided by the trauma team and other medical specialists involved in the patient’s care. The
American College of Surgeons guidelines suggest that a structured family meeting (FM) to trauma patients
with high risk of mortality or permanent disability should be performed within 72 hours to align care with
patient goals and avoid life-sustaining care inconsistent with patient values. Research also suggest that
proactive utilization of multidisciplinary family meetings (MDFM), rather than meetings with a single team,
may additionally facilitate decision making by allowing multiple specialists to provide concordant
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perspectives on prognosis. Despite the epidemiologic impact of trauma injuries, there are scarce reports on
the utilization and types of family meetings employed by trauma teams for imminently dying patients. It is
currently largely unknown how are healthcare providers approaching family meetings and goals of care
conversations (FM) with critically ill trauma patients and their families. The objectives of this study are to 1.)
examine factors related to family discussions and code status for patients who died during their trauma
admission and 2.) to evaluate changes in outcomes for patients who received FM and MDFM, respectively. We
hypothesized that, for imminently dying trauma patients, occurrence of FM within 3 hospital days (Early FM)
or the use of MDFM would be associated with a reduction of invasive procedures, reduced hospital length of
stay, and higher utilization of comfort measures.

Project Mentor: Dr. Vanessa Ho, Department of Surgery, Division of Trauma, Critical Care, Burn, and Emergency
General Surgery
Faculty Sponsor: Dr. Barbara Kuemerle, Department of Biology





Optical-based Prosthetic Hand Control
Sydney Lindner, Evan Cummings, Siyuan Hu, Natalie Bick, Hayden Koerwer, Department of Biomedical
Engineering
To live a more comfortable, convenient life, people with upper limb amputations need reliable prosthetic hands
with higher degrees of freedom and more precise control. Many technological advances have been developed
towards this goal, including body-powered technology, neural stimulation, electromyography (EMG) control
systems, etc. These technologies made impressive contributions to the evolution of prosthetic hands, but even
these new advancements still present challenges for the user. Further advancement in the areas of these
existing techniques could mitigate some of their disadvantages, but additional lightweight tools, working in
conjunction with current prosthetic hands, could enhance prosthesis capabilities and achieve more convenient
control. Thus, we are proposing a new idea to solve the problem: integration of an optical imaging system.
Ideally, a camera attached to the prosthetic hand will be able to photograph the nearby environment and a
program will identify ideal grasp positions for objects which the user potentially wants to capture. This will be
achieved by feeding the images captured by a Raspberry Pi camera into a convolutional neural network. The
program will compare the images to training data to identify the object. From this information, the program
stored on a Raspberry Pi will determine which DEKA hand grip is needed to grasp the object. The program will
then communicate this to the hand. This new strategy yields several advantages: action accuracy could be
enhanced significantly by reducing the user’s cognitive load; and because an internal control system is
employed to help control a prosthetic hand, little learning or adaptation is required for the user. Our optical
control system serves as a simple, lightweight add-on to a prosthetic hand that substantially enhances intuitive
function for the user.
Project Mentor: Matthew Williams, Department of Biomedical Engineering
Faculty Sponsor: Colin Drummond, Matthew Williams, Department of Biomedical Engineering
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Development of a Search-and-Rescue Robot

Rory Bloechl, Department of Mechanical and Aerospace Engineering; Jared Clark, Department of
Mechanical and Aerospace Engineering; Matthew Trowbridge, Department of Mechanical and Aerospace
Engineering

In many emergencies, it is necessary to send an autonomous vehicle into dangerous circumstances to survey
the situation. In such a situation, it is often advantageous to know if there are any people still remaining in the
area. In a previous project, a prototype was created of a robot equipped with an optical and thermal camera,
which are interpreted through an image stitching algorithm, and used to find and follow a person. The focus
of this iteration of the robot was on expanding the versatility of the driving platform for the robot. Upgraded
motors allow the new robot to overcome many more obstacles than before, including climbing over objects
and maintaining its balance in rougher terrain. The addition of an inertial measurement unit (IMU) and a tilt
servo allows the robot to actively stabilize the camera, allowing for easier analysis of the images being
received. In addition, this robot includes a prototype of a protective shell for the robot which would allow it to
venture into even more treacherous areas. The ultimate goal for this project was to create a platform that
could be adapted and upgraded for a wide variety of uses. The body of the robot includes room for a variety of
sensors that can be chosen for a specific operation, whether it is important for the robot to be able to measure
heat or carbon monoxide levels or anything else. This prototype aims to be another building block towards
the eventual goal of having an autonomous vehicle ready to be deployed in any situation.

Project Mentor: Dr. Kiju Lee, Department of Mechanical and Aerospace Engineering
Faculty Sponsor: Dr. Clare Rimnac, Department of Mechanical and Aerospace Engineering





A Call for Fish Welfare Research in Zoos and Aquariums
Patrick Bonano, Department of Biology; Ronald Oldfield, Department of Biology
Animal welfare is a critical area of study for zoos. Current welfare research being performed at zoos focuses
on social interaction, use of habitat, and behavior expression. The majority of this research is done on large
mammals. Other groups, such as fishes, receive less attention from zoo researchers. In this study, we aim to
demonstrate that fishes are disproportionately underrepresented in zoo and aquarium research. The
contents of three academic journals that are primarily outlets for zoo research were analyzed (Zoo Biology,
International Zoo Yearbook, and Journal of Zoo and Aquarium Research). The contents of those three journals
were compared with the contents of two journals that are similar in topic but are primarily outlets for
university research (Animal Behaviour, Conservation Biology). The focal taxon of each article was identified.
The numbers of articles focusing on each vertebrate class were compared across journals and compared to
the total species richness currently recognized in each class. The numbers of articles published on fishes were
disproportionately low in each of the five journals, but they were strikingly lower in the zoo-oriented
journals. The welfare of fishes is a growing concern in Western society. Europe has already begun research on
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welfare of farmed fishes. It is inevitable that welfare of fishes is going to become a growing issue in zoos and
aquariums. Large zoos with established animal welfare programs and large public aquariums are well
positioned to expand their research programs to address the welfare of aquarium fishes.
Project Mentor: Ronald Oldfield, Department of Biology



The Role of 4-hydroxy-7-oxo-5-heptanoate (HOHA) Lactone in the Dysfunction of the Alternative
Complement Pathway

Karina Bondelid, Department of Biochemistry, Case Western Reserve University; Sofiya Losovskiy,
Department of Chemistry, Cleveland State University; Thomas I. Stiadle, Department of Mathematics,
Northwestern University; Vasu Munjapara, Johns Hopkins University School of Medicine; Lavenia Carpenter,
Department of Chemistry, Case Western Reserve University; Conner Hall; Department of Chemistry, Case
Western Reserve University; Mario Rullo, Department of Chemistry, Case Western Reserve University; Robert
Salomon, Department of Chemistry, Case Western Reserve University; Mikhail Linetsky, Department of
Chemistry, Case Western Reserve University

The dry subtype of Age-Related Macular Degeneration (AMD) is characterized by the degradation of
the retinal pigment epithelium (RPE), which ultimately causes the death of photoreceptors and leads to
blindness. The alternative complement pathway (ACP), a part of the cell’s innate immunity, has been
implicated in the cause of RPE cell death through the formation of a membrane attack complex (MAC).
Docosahexanoate (DHA) is a common lipid in the eye. Due to the high oxidative environment, DHA can
undergo a truncation and transesterification reaction by the addition of reactive oxygen species (ROS) to
obtain 4-hydroxy-7-oxo-5-heptanoate (HOHA) lactone. Data obtained by Western Blot and qPCR suggests
that HOHA-lactone, as well as its glutathionylated products, is an instigator in deregulating the ACP and leads
to cell lysis via the MAC. ARPE-19 cells were treated with sub-micromolar concentrations of HOHA-lactone in
a dose dependent fashion and tested for their ability to generate, process, and secrete proteins associated
with the ACP, such as Complement 3 (C3), CD59, and Complement Factor B (CFB). C3 production increased
3.66-fold after incubation for 2 hours with 0.1 M HOHA-lactone as compared to the control. Other submicromolar doses remained above a 2-fold increase for C3 analysis, as well as for CFB at 24-hour incubation.
CD59, an inhibitor that prevents membrane perforation by the MAC, exhibited a -0.82-fold decrease after a 2hour incubation period with 10M HOHA-lactone. Glutathione (GSH), a powerful antioxidant, possibly leads
to the dysregulation of the ACP, as well, through the sequestering of HOHA-lactone. GSH-HOHA-lactone
(alcohol and aldehyde isomers) induced a 2-fold increase in C3 and C5aR. This accumulation of data suggests
that a common product of lipid oxidation, HOHA-lactone, as well as its glutathionylated products, activate the
ACP and encourage the production of MACs, offering a mechanism by which RPE cells may die in the
progression of Age-Related Macular Degeneration.

Project Mentor: Mikhail Linetsky, Department of Chemistry, Case Western Reserve University
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“Desirables” and “Undesirables”: What reproductive freedom means for different populations within
the United States.

Hannah Boylan, Department of Anthropology and Department of Cognitive Science

Reproductive freedom has a long and tangled history with the practice of eugenics in the United States. At the
same time in which white women were fighting for their right to use contraceptive devices newly available to
them, women of ethnic minorities were deemed unsuitable for motherhood and mandated to use
contraception and sterilization. Motherhood was culturally defined as a privilege of those deemed able to
provide “appropriate” genetics to their offspring. Motherhood depicted as a right only for specific groups of
society justified forced sterilization and other means of permanent birth control on populations deemed
“unfit” to reproduce. By depicting reproduction as a privilege, the state became involved in who was allowed
to have offspring and who was not. This is a key example of the synergistic nature of private life and policy.
The birth control movement’s association to the eugenics movement in the United States has ramifications
that impact the reproductive debate today. Reproductive policy continues to limit women’s autonomy of all
social and economic classes. Despite the end of the birth control and eugenics movements, policies remain
reflective of social and cultural assumptions of who is “fit” or “unfit” to reproduce and parent.

Faculty Sponsor: Vannessa Hildebrand, Department of Anthropology





Esophageal Protection Device for Atrial Catheter Ablation

Wyatt Becicka, John Bradford, Stephanie Davis, Kenji Miyazawa, Joel Rand, Department of Biomedical
Engineering, Case Western Reserve University, Dr. Colin Drummond, Department of Biomedical Engineering,
Case Western Reserve University
Dr. James Reynolds, Harrington Discovery Institute

Atrial fibrillation is a common heart condition that can lead to major complications such as heart failure
and stroke. Approximately 2.7 million people live with atrial fibrillation. The most widely accepted procedure
for treatment is ablation of the unhealthy atria tissue. During these catheter atrial ablation procedures, a
small proportion (0.05%) of patients experience extreme complications such as fistulas or embolisms in the
esophagus. While rare, complications of this type have a high mortality rate of 71% [1]. The current standard
to minimize these instances is the use of a thermistor lodged onto the end of a catheter and that is placed in
the esophagus. This, however, is not the most effective way to prevent injury to the esophagus due to
temperature latency and improper placement [2]. Therefore, the goal of this project is to create an improved
esophagus protection device for atrial ablation procedures. The device will work using three modalities:
temperature sensing, pressure sensing, and mechanical displacement of the esophagus. The first two
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modalities will be combined in a mathematical model of tissue damage to provide feedback to the physician
and eventually automatically shut off the ablation catheter. In this project a model for studying heat transfer
rates is created and verification of our feedback loop from the thermistor to the heat source is shown. The
utilization of a more advanced monitoring device will significantly reduce the risk of esophageal injury. In
addition, the device may actually improve patient outcomes by allowing for more thorough ablations during a
single session, particularly of atrial tissue in close juxtaposition with the esophagus.
N. Doll, M.A. Borger, A. Fabricius, S. Stephan, J. Gummert, F.W. Mohr, et al. “Esophageal
perforation during left atrial radiofrequency ablation: is the risk too high?”, J Thorac
Cardiovasc Surg, 125 (2003), pp. 836-842.

Romero, Jorge et al. “Esophageal Injury During AF Ablation: Techniques for Prevention.”
Arrhythmia & Electrophysiology Review 7.1 (2018): 24–31. PMC. Web. 27 Sept. 2018.

Project Mentor: Dr. James Reynolds, Harrington Discovery Institute
Faculty Sponsor: Dr. Colin Drummond, Department of Biomedical Engineering





Addressing Challenges to the Accessibility of Music Education

Molly Bryden, Department of Sociology

Music instruction is a crucial aspect of a child’s holistic education. Extensive research has shown that music
education is beneficial for children’s social, emotional, and cognitive development. However, despite their
importance, music programs in public schools are being de-funded. Although the defunding or elimination of
music programs is detrimental to all children, children who come from families of lower socioeconomic status
are predominantly affected, because the quality and provision of music education vary greatly across
different social locations. This project involves a content analysis and literature review of published articles
and studies regarding music education, to comprehensively demonstrate the importance of music education
for children’s emotional and cognitive development, and to illustrate the detriments of the inequity of access
to music education. The primary focus of this project is to determine the ways in which children from lowincome areas are affected by difficulties in accessing music education. I also investigate public attitude
towards music education, to provide insight into the amount of importance that children, families, and
educators place on music in relation to other subjects, and to determine the extent to which this impacts the
provision of music programs in schools. Additionally, this project includes a service component, for which I
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volunteer twice a week at The Music Settlement, an institution that provides early childhood music education,
music instruction, and music therapy in Cleveland, Ohio. I will apply my experience at The Music Settlement
to my research by learning through engaging with the students and gaining insight from the educators.
Finally, this project explores potential solutions to disproportionate access to music education.

Project Mentor: Elizabeth Banks, Center for Civic Engagement and Learning
Project Advisors: Dr. Lisa Koops, Department of Music; Dr. Karie Feldman, Department of Sociology





Not Like Other Users: Questions of Identity and Moral Positioning in the Context of Interviews with
Injection Drug Users

Kayla Buckelew, Department of Anthropology; Lee Hoffer, Department of Anthropology; Allison Schlosser,
Department of Anthropology

With the ongoing “opioid epidemic” not abating, how injection drug users (IDUs) understand their opioid use
disorder (OUD) is a complicated and ongoing process influenced by a number of sociocultural factors. In a
qualitative study with (N=30) active IDUs conducted with clients of the Circle Health Syringe Exchange
Program, open-ended interviews offered users an opportunity to negotiate their identities. Most participants
were quick to identify themselves as “addicts” when asked, but at the same time, many also explicitly
described themselves as being different from “other addicts.” In a variety of behavioral and ideational ways,
users often identified themselves as “functional addicts” and/or described ways in which they worked to
regulate and control their use. In these instances, participants were working to identify themselves against
morally-charged, negative conceptions of the “drug addict” still common in various sociocultural settings and
media representations of the opioid epidemic. At the same time, users expressed these conceptions in
relation to other users, often representing other users in consonance with these negative conceptions.
Furthermore, understandings of OUD also varied across and within the lived trajectories of different
individuals, influenced both by changing personal circumstances and by broader drug use trends. Specifically,
several participants noted that the increased presence of fentanyl in the heroin supply has negatively
influenced their ability to satisfactorily regulate their use or maintain a view of themselves as “functional
addicts.” Ultimately then, within the interview context, the construction and negotiation of users’ identities
seems to result from the complex and multifaceted intersection of, among other things, the research setting
and design itself, common media and cultural narratives of addiction, current and historic drug use dynamics,
the pharmacological effects of available drugs (i.e. fentanyl), and the personal lived experiences of individual
participants.

Project Mentor: Lee Hoffer, Department of Anthropology
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Improving the Therapeutic Efficacy of Ride on Cars for Children with Physical Disabilities
Through the Use of Pulse Width Modulation

Emily Budziszewski, Department of Biomedical Engineering; Takayuki Suzuki, Department of Biomedical
Engineering; Jacob Morand, Department of Biomedical Engineering; Nicholas Bean, Department of
Biomedical Engineering; Yueying Lao, Department of Biomedical Engineering;
Abstract
Mobility is a major contributing factor in the development of children. Children with various mental and
physical disabilities often lack the physical mobility of healthy children. Thus, it is important to provide
children with disabilities a way to be mobile in the world. Toy cars are used in the clinic and home to grant
this mobility. The use of battery operated cars as a therapeutic device assists children with low mobility in
developing better spatial awareness, as well as a better understanding of cause and effect relationships. The
increased mobility also allows a higher level of social interaction. These toy cars may present problems as
they have a steep acceleration profile. The steep acceleration profile may cause injuries in the children’s
necks due to whiplash. Children with disabilities are at increased risk of injury due to a lack of head and trunk
control. RePlay for Kids, a Cleveland based organization, has worked to reduce the probability of these
injuries through the development of a pulse width modulation (PWM) circuit installed inside the toy car. This
circuit uses PWM to control the acceleration profile of the car. The goal of this project is to finalize a design
that is mass producible and simple to install. Our design is comprised of a microcontroller and PWM
controlled half-H bridge that modifies the input to the battery of the car. Our circuit is designed for the
volunteers who will install it, the caregivers who will be working with children, and children with disability.
The result of this project will be installed in toy cars modified by RePlay for Kids.
Project Mentors: Professor Colin Drummond, Department of Biomedical Engineering;
Professor Matthew Williams, Department of Biomedical Engineering





A Method of Recording and Distributing Rehearsal Audio with Conductor Feedback
Alex Bukovinszky, Department of Electrical Engineering; Tyler Kohrt, Department of Electrical Engineering

In an orchestra or other musical group environment, it can be difficult for an instructor to seamlessly
and effectively distribute feedback to different groups of the group along with sound for that group to hear
themselves playing. This device takes into account how musical sounds are perceived differently from
different perspectives so it allows musicians to receive feedback along with hearing the perspective others
will hear when they are playing. For our project, we are continuing work done by other groups in the past to
bring the device to completion and improve upon certain areas of the device. For one, our objective was to
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remove all required typing by the conductor on the touchscreen display. This is to make the device as
practical as possible. This is achieved using a Raspberry Pi and microphone array to collect the audio from the
orchestra. In our effort to eliminate the need for typing, we have the device automatically pull emails from a
webpage. The graphical user interface is coded in Java, and distributes audio via email from the webpage
where the instructor enters the emails prior to a rehearsal session. We plan on receiving feedback from
members of the Case Western Reserve Music department before the semester is over and plan to implement
changes based on this feedback. This device allows conductors to easily distribute recordings and meaningful
feedback to members of the orchestra.

Project Mentor and Faculty Sponsor: Dr. David Kazdan, Department of Electrical Engineering





Effects of varying thermal environments on the embryonic development of reptiles
Liliana Busqueño, Department of Biology
An organism’s early environment, even before birth, can have persistent effects on the organism’s lifetime as
a whole. When looking at reptilian species in particular, varied thermal environments can have a great impact
on the phenotype and survival of offspring. However, there is still a lot to learn about how such
environmental factors may affect certain organisms and in what exact ways. This is a particularly important
topic at the moment seeing as climate change is upon us and its effects are still greatly unknown. The
hypothesis of this research looks to answer the following question: if early thermal environments have a
persistent effect on the lifetimes of different species of reptiles, then those species with the most dramatically
altered incubation temperatures will exhibit the most significant effects over a multitude of various trait
types observed. Analysis of certain trait types such as morphology and incubation duration was executed
using many different comparative methods. For instance, specific methods used were phylogenetic signal test
and phylogenetic general least squares method. The analysis results revealed moderate to large effects with
increases in incubation temperatures, especially when looking at the specific trait of survival. The magnitude
of effect increased as the change in temperature increased in almost all of the traits studied. In conclusion,
this is a very important topic to research considering the drastic effects that climate change may have on life
on earth; all of which we still do not know a lot about. Finally, the analysis portrays significant effects when
looking at the many reptilian species studied.
Faculty Sponsor: Professor Jean H. Burns, Department of Biology
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Design and Testing of a Low-Cost Hybrid Rocket Motor for Low-Altitude Operation
Jered Butler, Department of Mechanical and Aerospace Engineering, Evan Adams, Department of
Mechanical and Aerospace Engineering
The purpose of this project is to design a Hybrid Rocket Motor able to reach a set of predetermined design
requirements. This model was to be relatively small, low cost and made out of easy to access materials to
increase the proliferation of rocket propulsion technology. Gaseous Oxygen (GOX) and Acrylic (PMMA)
were chosen as the oxidizer and fuel for this design. After careful analysis into the properties of these
materials, design requirements where chosen. From these requirements, mathematical and computational
models were analyzed and developed to test our design. From this analysis, our design was refined to hit
the performance goals of our project further. Following the design of the rocket motor, a model of the
testing apparatus was constructed and proper testing procedures were developed.
Project Mentor: Professor Paul Barnhart, Department of Mechanical and Aerospace Engineering





The Formation of Macroscopic Dark Matter Binaries in the Early Universe
Christopher Carr, Department of Physics; Prof. Glenn Starkman, Department of Physics; and Chi Tian,
Department of Physics
Dark matter is the dominant contribution to the matter density in the universe. If dark matter is macroscopic,
rather than the traditional notion of an exotic particle, then its physical properties remain a mystery. One
such property that has not been carefully considered down into subsolar mass ranges is how often
macroscopic dark matter on these mass scales form gravitationally bound binary pairs. Macros can bind into
pairs in the radiation-dominated era if at the time of creation, they are close enough such that gravity
dominates their dynamics over expansion, or later in time when the expansion weakens, allowing the gravity
of distant macros to overpower the weakening expansion. If these initial inhomogeneities in the macro
number density abundantly produce binary pairs, this could open the door to alternative detection strategies
for macroscopic dark matter such as the emission of gravitational waves from macros mergers in the late
universe, or the amplification of other dark matter signals. Using the Nyx cosmological simulation code, we
will track the formation of macro binary pairs over a span of mass ranges that began from the initial Poisson
fluctuations in the macro number density during the radiation-dominated era. We will vary the mass of
particles involved in the N-body simulation to study the rate of binary formation over the unconstrained mass
range (102 to 1017 grams) to investigate how binary formation depends on the mass of the macro. We will
also use the two-point correlation function, ζr), to quantify the clustering properties of the macroscopic dark
matter spatial distribution. Studying binary formation may offer new observational tools that could further
constrain the properties of macros, or ultimately lead to a dark matter detection.
Project Mentor: Dr. Glenn Starkman, Department of Physics
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Improved Joystick Control System for Caregivers and Patients in Motorized Wheelchairs
Sacheth Chandramouli, Andrew Santulli, Naveen Ram, Daniel Brenner, Yuntao Sang
Department of Biomedical Engineering, Case Western Reserve University
Approximately 131.8 million people around the world require wheelchairs due to disability or
debilitating injury. Thirty percent of all wheelchair users use a motorized wheelchair. While extremely
beneficial to individuals with disabilities, the ownership of a wheelchair is not synonymous with regaining
full control over of day to day activities. Studies have shown that people in motorized wheelchairs are
sometimes incapable of moving themselves around due to several complications including poor motor
control or impaired cognitive functions. To alleviate some of these problems, these handicapped individuals
often require the assistance from family members or external caregivers. Due to their size/weight, motorized
wheelchairs are largely incapable of being moved manually, and the caregiver must use the built-in joystick to
move the wheelchair. This places both the caregiver and patient in an awkward position and increases the
likelihood of injury. To eliminate this problem, we intend to create a method by which a caregiver need not be
placed in harm’s way to mobilize the patient. By using a mechanical construct composed of a system of
motors and sensors, we are able to create a detachable joystick that can be integrated into existing motorized
wheelchairs. Our joystick easily fits in one hand so that it is minimally inconvenient for the caregiver. The
controls on it are also intuitive so that the learning curve for operation is minimized. The mechanical
interface on the motorized wheelchair is designed to not cause any discomfort. Several error pathways have
been analyzed to minimize the severity and occurrences of hazards. Computer vision technology is used to
correct for user error such as colliding into obstacles. This product will enable caregivers to maneuver
patients from up to 5 meters away in a safe, intuitive, and convenient manner.

Project Mentors: Junqi Zhuo, Dr. Colin Drummond, Dr. Matthew Williams, Department of Biomedical Engineering





Developing a Model System for the In Vitro Efficacy Testing of Promising Anti-biofilm Agents
Yoon-Jung Chang, Department of Chemistry; Minseon (Stella) Ju, Department of Chemistry; and Professor
Anna Cristina S. Samia, Department of Chemistry
Bacterial biofilms formed by Staphylococcus aureus (S. aureus) and other pathogenic microorganisms are
highly antibiotic resistant and are responsible for the majority of chronic infections. Treatment of these
infections can be challenging, because unlike free-floating planktonic bacterial cells, the biofilms are
encapsulated in a hardly penetrable extracellular polymeric matrix. To develop a model for in vitro biofilm
disruption, a bioluminescent pathogenic S. aureus analog (Xen36) was treated with a mixture of 3 D-amino
acid (D-Tyrosine, D-Tryptophan and D-Phenylalanine) for 2 hours, which was previously demonstrated to
be non- toxic to mammalian cells, but is effective in killing bacterial cells. To mimic biofilm formation in
orthopedic implants, titanium disks cut from the same material used in clinical implants were inoculated with
Xen36 and incubated for three days prior to anti-biofilm efficacy testing studies. Dispersion activity using the
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D-amino acid mixture was validated using colony counting, bioluminescence imaging, and the crystal violet
assay methods.
Project Mentor: Anna Cristina S. Samia, Department of Chemistry




Polyhydroxy Fullerenes Mimics Carbon-Sulfur Lyase In H2S Production
Cindy Chen, Department of Nutrition; Juyeon Ryu, Department of Biomedical Engineering at the Lerner
Research Institute

The discovery of nanozymes, nanomaterials that possess distinct enzymatic properties, have sparked
great interest in the field of enzyme mimetic research due to their ability to replace natural enzymes in
advancing biological and industrial applications. Current nanozymes are metal-based and developed from
nanomaterials such as iron oxides, gold halides, platinum, iridium, and palladium. However, they mostly
exhibit characteristics of peroxidases, haloperoxidases, DNases, SOD, glutathione peroxidases and catalases
but there has not been a nanozyme discovered to exhibit lyase characteristics. In this research study, we
demonstrate the discovery of the first nanomaterial, polyhydroxy fullerene (PHF), to possess carbon-sulfur
lyase-like activity in hydrogen sulfide (H2S) production. We have investigated that PHF exhibit carbonsulfur lyase-like activity similar to cystathionine γ-lyase (CGL) and cystathionine β-synthase (CBS) enzymes
found in the transsulfuration process metabolizing sulfur-containing amino acids to generate H2S. H2S is a
gaseous signaling molecule discovered to exhibit significant pathophysiological effects in aging associated
diseases such as neurodegenerative and cardiovascular diseases, cancer, and diabetes. Experiments are
underway to prove the mechanism on how PHF acts as a catalyst to produce H 2S, which can potentially
enhance both healthspan and lifespan.

Project Mentor: Dr. Vijay Krishna, Department of Biomedical Engineering at the Lerner Research Institute
Sponsor: SOURCE - Provost Summer Undergraduate Research Grant
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Mobile Application for Ultrasound Scanner Device

Ruoyan Chen, Electrical Engineering, EECS Department; Hangxing Liu, Electrical Engineering, EECS
Department; Jie Wu, Electrical Engineering, EECS Department; Vida Pashaei, EECS Department; and Prof.
Soumyajit Mandal, EECS Department

The overall purpose of this project is to develop an Android application that could communicate and interact
with the ultrasound scanner through Bluetooth. The main function of this application is to receive scanner
images and display them real-time at a frame rate of at least 3 FPS. By detecting the position of user's carotid
artery, the application will send feedback and instructions to users about adjusting the wearable scanner.
After confirming that the position of carotid artery is correct, the application will ask the user to execute
following programs such as starting modulation. The project subdivides into configuring Bluetooth on the
DE10 FPGA board, and also developing the Bluetooth application on the Android tablet. The inter-connection
method is to use a JSON string to transmit data. Since the FPGA board that the scanner currently uses does not
have Bluetooth hardware onboard, we are establishing the Bluetooth connection through a Bluetooth dongle.

Project Sponsor: Prof. Soumyajit Mandal, Department of Electrical Engineering & Computer Science
Faculty Mentor: Prof. Gregory Lee, Department of Electrical Engineering & Computer Science




Improved Resection and Retrieval of Flat Polyps for Early Detection and Prevention of Colon Cancers

Doe Yong Choi, Department of Biomedical Engineering; Chao-yi Lu, Department of Biomedical Engineering;
Rajiv Trehan , Department of Biomedical Engineering; Charles Zeng, Department of Biomedical
Engineering; and Colin K. Drummond, Department of Biomedical Engineering

Colorectal cancers are currently the third most prevalent cancer within the United States. The vast majority of
these colorectal cancers stem from polyps which are abnormal tubular or villous growths or lesions that can
be found throughout the alimentary tract. Currently, polyps are frequently resected using a snare tool and
then retrieved using a Roth Net® . Failure in polyp retrieval is about 10% which can be attributed to 3 factors
including (1) the size of the polyp with polyps smaller than 5 mm frequently lost from the line of sight, (2)
height of the polyp with the snare unable to encapsulate some polyps, and (3) a difficulty to manipulate the
Roth Net® past the right colon loop. Polyps can vary in morphology between raised or flat. The raised polyps’
height profile enables easier encapsulation with the snare and net leading to a lower failure rate of treatment.
However, an improved method for resecting and retrieving flat mucosa and polyps is required. This study
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serves to propose a new design for both the resection and capture of flat polyps. The proposed design
combines the action of the snare and net system into a one-pull method to avoid loss of visual contact of the
resected polyp into the alternating contracting folds of the intestines. Additionally, through the use of a
polymer with the modulus properties of interest, the net’s durability has been improved to avoid leaving low
density polyethylene in the patient’s GI tract. The net ring’s polymer functionalized surface allows for
effective capture of the flat mucosa by causing the flat polyps’ height profile to increase during resection.

Project Mentor: Dr. Colin K. Drummond, Department of Biomedical Engineering
Faculty Sponsor: Dr. Amitabh Chak M.D., Gastrointestinal Health Institute





Synthesis and Purification of a Potential FABP5 Inhibitor (FI926888) for Retinoic Acid Resistant
Cancers

Samantha Chrin, BS Chemistry Major, Department of Chemistry; Heather Folkwein, Department of
Chemistry; Grace Shang, Department of Chemistry; George Shang, Department of Chemistry; and Gregory
Tochtrop, Department of Chemistry

Retinoic acid (RA) is a biosynthetic molecule derived from vitamin A that plays a role in gene transcription,
both in promoting cell growth and apoptosis. Though vitamin A has been shown in rodent studies to treat
certain types of cancers, there was also evidence of an acquired resistance towards vitamin A as a treatment.
Additionally, RA can uncontrollably activate rather than inhibit cell growth. When RA activates the
peroxisome proliferator activated receptor (PPARδ), it promotes cell proliferation. FABP5 is an intracellular
lipid-binding protein that transports RA from the cytoplasm to the nucleus to be delivered to PPARδ, thus
activating cell growth. Increased gene expression of FABP5 has been linked to breast, esophageal, prostate
and skin cancer. An inhibitor of FABP5 can prevent the activation of cell growth, and therefore prevent the
growth of cancerous cells; additionally, RA can be transported to the signaling pathway of cell death instead.
Currently, a potential inhibitor, named FI926888, is being synthesized, purified and tested on cells to see if
this molecule is effective at stopping cell growth and directing RA to signal apoptosis. The main issue is that
multiple stereoisomers of FI926888 exist in a racemic mixture when synthesized, and the effectiveness of
each isomer is unknown. Therefore, recent efforts are being made in our lab group to separate these isomers
and test them individually for effectiveness in stopping cell growth, and to see if they bind to FABP5
permanently and if they redirect RA to apoptosis.

Project Mentor: Professor Gregory Tochtrop, Department of Chemistry
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RoadPrintz: Precision Robotic road painting systems
Sean Morrison, Electrical Engineer; Kevin Coe, Electrical Engineer
In the U.S. alone, annual expenditures for street painting are approximately $2B. Of this, approximately
$400M is attributable to manual labor for stenciling, decals, or free-hand painting. Extensive manual labor is
expended as well on private surfaces (e.g. parking lots) and airports, which approximately doubles this
estimate of manual labor costs. This project explores an alternative in the form of a vehicle mounted with a
robotic arm that can precisely measure its location and paint an accurate street sign. This is done by using a
precise GPS device combined with localized odometry, taken from the vehicle CANBUS, to measure the
position in space of the vehicle. Using this data, we can feed it to the robotic arm to accurately paint the street
signs. When fully developed, the vehicle would be able to paint the street signs accurately while moving as
well as being able to paint more complex figures.
Project Mentor: Professor Wyatt Newman, Department of EECS





Development of an Artificial Neural Network for Machine Tool Performance Characterization

Clayton Cooper, Department of Mechanical and Aerospace Engineering, Case Western Reserve University;
Derek Shaffer, Department of Mechanical Engineering Technology, Penn State University, The Behrend
College

Recent work has illustrated the potential of utilizing microphone arrays to accurately monitor machining and
tool conditions. Acoustic monitoring presents itself as one of the least invasive but easiest to implement
methods of machine condition characterization and is a strong candidate for more robust monitoring regimes
as a part of Industry 4.0. Previous work in the field of acoustic monitoring has been largely based on
regression, typically of the linear kind, and thus lacks flexibility when deciding decision boundaries between
different categorizations of wear in addition to lacking granularity when used for predictive modeling. This
work investigates the viability of determining machining conditions using only acoustic output from a
machine tool but it proposes a novel machine learning-integrated method to do so. To this end, a
convolutional neural network (CNN) is used for data classification and is coupled with the novel approach of
utilizing spectrograms of machine audio data taken while making various cuts in 1018 steel in order to allow
for two-dimensional convolution over one-dimensional. Preliminary results suggest feasibility of a machine
learning approach for machining parameter prediction, but more work, preferably with a larger data set,
remains necessary.

Project Mentors: Dr. Robert Gao, Department of Mechanical and Aerospace Engineering, Case Western Reserve
University; Dr. Peng Wang, Department of Mechanical and Aerospace Engineering, Case Western Reserve
University; Dr. Ihab Ragai, Department of Mechanical Engineering Technology, Penn State University, The
Behrend College
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Primate Species Ecological and Behavioral Traits and the Prevalence of Parasites
Gabrielle Crapitto, Department of Biology
Host ecology and behavior are believed to influence the prevalence of parasites. These include factors such
as population size, habitat size, and average body mass, which can increase exposure and susceptibility.
This research investigated the relationships between various traits and the observed prevalence of parasites
across species of primates. It was thought that larger population size would predict a greater number of
parasites due to increased exposure. Data were obtained for 70 primate species from a journal published in
an online database. Phylogenetic generalized least squares (PGLS) analyses were conducted with
phylogenetic and trait data matched using the picante package in R. Using PGLS analysis, a slightly negative
relationship (value = -0.489; p = 0.064) was found between population size and the prevalence of
extracellular parasites. This finding suggested that larger population sizes incorporate primate behaviors
that are protective against infections of extracellular parasites.
Faculty Sponsor: Professor Jean H. Burns, Department of Biology





Measurements of Particulate and Gas Concentrations in a Smoke Density Chamber
Ian Crowley-Perry, Department of Mechanical and Aerospace Engineering; Michael Dec, Department of
Mechanical and Aerospace Engineering; Yumi Matsuyama, Department of Mechanical and Aerospace
Engineering; and Dr. Fumiaki Takahashi, Department of Mechanical and Aerospace Engineering
Over the past one hundred years, numerous safety measures have been taken to prevent destructive
fires or stop them quickly when they do occur. Despite measures taken, the number of deaths per fire has
remained relatively unchanged since the 1970s, showing room for improvement still. The deadliest aspects of
these fires are the byproducts from the combustion of materials that compose typical building fixtures and
the building itself. Toxic byproducts such as Carbon Monoxide and Hydrogen Cyanide limit a person’s ability
to provide Oxygen to their cells while Acrolein and Formaldehyde are common irritants that are deadly in
small concentrations. Field devices exist to alert users to harmful levels of these byproducts, but each device
currently only tests for a few of these multiple gases or airborne particles. Having a device that detects both
gaseous toxicants and particulates in the air simultaneously has the potential to keep emergency responders
safer by alerting them to otherwise undetectable threats to life and health. Using a smoke density chamber
and a Fourier Transform Infrared gas analyzer, samples of various polymers were combusted and byproducts
analyzed to identify resulting toxic compounds and their concentrations. These results were also compared to
a single, commercially available handheld carbon monoxide sensor to extrapolate the accuracy of handheld
devices when compared to lab equipment.
Project Mentor: Dr. Fumiaki Takahashi, Department of Mechanical and Aerospace Engineering
Faculty Sponsor: Dr. Clare Rimnac, Department of Mechanical and Aerospace Engineering
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CWRU_LOC: a Tour of Outdoor Art on CWRU’s Campus

Roshni Bhatt, Biochemistry and Computer Science; Nate Celeste, Computer Science; Thomas Cwalina,
Computer Science; Mark Wang, Computer Science

Case Western Reserve University’s campus is dotted with a variety of sculptures, statues, and art installations
(here referred to as “Landmarks”) that students see and pass on a daily basis. Many, however, do not know
these Landmarks’ history, the stories of their creation, or what they represent. CWRU_LOC is an iOS
application that helps users on CWRU’s campus to navigate and explore these Landmarks. The application
allows users to learn information about Landmarks around campus, including their titles, artists, origins,
descriptions, and history (provided by the Ohio Outdoor Sculpture Inventory). With CWRU_LOC, users can
navigate around campus to locate Landmarks, ‘scan’ and recognize them, and keep track of those they have
found. The application, implemented using Swift, operates using three main views: the Map view, the Camera
view, and the Progress view. The Map view (using Apple’s MapKit) guides a user to the location of a
Landmark, displaying the Landmark relative to the user’s location on a map of CWRU’s campus. Once the
Landmark has been located, the Camera view (using Apple’s ARKit) scans the three-dimensional art
installation from a variety of angles. Upon recognizing the Landmark, the Camera view populates the user’s
device screen with information about the art, overlaid directly on the Landmark itself, allowing the user to
learn about a piece directly while admiring it. Once a Landmark has been discovered, the Progress view
displays its information, including links to learn more, to the user for future reference. CWRU_LOC provides a
unique experience for students and visitors on Case Western Reserve University’s campus, leading them
through an exploration of the history and culture of the area via the art that beautifies it.

Faculty Mentor: Professor Soumya Ray, Department of Electrical Engineering and Computer Science




Utilizing Google’s AdMob to Generate Revenue with Minimal Cost
Grace Dai, Department of Electrical Engineering and Computer Science; Gregory Flynn, Department of
Electrical Engineering and Computer Science; and Samuel Sieder, Department of Electrical Engineering and
Computer Science
Ads for Moriah House is a mobile application meant to establish another source of income for the Moriah
House Family Shelter, a subsidiary of the non-profit West Side Catholic Center in Cleveland. This project
focuses on creating a potential source of income with little scaling expense to the organization. We
accomplish this by utilizing Google’s AdMob service to show ads to users in return for revenue from Google.
Due to the way AdMob is interfaced, the app only requires a client-side internet connection to achieve its
main purpose. Additionally, this project also aims to provide a means of contribution to charitable
organizations for altruistic individuals with smartphones but without disposable income. We offer our
users a variety of ways to view ads and provide a page where users can learn more about the app and the
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message of Moriah House in an effort to engage and retain users. Overall, we hope Ads for Moriah House
will be a long term source of additional income with low upkeep cost to Moriah House.
Project Mentor: Professor Soumya Ray, Department of Electrical Engineering and Computer Science





Mechanical, Communication, and Mission Design for FARTHER: The Lunar Far Side Robotic Harvester

Reilly Dalleska, Department of Mechanical and Aerospace Engineering; Kul Bhasin, PhD, ComSat Architects

NASA’s Commercial Lunar Payload Services program calls for private businesses to develop, manufacture, and
launch lunar landers carrying scientific payloads. These missions are contracted to launch by the end of 2021.
Recently, the Chinese National Space Administration and a private Israeli venture have launched robotic
spacecraft to the lunar surface. The goal of this project is to prepare the preliminary design for a similar robotic
landing spacecraft, as well as the detailed design for a sample collection appendage and the supporting
communication architecture. The spacecraft will consist of a single stage to the lunar surface, where it will
remain until it is no longer operational. On the surface, it will collect multiple samples of regolith. The lander
with all systems included is less than 630 kilograms and fits into a cylindrical fairing 2 meters high by 2 meters
wide. After low Earth orbit insertion form the launch vehicle, the total delta V budget for the lander is 6812
meters per second. Cryogenic propulsion systems will be used, with an estimated specific impulse of 450
seconds, yielding a maximum dry mass of 134.5 kilograms. This will allow a scientific payload of 16 kilograms.
Selling this payload space with the ability to deposit lunar regolith directly into the customer’s experiment will
allow commercial missions with this lander system to be financially feasible.

Project Mentor: Kul Bhasin, PhD, ComSat Architects
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Learning and Learning Transfer in Problem-Solving Progressions
Jonathan S. Daniels, Department of Psychological Sciences; Dr. David Moreau, University of Auckland; Dr.
Brooke Macnamara, Department of Psychological Sciences

The purpose of this study was to investigate whether individuals learn more effectively when given
increasing or variable problem-solving experience, relative to consistent problem-solving experience. All
participants took the Ravens Advanced Progressive Matrices (RAPM) test and received practice on Rubik's
Cubes before attempting to solve a difficult 5×5×5 cube. One third of the participants were assigned to the
increasing condition where they practiced solving progressively more difficult cubes (i.e.,
2×2×2🡪3×3×3🡪4×4×4), one third were assigned to the variable condition where they practiced solving cubes
of varying difficulty (e.g., 3×3×3🡪2×2×2🡪4×4×4), and one third were assigned to the consistent condition
where they consistently practiced on solely 5×5×5 cubes. We had two competing hypothesizes; one
hypothesis is that participants in the increasing-order group will have a higher level of 5×5×5 completion
than those in the variable-order and control groups, providing evidence that progressive training is a more
efficient means of learning than consistent task specific performance. This would support findings from
complex learning studies where increasing-order training is the norm (e.g. van Merriënboer & Kirschner,
2018, p. 10). In contrast, our competing hypothesis is that the variable-order group will have a similar level of
5×5×5 completion as the increasing-order group. This would support a recent finding that solely varying the
levels of tasks difficulty without adherence to a progression is as effective for working memory training as
increasing-order training (von Bastian & Eschen, 2016). Finally, we hypothesized that participants’ RAPM
accuracy would be positively correlated with their respective level of completion on the 5×5×5 Rubik’s Cube,
across conditions. We also examined whether condition moderates the relationship between inductive
reasoning and Rubik's Cube performance. Implications of our results for effective spatial problem-solving
training based on fluid reasoning ability will be discussed.

Project Mentor: Dr. Brooke Macnamara, Department of Psychological Sciences
Faculty Sponsor: Dr. Brooke Macnamara, Department of Psychological Sciences



Utilizing a Water Barometer to Optimize the Desalinization Process
Brady Daulton, Mechanical and Aerospace Engineering; Ian Henderson, Mechanical and Aerospace
Engineering; Antoinette Alloy, Mechanical Engineering; Michael Butler, Department of Mechanical and
Aerospace Engineering

Potable water is a necessity for people to be able to live. However many people face water scarcity in their
regions. This project aims to provide a consistent source of potable water to communities that may be near
bodies of saltwater that can be utilized. This project also has a goal of completing this desalination process
while inputting a relatively small amount of energy into the system. The approach to how these goals can be
achieved is by using the concept of a water barometer to obtain a pressure difference. This water barometer
will be 34 feet tall in order to achieve a vacuum chamber where evaporation will occur. This water barometer
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and vacuum chamber design will highly increase the efficiency of the system since water evaporates at
around 70 degrees Fahrenheit when subject to a vacuum. Once the setup of the water barometer and vacuum
chamber is running the evaporated water will exit the vacuum chamber in the form of steam with the help of
a pump. This pump will pull the steam out through a check valve and will be able to obtain a pressure
differential across it to go from a vacuum to Cleveland’s average atmospheric pressure. Once the steam is
pumped out of the vacuum chamber and is back to atmospheric pressure it will run through a series of pipes
to condense and be collected in a tank. This collected water will be potable with minimal effort put into the
system. Measurements of the total output of potable water produced by the system will be conducted in the
collection tank along with the power inputted into the system during this process. From these two
measurements the effectiveness of the system will be evaluated for use.

Project Mentor: Ted Stirgwolt, CWRU Alumni; Dr. Sunniva Collins, Department of Mechanical and Aerospace
Engineering
Faculty Sponsor: Dr. Clare Rimnac, Department of Mechanical and Aerospace Engineering





The Efficacy of Short-term Medical Missions

Maria DeRenzo, International Studies

Medical mission trips are becoming more and more popular among young professionals, and even more so,
college-aged students. This population is targeted by short term medical missions because short-term
medical mission trips don’t require much of a commitment in terms of time, they are fun, well-advertised, and
most importantly, they look good on your resume. As pressure is rising for students to obtain global
experience abroad to enhance their chances of getting into colleges, graduate schools, or medical schools,
short-term medical missions are becoming more prevalent. However, it is becoming more and more about
how the trips can help the student rather than how the volunteer can actually help the community in which
they serve. The motives or intentions of volunteers, the lack of understanding of community need, and the
short duration of short-term medical mission trips influence the quality and impact of short-term medical
missions. In order to fulfill a mission trip that leaves lasting and sustainable impacts on the community
members, different approaches to mission work must be taken. To do this, guidelines should be regulated and
implemented by the National Government to address the problems that influence the impact and quality of
short-term medical missions. Public health approaches, anthropological approaches, and assessment tools
have the potential to reduce problems with short-term medical missions. Sustainability must be made a
priority when conducting medical missions and effective medical missions must instill within the
communities the tools to adequately continue the mission work when the volunteers leave and the volunteers
must empower the community members to do the work on their own to avoid the creation of a culture of
dependency.
Project Mentor: Dr. Kelly McMann, International Studies and the Department of Political Science
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Retrofit of 3D Printer in Put/Place Application for Electrophoresis Sickle Cell Detection

Michael Devereaux, Department of Mechanical and Aerospace Engineering; James Hisnanick, Department
of Mechanical and Aerospace Engineering; Cameron Kao, Department of Mechanical and Aerospace
Engineering; Sarah Paquet, Department of Mechanical and Aerospace Engineering; Muhammad Noman
Hasan, Department of Mechanical and Aerospace Engineering; Ran An, Department of Mechanical and
Aerospace Engineering

The previously developed HemeChip was designed to quickly diagnose Sickle Cell Disease (SCD) using
electrophoresis testing, specifically finding use in underdeveloped regions where SCD is prevalent. Although
the HemeChip provided successful diagnostic results, the process of preparing the HemeChip cartridge for
electrophoresis testing is limited by human error. The labor required for the manual preparation process is
the main source of error as different lab technicians can add slight subtle variations while the sample is being
prepared. An automated process has been designed and developed to add standardization and eliminate
human error in the preparation of the chip cartridge for electrophoresis. Automation was achieved by using a
modified 3D printer that essentially mimics movement of human preparation of the sample. The proposed
design eliminated the manual component of retrieving and applying the Hemoglobin sample to the HemeChip
and flipping the HemeChip 180 degrees. A separate manual process will standardize the application of the
buffer solution to the inside of the HemeChip. This new design reduced preparation time from 15 minutes to
approximately 12 minutes, which is substantial after running hundreds of tests. These processes will also be
especially beneficial for the application of HemeChip in underdeveloped regions where SCD is prevalent, as
the setup is portable and can be used in on-site testing facilities.

Project Mentor: Dr. Umut A. Gurkan, Department of Mechanical and Aerospace Engineering





Using a Semi-Supervised Machine Learning Approach in Developing Effective Language Models
Pramith Devulapalli, Department of Physics; Professor Michael Lewicki, Department of Computer Science
Many supervised deep learning systems in natural language processing (NLP) have been successful on a
variety of tasks such as sentiment analysis, information retrieval, and machine translation. However, huge
labeled datasets are required to train these models and procuring such datasets can be a
computationally tough and expensive procedure. The abundance of unlabeled text corpora creates an
opportunity to develop different approaches in building high performance supervised NLP systems. Creating
unsupervised NLP techniques that take advantage of this unlabeled data can assist in the training of
supervised NLP systems through a semi-supervised machine learning approach. Additionally, unsupervised
methods have proven to be powerful because they resemble universal language representations that can
enhance supervised learning for specific tasks and reduce the amount of labeled data needed to achieve
optimal performance. This research evaluates different semi-supervised approaches in creating effective
language models. Multiple semi-supervised approaches are explored to assess their performance on a diverse
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set of NLP tasks. Ultimately, a holistic evaluation is performed to understand how unsupervised methods
influence the training process for supervised NLP models.
Project Mentor: Professor Michael Lewicki, Department of Computer Science



An Alternative PEG Tube System to Reduce Failure and Infection Rates in Long-Term Ostomy Care

Amber Colley, Department of Biomedical Engineering; Anshul Dhingra, Department of Biomedical
Engineering; Pablo Ochoa De Eribe Delgado, Department of Biomedical Engineering; Nrupen Pakalapati,
Department of Biomedical Engineering; Jasmine Sondhi, Department of Biomedical Engineering

Percutaneous Endoscopic Gastrostomy (PEG) is an endoscopic medical procedure in which a tube (PEG tube)
is passed into a patient's stomach through the abdominal wall, and is most commonly used to provide a
means of feeding when oral intake is not adequate. The push method is commonly used for PEG insertion
surgery due to the procedure’s simplicity, even though it causes substantial internal trauma. This method
could be improved by changing the design of the insertion and anchoring device associated with the PEG
tube. The current standard approach for PEG insertion surgery involves a wire-guided balloon catheter
device consisting of an internal retention bumper, an outer bumper, and multiple ports to deliver the
medication. However there are some design flaws with this system, such as poor flow rate, blockage issues,
and poor food delivery. Our new design involves using a PEG tube placed inside or outside a catheter device
that implants the anchor of the modified PEG tube inside the stomach, where it can be opened up into its
expanded shape. After the anchor opens up, the PEG tube itself is unable to come out of the stomach and the
rod can be retracted. We will be attempting to change the mechanism for how the anchor works by reversing
the “default” position; when the conformation is not being altered, the device will be in the inflated position
rather than the deflated position. This reduces moving parts and improves device stability when implanted.
The prototype will provide a more efficient mechanism that meets the user needs: to reduce trauma by
collapsing to a low profile during insertion as well as removal, reduce infection, prevent leaking through the
wound, and anchoring the PEG tube securely. With our new design, we will improve upon the previous design
to make a more complete device.

Project Mentor: Hendrik Dewald, Department of Biomedical Engineering
Faculty Mentor: Professors Colin Drummond and Matthew Williams, Department of Biomedical Engineering
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Treatment of tracheal stenosis by eluting bio-absorbable stent

Zhipeng Dong, Department of Mechanical and Aerospace Engineering; Hakan Celik, Department of
Mechanical and Aerospace Engineering; Dr. Ozan Akkus, Department of Mechanical and Aerospace
Engineering

The purpose of the project is to develop bio-degradable stent for the treating of trachea stenosis, the
narrowing of trachea. The stent is made from biodegradable polymer polycaprolactone (PCL) and polylactic
acid (PLA). The product has porous structure that allows the cell attachment on the lumen of stent. The stent
can be loaded with different therapeutics that can be gradually released locally as the stent is being degraded.
In this project, we make the first prototype stent that’s constructed of alternating layers of polymers. Some of
these layers are dyed with different coloring agents that represent the therapeutic molecules that
theoretically can be carried and delivered by the stent. In the second prototype stent, we construct stent that
is dyed with one pigment. The color of the polymer changes gradually from the interior to the exterior of the
stent. Both prototypes demonstrate our ability of controlling drug release during the degradation of stent by
manipulating the fabrication methods.

Project mentor: Hakan Celik, Department of Mechanical and Aerospace Engineering
Faculty Sponser: Dr. Ozan Akkus, Department of Mechanical and Aerospace Engineering





Bleaching Mechanisms of Fluorophores in Polymer Films

Michael Douglass, Department of Biomedical Engineering and Department of Physics; Dr. Kenneth Singer,
Department of Physics; Dr. Irina Shiyanovskaya, Folio Photonics

The use of fluorophores in polymer films has been shown to be relevant in the field of Optical Data
Storage (ODS) by way of bleaching mechanisms that act as data bits. Excitation light of 405 nm has been used
to write data bits on spun coat fluorophore-polymer films. By measuring the bleaching percentage of the
fluorophore-polymer system, we have shown that there are factors beyond the molar absorptivity coefficient
for the excitation light that dictate bleaching effects. Our data illustrates that incident laser pulse width and
power needed to reach similar bleaching percentages is different for two different fluorophore-polymer
systems. We show that a lower quantum yield allows for bleaching of data bits with shorter excitation pulse
widths and propose that the higher non-radiative energy transfer from lower quantum yield fluorophores to
the surrounding polymer matrix causes an accelerated bleaching mechanism.
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Project Mentor: Professor Kenneth Singer, Department of Physics
Project Mentor: Irina Shiyanovskaya, Folio Photonics
Faculty Sponsor: Professor Rolfe Petschek, Department of Physics





Electoral College and Job Market Structure
Judah Drelich, Physics and Economics; Anish Mitra, Physics and Economics
One of the reasons the Electoral College is so controversial is because smaller states are overrepresented
while larger states are relatively underrepresented. This gives the Republicans a significant advantage in the
amount of votes they need. This process can especially be seen by the fact that Donald Trump won the White
House despite losing the popular vote. Thanks to the work of Edward M. Burmila (2009), we saw that the way
that a state votes is correlated with “aging populations, domestic migration, and the geographically
heterogeneous effects of foreign immigration.” The most important of these factors is domestic migration as
the lack of jobs in “red states” is forcing some to leave their homes for “blue states.”
We will investigate whether or not a change in the job market of certain states significantly changes the vote
shares of that state. We will use a pooled cross-section dataset where each cross-section is the change in jobs
from one election year to the next across each state, and we will determine whether states where there is
under-representation occurs because there is a dearth of jobs.
The variables of interest are the population to Electoral College votes ratio which will tell us how represented
a state is and the change in jobs in that state. We expect a decrease in jobs in under-represented states and an
increase in jobs in over-represented states, ceteris paribus. If our results are statistically significant and the
coefficients of interest are as we expect, we could predict that people who lose their jobs are voting
Republican (as the under-represented states are generally Republican as established by previous research
from Edward M. Burmila (2009)). As a result of this prediction, it will be easier to understand the relationship
between our economy and political outcomes as well.
Project Mentor: Professor Jenny Hawkins, Department of Economics
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Annealing Optimization in Wire Drawing Processes

Bryan Dunbar - Department of Chemical and Biomolecular Engineering, Stephen Farah - Department of
Chemical and Biomolecular Engineering, Dane Elliott - Department of Chemical and Biomolecular
Engineering, Eli Zuchelkowski - Department of Chemical and Biomolecular Engineering

The four-step process of drawing wire for MIG and TIG welding applications consists of an initial diameterreducing step, annealing this smaller diameter wire, reducing the diameter once more, and preparing the final
product for packaging. The annealing step, in particular, takes the wire through a hot acid bath and then a
variable-speed annealing oven, and ends with quenching the wire in cooling water. This project works to
optimize the annealing process at a Euclid-based welding company, Lincoln Electric. The scope of the project
is to decrease costs associated with the process as well as minimize energy usage and mechanical strain on
equipment. To do so, the project investigates how, for certain metal alloys, resonance time in the annealing
oven can be maximized to achieve adequate tensile results and ideal microstructure phase.

Faculty Sponsor - Uziel Landau (Department of Chemical and Biomolecular Engineering)





Modeling the Correlation of Race, Socioeconomic Status, Parental Education, Family Income to SAT
Score and Future Success
Peter Durand, Finance and Economics; William Lee, Economics
The SAT is a test with a disproportionate impact on future success. Being a standalone major factor in college
admissions, it is the single most influential test that students in the United States take. The college a student
attends has a possible impact on future earnings and success, so the effect of a strong or weak SAT score has a
lasting impact. When considering the variability in test score results associated with socioeconomic status,
parental education, and race, there appears to be a high correlation between overall social status and high
scores on the exam. This would indicate that the exam is an inaccurate judgement metric of students’
intelligence.
One research searches for a correlation between many variables (including race and socioeconomic status)
and SAT score among University of Pennsylvania students. The research was based on anecdotal evidence
self-reported as part of a survey and determined that there is no correlation. We would like to expand on this
research where they determine the significance of these variables but while using a much larger dataset that
is not specific to one elite university. Our econometric model will examine the relationship between SAT and
family income, parental education, and race between the years of 1996 and 2016. These findings could have
an impact on the way schools, Case Western Reserve University in particular, view SAT scores when
considering college admissions. If there is a statistically significant and economically significant between
specific demographic statistics and SAT scores, then schools may want to consider reevaluating their
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application process. In addition, people continue to use the SAT to get into college, potentially impacting
future earnings and success. We look to confirm or refute the validity of this assessment standard for
generations to come.
Project Mentor: Jenny Hawkins, Department of Economics



Misdiagnosing Linguistic Differences in Children: A Cross-Cultural Evaluation

Shahed Eid, Communication Sciences

Misdiagnosis of speech and language disorders is very common among multilingual children, making these
individuals more likely to be diagnosed with a speech or language disorder than monolingual English
speakers. In order to understand the significance of cultural differences regarding speech and language and
how they contribute to misdiagnosis by professionals, we must first understand the medical similarities in
milestones that exist across language families throughout childhood development. This literature review
examines linguistic differences across cultures and the disparities among the diagnosis of speech and
language disorders in multilingual children. While it is clear that the prevalence of these disorders among
multilingual children is greater than among monolinguals, the literature is brief in reasoning. Some research
suggests that professionals in the field may have been diagnosing differences as disorders. While the need for
a more accurate and fair assessment has been acknowledged, it is important to provide an in-depth analysis
of this literature. Exploration of the current research helps to identify ways to increase knowledge of
professionals in the field and determine what resources are needed in order to move forward. As multilingual
children tend to be overrepresented in caseloads for speech therapy, this review aims to navigate the
importance of this issue, consequences faced for all those involved, and the ethical implications that may
accompany it.

Faculty Sponsor: Anne Kotynski, Psychological Sciences
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Mental Illness and Wellness in Emerging Adulthood: Approaching Understanding from Higher
Education
Leigh Emelko, Department of Anthropology
National data suggests that students at universities face a multitude of mental health issues including anxiety
and depression, however very few studies aim to understand how the physical and psychosociocultural
environment affects mental health among emerging adults. This research is concerned with gaining a better
understanding of how these factors differ among higher education institutions, including two-year public
institutions, four-year public institutions, and four-year private institutions, and how this impacts what
mental illnesses their students face. Finally, this research aims to understand how the institutions gather
information on their students’ mental and emotional wellness and how they use this knowledge to provide
resources and initiatives for their students’ needs.
Project Mentor: Dr. Janet McGrath, Department of Anthropology





Major-based Tuition and Value of a College Degree

Stephen Epstein, Economics; Jeffrey Kleeberger, Economics

The cost of attending college has increased dramatically in the last few decades. From 1988 to 2017 tuition
for public four-year institutions have risen by 213% (adjusted for inflation) and in private four-year
institutions by 129%. Increased earning potential from having a college degree is often an argument to justify
those rises in costs. However, as different majors yield different jobs with varying projected incomes, the
expected value of a college degree can be difficult to determine. Inefficiencies start to arise when students
cannot accurately determine whether or not college is a rational investment for themselves. Some
universities have attempted to address this problem by varying tuition according to major.
The purpose of this research is to address (1) the effectiveness of major-based tuition, and (2) the overall
expected value of various degrees. We plan to do this by performing an OLS linear regression with postgraduate salaries as our dependent variable, demographic variables and perceived quality of school attended
as control variables, and graduating major as our independent variable of interest. We hypothesize that
potential earnings from a college degree is decreasing due to tuition costs rising faster than expected
incomes. We believe that this could cause majors that were previously seen as a net positive investment to
start having negative expected values over a student’s lifetime. We expect the STEM major dummy variable to
yield a higher coefficient with respect to salary than the humanities dummy, that major-based tuition should
help mitigate this issue of variation in earnings between major, and that a major-based tuition dummy should
also have a positive coefficient with respect to salary.
Project Mentor: Jenny Hawkins, Department of Economics
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Portable Packet Radio Based Location Tracking System

Michael Bowcutt, Department of Electrical Engineering and Computer Science, Michael Codega,
Department of Electrical Engineering and Computer Science, William Erickson Department of Electrical
Engineering and Computer Science, Professor David Kazdan, Department of Electrical Engineering and
Computer Science

The Automatic Packet Reporting System (APRS) is a standard used by amateur radio operators to relay data.
Packets, which can contain information such as weather, location, and Internet (TCP/IP) datagrams, can be
exchanged point to point among an amateur network. An amateur network may consist of a combination of
stations and mobile devices, each of which are identified by their operator’s call sign. A system of mobile
APRS nodes could be useful for multi-party location tracking if each node is responsible for transmitting its
own location and for retransmitting received locations to the rest of the network, especially in sparse rural
areas which might lack cellular network or Internet access. We constructed a mobile APRS device using a
Raspberry Pi Zero that is capable of continually transmitting data gathered from peripheral sensors and
printing the information in graphical form on a display. We will demonstrate this device using GPS,
temperature, pressure, and accelerometer sensors, and we will also establish an audio bus between the
development board and a mobile transceiver. This device is designed to work in conjunction with an offthe-shelf amateur radio, expanding on the existing capabilities of that product. Therefore in practice, our
product would be cheaper than existing APRS GPS transceivers for those that already use amateur radio.

Project Mentor: Professor David Kazdan, Department of Electrical Engineering and Computer Science





Redesign of DI Water System Regeneration

Adam Erlichman, Department of Chemical Engineering; Alvin Dai, Department of Chemical Engineering;
Asher Day, Department of Chemical Engineering; Zane Ostoin, Department of Chemical Engineering

In order to produce deionized water for industrial usages, it is common to run city water through a filtration
system. Of principle concern in these systems is the cationic and anionic resin beds, which pull ions out of the
water. Over time, as these beds are saturated with waste ions they must be regenerated. General Electric’s
Ivanhoe Road Plant produces lighting chemicals, including phosphors. Several of their production processes
call for the use of deionized water. GE uses a standard deionization system (including resin beds) to purify
their water. However, they have found that their system is not functioning at a proper rate and they must
regenerate their resin beds far too often. Furthermore, the resin beds have become drastically depleted over
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time. Our group assessed the system and its functionality, reviewed the current state versus its theoretical
performance, and recreated a resin regeneration process. This new process should cause the system to
perform longer between regenerations and stop the depletion of the resin beds. Large changes to the
regeneration process are suggested for the backwash step, reagent introduction, and fast wash.

Project Mentor: Brett Beaugureau, GE Lighting
Faculty Sponsor: Professor Daniel Lacks, Department of Chemical Engineering





Characterization of the role of hair cell actin cross-linking protein 1 in the development and
maintenance of zebrafish hair cells
Feng Fei, Department of Biology; Ahlam Salameh, Department of Otolaryngology-Head and Neck Surgery;
Brian McDermott Jr, Department of Otolaryngology-Head and Neck Surgery, University Hospitals Cleveland
Medical Center, Department of Neurosciences, Department of Biology, Department of Genetics and Genome
Sciences
In zebrafish, the sensory cells known as hair cells are responsible for detecting sound waves (in the ear) or
water vibration (in the neuromast). Hair cells have distinct structure where stair-like stereocilia are anchored
into an actin meshwork known as cuticular plate. Seamless integration of actin and microtubule networks is
indispensable for proper hair cell function. Hair cell actin cross-linking protein 1 (Hcacl1) is identified as a
protein positioned to bridge the distinct cytoskeletal elements in hair cells. This project aims to investigate the
role of Hcacl1 in stereocilia and cuticular plate development and maintenance in both ear and neuromast hair
cells. We used two Hcacl1a+/- and two Hcacl1b+/- zebrafish lines to generate Hcacl1a-/- and Hcacl1b-/- lines. We
took advantage of the optical transparency of zebrafish larvae, which allowed us to image hair cells in live and
fixed animals. We labeled the hair cells with two fluorescence markers, (1) trans‐4‐[4‐(dimethylamino)styrl]‐
1‐methylpyridinium iodide (DASPI) to study the function and (2) phalloidin to view the structure. Fluorescence
stereoscope and confocal microscopy were used to image the cells. Preliminary data supports our hypothesis
that Hcacl1 is important for hair cells function and structural development in zebrafish model.
Project mentor: Professor Brian McDermott, Department of Otolaryngology-Head and Neck Surgery,
Department of Genetics and Genome Sciences, Department of Neurosciences, Department of Biology
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Contact-Sensing Crab Legs

Lauren Ficek, Mechanical Engineering; Quinn Foley, Mechanical Engineering; Clayton Inman, Mechanical
Engineering

Ocean areas with water up to ten meters deep, known as surf zones, are difficult for most robots to navigate.
A crab-like hexapod robot will be used to navigate and clean up dangerous surf zones, using a unique dactyl
profile and gripping gait. In order to efficiently navigate a surf zone, it is important for the robot to be able to
sense on which terrain it is walking. This is accomplished by equipping the dactyl with sensors that return
triple-axis data from each step. Three dactyl-and-sensor configurations were tested to determine feasibility,
robustness, and precision in differentiating ground reaction forces for long-term use on these robots. These
three methods include using force-sensing resistors to determine pressure exerted in the conjunction
between the dactyl and foot, using Velostat to create bendable pressure sensors to determine pressure
exerted directly on the dactyl, and using a triple-axis magnetometer to determine the flexion of the dactyl.
From these three designs, the triple-axis magnetometer was used in the final data collection and analysis.
This data will be helpful in differentiating changes in terrain, which will ultimately affect the ways in which
the robot grips the ground as it walks for the most optimal walking gait.

Project Mentors: Nicole Graf and Alexander Behr
Faculty Sponsor: Dr. Kathryn Daltorio, Department of Mechanical and Aerospace Engineering





Krüppel-like Factor 4 (KLF4) is a regulator of Epidermal Growth Factor Receptor (EGFR) Function in
Triple Negative Breast Cancer
Viviane Finke, Department of Biochemistry, Melyssa Shively, Department of Pharmacology,
Dr. Ruth Keri, Department of Pharmacology, Case Comprehensive Cancer Center
Triple negative breast cancer (TNBC) is characterized by high rates of recurrence and low rates of survival,
making it essential to identify new personalized therapeutic targets. The transcription factor KLF4 is
associated with a lower relapse-free survival rate in breast cancer patients and is downregulated in
metastatic TNBC cell lines. However, KLF4 is not readily targetable, making it critical to identify downstream
mechanisms by which it suppresses metastasis. To reveal candidate target genes of KLF4, we utilized a
reverse phase protein array to compare differentially expressed proteins after KLF4 overexpression. This
revealed that the expression of EGFR and activated EGFR are significantly downregulated in response to KLF4
overexpression. EGFR is expressed in 60% of TNBCs, but previous attempts to target EGFR have had only
marginal success. We confirmed that overexpression or silencing of KLF4 regulates EGFR expression and
activation of its downstream targets AKT and MAPK. KLF4 is also known to regulate gene expression through
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microRNAs (miRNA) which degrade or repress their target genes. To identify miRNAs which mediate the
regulation of EGFR by KLF4, we performed a miRNA microarray analysis in a metastatic breast cancer cell
line after KLF4 overexpression. MiR203 was found to be highly upregulated after ectopic KLF4 expression,
suggesting it may be a key intermediary between KLF4 and EGFR. We confirmed KLF4 induces miR203
expression and then investigated whether miR203 upregulation alone phenocopies KLF4 overexpression.
Indeed, EGFR and activated EGFR expression significantly decreases after miR203 overexpression. We
performed a dose response curve with erlotinib, an FDA-approved inhibitor of EGFR, to determine if altered
KLF4 expression impacts sensitivity. Overexpression of KLF4 decreased the IC 50 of erlotinib, while KLF4
silencing increased this value. Our work is the first to describe the KLF4 regulation of EGFR and proposes
KLF4 as a novel biomarker to determine patients’ sensitivity to EGFR-targeted drugs.
Project mentor: Dr. Ruth Keri, Department of Pharmacology, Case Comprehensive Cancer Center
Faculty Sponsor: Dr. David Samols, Department of Biochemistry



Power Outage Prevention:
Water Treatment Plant Electrical MCC Installation and MDP Replacement
Meaghan FitzGerald, Department of Electrical Engineering; Joe Borzyn PE, LC., Senior Electrical Engineer,
AECOM, DCS Americas, Cleveland Office
When a power outage caused all of Lake County, Ohio to lose access to clean water, my team and I at AECOM
were assigned the task of providing power systems capable of running the plant without interruption. During
the Spring of 2018, my team and I designed and approved plans for The Bacon Road Water Treatment Plant.
These plans were engineered to be virtually flawless, while remaining within the county’s budget for public
works repairs. The design included replacing the Main Distribution Panel and its relative switchgears that
controlled the electrical system, installing a new Motor Control Center, and installing a new generator. In the
event of a power outage, the Automatic Transfer Switch controlled by the new MCC would effectively pull
power from the new generator we installed, preventing any lapse of services. The installations and
replacements were integrated into the plant’s existing systems, and included safeguards according to
standards such as the National Electrical Code (NEC), amongst others.
Project Mentor: Joe Borzyn PE, LC., Senior Electrical Engineer, AECOM, DCS Americas, Cleveland Office
Faculty Sponsor: Professor Gregory Lee, Department of Electrical Engineering and Computer Science
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QuickStats - Abstract

Michael Folz, Computer Science; Mark Gross, Computer Science; Deeksha Kumar, Computer Science;
Jennifer Wourms, Computer Science

In both collegiate and professional baseball, spray charts are widely acknowledged as vital
resources in strategic gameplay. Spray charts are graphical representations of gameplay and can
help a coach analyze a player’s or team’s previous performance in order to take advantage of
their weaknesses or optimize their own team’s performance. Traditionally, these spray charts are
generated by hand, which is time consuming and difficult to integrate into a comprehensive and
meaningful result. Additionally, while there are online spray chart generators, they are often
expensive, only cover certain divisions, and are imperative on printing in color to describe the
various data points clearly. To combat these challenges, our team created QuickStats, a freely
accessible website that automatically generates a spray chart based on user-defined criteria. The
data will be scraped from the NCAA website to provide up-to-date information and will generate
an easily printable and comprehensive black-and-white spray chart image summarizing the
information most vital to the user.
Project Mentor: Dr. Soumya Ray, EECS Department





The purification of the heterogeneous nuclear ribonucleoprotein R (hnRNP R) RNA recognition motif
2 (RRM 2) and its characterization via 1H{15N} HSQC and 3-dimensional 1H-15N-13C NMR

William Ford, Dept. of Chemistry, Case Western Reserve University; Liang-Yuan Chiu, Dept. of Chemistry,
CWRU; Mariama Ceesay, Dept. of Chemistry, CWRU; and Srinivasa Penumutchu, Dept. of Chemistry, CWRU
Heterogeneous nuclear ribonucleoproteins (hnRNPs) are a family RNA-binding proteins present in the cell
nucleus during gene transcription that regulate alternative gene splicing. One of these proteins, hnRNP R, is
known to bind to 7SK small nuclear RNA (snRNA), a long non-coding RNA that plays a major role in regulating
transcription in eukaryotic cells. Understanding the mechanism by which these hnRNPs recognize and bind to
RNA is one of the primary goals of this research, but, before the mechanism can be understood, the structure
of the protein itself must first be determined. Currently, there is no published structural information regarding
hnRNP R RNA-recognition motifs (RRM) 1 and 2, the regions of interest. However, the structures can be solved
using a variety of biophysical techniques, such as NMR.
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Following protein expression and purification, a preliminary heteronuclear single quantum correlation (HSQC)
spectrum revealed that hnRNP R adopts a compact structure reminiscent of RNA-recognition motifs. Given this
compactness, several 3-dimensional NMR experiments (HNCA, HN(CO)CA, CBCANH, CBCA(CO)NH, HNCO, and
HN(CA)CO triple resonance backbone experiments) were conducted in order to solve the backbone structure
of this protein. Additional HSQC spectra indicated some peak drift among several residues, suggesting that
hnRNP R has flexible regions that undergo conformational change in solution. Future research aims to (1.)
utilize T1 and T2 relaxation dispersion experiments in order to determine the degree of flexibility in the protein,
and (2.) utilize isothermal titration calorimetry (ITC) and 19F NMR in order to probe the RNA binding affinity.

Project Mentor: Dr. Blanton S. Tolbert, Dept. of Chemistry, Case Western Reserve University





Behavioral Response to Diet Manipulations in Zoo-housed Western Lowland Gorillas
Xavier Francis, Department of Biology; Kaylin S. Tennant, Graduate Student, Department of Biology and
Cleveland Metroparks Zoo; Dr Kristen Lukas, Department of Biology and Cleveland Metroparks Zoo; and Dr.
Pam Dennis, Department of Biology and Cleveland Metroparks Zoo
Zoo-housed western lowland gorillas have frequently been observed displaying undesirable behaviors,
namely regurgitation and reingestion (R/R) which has not been documented in the wild. Undesirable
behaviors may stem from the differences in wild and zoo diets. The diets of wild gorillas have higher dietary
fiber and are lower in dietary starch than that of zoo-housed gorillas. Via the high fiber and low starch diet,
instances of R/R have decreased in gorillas at several institutions and the behavior has been completely
eliminated in two animals at one institution. Recently, several female gorillas were moved to Cleveland
Metroparks Zoo and were transitioned to this high fiber and low starch diet. R/R behavior by the females
decreased yet was not eliminated. In an attempt to further reduce instances of abnormal behaviors, we
conducted additional diet manipulation in the group of gorillas at Cleveland Metroparks Zoo. The first
treatment removed flax and resistant starch (a dietary functional fiber) from the diet, and a second treatment
increased alfalfa content. The purpose of replacing the original source of fiber with another was to assess
whether the specific fiber sources influenced the occurrence of R/R behavior. We hypothesized that this
change in diet would decrease the aforementioned undesirable behaviors. We collected data via behavior
observation of the female troop members before and during each of the two treatments using a combination
of scan sampling and all occurrence sampling. Analysis of variance testing was used to compare data between
treatment and baseline conditions. The results of this study could help determine whether potential
associations exist between diet and the expression of some undesirable behaviors.

Project Mentor: Kaylin S. Tennant, Department of Biology
Faculty Sponsor: Dr. Kristen Lukas, Department of Biology
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Vibration Monitoring for Factory Floor Optimization
Lucas Fridman, Department of Biomolecular and Chemical Engineering; Prince Ghosh, Department of
Mechanical and Aerospace Engineering
Mechanical failures are one of the leading causes of unscheduled downtime in industrial machinery. In order
to remain competitive, manufacturers need to continuously increase both effectiveness and efficiency of
manufacturing production processes. Furthermore, the ability to introduce lean manufacturing techniques
and allows manufacturers to optimize their maintenance cycles to minimize unexpected manufacturing
downtime. Gearboxes, motors, and bearings are some of the most important components of rotating
industrial machinery and have been widely used in various industries of many applications. Therefore, it’s
crucial that manufacturers optimize maintenance cycles for these pieces of industrial machinery and engage
in preventative maintenance techniques to maximize asset lifetime. There are currently various methods to
detect faults in the bearings, such as vibration monitoring, wear debris monitoring, temperature monitoring,
soap techniques, non-destructive testing etc. Vibration signal analysis may be one of the commonly used
techniques for checking the condition and finding faults in bearing. While vibration analysis has been used as
a predictive maintenance procedure in the machine maintenance, current techniques are not low cost, robust,
or don’t provide line of issue continuous diagnostics to the factory floor workings. By adopting appropriate
signal processing techniques, changes in vibration signals due to faults can be detected to aid in maintaining
the bearings health condition. By detecting and analyzing the machine vibration, it is possible to determine
and predict the machine failure. Early fault detection of the bearings is possible by analyzing the vibration
signal using different techniques. Integrating these analytics with a real-time dashboard and cell phone
notifications allows for almost instantaneous observation and diagnosis of the fault. The objective of this
research is to take a multi-step approach to relevant feature extraction, statistical condition monitoring on
industrial machinery, and to explore capabilities of predictive analytics, specifically condition anomaly
detection, within the industrial sector. The following sections will touch base on a project introduction, a brief
literature review, methods employed, findings, and conclusions – and will detail out remaining work that
needs to be done to determine if vibration is a feasible measure of condition monitoring. If successful, these
techniques can hopefully be scaled to other industries and forms of industrial machines such as pumps,
compressors, drilling equipment, or wind turbine gearboxes, and hope lower economic costs for those
respective industries.
Project Mentor: Dr. Mario Garcia-Sanz, Department of Electrical Engineering and Computer Science
Faculty Sponsor: Dr. Daniel Lacks, Department of Biomolecular and Chemical Engineering



Efficiency in Major League Baseball Player Contracts Market

Jacob Frisch, B.A. Economics, B.A. Statistics, M.S. Management - Business Analytics; Luke DiMuzio, B.A.
Statistics, B.A. Economics
The performance of an MLB team has a huge beneficial impact on the surrounding economy. Team
performance can be affected by the presence of star players, which has been proven to positively impact local
restaurants/bars in Professor Daniel Shoag’s paper, “Taking My Talents to South Beach (and back)”. However,
a firm’s performance can also be improved by efficiently paying its workers, or players in the case of the MLB.
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The determination of the wage of the worker should come predominantly from productivity. The more
productive or better a player is, the more the player should get paid. Different teams have different
philosophies in what translates to being a better player and how to pay them, which could lead to
inefficiencies. Factors such as player statistics, geographic location, position, or whether the team has a
history of winning impact these philosophies.
This paper aims to determine if inefficiencies exist in the MLB contract market and what causes them. Written
in 2003, “Moneyball: the Art of Winning an Unfair Game” discussed how teams were not efficiently paying
players. The book discusses statistics more correlated with contract amounts that were not necessarily the
most impactful on team performance. We use ordinary least squares regressions to identify which statistics
used to measure a player’s skill are most impactful on their contracts. We expect WAR (Wins Above
Replacement) to be the strongest factor because it is the best statistic at encapsulating a player’s overall
impact on a team. Also, we determine which teams are most efficient, and if that translates to more success
overall. To do so we use another ordinary least squares regression to see how a team’s total player salary
affects how many games they win. We expect smaller market but successful teams, like the Astros, to be more
efficient at paying players.
The results of this paper could impact the way teams evaluate players when considering long term extensions
or free agent signings. Changing the way a team looks at player contracts could lead them to success and
positively impact their city’s economy.
Project Mentor: Professor Jenny Hawkins, Department of Economics




Sound Reactive LED Cube

David Fulton, Electrical Engineering, Systems and Control Engineering; Andrew Riemer, Electrical Engineering;
Michael Ritchey, Electrical Engineering

Music is a purely sonic experience, and through the use of LEDs we hope to turn it into a visual one as well. By
designing and building a cube of LEDs, where each LED can be individually controlled through a matrix, 3D
images can be shown through careful control via a microcontroller. By making this LED cube large, 8x8x8 LEDs,
we are able to get greater definition in the images. The microcontroller can also be programmed to take an audio
input, that can then be used to alter images shown on the LED cube. By taking characteristics of the audio input,
such as frequency or amplitude, brightness, color, or speed of movement can be changed within the LED images.
Thus, by using such characteristic qualities of audio as inputs, we are able to create a way to visualize that sound,
and more specifically sounds like music or speech.

Project Mentor: David Kazdan, Department of Electrical Engineering and Computer Science
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Disparities in stereotactic radiosurgery for the treatment of lung cancer brain metastases:
A SEER-Medicare study
Kaitlyn Funk, Psychology & English B.A. Candidate
Contributors: Mustafa Ascha, MS.

Background: Stereotactic radiosurgery (SRS) is a costly procedure used to irradiate intracranial disease
while sparing tissue that would be irradiated using whole-brain radiotherapy, ideally limiting the extent of
cognitive impairment following treatment. Because brain metastases (BM) are the most frequent intracranial
cancer and occur especially frequently among lung cancer patients, it is often used to treat BM, though its cost
may lead to potentially inequitable use across patient populations.
Materials and Methods: Surveillance, Epidemiology, and End-Results (SEER) cancer registry data for
patients diagnosed between the years 2010 and 2012 were examined to identify lung cancer patients
diagnosed with BM at the same time as their primary cancer. Medicare claims were used to identify patients
treated with SRS; the odds of SRS therapy and hazards of mortality were examined with respect to various
clinical and demographic characteristics were examined.
Results: Of 74,142 Medicare-enrolled patients diagnosed with lung cancer, 9,192 were diagnosed with BM
and 3,259 of those patients were treated with SRS. Among patients diagnosed with BM, after adjusting for
clinical and demographic characteristics, males had 0.85 times the odds of SRS that females had. Despite
having no significant difference in odds of SRS compared to White Non-Hispanic (WNH) patients, patients of
Asian/Pacific Islander background had improved survival. Black and patients of other race had significantly
lower odds of SRS compared to WNH patients.
Conclusions: Differences in the use of SRS across patient populations exist, though there may be a lack of
survival differences in Asian populations. Males and minority patients may have decreased odds and worse
survival compared to WNH patients.

Project Mentor: Dr. Jill Barnholtz-Sloan, Ph.D, Cleveland Institute for Computational Biology





Investigation of Beam Echo Generation with Electrons in the IOTA Ring
Annika Gabriel, Department of Physics
Beam echoes have the potential to provide an improved method of measuring beam diffusion in
storage rings and synchrotrons. Generally, radiation damping is thought to prevent the formation of echoes in
electron beams, but the damping time in the Integrable Optics Testing Accelerator (IOTA) at Fermilab may be
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long enough to allow echo formation with electrons over a range of beam energies. Simulations will be used
to examine the possibility of echo generation with an electron beam in the IOTA ring. If echo generation is
possible, then the dynamic aperture and the maximum echo amplitude for a range of tune splits and for
energies in the range 100 – 150 MeV will be investigated. Robustness of echoes to various quadrupole errors
in the same energy range will also be studied.
Project Mentor(s): Dr. Tanaji Sen, Fermilab Accelerator Research Department, Professor Michael Martens,
Department of Physics





Geographic Range and Body Size are Positively Correlated with Parasite Species Richness but Group
Size is not in a Subset of Primates

Anicka Gajar, Department of Biology, Department of Spanish
Parasites are microscopic pathogens responsible for illness in just about every animal known to man.
However, some species are more prone to parasitic infection than others. Their parasite species richness
(PSR) may be correlated with some of their traits, and related species could have similar PSRs. In this project,
the effect of geographical ranges (GR), average body masses (ABM), and average group sizes (AGS) on PSR
was examined, and the traits themselves were examined for phylogenetic signal. I hypothesize that all three
of these traits will be positively correlated with parasite species richness, and that PSR and ABM will have
phylogenetic signal, while GR and AGS will not. To test this hypothesis, the R coding language was used to do
analysis on a matched phylogeny and data set. Within R, the ape, phytools, picante, Hmisc, ggtree, nlme and
lmtest packages were used. With these packages, the phylogenetic least squares (PGLS) and phylogenetic
signal methods of analysis was performed. Using PGLS, it was determined that geographic range and average
body mass were positively correlated with parasite richness, which was consistent with my hypothesis.
Geographic range is most likely positively correlated with PSR because species with larger ranges can come
into contact with more parasites. Average body mass is likely positively correlated because larger primates
will have more body volume that can be occupied by parasites. Unexpectedly, average group size was not
correlated with parasite species richness, indicating that group size may not have an effect on it. Phylogenetic
signal testing indicated that PSR, ABM, and AGS had phylogenetic signal, while GR did not. This result was
unexpected based on prior literature, since AGS is influenced by habitat, not genes. However, knowing that
similar species are likely to have similar PSR and ABM could be useful in estimating traits of related species.

Faculty Sponsor: Professor Jean H. Burns, Department of Biology
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Role of High fat Diet in Microbiome Directed Inflammasome Activation
Julia C Gaspare-Pruchnicki, Department of Anthropology; Kenneth D Chavin, MD, PhD, Department of
Surgery; Arun P Palanisamy, PhD, Department of Surgery
Non-alcoholic fatty liver disease (NAFLD), the most common liver disorder in Western countries with
an estimated overall prevalence of 20-30%, is expected to increase in prevalence to 50% by 2030. NAFLD,
considered a relatively benign condition, can progress to the more insidious non-alcoholic steatohepatitis
(NASH). NASH has all the hallmarks of NAFLD with the added component of hepatic inflammation. Animal
studies have shown that gut flora and chronic liver disease are closely interrelated. There exists a relationship
between feeding specific pathogen-free mice a diet high in saturated fat (SPF-MD) or unsaturated fat (SPF-LD)
and increased liver steatosis, increased inflammation, and neutrophil infiltration consistent with NASH,
compared to a control diet (SPF-CD) fed mice. Diet can influence activation of inflammasomes, multimeric
complexes formed in response to different physiological and pathogenic stimuli. Several studies report a link
between intestinal inflammation driven by gastro-intestinal alterations in NLRP6 and NLRP3 inflammasome
signaling in NASH pathogenesis. Recent literature also suggests that the gut microbiota is critically important
for inflammasome activation and that the bacterial colonization regulates inflammasome activity resulting in a
steady state. In this study we analyze the microbiome expression profile in SPF and germ free mice fed CD, LD,
or MD for 32 weeks using 16S rRNA sequencing. Additionally, transcriptomics analysis was used to identify
differentially regulated inflammatory molecules in these mice. Future studies aim to analyze the expression of
components that make up the inflammasome complex and also correlate the changes in the microbiome to
changes in the inflammatory state of these mice. It is expected that this will identify key inflammatory pathways
affected by the microbiome.
Project Mentor: Arun Palanisamy, PhD, Department of Surgery




Using cerebral organoids to model neurodevelopmental disorders caused by mutations in DNA repair
mechanism
Artur Gevorgyan, Department of Biochemistry; Filomena Pirozzi, Center for integrative Brain Research,
Seattle Children’s Research Institute; Luke Bury, Department of Genetics and Genome Sciences; Anthony
Wynshaw-Boris, Department of Genetics and Genome Sciences
Microcephaly is a rare neurodevelopmental disease characterized by a smaller head size (at least two
standard deviations below the mean for age and gender) and can be caused by both genetic and
environmental factors. Mutations in DNA damage repair genes have been linked to microcephaly,
demonstrating that the maintenance of genomic stability is crucial for normal brain development. DNA
double strand breaks (DSBs), caused by exposure to ionizing radiation, toxins, and some drugs, can trigger
DNA repair mechanisms in affected cells. One possible repair mechanism is non-homologous-end-joining
(NHEJ), were Ligase 4 (LIG4) plays a key role in the final protein complex that ligates the processed edges of
the damaged DNA. A loss of function of the LIG4 protein will detrimentally affect the DNA repair mechanism
and render that cell vulnerable to further mutations. Individuals with mutations in the LIG4 gene are
diagnosed with LIG4 syndrome, which presents with the microcephaly, sever intellectual disability, and
51

increased radiosensitivity. We hypothesized that microcephaly could develop through the depletion of the
proliferative NPC pool or apoptosis of NPCs and/or neurons. To test this, we generated 3-dimentional
cerebral organoids from LIG4 mutant, wildtype, and CRISPR/Cas9 corrected iPSCs. The cerebral organoids
successfully replicated the microcephaly phenotype observed in LIG4 mutant patients in the clinic.
Interestingly, the cerebral organoids demonstrated no alterations in the neural organization, but cleaved
Caspase3 positive staining was clearly observed in the outer edges of the sub-ventricular-like zones.
CRISPR/Cas9 genome editing was used to correct the LIG4 mutation and was sufficient at rescuing the
microcephaly phenotype. In conclusion, we successfully recapitulated microcephaly in vitro using 3dimentional cerebral organoids and identified delayed proliferation of NPCs and apoptosis of immature
neuronal cells as the two-step mechanism through which LIG4 loss of function leads to microcephaly in
humans.
Project Mentor: Professor Anthony Wynshaw-Boris, Department of Genetics and Genome Sciences
Faculty Sponsor: Professor David Samols, Department of Biochemistry





Community Greenhouse Partners Solar Canopy Design

Danielle Gilbert, Department of Mechanical and Aerospace Engineering; Lee Miller, Department of
Mechanical and Aerospace Engineering; Tristan Moffett, Department of Mechanical and Aerospace
Engineering; Dr. Sunniva Collins, Department of Mechanical and Aerospace Engineering

Community Greenhouse Partners (CGP) intends to construct a 12’x129’ structure to act as a roof over a
farmers market at their E65th and Superior location. This project serves to design a solar installation on top of
the structure to provide as much energy as possible to the compound. The proposed solution involves bifacial
solar panels, and a bright, reflective concrete pad in front of the structure. This CGP location gets electricity
from Cleveland Public Power which does not allow the organization to sell excess power back to the grid. For
this reason, the panels will be set up in series and connected to a smart metering system which can “turn
them on/off” in a sense, to ensure that no excess power is generated, breaching contract. A complete bill of
materials along with costing of all components will be included. Finally, a full and seasonal power output
analysis will also be presented along with recommendations for panel suppliers and installation.

Project Mentor: Dr. Sunniva Collins, Department of Mechanical and Aerospace Engineering
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A Novel Remediation Process For De Nora Tech Titanium Anode Etching Waste Acid

Colin Sonnefeld, Caroline Gillette, Jeffrey Moravec, Jared Myers, CWRU Department of Chemical
Engineering

The Senior Design team partnered with De Nora Tech. LLC is tasked to design potential methods for internal
waste remediation with regards to the current anode etching bath process. De Nora Tech. LLC is a
manufacturing company whose main products are electrodes for industrial electrochemistry applications.
The process that our team is investigating is the etching of Titanium Dimensionally Stable Anodes ® in
concentrated hydrochloric acid baths. The titanium substrates are commonly etched to prepare the surface,
prior to being coated with mixed metal oxides. During the etching process, as the titanium anodes are
continuously submerged, the concentration of titanium ions in the bath increases until the acid is rendered
ineffective. This waste acid is currently outsourced for treatment and constitutes a significant economic
expense. Preliminary experimentation was conducted to determine the feasibility of neutralization to
precipitate titanium oxides from solution. Precipitation effectively reduces the total dissolved solids and
metal ions in the process waste to a level for safe drainage disposal. Multiple methods to separate the
resulting solid-liquid mixture are discussed along with a techno-economic analysis for the proposed methods.

Project Mentors: Dr. Uziel Landau, CWRU Department of Chemical Engineering; Tyler Petek, Ph.D., De Nora Tech.
LLC R&D Scientist; Andrew Smeltz, Ph.D., De Nora Tech. LLC Manager





Ethics of Twin-to-Twin Skin Grafting
Anna Goff, Department of Chemistry; Dr. Monica Gerrek, Department of Bioethics
Twin-to-twin skin grafting is a procedure in which a healthy twin can donate skin to an identical severely
burned twin. The procedure has the potential to significantly limit the number of surgeries the injured twin
must undergo and in turn lowers the length of stay in the hospital. While advantageous, a host of ethical
dilemmas must be considered, such as the ability of both the donor and the recipient to autonomously
consent, the potential for the physician’s role to be compromised, and the circumstantial timing of when this
procedure should be done. To examine these ethical dilemmas further, a case study was conducted regarding
two men in their fifties at a county hospital in a major Midwestern city. The case information was
predominantly obtained from an interview with the attending physician. Similarities and differences between
monozygotic skin donation and solid organ transplants were also determined as a point of analysis. The
application of the case study enabled several conclusions, including the necessity for an independent living
donor advocate (ILDA) separate of the clinical ethicist on the case. Additionally, timing and efficient decisionmaking are critical in ensuring that the procedure has maximum effectiveness. Ultimately, the burn unit’s
interdisciplinary approach is a major contributor to protecting the interests of all involved in the donation.
Project Mentor: Dr. Monica Gerrek, Department of Bioethics
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Designing, Building, and Testing a Semiconductor Based Macrobolometer for Troubleshooting the
Optics in Spider

Hannah Goldberg, Department of Physics; and John Ruhl, Department of Physics

Spider is a balloon-borne instrument that has mapped the polarization of the CMB at large angular scales and
is going to soon be flown a second time to remap the CMB polarity more precisely. The design of Spider includes
a series of cryogenic stages cooled by liquid helium. Inside are six cryogenic telescopes with arrays of
bolometric detectors designed to measure radiation of specific millimeter wavelength, sourced from the CMB.
Spider has a series of filters which are in place to prevent thermal infrared radiation from reaching Spider’s
optics while letting the millimeter wavelength radiation from the CMB through. Characterizing and
understanding the radiation density between the various cryogenic stages is critical for ensuring good
cryogenic performance and maintaining the expected low temperatures of the millimeter wave optics and
bolometric detectors.
To enable the measurement of this radiation density, we will design, assemble, and test a diode based
bolometer, that will be placed between layers of the cryogenic stage cooling system. Sources of unwanted
radiation, such as blackbody radiation from the cryogenic stages themselves, are accounted for theoretically
in Spider’s design, but by placing the bolometers between the cryogenic stages, we can measure, directly, how
much infrared radiation is present at each level in the chamber system, allowing us to understand and optimize
Spider’s cryogenics before its next flight.

Project Mentor: Professor John Ruhl, Department of Physics
Faculty Sponsor: Professor Rolfe Petschek, Department of Physics





Drosophibot: A Fruit Fly Inspired BioRobot

Clarissa Goldsmith, Department of Mechanical and Aerospace Engineering; and Dr. Nicholas Szczecinski,
Department of Mechanical and Aerospace Engineering

We present Drosophibot, a hexapod robot designed based on the Common fruit fly, Drosophila
Melanogaster, with the aim of being used as a testing platform for neural control networks. The robot
interfaces with AnimatLab software, in which groupings of simulated neurons can be developed for smooth,
organic locomotion in biological robots. Drosophibot features anatomical aspects such as accurate dynamic
scaling and compliant feet that are not present in other, similar bio-robots in the hopes of increasing the
54

fidelity of the robot to the biological model, both in regards to hardware and software. In increasing the
accuracy to the insect, we aim to gain further insight into the insect’s nervous system to inform the current
model and subsequent neural controllers.

Project Mentor: Dr. Nicholas Szczecinski, Department of Mechanical and Aerospace Engineering
Faculty Sponsor: Professor Roger Quinn, Department of Mechanical and Aerospace Engineering





Adverse Childhood Experiences and PTSD Symptoms, Depressive Symptoms, and History of
Suicidality in Mothers of Young Children
Emily Gorjanc, Department of Psychological Sciences; Dr. Alissa Huth-Bocks, Department of Psychological
Sciences, University Hospitals Department of Developmental and Behavioral Pediatrics and Psychology; Dr.
Arin Connell, Department of Psychological Sciences

Adverse childhood experiences (ACEs), including childhood sexual, physical, or emotional abuse and
neglect, have been linked to numerous negative mental health and behavioral outcomes later in life (Felitti et
al., 1998). More specifically, associations between ACEs and increased risk of post-traumatic stress disorder
(PTSD), depressive symptoms, and suicidal tendencies have been found (Merrick et al., 2017; Schalinski et al.,
2016), with sequelae lasting up to decades after their initial manifestation (Chapman et al., 2003). However,
there still remains a need to explore the impact of how ACEs may differentially impact outcomes in select
populations of interest. This study focuses on high-risk mothers of young children (aged 6 years or younger)
and aims to identify whether there is a significant association between ACEs and PTSD symptomology,
depressive symptomology, and suicidal tendencies during adulthood. Results revealed a statistically
significant (p<0.01) association between ACEs and PTSD symptomology including re-experiencing, avoidance,
dysphoria, and hypervigilance symptoms, as well as between ACEs and depressive symptomology and history
of suicidality. Future research should explore how other factors may mediate negative health outcomes in
order to identify therapeutic measures necessary to alleviate mental and behavioral health difficulties
following ACE exposure.

Project Mentor: Dr. Alissa Huth-Bocks, Department of Psychological Sciences and University Hospitals
Department of Developmental and Behavioral Pediatrics and Psychology
Faculty Sponsor: Dr. Arin Connell, Department of Psychological Sciences
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The Three Body Problem with Generalized Contact interactions in One-Dimension

Seth Grable, Department of Physics
The problem of three identical interacting particles is notoriously difficult to solve. For the special case that
the interaction is a zero range contact interaction however the problem is soluble. In one dimension in
particular the problem of three bodies interacting with a delta function potential was solved in a series of
classic papers which later generalized the analysis to N-bodies. Recently forms of contact interaction more
general than the delta function have been identified in one dimension. We propose to analyze the three body
problem for these more general forms of contact interaction which include the delta function as a special
case. An intriguing question which we will explore is the possible existence of Efimov states in one dimension.
Efimov states are three body bound states that exist despite the fact that for the same interaction there are no
two body bound states.
Project Mentor: Professor Harsh Mathur, Department of Physics




Nutrient Levels in Varying Habitat Types Show No Relation with Fungal Relationship Type in the
Myrtaceae family
Jonathan Griffith, Department of Biology
Mycorrhizal fungi are a class of fungi capable of creating a symbiotic relationship with its host plant species.
While most plants are only capable of having a symbiotic relationship with one type of mycorrhizal fungi,
members of the Myrtaceae family are known to create a relationship with both arbuscular mycorrhizal (AM)
fungi and ectomycorrhizal (EM) fungi. Both type of fungi are capable of nutrient uptake, however AM fungi is
better adapted for nutrient uptake for its host compared to EM fungi. In exchange for nutrient uptake the host
will provide the fungi with complex sugars. We suspect that the habitat type of the host species can be used to
show phylogenetic signaling, allowing us to determine what fungi is likely present in the symbiotic
relationship. Because AM fungi are better adapted to uptake nutrients from the soil, selection for AM fungal
relationships would be stronger in poor soils compared to fertile soils. By converting habitat type to
continuous values we were able to analyze the data using phylogenetic generalized least squares (PGLS)
within R programming and determine there is no statistical significance between habitat type and
mycorrhizal type. Based on the data a p-value of 0.9869 was calculated, leading to no statistical significance.
After evaluating 50 species in the Myrtaceae family we are unable to show that nutrient levels can be used to
predict mycorrhizal relationships between AM and EM fungi with their host.
Project Mentor: Professor Jean H. Burns, Department of Biology
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Swept-source Optical Coherence Tomography Angiography Detection of Flow
Abnormalities in Patients with Pulmonary Sarcoidosis

Torrey Guan, Department of Biology; Dr. Arthi Venkat, Cole Eye Center; Kimberly Baynes, Cole Eye Center;
Emily Fisher, Cole Eye Center; Ashley Balascoe, Cole Eye Center, Jennifer Welsh, Cole Eye Center; Dr. Peter K.
Kaiser, Cole Eye Center; Dr. Sunil Srivastava, Cole Eye Center; Dr. Summit Sharma, Cole Eye Center

Sarcoidosis can present with sub-clinical choroidal pathology visible on indocyanine green angiography, the
gold standard for choroidal imaging. Swept-source optical coherence tomography angiography (SS-OCTA)
penetrates deeply to provide detailed images of choroidal vasculature without the use of injectable dyes. This
study hypothesizes that SS-OCTA can serve as a screening tool for choroidal pathology in patients with
pulmonary sarcoidosis. Patients with pulmonary sarcoidosis diagnosed clinically either by characteristic
chest CT findings or transbronchial biopsy were imaged prospectively using SS-OCTA (Zeiss PLEX Elite 9000,
Zeiss, Inc., Dublin,CA). SS-OCTA images were examined for the presence of choroidal flow abnormalities in the
choriocapillaris and choroidal en-face images in correspondence to structural B-scan signal abnormalities.
Imaging findings were then compared to clinical eye exam records. 78 eyes of 39 patients with pulmonary
sarcoidosis were evaluated. Of the 78 eyes, 30 (38.5%) demonstrated flow abnormalities on the en-face
choriocapillaris or choroidal scan that corresponded to signal voids on structural B-scan. The appearance of
choroidal lesions were classified as either clustered or scattered; 2 of the 30 eyes with flow abnormalities
were characterized as having clustered lesion formation. Amongst the samples that had choroidal lesions, the
mean number of flow abnormalities was 3.9 per eye. 25 of the 30 eyes (83%) with choroidal pathology
identified on SS-OCTA did not have evidence of uveitis or choroidal abnormalities on eye examination. SSOCTA captures subclinical choroidal pathology in patients with diagnosed pulmonary sarcoidosis, and may
therefore demonstrate utility as a screening tool for uveitis in sarcoid patients. Additionally flow changes
seen on SS-OCTA may provide a non-invasive marker of activity in those with systemic sarcoidosis.

Project Mentor: Dr. Sunil Srivastava, Cole Eye Center
Faculty Sponsor: Dianne Kube, Department of Biology





Helical Antenna Applications

Mercedes Elizalde, Department of Electrical Engineering and Computer Science; Aaron Grgurich,
Department of Electrical Engineering and Computer Science; Paul Guativa, Department of Electrical
Engineering and Computer Science

The roof of Glennan at CWRU and the NASA Glenn Research Center have line-of-sight propagation, meaning
that radio waves will travel in a direct path from the source to the receiver. Line-of-sight propagation is not
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always an option in RF communications due to Earth’s curvature. However, the Cuyahoga river valley falls in
between Glennan at CWRU and the NASA Glenn Research Center, providing a greater line-of-sight than
normal for the purposes of this project. Furthermore, the integrated air density between Glennan and NASA is
very similar to that of between Earth’s surface and a satellite orbiting the Earth. By establishing line-of-sight
communication, the CWRU Amateur Radio Club and Professor David Kazdan can conduct research on
weather effects on radio communication. The purpose of Helical Antenna Applications is to provide the CWRU
Amateur Radio Club with two low power, high gain helical antennas to be used in their future research and
projects. Helical antennas have several advantages over the more common monopole antennas. Since
monopole antennas are omnidirectional, more power is required to transmit a signal over large distances.
Helical antennas are directional, meaning that they transmit and receive greater power in specific directions,
allowing increased performance and reduced interference from unwanted sources. A helical antenna system’s
circular polarization also provides a noise-rejection advantage over linear polarization for the proposed
research.

Project Mentor: Professor David Kazdan, Department of Electrical Engineering and Computer Science
Faculty Sponsor: Professor Gregory Lee, Department of Electrical Engineering and Computer Science





Evaluating the Impact of Psychosocial Rehabilitation on Mental Health in South Africa
Abhinaya Gunasekar, Department of Cognitive Science; Todd Oakley, Department of Cognitive Science
Psychosocial Rehabilitation (PSR) has been shown to be an effective model in the treatment of mental illness.
The goal of PSR is to use minimal professional intervention to increase functioning of those suffering from a
mental illness in order for them to become more successful in their environments. It aims to teach individuals
new skills, become aware of their illness, educate them on how to cope, and ideally reduce relapses. Fountain
House, an NGO in Cape Town, South Africa, utilizes this model to help their members reintegrate into society.
This research project focused on conducting impact evaluations to assess the effectiveness of the
psychosocial rehabilitation model that Fountain House uses. Present and past members were recruited,
informed of the project, and if consented, they were given a thorough survey. The survey asked about their
demographics, mental disorder, attending the Fountain House program, jobs, living situation, socialization,
medication usage, and relapse. It was found that overall PSR was effective in helping those with mental illness
manage, particularly helping them with communication, life skills, and coping. This form of rehabilitation is
not widely used and has limits because it is geared towards people who have been diagnosed with an illness
and is managed through medications. It has been shown to be effective, however, it would be interesting to
see its effects globally and how this form of rehabilitation can be used to effect a wider range of people
suffering from mental health issues.
Project Mentor: Todd Oakley, Department of Cognitive Science
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Beyond Invisible Borders: A Cross-Cultural Examination of Mental Health Stigma and Discrimination
Varun Gupta, Department of Psychological Sciences
Mental health is a key part of an individual’s overall health and well-being, yet throughout the world its care
is largely neglected and sometimes avoided due to the stigma surrounding it. Stigma can prevent individuals
who are suffering from seeking out the necessary care. There are considerable discrepancies in the amount of
stigma associated with mental illness and seeking mental health care across different cultural, social and
religious groups. This literature review provides a comprehensive analysis of empirical studies on mental
health stigma in an effort to identify and investigate the factors within those various factions that contribute
to mental health stigma. Key areas of exploration include examination of differences between Eastern and
Western societies in terms of diverging attitudes towards mental health, gender roles and stereotypes,
collectivist versus individualistic views, and the stigma of working in a mental health profession. According to
the World Health Organization, mental illness affects 1 in 4 people at some point in their lives. By identifying
and understanding the factors that contribute to mental health stigma and discrimination, we can begin the
process of eliminating these invisible borders that prevent people from obtaining the mental health care they
need.
Project Mentor: Professor Anne Kotynski, Department of Psychological Sciences




Advanced Control System and Control Co-Design of a Floating Offshore Wind Turbine on a Spar Buoy
Platform
Michael Hampton, Department of Mechanical Engineering
The purpose of this project is to investigate and determine the mechanical and economic feasibility of a
control system that would adjust the tension on the mooring system for a standard 5-MW wind turbine
mounted on an OC3-Hywind Spar Buoy. A variable tension control system was designed using technology
developed by companies for offshore drilling platforms. The three high-capacity mooring winches, one for
each mooring cable, were mounted above the sea level on a ring with cables going straight down to the
mooring cable attachment. A state-space model of the turbine and spar buoy was built off of the EulerLagrange equation focusing on the pitch and roll movements as they put stress on the tower by horizontally
offsetting the weight of the blades and nacelle from the center of mass of the system. From the state-space
model, the plant matrix was found and a PID controller designed and tuned for the system. The performance
of the system was analyzed using NREL’s OpenFAST software, and the system was determined to be effective
at limiting tower and nacelle movement. Lastly, a cost analysis was done for the completed system. The
money saved in limiting materials needs to be greater than the cost of implementing and maintaining the
control system. It was determined that if the duty cycle is less than 0.5%, the control system is worthwhile
and has improvements that can be made. However, if the duty cycle is greater than 0.5%, the control system
is not worth the money put in.
Project Mentor: Professor Mario Garcia-Sanz, Department of Electrical Engineering and Computer Science
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Development of an Automatic Pill Dispenser
Nicholas Han, Department of Mechanical and Aerospace Engineering
Since 1988, the average number of medications taken by people over 65 has tripled. With the increased
number of drugs being prescribed to elderly patients, more people are experiencing difficulties taking the
proper amounts of medications at the correct times. The device developed in this project aims to take away
barriers typically faced by elderly patients in self-medication. A prototype was created of a device that can
deliver proper pill dosages with minimal setup and maintenance. Powered by a Raspberry Pi, the device
delivers the correct medication dosages at prescribed times and amounts set by the patient or a caretaker. By
releasing patients of the need to open pill bottles and keep track of instructions, the device can improve a
patient’s compliance to a doctor’s prescription and prevent potential missed doses and overdoses.
Furthermore, by providing an easy access app for a smartphone, the patient’s medication schedule can be
easily monitored by a doctor or caretaker. As an automatic pill dispenser that does not require presorting and
can be controlled from a phone, it is a cheaper alternative to many pill dispensers currently on the market
without sacrificing ease of use and accessibility.
Project Mentor: Jason Bradshaw, Department of Mechanical and Aerospace Engineering



Dynamic Night Splints for Plantar Fasciitis

Hillary Hellmann, Department of Mechanical & Aerospace Engineering; Aila Taylor, Department of
Mechanical & Aerospace Engineering; Olivia Newman, Department of Mechanical & Aerospace Engineering

Dynamic Night Splints are designed as a treatment to alleviate the pain from plantar fasciitis by changing the
position of the foot from dorsiflexion to plantar flexion over the course of a patient’s sleep. Currently, only
static night splints are available which pull the foot into dorsiflexion and reduces tension across the plantar
fascia allowing the inflamed tissue the opportunity to heal. Many patients complain of foot aches and pain
through the night from uncomfortable static loading which leads to a low compliance rate. The goal of this
project is to design and create a prototype of a fully functional dynamic night splint. The prototype would
need to operate automatically over a twelve hour period, be able to be strapped to a human adult foot, should
be able to bring the foot into the dorsiflexed position, and allow the foot to relax into plantar flexion.
Experiments were done to determine how much force is required to pull a foot into dorsiflexion. Various
design options were considered based off of their functionality and feasibility. A cable operating system was
chosen since it would be the most reliable option to keep the foot in place through the course of a night’s
sleep. However, this design requires a gearing system to reduce the amount of torque required by the motor.
Component selection and design followed for both mechanical and electronic systems. A working prototype is
expected to be completed by the end of the semester that will be able to undergo basic testing to help identify
key problem areas to be documented for future design iterations.

Project Mentor: Professor Clare Rimnac, Department of Mechanical & Aerospace Engineering
Project Supervisor: Eric Kolb, Kolb Consultants
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Role of bilateral odor sampling in the odor source localization behavior of Manduca sexta
Parthasarathy Kalyanasundaram, Department Of Biology; Carmaletta Hinson, Department of Biology and
Mark Willis, Department of Biology

The male hawkmoth Manduca sexta is known to have antennal receptive fields of female sex pheromoneresponsive projection neurons in the antennal lobe. There are about 80 antennal segments and the
distribution of the pheromone-sensitive trichoid sensilla is greater on the middle segments of the antenna,
compared to the tip and the base. Using both bilateral sampling the moths could extract odor detailed
information on spatial distribution of odor instantaneously. It could be suggested that M. sexta could use
bilateral sampling strategy to locate the odor source more efficiently. In order to test this hypothesis, we
studied the odor plume tracking behavior of M. sexta with varying length of antennal segments. For this study
we used moths with 10, 20, 40 and 80 (fully intact) bilateral antennal segments. Once surgically removed the
cut antennal segments were glued back onto the intact antennal segments, to restore the input from the
Johnston’s organ at the base of the antenna. Moths with intact antennae were successful in finding the odor
source (97%, n = 37). Moths with 40 antennal segments, i.e., 50% intact antenna, performed well as intact
controls (91%, n = 24) in locating the odor source. Fewer of the moths with 20 & 10 antennal segments (n =
15 & 11) (i.e., less than 50% of their functioning olfactory sensillae) succeeded in locating the odor source and
exhibited great difficulty maintaining contact with and tracking the odor plume. The reduction in spatial
resolution could have effected their inability to track and locate the odor source.

Project Manager: Dr. Mark Willis Department of Biology





Source Code: A Learning Video Game
Amardeep Mudhar, Department of Computer Science; Clarinda Ho, Department of Computer Science;
Huvra Mehta, Department of Computer Science; Tianlong Chen, Department of Computer Science

Source Code is a mixed 2D, 3D, and text-based ARPG built in Unity using C# and Monodevelop, where Players
will play as an AI exploring and fighting through the internet world in order to find their programmer. Players
can collect goods, finish quests, and try to discover safe havens by exploring the world around them via a topdown AI-generated 2D map.
As the player moves through our world they will encounter 2 types of events. The first event is a “random”
text-based encounter (events picked for them by the learning AI) that will lead to either a quest or a fight or
just a dialogue/exploration scene. The second event is a 3D scene called a Point of Interest. These 3D scenes
will contain a rest stop/area to explore. This is where the story will progress and provide the majority of the
quests and fights the player can encounter.
61

As players continue to play the learning AI will gather player information, create a continuously updating
player state and then tailor the game towards their preferred playing style.

Project Mentor: Professor Soumya Ray, Department of EECS





Leveraging GIS to Analyze the Incidence of Inter-Hospital Medical Transfers in the US
Andrew P. Reimer, PhD, RN; Mollie Hobensack; Charlie Harper, PhD; R. Benjamin Gorham, PhD
Frances Payne Bolton School of Nursing, Case Western Reserve University;
Digital Learning and Scholarship (Kelvin Smith Library), Case Western Reserve University
ABSTRACT
In the United States approximately 1.6 million people are transferred annually between hospitals. This
represents approximately 4.6% of hospitalized individuals. Evidence shows transferred patients experience
increased costs and worse outcomes in comparison with non-transferred patients; however, the existing
literature showing patient-transfer influence is sparse. This study aims to serve as the preliminary step of
creating a central reporting agency that collects and/or tracks statistics related to medical transport. The
intent of this project is to generate a geographic informational map that will display national hospitals to
analyze inter-hospital medical transfers in the United States. To accomplish this goal, data sources were
identified and merged in ArcGIS 10.4 to create an analytic data set. Analysis was conducted utilizing the
analytic data set created. Zip codes were used to define hospitals as urban versus rural. Census tract data was
used to incorporate the incidence of hospitalization. In addition, health system transfer networks were
identified enabling network analysis to visualize inter-hospital transfer networks. This project demonstrates
that assessing medical transport on a national level is feasible using multiple large databases and works to
develop new analytic tools to analyze medical patient transfers in the United States. Further results will be
described during poster presentation.
Project Mentor: Dr. Andrew Reimer, Frances Payne Bolton School of Nursing
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A Study of 3D Printed Acoustic Metamaterials
Nathaniel D. Hoffman, Department of Physics; Sharmistha Chatterjee, Department of Physics; and
Dr. Giuseppe Strangi, Department of Physics
We propose a design for a composite acoustic metamaterial (CAMM) from an array of rotated, cubic
Helmholtz resonators. Helmholtz resonators are known to exhibit localized acoustic responses around
specific frequencies and have been used to make sonic crystals, which absorb sound localized at the resonator
at resonant frequencies. At a certain size, these resonators are known to display exotic effective properties,
such as negative effective density in unit cells and a negative effective bulk modulus in arrays. If these exotic
properties are created in the same band as a resonant frequency, the material is classified as a metamaterial.
Metamaterials are materials which have sub-wavelength structures which can allow for incredible control
over waves. Typically, these metamaterials are designed to interact with optical waves. By properly designing
these structures, we can design perfect light absorbers, invisibility cloaks, flat lenses, and many other kinds of
materials with properties that do not exist in nature. The same can be done with acoustic waves, although
they have a much larger wavelength, so structures can exist on the centimeter scale rather than the optical
nanometer scale. By interacting with acoustic waves, metamaterials can be used to create flat lenses for
ultrasound, objects invisible to radar, and acoustic diodes, which let certain frequencies through but only in
one direction. The design of our acoustic metamaterial allows for the unit cell to be used in many different
kinds of applications. The CAMM exhibits an anisotropic response along each axis and we investigate
reciprocity normal the openings of the resonators. Additionally, we investigate the phonon band structure
from a theoretical perspective to understand the dynamics of different cavity arrangements.
Project Mentor: Professor Giuseppe Strangi, Department of Physics



Characterizing the Contractile Performance of Failing Human Ischemic and Nonischemic Myocardial
Samples
Joshua Holmes, Department of Physics; Ranganath Mamidi, Department of Physiology and Biophysics; Jiayang Li,
Department of Physiology and Biophysics; Chang Yoon Doh, Department of Physiology and Biophysics
Heart failure (HF) is a term used to broadly characterize the heart when it fails to pump sufficient quantities
of oxygenated blood to the rest of the body. Currently, HF treatments do not consider the underlying etiology,
though there has been a recent interest in developing etiology-specific HF medications. Unfortunately, drug
development efforts lack detailed information on the functional differences between various types of HF to be
successful. Thus, this research aims to characterize the dynamic myosin cross-bridge (XB) behavior in endstage failing human myocardial samples of ischemic and nonischemic etiologies. The dynamic XB behavior
and tension-pCa relationships of chemically-skinned ischemic, nonischemic, and donor human heart tissue
were assessed using stretch activation response and the slack-restretch protocol. Our results showed that
only the ischemic HF tissue had reduced maximal force generation with respect to the control donor tissue.
The rate of XB detachment (krel) was slowed in both HF groups but did not differ between HF groups. The
rate of XB attachment (kdf) was slowed in the ischemic group compared to the donor group but was not
statistically different for comparisons to other groups. Both HF groups showed increased Ca 2+ sensitivity of
force generation. Our results show contractile differences between HF samples of ischemic and nonischemic
etiologies, however, more information about the regional origin of the tissue used may provide deeper
insights into the functional differences between heart samples of various etiologies.
Project Mentor: Dr. Julian E. Stelzer, Department of Physiology and Biophysics
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Polarized Window Blinds
Lauren Homack, Department of Materials Science and Engineering; Madeleine McAllister,
Department of Materials Science and Engineering; Sean Yoshitomi-Gray, Department of
Materials Science and Engineering

Most low-cost blinds used in homes and apartments do not efficiently block out sunlight. Additionally,
blackout blinds or curtains only provide two lighting options; full sunlight or no sunlight. The goal of this
project is to create a low-mid cost option that utilizes polarized films to allow for 3 different levels of
permitted light; full, partial, and minimal. Polarizers have the ability to filter light of a specific orientation
while blocking any light not of that polarization. Using this concept, having two conflicting films (oriented
perpendicularly to offset the polarization) on separate sheets will enable us to to obtain this 3-level light
transmittance both cheaply and effectively. The poster will entail the design process, such as the material
selection based on desired properties and design constraints, cost evaluation, comparison with other
competitive products, and other criteria considered to reach the final proposed design.

Project Advisor: Professor Peter Lagerlof, Department of Materials Science and Engineering





Economic Discussion of Numerical Control
Alec Hoover, Department of Economics, Department of Mathematics
With growing concern over the impact that future computerization will have on jobs, it is important to review
the impact of previous automation technologies. This research brings to together statements from
manufacturing management, local and national union representatives, manufacturing workers, and
academics to construct an overview of the impact of numerical control (NC) from 1950 to 1980.
Numerical control is an automation technology used in the machine tool industry which allowed for the
economic automation of small batch production. This was seen by most as the key to long run growth and
productivity. However, it also brought along transitional problems. By deskilling machinists, while increasing
the need for skilled engineers and programmers, NC caused displacement of labor. In this manner, the
societal cost of adopting the new technology was placed wholly on the laborers whose skills became obsolete
and could not adapt quick enough.
Project Mentor: Professor David Clingingsmith, Department of Economics
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Design for a Non-Flammable Polymeric Deck

Daniel Hopkins, Department of Macromolecular Science and Engineering, Alexandra Vander Stouw,
Department of Macromolecular Science and Engineering, Tianxiong Ju, Department of Macromolecular
Science and Engineering

Decking materials used for residential homes have traditionally been comprised of either wood
products, such as redwoods and cedar, or polymeric materials, such as recycled high-density polyethylene
(HDPE). However, these materials both exhibit a high degree of flammability and can be extremely
susceptible to house fires. In order to improve the safety of residential decks and provide a durable
alternative to current decking materials, we researched and designed a non-flammable polymer-based
decking system. These materials were chosen to be compliant with all building and environmental codes in
order to provide a viable alternative to wood and HDPE with comparable cost.
Project Mentor: Professor David Schiraldi, Department of Macromolecular Science and Engineering





Relationship between Gross Cichlid Morphology and Ecological Niche of Piscavorous and NonPiscavorous Genera
Austin Hopperton, B.A. Biology & B.A. Psychology, Department of Biology
The morphology of Cichlids is a good indicator of the resources this family of fish has access to and utilize in
their environment. Recent research suggests that feeding behavior specifically influences morphology when it
comes to cichlids, leading to greater evolutionary change. This relationship is best observed in the genera of
cichlids since interspecies differences in morphology have been found to be negligible. This analysis aims to
compare gross cichlid morphology of predominantly piscivorous and non-piscivorous genera that are present
in modern phylogenies to determine typical body plans for these behaviors in order to better characterize
these broad niches of cichlids. We hypothesize that longer skinnier body and fin types associated with fast
straight-line swimming will correspond to piscivorous fish, while shorter more stout body and fin types
geared towards maneuverability will correspond to non-piscivorous cichlids. We obtained a phylogeny based
on maximum likelihood methods and matched this with a data set using the picante package. We then
performed basic statistical analysis for select morphological measurements coupled with a principle
component analysis for all data combined using phytools package. Principle components analysis suggests
that the aforementioned body types correspond to the respective feeding behaviors hypothesized. Similarly,
phylogenetic signal for select fin lengths and PGLS analysis for the the PC1 and PC2 variables obtained from
PCA also suggest that this relationship is correct. By characterizing these body types to the corresponding
feeding behaviors we can visualize how many times these feeding behaviors have evolved among the family
cichlidae.
Project Mentor: Professor Jean H. Burns, Department of Biology
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Robot Grasper Simulation

Susan McKay, Department of Mechanical & Aerospace Engineering; Yuntian Han, Department of
Mechanical& Aerospace Engineering; Naomi Hourihane, Department of Mechanical & Aerospace
Engineering

The aim of this project is to improve the robotic control system known as Dynamic Movement Primitives, or
DMPs. The project fits into a larger research initiative that aims to improve the coordination and overall
function of robots in low to no light situations by incorporating tactile sensor data into the DMP. In order to
affordably and effectively test these modifications, we will develop a simulation of a grasper whose movements
would be determined by DMPs and whose Degrees of Freedom (DOF) could be increased up to 50. The grasper
is to pick up two or more cylindrical objects in the way humans can roll multiple pens in their hands.
We broke the simulation down into three distinct parts: the DMP, the learning algorithm to iterate possible
paths, and the graphics, which must show both the movement and the contact points between cylinder and
grasper. For the DMP, we referred Schaal’s paper on the concept, assisted by notes from Studywolf, and
modified Schaal’s existing code to suit our purposes. For the learning algorithm, we researched five potential
algorithms, each having been used with DMPs before, and found PI^2 algorithm, also developed by Schaal, to
be the most effective solution. The graphics were developed using classes and object-oriented coding, with
distinct sections delineated in order to register contact and change color accordingly.
We hope to build and test our simulation such that a simulation runs under one second with the graphics turned
off (or over 60 simulations per minute), and handles 50 DOF without significant errors or decrease in efficiency.

Clare Rimnac: Department of Mechanical & Aerospace Engineering
Kathryn Daltorio: Department of Mechanical & Aerospace Engineering




The People Vs Mimetic Gravity: How I Learned to Stop Worrying and Love Quantum Gravity
Marcell Howard, Department of Physics, Department of Mathematics; Dr. Kurt Hinterbichler, Department of
Physics

Scalar-Tensor Theories (STT) have long been a popular way to modify General Relativity (GR). One such STT
is called Mimetic Gravity (MG), originally known as Mimetic or Imperfect Dark Matter. This particular
modification of GR comes about via adding the kinetic energy of the Mimetic scalar field phi, to the EinsteinHilbert (EH) Lagrangian, while having it coupled to a Lagrange multiplier lambda. Much of the literature has
been written about mimetic gravity, but there are still questions as to whether it deviates from General
Relativity within the classical and/or quantum regime. We have calculated whether MG has added any new
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degrees of freedom to GR, modified the Newtonian force law, modified the Shapiro Time Delay, and what is
the scattering amplitude for the graviton on the background of MG in Minkowski space.

Project Mentor: Dr. Kurt Hinterbichler, Department of Physics
Faculty Sponsor: Dr. Rolfe Petschek, Department of Physics





Kinematic Filter

Abdallah Rahmy, Department of Mechanical and Aerospace Engineering; Celena Hsiung, Department of
Mechanical and Aerospace Engineering; Dr. Haithem Mostafa, Department of Mechanical and Aerospace
Engineering; and Dr. Ozan Akkus, Department of Mechanical and Aerospace Engineering

Optical filters allow one to adjust the cut-off frequency of filtered light over a range of frequencies simply by
adjusting the angle of incidence of the light. Optical filtration is important to a number of fields including
imaging, spectroscopy, and microscopy. To use these filters, a precise rotational mechanism is needed for
manipulating the angle of incidence of the light; greater precision of rotation yields finer control of the cut-off
frequency. Existing rotational devices that provide sufficient accuracy and precision are only available at very
high cost. Furthermore, they require additional fixturing to mount the filters in place. The goal of this project
is to develop a low cost, automated rotational device that achieves the desired rotational accuracy, includes
simple filter mounting geometry, and allows for integration into other optical systems. The device’s drive
system consists of a computer controlled motor and a gear system that allows for high resolution, precision
rotation and a strong holding torque which lets the drive maintain its position. Due to the nature of the
motors, the system is able to operate on an open loop feedback system without significant loss of precision or
accuracy. This allows for a very simple, low cost control circuit and program. The system is packaged as a
modular unit and incorporates standard optical threads, allowing for straightforward integration into
existing optical setups. Additionally, fabrication methods for each part are specifically chosen to optimize part
tolerances, cost, strength, weight, and manufacturability. Installation of the device into an optical system
demonstrated successful mechanical integration as well as a stepping resolution of 0.2 nm +/-0.05 nm of the
optical filters. Lastly, options for cutting the optical filters were explored. Optical filters can account for up to
70% of the final device cost. By splitting each filter in half, twice as many filters can be provided for the cost of
a single filter, reducing expenses by a significant amount.

Project Mentor: Dr. Ozan Akkus, Department of Mechanical and Aerospace Engineering
Faculty Sponsor: Professor Clare Rimnac, Department of Mechanical and Aerospace Engineering
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Investigating the Mechanisms of Oligodendrocyte Restoration in Hypoxia-Induced White Matter
Injury

Lucille Hu, Kevin Allan, Drew Adams, Paul Tesar
Department of Biology and Anthropology
Department of Genetics and Genome Sciences

Communication through the body’s central nervous system (CNS) requires the efficient propagation of
electric signals across neural axons, which are surrounded by a fatty protective sheath called myelin. Heavily
myelinated fibers form the white matter of the brain, marking its key communication centers. Myelin is
generated by a type of glial cell in the brain called the oligodendrocyte (OL). Oligodendrocytes, in turn, are
formed from the differentiation of oligodendrocyte precursor cells (OPCs), which are present in both the
developing and adult brain. These OPCs are capable of responding to white matter injury by proliferating and
migrating to necessary sites where they then differentiate and replace damaged oligodendrocytes. However,
in many white matter diseases these OPCs are unable to properly regenerate oligodendrocytes, leading to
impaired white matter recovery.
Myelin formation is significantly hindered in low oxygen conditions (hypoxia). Previous work has shown that
due to their immature lung development, preterm infants experience hypoxic injury to the developing brain,
leading to the death of oligodendrocytes. In response to the injury, OPCs proliferate and migrate to lesioned
areas of the brain but are unable to differentiate, leading to delayed white matter acquisition. A family of
transcription factors called Hypoxia Inducible Factors (HIF) have been implicated in this differentiation
blockage, but the mechanism remains unknown. While HIFs are degraded under normal oxygen conditions
via enzymes in a cascade, HIFs are unable to be degraded during hypoxia and instead enter the nucleus where
they bind to and alter the transcriptome.
Here, we show that HIF induction inhibits oligodendrocyte formation. Through performance of a highthroughput drug screen, we identified that MEK inhibitors are capable of overcoming the differentiation block
imposed by HIF accumulation. Using RNA-Seq analysis comparing OPCs with and without HIF accumulation,
we found that HIF induction upregulates genes that control glycolytic and other metabolic pathways. These
findings lead to further studies which will investigate how HIF changes the metabolic profile of OPCs and
whether MEK inhibitors impact their metabolic landscape to affect differentiation potential. Finally,
additional studies will work to assess whether MEK inhibitors offer clinical relevance in an animal model of
hypoxia-induced neonatal brain injury.

Project Mentors: Drs. Drew Adams and Paul Tesar, Department of Genetics and Genome Sciences
Faculty Sponsor: Dr. Barbara Kuemerle, Department of Biology
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Investigation of signaling direction of interneurons B4/B5 in Aplysia californica

Yu Huan, Department of Biology; Rebekah Smoldt; Jeffrey Gill, Department of Biology; Dr. Hillel J. Chiel,
Department of Biology, Neurosciences and Biomedical Engineering
The feeding behavior in Aplysia is a model system to study the relationship between neural circuitry and
motor output. The functions of the neurons within the feeding circuitry have previously been studied in
detail. For example, the interneurons B4/B5 have an inhibitory effect on several motor neurons (Gardner,
1977) and play an important role in modulating rejection motor pattern (Ye et al, 2006). In previous
experiments, we observed that the signaling direction of B4/B5 could proceed from the axon to the soma,
which is opposite to the signaling direction that occurs during its identified motor function. We hypothesized
that the axon of B4/B5 may have an additional sensory property. To test the hypothesis, we intracellularly
recorded from both interneurons B4 and B5. Simultaneously, we recorded from the buccal nerve 2 (BN2) and
two different locations on the buccal nerve 3 (BN3), where B4/B5 projects to, to investigate the direction of
signaling. By matching up the one-to-one spike activity between the intracellular recording and the nerve
projections, we were able to distinguish between the electrically coupled B4 and B5. With only BN3 attached
to the feeding apparatus, our data showed that the action potentials travelled from the B4/B5 soma to its
axon within the motor patterns in response to the stimulation of the sensory branch of BN2. On the other
hand, touching the muscle around the lateral groove of the feeding apparatus generated action potentials
traveling from the axon into the B4/B5 soma. The action potentials evoked by touch were still observed when
the polysynaptic connections to B4/B5 were blocked by a high divalent cation (Hi-Di) solution. We also
demonstrated that the magnesium chloride that anesthetized the feeding apparatus could block the action
potentials that propagated from the axon to the soma, further supporting the hypothesis that B4/B5 can
signal in both directions. These results may be important for the function of B4/B5 during feeding behavior.

Project Mentor: Dr. Hillel J. Chiel, Department of Biology, Neuroscience and Biomedical Engineering




Positive Effect of PD-L1/PD1 Engagement for Optimal T-Cell Activation During Early Anti-tumor
Immune Priming as Assessed by In Vitro Dendritic Cell-induced T-cell Proliferation
Lauren Huang, Department of Biochemistry; Yang Meng, Department of Pediatrics, CWRU School Medicine;
Lucy Li, CWRU School of Medicine; Frederick Allen, University of Pennsylvania; Anant Vatsayan, Memorial
Sloan Kettering Cancer Center; Dixon R. Dorand, Vanderbilt University; Alex Y. Huang, Department of
Pediatrics, CWRU School Medicine; Agne Petrosiute, Department of Pediatrics, CWRU School of Medicine

Programmed-death ligand 1 (PD-L1) and programmed-death protein 1 (PD-1) are proteins involved in an
immune checkpoint system commonly used between target cells and activated T-cells. PD-L1, namely
expressed on antigen presenting cells such as macrophages and dendritic cells, binds to PD1, which is
expressed on the surface of cytotoxic T-cells. The binding of PD-L1 to PD1 inhibits cytotoxic T-cell effector
function, allowing the body to control appropriate timing and duration of inflammation against self-antigens.
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However, many types of tumor cells have found a way to hijack this immune checkpoint mechanism by
expressing PD-L1 on their surfaces, and use PD-L1 expression as a disguise in order to evade attack by the
very immune response that should be destroying them. Existing data in our laboratory provides evidence that
the administration of immune checkpoint blockade (using anti-PD-L1 antibody) may be time-dependent in
PD-L1lo tumors commonly found in pediatric and adolescent & young adult cancers. This PD-L1 antibody
administration essentially prevents immune cells from using the PD-L1 signal to inhibit cytotoxic T-cells;
thus, the immune response continues to proliferate and fight off tumors. Interestingly, however,
administration of an additional dose of the same antibody concurrently with inoculation of PD-L1lo tumor
cells completely abrogate the beneficial anti-tumor effect of this therapy. My project aims to discover what, if
any, optimal time frames exist for PD-L1 antibody administration in order to maximize T-cell activation,
proliferation, and optimization. This project involves a series of T-cell proliferation assays using harvested
bone marrow dendritic cells to induce T-cell activation with varying concentrations of anti-PDL1 and
inflammatory cytokine administrations over several days of in vitro culturing. Our data provides a scientific
rationale for a time-dependent application of checkpoint blockade in PD-L1lo tumors in the future design of
tumor vaccine and immunotherapy trials.
Project Mentor: Dr. Agne Petrosiute, Division of Pediatric Hematology-Oncology, Department of Pediatrics,
CWRU SOM; Angie Fowler AYA Cancer Institute / UH Rainbow Babies & Children’s Hospital, Cleveland, OH 44106



Reducing Pre-Consumer Food Waste By Conversion into Fish Feed
Kimberly Ingold, Phoebe Huang, Christian Lytle, David Zheng, Department of Chemical Engineering
In contemporary society, there is a common conception that food waste is one of the biggest
problems facing mankind. It is estimated that an average American wastes approximately 400 pounds of food
annually representing 1.3% of the total GDP. Bon Appetit’s food rescue and recovery program aims to reuse
food waste products to reduce the amount sent to landfills. In landfills, food decomposes in anaerobic
conditions, producing greenhouse gases such as methane, so Bon Appétit currently spends its profits to
compost its food waste. However, Bon Appétit aims to achieve economic benefits to the company using its
compost. To fulfill this goal, this project focuses on converting pre-consumer food scraps into fish food and
economically analyzing various possible methods. Currently, fish food demand in the aquaculture industry is
high, leading to high prices. The use of fishmeal as the main ingredient in feed causes overfishing, so
converting food scraps into fish food would help relieve the need for fishmeal and contribute to the
protection of marine ecosystems. Food scraps will be analyzed for nutritional content to determine additives
required to produce nutritional fish food. An economic analysis of the necessary additives and process of
creating the feed will be conducted to determine if this project will be feasible for Bon Appetit to pursue
further.
Faculty Sponsor: Dr. Daniel Lacks, Department of chemical Engineering
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Holden Arboretum Remote Transmission Unit Design and System Integration
Dylan Humphrey, Electrical Engineering, Elyh Lapetina, Electrical Engineering
The Holden Arboretum is seeking a cost-effective solution to collect air temperature and humidity, soil
temperature, light available for photosynthesis, and soil moisture data throughout their grounds in Kirtland,
Ohio; between 30 and 50 data-collectors are required for full coverage. Existing market solutions are complex
and expensive at a large scale, requiring sensors that cost over 1,000 dollars.
To address this problem, our team designed a low-cost, low-power wireless sensor network. Our solution
collects air temperature, humidity, soil moisture, and foliage light-exposure data from various electrical
sensors. A low-power, long- range IoT network relays data from each remote data-collection station to a
central gateway device using a Lora network.
The air temperature, humidity, soil- moisture, soil-moisture and soil- temperature sensors are off-the-shelf.
The foliage exposure sensor was designed by our team; it incorporates a photodiode and filter with a
specified spectral response. Calibration circuitry and an external calibration source was included.
The overall system consists of several Remote Transmission Units and a singular Gateway server. Each
Remote Transmission Unit consists of an 8-bit microcontroller paired with a Lora hardware module with one
of each of the sensors defined above. The server consists of a Raspberry Pi, acting as the server controller and
Lora Concentrator module acting as the Lora Bridge. Data is accessible through a webpage designed by our
team. The Lora server forwards the data from each RTU to an Amazon AWS server and is accessible to the
researchers at Holden.
Project Mentor: Lawrence Sears, Electrical Engineering and Computer Science
Faculty Sponsor: Gregory Lee, Electrical Engineering and Computer Science




Part Catch System for Snowmen

Robert Iriye, Department of Mechanical and Aerospace Engineering; Ian Parker, Department of Mechanical
and Aerospace Engineering; Alexander Jensen, Department of Mechanical and Aerospace Engineering;
Benjamin Resnick, Department of Mechanical and Aerospace Engineering

The purpose of this project is to automate the removal of KONG® classic dog toys, hereafter referred to as
snowmen, from their injection mold. The client, Custom Rubber Corporation, has sought to automate the
process so that they can present the snowmen in a predictable fashion in order to begin an effort to automate
the processes in place to maximize the efficiency of their employees. The current system involves the machine
operator manually removing the toys from the mold and then tossing them into a box before removing any
scrap rubber. The proposed automated system takes advantage of the pneumatic capabilities that Custom
Rubber Corporation has in order to create a vacuum suction system in order to grab the toys. The vacuum
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system would be able to be actuated on and off in order to drop the snowmen once we have removed them
from the mold so that they can be set down and presented vertically for future automation.

Project Mentor: Professor Stephen Hostler, Department of Mechanical and Aerospace Engineering





A python based, KDJ, DMI and MASS Implemented SSE Stock price Analyser

Yunxi Kou, Department of Electrical Engineering and Computer Science, Lishan Jin, Department of Electrical
Engineering and Computer Science, Yufan Chen, Department of Electrical Engineering and Computer
Science.
The SSE (Shanghai Stock Exchange) is one of the major stock exchange centers in China. Based on the need
given its importance in Chinese stock and economy, we build this application based on Python 3
implementation. Our project provides real-time SSE Composite Index by API access of stock information.
After storing stock data into an SQL-based relational database with user and stock information, analyzing
and comparing each share with four publically available stock index algorithms, the KDJ, MASS, MACD and
DMI, the application can generate a report according to each user‘s share subscription and analysis
preference, then send to the user either routinely through email, or by instant communication software
WeChat if an abrupt stock market fluctuation is detected. This application also includes a manager user
interface that can provide user info and resource management.
Project Mentor: Somuya Ray, Department of Electrical Engineering and Computer Science



Lightweighting Carbon Dioxide Fire Extinguishers Using Polymers

Paul Jokinen, Polymer Science and Engineering; Michaela Wright, Polymer Science and Engineering; Kevin
Zhu, Polymer Science and Engineering
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Carbon dioxide fire extinguishers are widely used today. They are particularly effective in combating fires
involving flammable liquids and gasses as well as electrical fires. To function, a carbon dioxide fire
extinguisher must contain large volumes of gas under very high pressure. This design requirement has led
to the use of relatively heavy materials like steel and aluminum in the construction of these extinguishers.
Though these materials contain the gas’ pressure well, they make the extinguisher difficult to carry and use.
This project is focused on reducing the weight of carbon dioxide fire extinguishers by replacing these heavy
metal cannisters with lighter weight polymers. This was accomplished by first using mathematical models
to establish the material requirements for the design. These requirements were then used to select
appropriate materials for use in the extinguisher. Finally, techniques to manufacture the polymer fire
extinguisher were proposed.

Faculty Sponsor: Professor David Schiraldi, Department of Macromolecular Science and Engineering





Design and Actuation of Soft Worm Robots using Polymers

Dominic Jolley, Systems and Control Engineering; and Akhil Kandhari, Dept. of Mechanical and Aerospace
Engineering

Abstract - Understanding the capabilities of polymers as both a material and actuator within robotics is
fundamental in the development of ever softer robots. A focus on how an earthworm uses its segments and
replicating the coupling of change in diameter and opposite change in length facilitates locomotion when
segments are actuated in a wave. This research is concerned with the development of a pneumatically
actuated worm like segments (1.2-inch diameter, 1.5-inch length) cast out of a silicone polymer and the
development of a variety of smaller (0.6-inch diameter, 1-inch length) 3D printed worm like segments to be
actuated with a shape memory polymer (SMP). The design of the pneumatic segment allows for up to 4
segments to be individually actuated when connected in series with pneumatic tubing. Actuation is achieved
through an Electro-Pneumatic circuit operating between 0 and 60kPa. Iteratively designed 1-inch long
segments have also been developed for SMP actuation, where each iteration attempted to minimise the force
required to achieve an increase in length when force is applied around the diameter. We measure the
coupling ratio of each segment using a specific test rig and video analysis, furthermore longitudinal stiffness
of each segment is calculated from measuring change in length when applying force along length of the body.

Project Mentor: Kathryn A. Daltorio, Dept. Mechanical and Aerospace Engineering
Faculty Sponsor: Clare Rimnac, Dept. Mechanical and Aerospace Engineering


73

Development of Automatic Temperature Probes for Compost Piles
Adam Joselson, Mechanical Engineering
Paul Schroeder, Mechanical Engineering
Industrial compost piles require regular temperature monitoring to assess the current state of the
composting process in the pile. As compost matures, the pile temperature increases to approximately 160
degrees Fahrenheit, encouraging microbial breakdown of organic material in the pile. If the pile heats up
much beyond 160 degrees Fahrenheit, the temperature can harm the microbes and actually slow down the
composting process. In order to keep the compost progressing along the correct temperature profile (see
Figure 1), the piles must be turned (rolled over and internally mixed) by bulldozer when they reach certain
internal temperatures. Currently, most industrial composting facilities measure temperatures in their piles
with either analog or digital thermometers which are read and recorded manually. Our group was
contracted by the local composting company Rustbelt Riders to develop a prototype for a battery-powered,
automatic temperature probe composed of three temperature sensors and one Arduino-based transmitter
that will take one set of three measurements every hour and wirelessly populate a spreadsheet on a nearby
computer. Taking temperature measurements manually, which Rustbelt Riders currently does, is
unattractive as it requires someone to go out multiple times per day, regardless of weather, and is prone to
accounting errors. We used an Arduino Uno to record temperatures from the probes and transfer the data.
Upon completion of the project, the prototype probe will be given to the Rustbelt Riders.
Faculty Advisor: Professor Stephen Hostler, Mechanical Engineering Department
Company Sponsor: Nathan Rutz, Rust Belt Riders




Trash Talk and Competitive Performance

Paritosh Joshi, Zachary A. Reese, B.A. & Stephen M. Garcia, Ph.D.
Department of Psychology, Case Western Reserve University
Department of Psychology, University of Michigan

Past research suggests that targets of trash-talking outperform their competitors (Yip, Schweitner,
Nurmohamed, 2017). However, limited research has been done on whether trash-talkers themselves benefit
from using verbally aggressive language against their opponents. We ran two studies to measure whether
trash-talking hinders or improves performance in competitive environments. In Study 1, individuals
competed against another Amazon MTurk user to win a bonus of up to $1. Participants completed three
rounds of a slider task in which they had to appropriately match a number to its corresponding value on a
number line ranging from one to ten. Competitive performance was measured by determining how many
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sliders were completed correctly. However, before completing each round of sliders, subjects re-typed
verbally aggressive language (“You are going to lose.”) or neutral language (“This is a nice match.”).
Surprisingly, individuals in the trash-talk condition actually performed worse on the slider task than
individuals in the neutral talk condition. Study 2 is ongoing, and seeks to replicate this finding within the
context of face-to-face interaction with a competitor. Participants will complete a letter search task for three
minutes while simultaneously engaging in trash-talk or casual conversation against a member of our research
team. Competitive performance was measured by determining how well participants completed the letter
search task during the time frame. We expect that trash-talking will hinder performance in the task, as
indicated in the results from Study 1. Implications for our research studies include application to athletic
events, as well as other realistic competitive contexts in which trash-talking is abundant.

Project Mentor: Dr. Stephen Garcia, Department of Psychology





A Web application that used to find movie by a screenshot

Zhengkai Jiang, Department of Electrical Engineering & Computer Science; Yufan Chen, Department of
Electrical Engineering & Computer Science; Mingxuan Ju, Department of Electrical Engineering & Computer
Science

The goal of the IEEE 2018 FEMH Voice Data Challenge was to develop an effective algorithmic approach to
classifying voice samples as normal or pathological, and further subdivide the pathological samples into three
types. We adopted a multi-representation ensemble approach to the task. We designed a pipeline with three
classification stages, where each stage used a combination of supervised, semi-supervised and multipleinstance learners. This approach was able to achieve a sensitivity of 89% and specificity of 76% in classifying
normal from pathological samples and an unweighted average recall (UAR) of 60.67% in subclassifying
pathological samples into three types.

Project Mentor: Professor Soumya Ray, Department of Electrical Engineering & Computer Science
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Cults and Cultic Churches: Religious Choice or Psychological Manipulation
Ann Jung, Department of Psychological Sciences
With an alarming rate of religious cult and cultic churches emerging throughout the US, the number of
affected individuals, families, and friends is escalating as well. Unlike the traditional and historical practices of
religious cults, such groups that exist today seek to avoid public attention and use more secretive techniques
and practices to obtain and retain their members. Despite this attempted secrecy, thousands of individuals
every year seek out psychologists and counselors outside the organizations for treatment of psychological
abuse and negative effects of manipulation. Other harmful consequences include physical malnutrition,
development of dependent personality disorder, financial deprivation, and loss of social relationships with
those outside the religious cult or cultic church. Due to the use of stealthy techniques and practices, it is
increasingly difficult for any government action or intervention to be done. Thus, this literature review aims
to identify the psychology behind the practices and ideologies of modern religious cults and cultic churches,
as well as offer viable solutions to “deprogram” members so that individuals and professionals alike can
spread awareness and better address this increasingly prevalent issue.
Project Mentor: Dr. Anne Kotynski, Department of Psychological Sciences



Remote American Sign Language Interpretation Using the Microsoft Hololens
Ding Gu, Department of Electrical Engineering Major; Muriel Hook, Department of Electrical Engineering
Major; Sung Yoon Jung, Department of Electrical Engineering Major
Communication between those who do not share a language is a difficult task. For users of American Sign
Languages, this difficulty is particularly troublesome. Constant use of an ASL interpreter is impractical and
video-based on-demand interpreting (i.e., through an iPad or similar), while useful, yields an experience far
from typical. In order to address this discrepancy, we are developing an augmented reality video
interpreting program using the Hololens to project a streamed video of an interpreter. This will allow ASL
users to interact with users of spoken languages almost as if an interpreter is in the room with them. This is a
significant improvement beyond typical iPad or other visual device based video interpreters as the ASL user
can view the interpreter and the other party in a typical manner instead of staring at a computer screen. The
augmented reality provided by the Hololens will add a more human aspect to conversations, making it easier
to switch from watching the interpreter to seeing the speaker’s facial expressions and gestures.
Project Mentor: Doctor Gregory Lee, Department of Electrical Engineering and Computer Science
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A Critical Review of Religious Variables in Association with Depression

Jan Karol Kalinski, Department of Psychology

Concepts like happiness and peace play a mentionable role in many religious doctrines, and the 21st century
has seen an attempt to concretely qualify the psychological effects of religious belief – namely in relation to
depression and its symptoms. The purpose of the current review is to examine existing research on the
associations between depression and aspects of religion, such as belief, practice and identity. In older adults,
religious affiliation and frequency of practice was found to be negatively correlated with the risk of
depression. As more studies were examined, it was found that there appears to be a more consistent
relationship between depression severity and intrinsic religious belief and practice (or spirituality). More
private cognitive aspects of belief, such as religious coping and the strain or comfort felt with belief appear to
hold stronger associations with lower depressive symptoms (as opposed to more outward aspects of religion,
like affiliation and service attendance). In light of the existing research, it appears that the most salient
relationship between religion and depression exists in the form of private belief and spirituality. Future study
would benefit from an examination of religious and non-religious persons’ cognitions in relation to various
life events, to see if religion promotes certain kinds of thinking that may mediate the outcomes of depression
and its treatment.
Keywords: religion, depression, spirituality, health
Faculty Sponsor: Dr. Amy Przeworski





Additively manufactured 410 martensitic stainless steel: A study of tempering for tuning the hardness
Winston Kam, Girish Padhy, and James McGuffin-Cawley
Department of Materials Science and Engineering, Case Western Reserve University
The martensitic stainless steel (410 SS) harbors excellent mechanical properties and corrosion
resistance and is promising for making high and low temperature appliances ranging from hardware
fasteners and cutting tools to pressure vessels and steam generators. However, 410 SS is difficult to
weld because the weld metal solidifies to form the martensite phase in large quantities, making a
welded joint prone to delayed cracking, and in-service failure. The martensite phase and the weld
mechanical properties can be controlled and the delayed cracking can be prevented with suitable
tempering treatment of the joints. In the present study, a 4-pass × 32-layer 410 SS build was secured
by depositing 410 SS wire feedstock on mild steel substrate by additive manufacturing using gas metal
arc welding. One hundred four samples were excised from four selected regions (e.g. layers/heights of
the as-built block) and each sample was subjected to a tempering treatment that involved heating from
the ambient temperature to a temperature within 566-787ᵒC and soaking at that temperature for a
time between 1 and 8 h. Microhardness measurements of the as-built and tempered samples were
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completed to assess the mechanical properties. Hardness data of these samples have indicated that the
average microhardness (~210-380 HV) is independent of build height. Overall average microhardness
(OAM), i.e., the microhardness averaged over all layers, of the as-built block (371±63 HV) has
decreased significantly by tempering. While the OAM and its scatter has declined with increasing
tempering temperature, by ~17-44% and ~40-78% respectively, the OAM has observed a multifaceted
variation with tempering time. Decrease in the microhardness scatter has indicated a likely
microstructure homogenization due to the tempering treatment. Detailed microstructure
investigation is necessary to explain these variations. The micro-hardness data indicates that
tempering for 1h or longer yields a fully tempered structure.
Project Mentor: Dr. Matthew Willard, Department of Materials Science and Engineering



Disaggregating Smart Meter Data using Contextually Supervised Source Separation
Shreyas M. Kamath, B.S. Engineering Physics; Rojiar Haddadian, Department of Mechanical and Aerospace
Engineering; Arash Khalilnejad, Department of Electrical Engineering and Computer Science; Tian Wang,
Department of Mechanical and Aerospace Engineering; Roger H. French, Department of Material Science and
Engineering; Alexis R. Abramson, Department of Mechanical and Aerospace Engineering
Commercial buildings are responsible for about a third of the total electricity consumption in the United
States. Out of this consumed electricity, up to half is wasted. Current strategies to identify inefficiencies
involve traditional building audits that are expensive, time-consuming and invasive. EDIFES (Energy
Diagnostic Investigator for Efficiency Savings) is a project developing a software platform for virtual energy
audits, that combines machine learning, statistical inference, domain knowledge in mechanical engineering
and High Performance Computing (HPC). EDIFES aims to use a high-fidelity, non-invasive, and timely data
analytics approach to identify inefficiencies and opportunities for savings using limited, yet readily available
utility and environmental data. Energy disaggregation, also known as non-intrusive load monitoring (NILM),
is the process of deducing the energy consumption of individual appliances given the aggregate energy
consumption. Currently, EDIFES lacks the ability to reliably disaggregate smart meter data. Disaggregation of
individual appliances such as lighting and heating, ventilation and air conditioning (HVAC) would provide
valuable information that could be used to deliver better energy prognostics. We use contextually supervised
source separation to disaggregate quarter-hourly smart meter data. Easily observed contextual features that
correlate with energy usage are used to separate the observed aggregate signal into its unobserved
components. For example, temperature correlates with heating/cooling while sunlight correlates with
lighting. Thus, given the contextual features and aggregate energy consumption for a building, we find the
most likely source separation that yields the energy consumption of individual components such as heating,
cooling, and appliances. This problem is formulated as a convex optimization problem and solved for the
component signals. There is plenty of evidence to suggest that when presented with a breakdown of their
energy consumption, consumers naturally resort to energy conserving behaviors.
Project Mentors: Professor Alexis R. Abramson, Department of Mechanical and Aerospace Engineering; Professor
Roger H. French, Department of Material Science and Engineering
Faculty Sponsor: Professor Rolfe Petschek, Department of Physics

78

Urban Agriculture: How Urban Farming Affects our Neighborhoods

Isabel Kaminski, Department of Sociology

During the spring 2019 semester I worked with the Cleveland Botanical Gardens’ Green Corps program.
Green Corps is an urban agricultural work-study program for high school students. It employs local teens to
work part-time in four urban learning farms located in the city of Cleveland, an urban food desert.
Throughout my time over the semester have learned about the ways that Green Corps, and other urban
agricultural programs affect surrounding communities. By implementing surveys and observing those
involved with the program we are able to optimize the ways which the community benefits from urban
agricultural programs.

Project Mentor: Elizabeth Banks, CCELL



Multi-modal resins for the adsorption of nitroaromatics

Nicholas Kamlet, Department of Chemical and Biomolecular Engineering

Legacy munition constituents (MCs) including nitroaromatic compounds (TNT, RDX, HMX), along with
insensitive high explosives (IHE; NQ, DNAN, NTO), and their degradation products are hazardous molecules
that could negatively impact environmental waterways if not removed from wastewater. Although there are
remediation techniques in place, new generations of MCs and IHEs are not readily treated. Advanced
oxidation processes, such as the Fenton reaction, have been utilized for treatment but are not cost-effective,
especially in dilute concentrations, so new technologies are needed. In this work, we propose synthesizing
porous, multimodal resins that utilize coulombic interactions, hydrophobic interactions, and hydrogen
bonding to improve selectivity for nitroaromatics and overall adsorbent lifetime.
Resins synthesized from the monomer glycidyl methacrylate are particularly attractive because they contain
reactive epoxy groups which provide an tailorable surface chemistry. Resins are synthesized through
suspension polymerization. Properties such as bead size, pore volume, and surface area were manipulated by
changing variables such as polymerization temperature, agitation speed, crosslinker ratio, and presence of a
porogen. We hypothesize that (1) macroporous resins will provide greater access to binding sites than
nanoporous resins and (2) multimodal ligands will exhibit higher selectivity for nitroaromatics than
traditional ion-exchange groups. To test the first hypothesis, porous resins are synthesized by including a
cyclohexanol and tetradecanol mix in the suspension polymerization reaction. To test the second hypothesis,
ligands with multiple modes of binding (i.e. varying degrees of hydrophobicity, H-bond donors, and polarity
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were incorporated via epoxide ring opening reactions. Resin functionalization was monitored with Fourier
transform infrared spectroscopy (FTIR) by collecting spectra before and after reaction. Resin capacity and
binding affinity were studied through equilibrium batch adsorption tests with representative aromatic,
organic dyes. Dye concentration in solution is measured by ultraviolet-visible spectroscopy. This work can be
extended beyond explosives, because understanding the role of molecular-level interactions in binding
affinity will allow for the design of adsorbents that can capture other emerging, organic contaminants.

Project Mentor: Professor Christine Duval, Department of Chemical and Biomolecular Engineering





The Implications and Consequences of Attitudes Towards Fairer Skin Tones in India
Naya Katta, Department of Anthropology
What defines beauty? Some might say that beauty is captured in the eyes of the beholder, some might
say that they have a defined ideal body type or hair, and others might say that they consider people with
fairer skin tones to be more beautiful. When it comes to skin tone, Asian countries are known for preferring
lighter skin tones to darker ones which then leads to inherent colorism. In India, women of darker skin color
are thought to have a lower socioeconomic status, and are systematically put down compared to women with
fairer skin tones. The use of skin fairness products has also increased drastically over the past few decades,
and is cause for growing public health concern. Lighter skin is desirable, and darker skin is considered ugly
and inferior. This affects multiple areas of a woman’s life such as what jobs she can get, what marriage
proposals will come her way, and how she’s viewed at in society. In studies done by multiple researchers over
the past twenty years, they have found that women with darker skin experience more depression and
struggle to break the mold they’re forced into. The reasons behind skin whitening for women in India through
the use of creams, soaps, and chemicals is to elevate their socioeconomic status and raise their self-worth.
This is also deep-rooted in the social roles that women historically have played in the past in India. The
identification and understanding of driving motivations for skin whitening can allow for these women to be
informed about the harmful nature of skin whitening products moving forward.

Faculty Sponsor: Professor Vanessa Hildebrand, Department of Anthropology
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Ergonomics of Nintendo Switch Joy-Con Grips
Sharon Chen, Department of Materials Science and Engineering; Lee Kendall, Department of Materials
Science and Engineering; David Scannapieco, Department of Materials Science and Engineering

Nintendo joy-cons are two individual controllers which are paired for use with the Nintendo Switch gaming
console. Currently, the two controllers can be connected into a single “pro-controller” by attaching both to a
holder. This holder places the two controllers at a zero-degree angle to each other. However, it has been
observed that this configuration induces strain on the wrists by maintaining an unfavorable angle for
extended periods of time, potentially leading to carpal tunnel and other associated nerve impedances. By
adjusting the angle at which the controllers sit with respect to each other, a more ergonomic design can be
achieved. The end goal is to produce a joy-con holder which minimizes induced wrist strain, without
sacrificing the accessibility of the buttons and joysticks on the controllers. Low-cost materials will also be
critical to make this product accessible to end users. Thus, a standard tabletop 3D printer will be used to
produce the redesigned holder. Measurements will be made to understand the strain on the wrists of the user
and compare between current available designs and adjusted prototypes.

Project Mentor: Professor Peter Lagerlof, Department of Materials Science and Engineering




Variations in the electronic structure during chemical exfoliation of LiCoO2 into CoO2 nanosheets
Lee Kendall, Department of Materials Science and Chemistry; Kevin Pachuta, Department of Materials
Science and Engineering
LiCoO2 (LCO) is a widely utilized cathode material for commercial Li-ion batteries, and its bulk properties
have been extensively studied. LCO is a layered oxide material and can be exfoliated into two-dimensional
nano-sheets through a two-step chemical exfoliation: (i) protonation and (ii) intercalation with bulky
molecules. Presented in this poster are the changes in the electronic structure determined by X-ray
Photoelectron Spectroscopy (XPS). Core peaks (Co 2p, Co 3p, Co 3s, O 1s, C 1s) and valence spectra have
been analyzed throughout the chemical exfoliation treatment process as a function of varying processing
parameters. In addition to the reactant powders during each exfoliation step, the supernatants have also
been characterized to determine the mass and charge balance for the whole system. A low-spin state is
determined for Co and although the Co t2g orbitals are considered non-bonding in first approximations, it is
likely that the oxygen experiences the decrease in electron occupancy via an increase in covalency between O
2p and Co eg. It is found that cobalt, as well as oxygen, undergo a partial oxidation process during the
exfoliation of bulk LiCoO2 into CoO2-nanosheets.

Project Mentors: Professor Alp Sehirlioglu, Department of Materials Science and Engineering; Professor Emily
Pentzer, Department of Chemistry
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Vmax as Primary Dark Halo Property

Stephen Kerby, Department of Physics

The modern paradigm of galaxy formation describes galaxies evolving inside vast halos of cold dark matter.
Virial mass generally describes the size of these dark halos, but doing so introduces biases into predictions for
galaxy occupancy and large-scale clustering. Here we substitute the maximum circular velocity (Vmax) for
virial mass in canonical methods for examining the galaxy-halo relationship and measure the effects of this
switch on occupancy and clustering biases. We find that describing dark halos with Vmax shifts occupancy
bias from central galaxies to satellites, and does not impact halo clustering bias in the Millennium semianalytic simulation. The magnitude of galaxy assembly bias is likewise unchanged, suggesting that using
Vmax does not entirely capture the effects of secondary biases in concentration and age, and therefore cannot
be used as a perfect predictor of halo properties.

Project Mentor: Professor Idit Zehavi, Department of Physics





Phylogenetic Analyses of Habitat and Shell Shape Within the Order of Testudines

Elisabeth Kerpan, Department of Biology
Phylogenetic analyses previously done on species within the turtle family have demonstrated that
phylogenetic signal exists in relation to shell shape within the emydid and geoemydid Box Turtles and Wood
Turtles (McLaughlin 2016). This suggests that shell shape characteristics are related to phylogeny. This paper
will be conducting a phylogenetic analysis of 80 turtle species within the order Testudines, hypothesizing that
turtles that share the same category of habitat (aquatic or terrestrial) will have more similar shell shapes
than those that do not share the same habitat. It will also be hypothesized that the aquatic turtles have a more
streamlined shell shape than the terrestrial turtles. The shell variables analyzed will be length, and three
parameters describing the curve of the shell, known as R, p, and k. Phylogenetic Least Squares Analysis
(PGLS) will be conducted on all four of these variables using the ape, picante, lmtest, Hmisc, and phytools
packages to analyze whether turtle shell shape is related to species habitat type. At present, the only variable
that has been analyzed with PGLS is length. Both a model with and without phylogeny included were
performed to analyze the data. The PGLS model of shell length had a higher log likelihood (log likelihood = 42.599, AIC = 91.197), than a GLS model (log likelihood = -92.358, AIC = 190.716) so phylogeny was retained
in the analysis. Aquatic turtle shells were found to be 1.1x as long as terrestrial turtle shells, which may
indicate that they have a longer, more streamlined shape as compared to terrestrial turtles.
Project Mentor: Jean H. Burns, Department of Biology
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Tensor Deblurring via Tensor Nuclear Norm and Total Variation Regularization

Daniel Kessler, Department of Mathematics, Applied Mathematics, and Statistics

Blurs occur in images due to a variety of causes. Even if the details of the blur are known, recovering the
original sharp image is a difficult inverse problem due to noise. Multidimensional images, represented as
multidimensional tensors, suffer from blurring problems as well. These require special treatment, as they
have multiple dimensions. Some results indicate that the Tensor Nuclear Norm regularity is a good condition
for multidimensional tensor recovery. We propose a novel method to deblur multidimensional tensors, based
on minimizing the TNN and imposing Total Variation (TV) regularity. Preliminary results show some promise
for the recovery of these higher dimensional structures.
Project Mentor: Dr. Weihong Guo, Department of Mathematics, Applied Mathematics, and Statistics





SNP-shot: Open Source Personal Genomics
Christopher Brace, Dylan Plummer, Haroon Khazi, Lucas Sikina, Steven Leonis
Department of Electrical Engineering and Computer Science
DNA is the molecule responsible for holding the instructions needed to make all known life. DNA is a double
helix of polynucleotide chains formed from a long chain of four bases, generally abbreviated A, T, C, and G. It
is the differing patterns within these chains that create genetic uniqueness among and within species. When
cells reproduce, the cell’s DNA is copied. This process is not exact, and as a result, cell divisions can result in
erroneous DNA transcription which produces mutations and thus every human has a unique genome.
Commercial services offer to analyze mutations called Single Nucleootide Polymorphisms (SNPs)—which are
changes in a single base pair—to give them genetic insights into their heritage and predisposition to certain
diseases. These services use proprietary algorithms and datasets to perform their analysis. This project is
focused on providing an open source platform to analyze raw genomic data. It provides users with
information about their likely geographic ancestry and phenotypic traits as well as linking them to relevant
scientific literature regarding their individual mutations.

Project Mentor: Professor Soumya Ray, Department of Electrical Engineering and Computer Science
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Shining Light on the Dark: Examining the Motivational Underpinnings of Dark Tourism

Emily Kilmartin, Department of Psychological Sciences

Each year, millions of people visit battlefields, concentration camp memorials, prisons, sites of natural
disasters, and other locations associated with remote or recent death. Within the tourism industry, these
destinations and other death-driven experiences have been coined with the term ‘dark tourism.’ Examination
of dark tourism and the individuals who visit these sites is a relatively new area of research. As a result,
very few studies exist that explore visitors’ fascination with dark touristic experiences and the reasons for
dark tourism’s increased popularity in today’s society. This literature review investigates the psychological
and sociological factors that motivate individuals to engage in dark tourism. Drawing upon contemporary
sociological views of death and mortality, the relationship between consumerism and collective experiences
are explored. Additionally, the role of heightened positive and negative emotions as intrinsic psychological
motivators is examined. The research results provide a useful framework for understanding the appeal of
death-driven experiences in today’s society. Through study and evaluation of the phenomena witnessed in
the dark tourism industry, we may gain a better understanding of grief, bereavement, and how individuals
acknowledge mortality.

Project Mentor: Professor Anne Kotynski, Department of Psychological Sciences




Exploring and Using the Neural Brain Circuits of the Lateral Line
Ariel Kim, Department of Biology; Brian McDermott, Department of Otolaryngology
Fish have a unique sensory system called the lateral line. Using neuromasts, these organisms can detect the
flow of water which is useful for behaviors like avoiding predators or finding prey. There are afferent and
efferent neurons that innervate the neuromasts to and from the brain. Located within the cerebellum and
hindbrain region, the medial octavolateralis nucleus, eminentia granularis, and mauthner cells are known
brain regions and neurons that are involved with the lateral line. However, the exact neural circuitry is
lacking. Current mapping techniques include using larval zebrafish (Danio rerio) and fluorescent markers to
see the lateral line neurons’ projections as the zebrafish develops. It is unknown if these circuits are still the
same as adults, so there are potential molecular markers that need to be explored. Knowing the lateral line
circuitry can make fish a better research model for sensorineural hearing loss due to similarities between the
fish lateral line and human auditory systems.
Project Mentor: Professor Brian McDermott, Department of Otolaryngology
Faculty Sponsor: Professor Brian McDermott, Department of Otolaryngology
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Bending fatigue behavior of 6061 Al matrix SiC particulate reinforced composites

Jinny Kim, 1Department of Materials Science and Engineering; Ji Xia, Department of Materials Science and
Engineering; and Brian Pappas, Department of Materials Science and Engineering

Metal matrix composites (MMCs) are an important class of materials that exhibit a high specific strength and
stiffness via the combination of a metal matrix with ceramic reinforcement. These properties make them
useful in aerospace and automotive applications where the weight of structural parts are critically important.
This study investigates the fatigue behavior of discontinuously reinforced aluminum (DRA) material with a
6061B matrix reinforced by 20 vol.% and 40 vol.% silicon carbide, heat treated under T1 and T6 conditions.
Three-point bending fatigue tests were performed at different stress levels on previously tension tested flat
bar samples to determine the effects of reinforcement volume fraction on the fatigue performance. Stress vs.
number of cycles to failure (i.e. S-N) curves of these samples were generated and compared to each other as
well as the monolithic matrix material.

Professor John. Lewandowski and Professor Matthew Willard
Department of Materials Science and Engineering





Morphology and evolution of the cranial diversity in Hominoidea
Sara Kim, Department of Anthropology
Hominoidea is the superfamily of Old World tailless simians, also referred to as apes, that contains two extant
taxonomic families: the lesser apes (Hylobatidae) and the great apes (Hominidae). The crania of Hominoids
have been evolving for the past 20.4 million years and the diversity and variability in cranial features of the
extant Hominoids are apparent. The aim of this study is to determine relationships between certain cranial
features and quantify a phylogenetic signal across cranial traits. When there is high phylogenetic signal,
closely related species exhibit similar trait values and trait similarity decreases as phylogenetic distance
increases (Kamilar et al., 2013). Conversely, a trait with a low phylogenetic signal will show more
evolutionary labilty. Statistical analysis using the R programming language and phylogenetic comparative
methods (Blomberg’s K test, Generalized Lease Squares, and Phylogenetic Generalized Least Squares) were
used on a data set containing 15 extant species of hominoids. The analyses demonstrate there exists a
positive linear correlation between the length of the zygomatic and the zygomaxillare inferior and zygomatic
and the posterior pterion (p < 0.05). Additionally, the length between the zygomatic and the zygomaxillare
inferior was found to be highly conserved in all species. With these established relationships, it is possible to
determine the selection of specific cranial features affecting hominoid evolution by observing intra- and
interspecies variation and distribution of traits.
Faculty Sponsor: Professor Jean H. Burns, Department of Biology
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Toxoplasma gondii induces PKCα/PCKβ-dependent prolonged EGFR signaling in host cells: Inhibition
of EGFR signaling after infection leads to control of ocularand cerebral toxoplasmosis
Steven Kim, Department of Biochemistry; Yalitza Lopez Corcino, Department of Pathology; Shekina Gonzalez
Ferrer, Department of Medicine; Shivani Dhingra, Department of Medicine; Jose-Andres C.
Portillo, Department of Medicine; Carlos S. Subauste, Department of Pathology
Pathogens can manipulate host cell signaling cascade to improve their survival. Studies on how
pathogens achieve the task can not only advance the understanding of host-pathogen interactions but also
provide opportunities for the development of new therapeutic strategies by blocking the signaling cascade.
Toxoplasma gondii (T. gondii), an obligate intracellular parasite, is one of the most common cause of retinitis
and can potentially advance to encephalitis in immunosuppressed patients. It is estimated that 40% of global
population is infected with T. gondii. However, it does not show any symptoms unless he or she has weakened
immune system. Current antibiotic treatments against ocular toxoplasmosis are not sufficient because they
do not improve visual outcome and/or recurrence rate. Identification of host-pathogen interaction can allow
advanced therapeutic methods against toxoplasmosis by inhibiting proteins in the signaling pathway. We
report that introduction of EGFR tyrosine kinase inhibitor, Gefitinib, to cells that are infected by T. gondii
trapped the parasite by a double membrane structure, LC3 and LAMP-1. Usage of Gefitinib to mice with ocular
and cerebral toxoplasmosis controlled the disease that was dependent on the expression of Beclin instead of
accompanying enhanced cellular or humoral immunity against the parasite. Therefore, T. gondii activates
sustained EGFR signaling for its prolonged survival, and inhibition of EGFR can control the toxoplasmosis.
Project Mentor: Professor Menachem Shoham, Department of Biochemistry



The Design of a Stability Measurement System to Test New Products for Bose Corporation
Emily Dickens, Department of Chemical Engineering; Bruce Kinsey, Department of Chemical Engineering;
Coltin Kinsey, Department of Chemical Engineering; Jacob Pestel, Department of Chemical Engineering
The project that will be presented is the design and implementation of a stability measurement system that
has been created for Bose Corporation to test new products in a more efficient, cost effective manner. Bose
Corporation has developed a new product, Bose Frames, which are wearable sunglasses with stereo speakers
built into the temple. Our group is working with Bose to develop a prosthetic head that captures the facial
features of 90% of the population and that can mimic human head movement while wearing the new Bose
Frames. A laser measurement system that we have developed allows us to test these different head
movements and find quantitative values of displacement that the glasses move along the nose. The prosthetic
head and the measurement system allows Bose to better understand how stable the Bose Frames are in order
to improve their product design, all while saving engineering time in testing. We will present the head
iterations we have created, our laser measurement system, and data that has been collected for the different
movements of the human head.
Project Mentors: Professor Daniel J. Lacks and Professor Uziel Landau, Department of Chemical Engineering
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S-Nitrosothiols inhibit CHIP and stabilize F508del CFTR at the human airway epithelial cell surface
Julia Knight, Department of Biochemistry and Department of English; Dr. Khalequz Zaman, Department of
Biochemistry and Department of Pediatrics
Cystic fibrosis (CF) is caused by a genetic mutation, most commonly F508del, in the Cystic Fibrosis
Transmembrane Regulator (CFTR) gene. This mutation causes the formation of misfolded CFTR, a chloride
ion channel, which is subsequently targeted for intracellular degradation. Thus, CF causes damage to the
airway, digestive tract, and other organs due to the absence of functional CFTR and the accumulation of thick,
dehydrated mucus. Therefore, it is of great interest to prevent the degradation of misfolded yet functional
F508del CFTR. C-terminus Hsc70 interacting protein (CHIP) is an E3 ubiquitin ligase which targets F508del
CFTR for proteasomal and lysosomal degradation. We hypothesize that the introduction of S-nitrosylating
agents known as S-nitrosothiols (SNOs) to bronchial epithelial cells will reduce CHIP levels, causing a
subsequent increase in plasma membrane F508del CFTR. Notably, SNOs are native to the airway, but are
found at lower levels in CF airways than healthy airways. We first determined that CHIP was present in both
primary human bronchial airway epithelial cells and the CFBE41o- cell line. Using siRNA duplexes to
knockdown CHIP, we found that levels of plasma membrane, mature CFTR increased in CHIP’s absence.
Furthermore, the introduction of SNOs, particularly S-nitrosoglutathione (GSNO), significantly reduced CHIP
expression and increased plasma membrane F508del CFTR compared to untreated cells. We showed via
copper-cysteine analysis that GSNO S-nitrosylated CHIP. Additionally, in vitro and in vivo ubiquitination
assays revealed that GSNO decreased levels of ubiquitinated CFTR. Finally, using confocal laser scanning
microscopy, we verified the cellular co-localization of CHIP and CFTR. Taken together, our data suggest that
the S-nitrosylation and inhibition of CHIP by GSNO promotes increased levels of stable, mature, plasma
membrane F08del CFTR. We conclude that cellular GSNO treatment holds novel therapeutic potential to
improve the quality and quantity of life for future generations of CF patients.
Project Mentor: Dr. Khalequz Zaman, Department of Biochemistry and Department of Pediatrics




ASHA 2018 Experience
Kaitlynn Arredondo, Department of Psychological Sciences; Jessica Kong, Department of Psychological
Sciences; and Gretchen Xue, Department of Psychological Sciences

Speech-language pathology (SLP) is a field that covers a wide variety of issues such as speech, language,
swallowing, voice, social communication, and cognitive-communication difficulties and disorders in children
and adults. The American Speech-Language-Hearing Association (ASHA) is the national professional,
scientific, and credentialing association for 204,000 members and affiliates who are involved in the field of
communication sciences and disorders. Every year, ASHA holds a national convention, in which thousands of
speech-language pathologists, audiologists, researchers and students come together to learn and share
information about communication sciences and disorders. Attendees have the opportunity to listen to and
attend workshops, seminars, poster presentations, and graduate/Ph.D. fairs regarding the latest research and
clinical practices in our field. There are also opportunities for networking and attending special-interest
groups in order for clinicians, students, and researchers to discuss their field of interest.
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As CWRU undergraduate students, we were offered complimentary tickets to attend the convention. This
opportunity allowed us to learn about clinical and research areas that are pertinent to our professional goals.
Three subjects we found particularly interesting were accent reduction, bilingualism, and the neuroscience of
speech perception. We were able to network with professionals from all across the nation and hear cutting
edge perspectives on research and clinical practice. After attending this convention, we gained a better
understanding of the scope of our field, how to integrate what we learned into our current studies, and a
direction for our future clinical work.

Project Mentor: Dr. Lauren Calandruccio, Department of Psychological Sciences





Microenterprise and the Returns to Education

Kayla Kowalski, Department of Economics & Political Science
Megan Murphy, Department of Economics

Throughout the world of development economics, governments, aid organizations, and academics have
praised education and, more broadly, investments in human capital as an essential foundation for economic
flourishing in developing nations. That such investments, directly and indirectly, improve the standard of
living for their citizens is widely accepted. Although, how education specifically impacts microenterprises in
these countries is less well known. As such, we are interested in exploring the returns to education through
the lens of enhanced entrepreneurial success in the hopes of discerning “social return” on education
investments in the context of small business performance. Using experimental data from a study of selfemployed entrepreneurs in rural Kenya, we plan to answer the following: Holding constant entrepreneur’s IQ,
gender, industry type, and access to savings facilities, how does each additional year of education impact the
enterprise’s revenues and investments in future growth? We hypothesize that additional years of education
will yield greater microenterprise success, as measured through higher revenue and investments back into
the business. We believe this enhanced performance will result, in part, from the soft skills gained through
formal education, which is why we control for IQ in our regression. With a data sample containing only two
professions, bicycle taxi drivers and market vendors, our findings will be particularly valuable in illuminating
education’s impact on entreprises where only basic literacy and numeracy are required and, where, noncognitive soft skills could be of particular influence. These findings could help elucidate best practices for
organizations interested in the intersection between small businesses and education, helping to provide
further evidence on behalf of investments in human capital.

Project Mentor: Professor Jenny Hawkins, Department of Economics
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Active Control of Interfacial Chemistry for Perovskite Solar Cells

Alexandra Koziel, Department of Chemistry

The development of inorganic interfacial layers is a potential pathway to overcoming the stability and cost
limitations associated with organic interlayers in perovskite solar cells. Here, we present promising initial
materials results on vapor deposited molybdenum oxide (MoO3). MoO3 was deposited on a variety of
substrates, including silicon wafers, glass, and glass coated with indium tin oxide (ITO). ITO is a transparent
conductive oxide (TCO) that is commonly used as the top electrode in thin film solar cells. The deposited
MoO3 was further modified with gas-phase treatments (UV-ozone and O2 plasma exposure) and small
molecules (silanization). We developed an IPTMS (3-iodo propyl trimethoxy silane) silanization procedure to
produce an iodine-terminated surface. The goal of this method was to provide a stable interface by increased
compatibility with CeGeI3 solar cell absorber layers. A suite of materials characterization methods confirm
the deposition and modification of the oxide material, including X-ray photoelectron spectroscopy (XPS) and
spectroscopic ellipsometry (SE). The notable result of this work is that the stability of the film stack is
sensitive to the nature of the material under the MoO3 (the ITO vs. the glass). Further, by deconvolution of
the multiple binding environments of the elemental components of bare and silane-modified MoO3, we
demonstrate the power of XPS to understand the complex interfacial chemistry of this materials system.

Project Mentor: Dr. Ina T. Martin, Department of Physics
Faculty Sponsor: Dr. Emily Pentzer, Department of Chemistry




Design and Testing of a Thumb Prosthetic
Adam M. Krajewski, Jessica LaLonde
Department of Materials Science and Engineering, Case Western Reserve University, Cleveland, Ohio
This project is an attempt to help people affected by severe symbrachydactyly, which is a rare congenital
disease which results in a hand that is characterized by the absence of some fingers. The case that we are
working with is Alex, a kid who was born with only one finger in his right hand.
While people affected with this condition can perform most of their daily tasks, the biggest issue for many
of them is the lack of a thumb that is essential in grabbing everyday objects such as a piece of paper or water
bottle.
In our design, the prosthetic was engineered to be simple and easy for consumer use, yet as durable and
effective as possible. The design was composed of a support plate placed on a forearm and a “thumb”
extending from the wrist area, with no moving parts to increase the longevity of the device and make it
affordable for patients, who like Alex are from low-income families. The shape of the forearm plate is to be
based on a photogrammetric 3D scan personal to each patient.
During our prototyping step, two durable and serializable (water/alcohol) polymer materials were se89

lected as viable for a functional prototype of the prosthetic: poly(carbonate) PC and acrylonitrile butadiene
styrene ABS. In this project, PC was selected for the prototype material because of superior mechanical
performance. Fused Deposition Modeling FDM process was done at the CWRU Think[Box].
Currently, we are designing the final device, based on the user feedback from Alex, by taking the best version
of the prototype shape and re-engineering the materials aspect for multi-year lifespan. Once the final device
is created and tested, we will use gained experience to develop an open-access tutorial allowing anybody to
create such a personalized prosthetic.
Faculty Mentor: Peter Lagerlöf, Department of Materials Science and Engineering




Computational Design of Iron-based Amorphous Magnetocaloric Alloys
Adam M. Krajewski, Matthew A. Willard
Department of Materials Science and Engineering, Case Western Reserve University, Cleveland, Ohio
Solid-state magnetic refrigeration employing the magnetocaloric effect (MCE) is a field of a very active
research. Compared with conventional gas compression-expansion refrigeration, magnetic refrigeration
based on MCE offers improved energy efficiency, reduced environmental impact and noise-free operation.
In this study we focus on data-driven prediction and testing of complex iron-based amorphous alloys
(metallic glasses) laying in the composition range:
Fe100 – ΣNi0 – 38Co0 – 40Cu0 – 1Zr0 – 11B0 – 29Cr0 – 10Nb0 – 10Gd0 – 4
Y0 – 22Mo0 – 10Si0 – 10Nd0 – 15Ce0 – 13Sm0 – 3Mn0 – 24Ti0 – 8V0 – 14
Our main goal is to design alloys that would achieve higher than ever reported performance in the near
room-temperature refrigeration by employing a combination of Machine Learning, Clustering and Search
peak
Algorithms to maximize the magnitude of peak magnetic entropy change |-ΔSM | and obtain Curie
temperature TC of around 300K. This choice of temperature is dictated by our target application, however
models we have designed are more general and should be useful when designing alloys for applications
requiring TC between 200K and 500K.
We have made 10 predictions of interesting alloys with TC of 320K±10K, selected based on two different
search methods and varying trade-offs between performance and our confidence in the prediction. All of
peak
them are expected to have |-ΔSM | higher than 1.6 –J/kgK - highest ever reported for that temperature
range and composition space and range, with some reaching above 2.0 –J/kgK.
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Dialectical Behavior Therapy for Depressive Disorders and Implementation in School Curriculum
Rachel Kronenburg, Department of Psychological Sciences
Depressive Disorders (Major Depressive Disorder (MDD) and Bipolar Disorder) are a major world public
health problem, being one of the main causes of disability and “days out of role”. These mental illnesses
feature high rates of suicide, homelessness, and hospitalization. Cognitive Behavioral Therapy (CBT) has been
shown in clinical and school settings to benefit these disorders. Dialectical Behavior Therapy (DBT) is related
to CBT and focuses on teaching skills (in the areas of interpersonal effectiveness, core mindfulness, emotion
regulation, and distress tolerance) to deal with life’s challenges. This critical review paper will evaluate the
effectiveness of DBT for MDD and Bipolar disorder in clinical settings then introduce the need for
implementation of DBT programs in schools in order to take an early preventative measure against
Depressive Disorders. The literature search revealed that DBT is quite effective in treating Bipolar and MDD,
especially in conjunction with psychopharmacology. It was shown that DBT skills programs contribute to a
decrease in depressive symptoms, anxiety, self-harm, and suicidality, while improving social and daily
functioning, emotion regulation, and resiliency. DBT targets major problem areas in the depressive disorders
and ones that adolescents may struggle with as they grow up. Implementing DBT in school curriculum would
be a beneficial, proactive step to take for the mental health of future generations. Moving forward, it will be
necessary to run effectiveness trials for DBT programs in schools and see if participation decreases the
prevalence of Depressive Disorders later in life, use larger and more diverse samples with random
assignment, and determine the most appropriate and useful skills for adolescents specifically.
Keywords: Dialectical Behavior Therapy, Depressive Disorders, School
Project Mentor: Professor Amy Przeworski, Department of Psychological Sciences





Synthesis and Characterization of Titania for Prostate Cancer Treatment
Niranj A. Kumar, Department of Biochemistry; Clemens Burda, Department of Chemistry
Prostate cancer is a leading cause of mortality in men. Though significant advances have been made
to treat prostate cancer, at least two problems persist. First, anti-cancer drugs taken orally are typically
associated with toxic side effects; a locally targeted treatment would be desirable, instead. Second, some forms
of prostate cancer are resistant to current treatment approaches. For example, an advanced form of prostate
cancer, called androgen-independent prostate cancer is resistant to drugs, such as enzalutamide. A drug or
mode of therapy independent of the androgen receptor signaling is needed. Photosensitive nanoparticles
capable of destroying cancer cell can circumvent these problems and thus holds promise. Titania (TiO 2) is
known for its photocatalytic activity, low toxicity, high photostability, and potential to generate reactive
oxygen species (ROS) like, H2O2, which kill cancer cells. Colored titania are known to be efficient ROS
generators compared to white titania. Therefore, colored titania (TiO2) based nanoparticles would make an
ideal therapeutic agent. Goal: To synthesize colored titania from white titania that is 25 nm in diameter (P25).
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Methods to synthesize titania (TiO2 TiO2-x): 1. P25 was reduced in the presence of aluminum or magnesium
in the presence of AlCl3 and NaCl, 2. Solid titania powder (precipitate) from liquid TiCl3, and 3. Reduction with
only Mg and TiO2. Results: 1. we obtained deep blue, brownish-gray, and light brown titania. 2. We obtained
black or brown titania. 3. We obtained dark or light brown titania. The variations in color resulted from
manipulation of variables, particularly reaction temperatures and concentration of reductant. The
synthesized products were examined for their ability to produce ROS. Conclusions: The 1st method was the
most effective, since this resulted in higher yields of titania and ROS per gram. Future direction: Test the
efficacy of synthesized titania using prostate cancer cell lines.

Project Mentor: Professor Clemens Burda: Department of Chemistry





Affordable Neonatal Jaundice Treatment for Rural Nigerian Villages
Emily Kwan (Chemical Engineering), Naveen Viswanath (Chemical Engineering), Jacob Wang
(Chemical Engineering)
We are building a solar-powered phototherapy device to treat neonatal jaundice, a disease which
affects 60% of newborns. Neonatal jaundice is caused by the accumulation of bilirubin in the bloodstream due
to high red blood cell turnover and can lead to permanent neurological damage if left untreated. Fortunately,
phototherapy with blue light is an effective and simple treatment utilized by hospitals around the world.
However, in Sub-Saharan African, where hospitals are not as easily accessible, the disease can progress
dangerously. Our project will bridge this gap by providing affordable health-care to rural Nigerian villages.
Current commercial devices are expensive and cost at least $3,000. Our device fulfills clinical standards of
irradiance and wavelength while costing in the hundreds. We are working with the Lagos University Teaching
Hospital in Nigeria to begin clinical trials using our device.
Advisor: Dr. Daniel Lacks, Department of Chemical and Biomolecular Engineering
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Cancer Patients and Caregivers’ Interest and Willingness To Pay For Integrative Therapies

Olivia Larbi1, Bethanny Bristol2, Ming Li1, Kate Daunov2, Sean Hobson2, Barbara Daly1, Susan Mazanec1,
Denise Feyes1, Sarah Rolfe2, Nancy Tamburro2, Kim Day2, Samuel Rodgers-Melnick2, Richard T. Lee1,2
1Case

Western Reserve University, 44106, United States of America

2University

Hospitals, 4106, United States of America

Integrative therapies have been increasingly utilized by cancer patients, and this study examines perspectives
about these therapies at a comprehensive cancer center in northeast Ohio. Qualtrics, e-tablets and paper
formats were used to survey Seidman Cancer Center (SCC) patients and caregivers about their familiarity,
interest, and experience with five integrative therapies (acupuncture, massage, meditation, music, and yoga)
from October 2017 to March 2018. Respondents were surveyed about their interest levels; if these therapies
were recommended by their medical team or offered free in a clinical trial, as well as about barriers to access.
A total of 465 surveys were obtained comprising 464 patients and 112 caregivers. The respondents were
Caucasian (63.3%), female (57.5%), had been a patient for <3 years at SCC (72.5%), completed high school
(97.7%), and made <$60,000 as their annual household income (57.6%). Many respondents were unfamiliar
with acupuncture (47.3%) and yoga therapy (47.1%); while therapeutic massage was the most familiar service
(34.4%). Caregivers as compared to patients were more willing to pay over $20 for most services, especially
yoga therapy (42.4% vs. 27.8%). Caregivers also showed more interest than patients when a health
professional recommended a service, especially for therapeutic massage (72.2% vs. 58.7%) and yoga therapy
(58.6% vs. 45.1%). When the service would be provided free in a clinical trial, patient and caregiver responses
of ‘interested’ and ‘very interested’ had the largest increase for yoga therapy (from 34.4% to 44.6%). Caregivers
responded that a lack of information (25.2%) was the main barrier preventing their loved ones from using
services, patients identified cost (26.6%) as the main barrier to access. Overall, many patients and caregivers
were unfamiliar with these five integrative therapies. Recommendations by health professionals and
participation in clinical trials significantly increased interest.

Project Mentor: Dr. Richard Lee, Department of Hematology and Oncology, University Hospitals





Protein Phosphatase 2A is a regulator of epithelial-mesenchymal state in human endometrial
adenocarcinoma
Catherine Lawton, Biomedical Engineering; Sarah Taylor, Case Comprehensive Cancer Center
Our previous studies have shown that restoration of wildtype (WT) PP2A protein in a PP2A-mutant
endometrial adenocarcinoma cell line (UT42) restores PP2A function and increases epithelial markers, which
indicates that PP2A could be a key regulator of the epithelial-to-mesenchymal transition (EMT). EMT is a
process where epithelial cells lose their adhesive properties and transform into migratory mesenchymal cells
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that play an important role in the initiation of metastasis and aggressive cancer progression. Moreover,
research has linked mesenchymal cells to enhanced cancer stem cell behavior. To directly implicate PP2A as a
regulator of EMT, we employ both pharmacologic and genetic approaches to inhibit PP2A in human
endometrial adenocarcinoma cell lines (KLE and/or AN3CA) and evaluate for the induction or reduction of
epithelial proteins via gene expression quantification and other biochemical assays. The drug treatment used
in these experiments is LB100, which, by unknown mechanisms, inhibits the enzyme's dephosphorylation of
substrates. Genetic modification was accomplished via the use of shRNAs to prevent the translation of the
PP2A A-subunit, or through the introduction of a P179R A-subunit mutant into these cell lines that have a
wildtype background. These experiments resulted in inhibition of an epithelial program and are expected to
continue to reveal a role for PP2A in regulating epithelial-mesenchymal state and associated biological
phenotypes. In combination with our previous finding that the restoration of WT PP2A induced an epithelial
program, our new data that the knockdown of WT PP2A results in a decrease in epithelial program identifies
PP2A as a regulator of EMT.

Project mentor: Goutham Narla, Department of Medicine, and Mark Jackson, Case Comprehensive Cancer Center.





Light Crude Oil Fractionation Process Redesign and Intensification for Improved Recovery of
Designated Components

William Graziani, Tyrel Hill, Richard Lazear, Michael McGovern, Department of Chemical and
Biomolecular Engineering

The Marathon Petroleum Corporation’s Canton, Ohio refinery has a light crude fractionation tower that
separates 44-63 API gravity feed into three cuts based on Total Boiling Point (TBP) ranges. Currently,
approximately 40% of the feed is recovered as Product cuts. To increase recovery to the desired 85% and
separate an additional cut, various process configurations were simulated in Aspen HYSYS under existing
economic and equipment constraints. An added reboiler, divided wall column variations, pre-flash drums,
side operations, and an additional atmospheric column did not individually offer enough improvements in
pure cut recoveries with respect to their associated costs. A fired heater and vacuum column in series with
the existing atmospheric column were needed to meet the requirements of the project. This new process
design, along with heat integration, offer up to $22MM of potential value for the refinery.

Project Mentor: Michael P. Bothe, Marathon Petroleum Corporation
Faculty Sponsors: Professor Uziel Landau and Professor Daniel J. Lacks, Department of Chemical and
Biomolecular Engineering
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Effects of Religiosity on Anxiety Disorders
Hannah Lee, Department of Psychology
Those diagnosed with anxiety disorders are frequently struck with excessive amounts of fear or anxiety and
can struggle with everyday events most take for granted, such as going out with friends or even going to the
grocery store. Currently, medication and Cognitive Behavior Therapy are some of the most common
treatments used today, however, due to the range of anxiety-inducing triggers for different individuals, a
successful treatment for one may not have the same positive effects on another with a different anxiety
disorder. In the U.S., only a minute portion of individuals diagnosed with anxiety disorders receive
adequate treatment for these often debilitating disorders. This critical review looks at how religiosity impacts
those with the anxiety disorders, Generalized Anxiety Disorder (GAD), Obsessive-Compulsive Disorder (OCD),
or Separation Anxiety Disorder (SAD) and determine if research thus far suggests that being religious helps
individuals with these disorders cope with their anxiety and decrease the symptomatology. Though the
research on religiousness and specific anxiety disorders is somewhat scarce, of the studies that have been
conducted, a majority of the research thus far seem to indicate that increased levels of religiosity or
participating in specific religious acts, such as praying, is correlated with a decrease in anxiety. Despite this
trend, a small number of research findings contradict this, stating that religiosity has no impact on anxiety
symptoms with no research so far indicating religiosity negatively impacts these anxiety disorders. Looking at
this research, it is suggested that the use of religion could be a very promising coping skill that overarch the
definitions of specific anxiety disorders. Despite this potential, there are very few studies focusing on specific
anxiety disorders and religiosity, with virtually none pertaining to SAD, therefore firm conclusions cannot be
stated until further research is conducted including more varying populations with various religions and
more research specifically looking at OCD and SAD .
Keywords: Religiosity, Anxiety Disorders, Generalized Anxiety Disorder, Obsessive-Compulsive Disorder,
Separation Anxiety Disorder, Coping
Project Mentor: Dr. Amy Przeworski, Department of Psychology



Allee effects link the evolution of cooperation and the evolution of group size

Brian A Lerch1 and Karen C Abbott2
1

Major in Biology and Mathematics at CWRU

2

Department of Biology CWRU

The evolution of cooperation between conspecifics is a fundamental evolutionary puzzle, with much
work focusing on the evolution of cooperative breeding. Inclusive fitness mechanisms largely dominate
theories on how cooperation evolved, but require that individuals help their relatives. Many animals,
however, will cooperate with individuals they are weakly related to (or even unrelated to). Here, we build
two models containing group-level Allee effects (positive density dependence at low group sizes) to study the
coevolution of cooperation and group size. Group-level Allee effects, although common in cooperatively
breeding species, remain understudied for their evolutionary implications. We find that a trait that affects
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group size can cause increased cooperation to be favored evolutionarily even in a group with complete
reproductive skew. In particular, when a trait that confers tolerance for a larger group co-occurs with greater
helping behavior, groups will evolve to be more cooperative. We find a single evolutionary attractor in our
model corresponding to moderate helpfulness and group size. In general, our results demonstrate that, even
in groups with complete reproductive skew, Allee effects can be important for the evolution of cooperation
and that the evolution of cooperation may be closely linked to the evolution of group size.

Project Mentor: Karen Abbott, Department of Biology.





Epsilon-Near-Zero (ENZ) Metamaterials to Alter the Spontaneous Emission Rate of Quantum Emitters
Theodore Letsou, Engineering Physics, Department of Physics; Jonathan Boyd, Department of Physics; Adam
Fisher, Department of Physics; and Dr. Giuseppe Strangi, Department of Physics

Metamaterials are artificially constructed media that exhibit optical properties not normally found in
naturally occurring materials. Recent technological developments have allowed metamaterials to be
constructed on the nanometer scale, giving one the ability to mold and confine light on length scales much
smaller than the wavelength. This manipulation of light makes metamaterials excellent candidates for
biological sensors as electromagnetic energy can be focused into sub-wavelength hot spots that can interact
resonantly with biomolecules. In addition, metamaterials have numerous applications ranging from perfect
light absorption, to super lensing and optical cloaking. Metamaterials with exceptionally low permittivity
values compared to that of free-space are known as epsilon-near-zero (ENZ) metamaterials. These
metamaterials have been theoretically predicted to have highly unusual optical effects, such as an enhanced
non-linear refractive index and the ability to levitate electric dipoles close to its surface; however, large
optical losses that occur when the real part of the permittivity is close to zero hinder these effects. In this
work, we hope to shed more light on these materials by designing, fabricating, and characterizing a low-loss
ENZ metamaterial by stacking sub-wavelength layers of silver, germanium and alumina. We will then
investigate the effects of this ENZ metamaterial on the spontaneous emission rate of different fluorescent dye
molecules coated on its surface.

Project Mentor: Dr. Giuseppe Strangi, Department of Physics
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Open Source Authentication as a Service, Auth1

Brian Li, Department of Computer Science; Mark Lalor, Department of Computer Science; Yidi Huang,
Department of Computer Science

Building authentication is redundant and requires great attention to detail. It is cumbersome to implement
something that has been implemented thousands of times before. Also, there are numerous security pitfalls
which may lead to embarrassing and costly security issues. Commercial solutions such as Auth0 relieve
developers of having to roll their own authentication, but their closed-source nature causes two main
problems. First, closed-source applications make it hard for the security community to audit their code.
Second, closed-source applications mean customers must trust the availability, integrity, and security of the
applications they are paying for. Our service, Auth1, is intended to be an open-source alternative. Users of our
service can choose to use our cloud-based service or easily spin up a local instance on premises.

Project Mentor: Professor Soumya Ray, Department of Computer Science





Visualization of Familial Genomic Data Privacy
Shangran Li, Electrical Engineering
As genome sequencing gets cheaper, more and more genomic data are generated. A significant amount of
personal genomic data can now be accessed from the numerous online databases. Although these data are
anonymized, computer scientist like Yaniv Erlich has shown us that using social network and other publicly
available data, a hacker can identify the owner of the genomic data. This is an alarming reality because
genetic information is sensitive, stable, and highly correlated amongst family members. An individual’s
genomic privacy is vulnerable to attackers who are able to infer single nucleotide polymorphisms (SNPs)
using Mendelian Laws and Bayesian statistical inference. The purpose of the project is to address genomic
privacy by visualizing these potential data leakages. I have developed a visualization tool for individuals to
assess their genomic privacy risk based on the relationship and amount of familial SNP data available. User
can upload his or her genomic data and the relatives of the user, if uploaded their data before, can be matched
from database using linkage calculation. Producing a visual platform, users are able to view specific SNP
probability distributions for various scenarios of released and inferred data based on user input. This project
is a continuation of the project conducted by Yennmay Chia, Tianyi Wu and Shangran Li in Fall 2018.

Project Mentor: Professor Erman Ayday, Department of Electrical Engineering & Computer Science
Faculty Sponsor: Professor Gregory Lee, Department of Electrical Engineering & Computer Science
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Melting Behavior of Iron-Sulfur-Oxygen System

Yuanyuan Liang: Geological Science major; Robert D. Moore, Jr., Department of Earth, Environmental, and
Planetary Sciences.

Some small planetary bodies’ cores such as Moon’s is consistent with a ~6% admixture of light elements such
as sulfur and oxygen. High-pressure experiments have shown that the eutectic temperature of the Fe-FeS
system decreases as pressure increases, and this abnormal behavior can be caused by oxygen contamination
in high-pressure experiments. Evaluating the influence of oxygen in the Fe-FeS system can also testify
whether cores of smaller planets become saturated with solid metal at shallow depths (“iron snow”), rather
than at their centers. Here, we focused on the influence of oxygen, and conducted experiments to determine
the eutectic melting temperature in the ternary Fe-FeS-FeO system. We prepared mixtures of Fe, FeO, and FeS
powders, put them in alumina capsules and sealed them in silica tubes. Eight melting experiments were
conducted at 900-920°C in a box furnace at 1 atm. Results of our experiments tightly constrain the eutectic
melting temperature to between 902°C and 903°C at atmospheric pressure. The backscattered images and
elemental maps of the samples confirmed the dendritic texture of quenched melt in samples held at 903°C
and no contamination of the sample from outside. Our results support the coexistence of FeO and FeS in
Moon’s core. These results, at atmospheric pressure, also provide an important baseline for experiments at
higher pressure.

Project Mentor: James A. Van Orman, Department of Earth, Environmental, and Planetary Sciences.
Faculty Sponsor: Ralph P. Harvey, Department of Earth, Environmental, and Planetary Sciences.





Exploring Wellness within the Refugee Population
Amanda Lilly, Department of Business Management; Ariel Jordan, Department of Applied Social Sciences

A refugee is defined as a person who is forced to flee the country of his or her nationality, because of war,
natural disasters, and/or persecution or fear of persecution based on his or her race, religion, nationality,
membership in a particular social group, or political opinion. The life of a refugee is one of great stressors and
unfair circumstances. Throughout their journey, refugees experience many forms of trauma including, but not
limited to: imprisonment, torture, loss of property, malnutrition, physical assault, extreme fear, rape, loss of
livelihood, witness torture or killing, lose close family members or friends and endure extremely harsh
environmental conditions. Upon reaching their host country, these stressors do not cease, but instead are
amplified by the resettlement process. This research is concerned with creating a wellness program for
refugees who are survivors of torture, in order to create a smoother transition to daily life upon arrival in the
United States. Our program, Survivors of Torture: Journey to Wellness, will be a one-year program for
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refugees that have experienced a form of torture, are at lease eight-teen years or older, and have resided in
the United States for less than two years. There will be a one-hour class each week, that consists of two
components. First an educational piece on one of the seven areas of wellness, taught by specialist. The second
piece is an activity related to the topic of the week that refugees can recreate at home. For the last week of
each month, refugees will participate in either a field trip, to gain exposure to surrounding communities or
partners, or a workshop, that will provide them tactile skills they can apply to their daily life. We plan to
implement this program with Catholic Charities, Diocese of Cleveland in their pre-existing survivors of
torture department. For the first year, we are looking to have fifteen participants in hopes to improve each
refugees’ understanding of overall wellness by five to ten percent, and teach them tactile skills that will aid
them as re-stablishing a home here in the United States. Program staff will be able to measure each
participants’ progress by providing each refugee with a Wellness Wheel Assessment every three months
throughout the program. The Wellness Wheel Assessment illustrates a wellness model with eight dimensions:
emotional, intellectual, physical, social, environmental, financial, occupational, and spiritual. All of the
dimensions are interconnected and important to a well-rounded and balanced lifestyle. By assessing needs in
the eight areas, it can help prevent future health problems and consequences by making healthier choices a
habit and part of everyday life.
Project Mentor: Dr. Bradley Tucker, Department of Applied Social Sciences
Faculty Sponsor: Professor Peter Whiting, Director of SAGES


Combining 2D and 3D aspects of games with Accident on
Mars Rahul Pokharna Department of Electrical Engineering and Computer Science
Tung Ho Lin Department of Electrical Engineering and Computer
Science Jiahao Luo, Department of Electrical Engineering and
Computer Science Melo Zhang Department of Electrical Engineering
and Computer Science Shiv Desai, Department of Electrical
Engineering and Computer Science
Gaming these days has evolved from a 2D text based input to a 3D fully immersive experience. Accident on
Mars has a vision of combining the old school 2D text input with a 3D display which will show what actions
are being done. This unique playing style intends to engage, gamers by combining two styles which they
know and love. We have not seen this concept done that often which is why we pursued to make it. After
researching ways to make the game more unique we decided to have tasks and puzzles to help the gamer
progress and complete the game. This was done to add complexity, as well as bring gamers back to their
roots of solving puzzles which they have been doing for years. These puzzles and tasks stem from mini
challenges such as anagrams and puzzles which are easy to pick up and require general knowledge. Doing
this enables gamers to have a fun twist, and utilize all parts of their brain.
Project Mentor: Professor Soumya Ray, Department of Electrical Engineering and Computer Science
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Nanoparticle size effects on the surface plasmon resonance and co-nonsolvency of poly(Nisopropylacrylamide) grafted gold nanoparticles
Jason Linn, Department of Macromolecular Science and Engineering; Xiaolong Lang, Department of
Macromolecular Science and Engineering
The goal of this investigation is to study the thermoresponsive behavior of poly(N-isopropylacrylamide)
(PNIPAM) grafted gold nanoparticles in a range of core sizes and solvent systems. Polymer-grafted
nanoparticles can display stimulus-responsive behavior, such as aggregation or a shift in absorbance, to
environmental changes including temperature and pH. In this investigation, we study the thermal transition
that occurs in spherical PNIPAM grafted gold nanoparticles, where the polymer chains change from hydrated
to collapsed. PNIPAM is of interest because this thermal transition, the lower critical solution temperature, is
sharp, reversible, and near the human body temperature. The utility of this sharp thermoresponsive behavior
could be increased by investigating different solvent systems to tailor the temperature of the response. In this
project, we primarily study the size effects on the co-nonsolvency behavior of the polymer-grafted
nanoparticles. In particular, water/ethanol solvent systems are of interest due to the potential biological
applications of these particles. Through characterization methods such as UV-visible spectroscopy and
dynamic light scattering, we study the behavior of several compositions of these nanoparticle systems with
varying nanoparticle core sizes and polymer chain lengths.
Project Mentor: Dr. Michael J.A. Hore, Department of Macromolecular Science and Engineering





The Effect of Childhood Music Education on Academic Achievement
Richard Li, Mathematics and Economics; Haoqi Liu, Economics
Music education has often been believed to have a positive impact on childhood upbringing. It acts as a stress
reliever and creativity outlet for the child, and many parents even believe that music can boost academic
performance as well. Music making in its various forms stimulates the brain in many ways, from technical
skill, to fast information processing, to reading and writing of long-term memory.
This study tests the veracity of this claim by analyzing the effect of childhood music education as a dummy
variable against academic performance, measured by the children’s school track recommendation for middle
school. The study prevents omitted variable bias by controlling for household wealth and familial support.
The dataset used is the German Socio-Economic Panel (SOEP), a panel data set that provides a detailed study
of private households. We hypothesize that the effect will be significant with and without controlling for
biases, but the effect will be less significant with the controls.
The results of these studies will have an impact on how parents view music education as a potential activity
for their children, and can even impact how American schools view music education in the elementary school
curriculum.
Project Mentor: Professor Jenny Hawkins, Department of Economics
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Lunar Antenna Control
Sean Liu, Department of Mechanical and Aerospace Engineering; Alex Brandt, Department of Mechanical
and Aerospace Engineering
Earth-Moon-Earth (EME) communication is a radio communication technique in which the Moon reflects
radio signals transmitted from an Earth-based transmitter back to an Earth-based receiver. This
communication technique is highly desirable for amateur radio communication but is difficult to accomplish.
Our project is intended to improve, upgrade, and validate an antenna control system used by the Case
Amateur Radio Station (W8EDU). This will allow EME communication with a 2-meter antenna. Currently, the
system is not implemented within the antenna motor control system. Our project will verify the level of
completion and also upgrade the current system to mitigate the challenge of long-distance communication. A
feedback control loop will be incorporated into the system to provide better accuracy and easier operation.
This system will accurately align the antenna with the moon by utilizing a feedback system via position
sensors. Tuning will be accomplished through an investigation into the static and dynamic properties of the
2-meter band antenna. A camera feed will be used to track the moon in its orbit. The ideal result of this
project will be complete camera footage proving accurate tracking of the moon. If this cannot be
accomplished due to weather conditions, proof of tracking another celestial body will suffice.
Project Mentor: Dr. David Kazdan, Department of Electrical Engineering
Faculty Sponsor: Dr. Clare Rimnac Department of Mechanical and Aerospace Engineering




IMU integration with Wormlike robots

Zehao Liu, Department of Mechanical Engineering

Bionic robots are developing rapidly, and compliant Modular Mesh Worm (CMMWorm) is a worm-like robot
utilizes a mesh structure to create waveforms along its body. However, because of the mechanical design,
open-loop control system and the influence of the external environment, the movement of the robot is not
very efficient. So we want to improve this by integrating inertial measurement unit (IMU) sensor into the
robot. An inertial measurement unit (IMU) is an electronic device that measures and reports a body's specific
force, angular rate, and sometimes the magnetic field surrounding the body, using a combination of
accelerometers and gyroscopes, sometimes also magnetometers. We add the IMU sensor to get the gesture
data of each segment and make the control system a closed-loop system. In that case, we can adjust the
movement of each segment based on data from the sensor. The IMU sensor we choose in this project is
‘BNO055’; this is a nine-axis attitude angle sensor. To fix the sensor on the robot, we will use 3D printing to
print a connection frame. There are six segments, so we would use six sensors to collect data and one Arduino
to collect and process data. IMU integration with worm-like robots would improve the movement of the
robot.
Project Mentor: Doctoral Candidate Yifan Wang, Department of Mechanical Engineering. Professor Kathryn
Daltorio, Department of Mechanical Engineering
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Assistive Motorized Knee Orthosis to Aid with Toe Clearance in Stroke Patients with Leg Weakness

Christina MacAskill1, Emily Molinich1, Elizabeth Schafer1, Rachel Loeff1, Nathaniel Choo1, Kevin Yang1,
Jessica McCabe2, Colin Drummond1, Matthew Williams1

1Department of Biomedical Engineering, Case Western Reserve University, Cleveland, OH, USA.
2Cleveland FES Center, Lewis Stokes VA Medical Center, Cleveland, OH, USA.

An estimated 795,000 people in the United States suffer a stroke every year, with only about 10% of those
patients ever making a full recovery1. Stroke patient symptoms will often include muscle weakness and loss
of fine motor control. As a result, one of the biggest challenges is toe clearance while walking, causing patients
to trip and fall during daily activities. Additionally, knee stiffness and poor balance affect patients following a
stroke. In healthy individuals, the primary propulsion forces for walking are generated by the ankles;
however, after a stroke that results in leg weakness, the ankle musculature is frequently paralyzed. Most
current solutions for this problem are for advanced physical therapy, and there are a limited number of
available devices for use in daily activities. To address leg weakness in stroke patients, our group proposes a
knee orthosis that aids the patient in lifting their leg off of the ground to avoid “toe catch” in the swing phase
of gait in combination with an ankle foot orthosis. This device detects the phase of gait with force sensitive
resistors (FSRs) inserted under the sole of the foot, and an integrated motor to assist in knee bending. Shown
in this symposium is a device that can predict the patient’s phase of gait and activate a motor at the correct
times during toe-off and heel strike to aid in increased knee flexion. With the current iteration of this device,
we are focusing on patients without synergy complications and who demonstrate partial motor function.
Future iterations of the device should address a wider patient population, integrating into a more
comprehensive treatment plan to include those with even weaker motor function and more complex synergy
complications, as well as applying the device as an assistive tool for physical therapy.

Project Mentors: Professor Colin Drummond and Professor Matthew Williams, Department of Biomedical
Engineering
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The Importance of Sentence-Level Coarticulation for Sentence Recognition in Noise

Cassandra Lopez, Department of Psychological Sciences; Brandi Jett, Department of Psychological Sciences
Graduate Student

In clinical and daily settings, it can be challenging for listeners to hear a speaker’s speech due to auditory
masking. Auditory masking is the interference with the ability to hear the target sound due to presence of
another sound or competing masker. The two types of masking are energetic and informational. Energetic
masking occurs in the auditory periphery and is due to similar excitation patterns in the cochlea and eighth
cranial nerve from both the target and competing masker signals. Informational masking occurs due to
increased difficulty segregating the target from the masker and attending to the target talker of interest.
A method of studying the effects of auditory masking can be by conducting recognition tests. When
conducting recognition tests, there are several sentence corpora available, but they have limited sentences.
This makes it difficult to have enough unique sentences without repetition across tests. The lack of unique
sentences creates are problem clinically for a research laboratory that is evaluating several different hearing
aids or is testing hard-to-recruit populations that wants participants to be involved in several different
experiments. Matrix sentences is a corpus that could be used by concatenating individual words from fixed
syntactic categories together, resulting in a large number of unique sentences, but they lack coarticulation.
This study explores the importance of coarticulation for target and masker speech for a speech-on-speech
recognition task. Due to the lack of coarticulation in matrix style sentences, this experiment uses a more
standard sentence-recognition corpus, the Bamford-Kowal-Bench (BKB) Corpus that includes sentence-level
coarticulation. This study helps us gain a deeper understanding about specific properties of competing
maskers that may cause difficulties in hearing and understanding for listeners with hearing loss when they
are in noisy environments.

Project Mentor: Dr. Lauren Calandruccio, Department of Psychological Sciences





handrite.io: A Better Way to Practice Handwriting

Emilio Lopez, Computer Science; Brennan McFarland, Computer Science; Jacob Wise, Computer Science;
Brian Johnson, Computer Science and Applied Mathematics

Parents and educational institutions often struggle with the task of teaching proper handwriting to their
students. These students could benefit substantially from a real-time feedback loop on their handwriting
performance and an individually tailored training program. handrite.io is a web application designed for
children to practice their handwriting. handrite.io uses a series of sophisticated machine learning algorithms
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to provide students with the kind of feedback that once required teachers and parents. Children are
presented with a text prompt and upload an image of their attempt to copy it in writing. The image is then
pipelined through a series of machine learning algorithms that scores the neatness of the user’s handwriting
and returns feedback which is subsequently displayed on the page. Our vision is to implement a fully
functional web application with a password-secured account system, detailed and charted progress reporting
and text samples tailored to the weaknesses of individuals’ handwriting.

Faculty Sponsor: Dr. Soumya Ray, Department of Electrical Engineering and Computer Science





Wagner Accessibility Lift for Domestic Operations

Patricia Alfaro, Sean Cuda, Anthony Dispirito, Andrew Kew, Andrea Lu
Department of Biomedical Engineering, Case Western Reserve University, 11100 Euclid Ave, Cleveland, OH,
44106 USA

Every year there are two million new wheelchair users who are forced to rethink the way they perform
daily activities. These activities can be as simple as getting into a car, getting out of bed, or taking a bath.
Transferring to and from a wheelchair is one of the greatest challenges associated with these tasks. Current lift
devices are dependent on the presence of another person, which limits the possibility of an independent
lifestyle. Our accessibility lift offers a portable solution to minimize reliance on another person. The device is
based on an automatic scissor jack, which can raise and lower the user between ground level and 3.5 feet. A
smooth plastic seat allows for easy maneuverability on and off the device, while handles provide extra support
for the user. The device is able to be compressed into a flat box shape for easy storage and portability. Our user
friendly accessibility lift has great potential to grant new wheelchair users more independence in their day-today lives.

Project Sponsor: Greg Wagner, Benjamin Mroz
Faculty Sponsor: Dr. Colin Drummond, Dr. Matthew Williams, Department of Biomedical Engineering
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The Effects of Support Systems on the Development of Depression and Anxiety in the Deaf and Hard of
Hearing: A Critical Review
Cody Lu, Department of Psychological Sciences
Hearing loss is one of the most prevalent forms of chronic illnesses affecting millions of people across the
world. In addition, most studies have shown that those who have hearing loss have a lower quality of life,
often associated with depression, anxiety, and other psychosocial disorders. The studies examined in this
critical review explores different ways to combat such developments by investigating different support
systems and intervention methods. Some methods include dog therapy, family intervention, peer support, etc.
Findings across studies indicate that most participants report an improvement to their quality of life, such as
reduced anxiety and depressions, if they receive some form of support. Earlier intervention was also found to
improve quality of life compared to those with later intervention. Report bias was a problem because these
studies require interviews and questionnaires to collect data. Other concerns for several studies include, but
are not limited to, low return rates for follow-ups and lack of representation across different cultures. Future
studies can examine the longitudinal progress for early intervention in children with hearing loss and how
stigmas around hearing loss in different cultures affect the efficacy of different support groups.
Project Mentor: Professor Amy Przeworski, Department of Psychological Sciences





Pod Size vs. Postcopulary Traits are not Well Correlated via Phylogeny Analysis in Cetecea
Kevin Lu, Department of Systems Biology
Cetecea is composed of a group of mammals such as whales, dolphins, and porpoises. This group of animals
are aquatic, however, they cannot live without resurfacing to obtain oxygen. We are interested to see if there
are any relationships with pod size and the pre and post-copular traits. It is safe to assume that pod size may
have something to do with the sizes such as the weight of testes and the length of males and females. We
think that for larger pod sizes the mating between male and female cetaceans would be more prevalent which
would cause an increase in sperm production. From this prediction we think that from the large amount of
sperm production that it would call for a larger teste size. We hypothesized that there may be a correlation
between teste mass and species that share a similar genus. For conducting the experiment, we used
TreeOfLife to find a phylogeny tree which covered a variety species of Cetecea and found our pod size
information on the web. We used RStudio to create the phylogeny tree and then used statistical analysis. The
results showed that via log likelihood that the correlation for teste mass and pod size seems to not have any
significance throughout the entire tree however had fairly strong p values when analyzing between species of
the same genus may have significance i.e. species that share the same genera on a phylogeny tree (Eubalaena
glacialis vs. Eubalaena japonica). Since our AIC is comparing the phylogenetic signal between with and
without phylogeny tree, we can see that it is better with a phylogeny tree. We think that the reason why there
is no correlation between teste mass and pod size is because it does not seem probable that smaller size
whales would have such a large teste mass. From this conclusion we think that teste mass is related to body
proportion so a further study may look to a find a body and teste mass ratio and see if this may be a possible
the correlation.
Project Mentor: Jean Burns, Department of Biology
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Beagle Pack
Sean Black, Department of Electrical Engineering and Computer Science, Karyn Ludewig, Department of
Electrical Engineering and Computer Science, Sean McGuinness, Department of Electrical Engineering and
Computer Science
The purpose of our project is to devise a system to facilitate a lead-follow relationship between two remote
controlled vehicles. This project is geared toward providing insight into how autonomous vehicles could
behave in a convoy scenario, with one lead car providing instructions to all following vehicles. The “follow”
vehicles should be able to join or break contact with the convoy at any point safely, assuming control over
their own pathing once separated. While linked, the follow vehicle effectively becomes autonomous, following
the lead vehicle with no further input from an outside source until the link is broken. This convoy system
would be a safe and efficient way to operate autonomous vehicles, allowing multiple vehicles to operate
together without conflicting inputs. The primary goal of this project is to create a link between the two cars,
allowing them to follow each other, and then test that link for robustness and optimize the connection to
maximize safety. Once the link between the vehicles is established we will perform tests to determine the
optimum follow distance accounting for location and speed of the other cars in the group. The ultimate goal is
to devise a system which allows one car to follow the other without ever coming into contact with it before
receiving the separate command and assuming control over its own path once again. To do this we use a
collection of sensors including GPS, ultrasonic, and a camera as well as two cars that run on beaglebone blue
boards with the ADEPT framework.
Project Mentor: Professor Kenneth Loparo, Department of Electrical Engineering and Computer Science





MoOSe: Pretreatment Membrane for Global Water Disinfection
Vera Bostwick, Hannah Cho, Kathryn Lundgren, Billion Bottle Project, Department of Biomolecular &
Chemical Engineering
Solar Water Disinfection (SODIS) method uses a simple solar disinfection technique that requires only
sunlight and plastic PET bottles. Users leave contaminated water in the sunlight; the ultraviolet radiation kills
the pathogens in the water in as little as six hours, making the water safe to drink. Overall, SODIS is a popular
disinfection method due to the low cost and easy usage. However, the amount of time required for
disinfection varies depending on environmental conditions such as cloud coverage and water turbidity. To
reduce the disinfection time, a Moringa oleifera seed membrane (MoOSe) was created to be paired with
Billion Bottle Project’s SODIS sensors. MoOSe will reduce water turbidity and increase the efficiency of the
SODIS sensor via a reusable and cost effective mesh membrane using Moringa oleifera seeds.
Project Mentor: Dr. Daniel Lacks, Department of Biomolecular & Chemical Engineering
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Effect of ACLP1 deletion on auditory brainstem response amplitudes in the mouse model

Crystal Ma, Department of Biology

In the inner ear of vertebrates, mechanosensitive hair cells are responsible for detecting and transmitting
acoustic and head movement stimuli to the auditory and vestibular nerves. Hair cells have bundles of
stereocilia arranged in a staircase-like pattern projecting from their apical surfaces. When displaced by a
sound or head movement stimulus, mechanically-gated ion channels open, causing a membrane voltage
change of the hair cell, which starts a process of transduction. Stereocilia are thought to be anchored on the
actin-based cuticular plate, which is located in the cell soma near the apical surface supported by
microtubules. In mice, the Aclp1 gene encodes the protein ACLP1 (hair cell cross-linking protein 1), which
plays an important role in cross-linking actin and microtubule fibers. In hair cells, ACLP1 is circumscribed
around the cuticular plate as well as interwoven within it, and is hypothesized to play a similar cytoskeletal
role in cross-linking actin and microtubules. The objective of this project is to examine the effects of ACLP1
deletion in hair cell function in the mouse model. Specifically, the project tests hearing ability of mutant and
wild-type mice through recording ABRs, or auditory brainstem responses. ABRs are a measure of a summated
response of the auditory nerve pathway over time. Comparing peak amplitudes of ABRs of Aclp1-conditional
knockout mice versus wild-type mice can give insight into how ACLP1 deletion affects transmission of the
auditory signal from hair cells to the brain. We hypothesize that knocking out ACLP1 will cause a decrease in
ABR amplitudes, due to the known function of ACLP1 and its intriguing localization in hair cells.

Project Mentor: Dr. Ahlam Salameh, Department of Otolaryngology, CWRU School of Medicine
Faculty Sponsor: Dr. Brian McDermott, Department of Otolaryngology, CWRU School of Medicine





Bio-responsive Pullulan Derivative for Augmenting Clot Development
Yifeng Ma1, Aditya Girish2, Kenji Miyazawa2, Anirban Sen Gupta2
Uncontrolled hemorrhage is multifaced phenomenon that leads to suboptimal clot development, which
contributes substantially to mortality among trauma patients. The loss of key coagulation factors is
particularly detrimental, as this leads to the impaired development of fibrin, the main component of a stable
clot. We designed a fibrin stabilizing system by conjugating an established fibrin binding peptide (FBP) to a
biocompatible polysaccharide pullulan. The conjugation, molecular weight and thermal properties of this
‘FBP-Pullulan’ derivative was confirmed with characterization techniques including NMR, FT-IR, GPC and
DSC. Once manufacture was optimized, the efficacy of FBP-Pullulan on clot development was tested in vitro.
This was primarily conducted using rotational thromboelastometry (ROTEM), which measures the clots’
viscoelastic properties in real time. FBP-Pull was able enhance clot firmness and resistance to lysis when
evaluated in ROTEM assays that emulated hemorrhagic compilations like hyperfibrinolysis and dilutional
coagulopathy. Ongoing work focuses on co-administering FBP-Pullulan with synthetic platelets loaded with a
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payload. It is envisaged that this combinatory system will be able to enhance both fibrin formation and fibrin
stabilization, therefore augment clot development overall.
1.
2.

Department of Macromolecular Science and Engineering
Department of Biomedical Engineering

Project Mentor: Professor Anirban Sen Gupta, Department Biomedical Engineering





Adolescent Psychopathic Personality: Nature, Nurture, or Both?

Charvi Malhotra, Department of Psychology

In order to better understand the origin and prognosis of psychopathic personality disorders and be able to
develop effective preventative treatments, it is essential to first understand the interaction of genetic and
environmental effects on psychopathic personality. A meta-analytic review of 12 twin-studies was conducted
to quantify the magnitude of genetic and environmental influences on psychopathic personality. Important
findings and areas of consideration included heritable factors and non-shared environmental factors that
distinguish prevalence and variance of specific psychopathic personality traits. Age, gender, socioeconomic
status and measure were investigated as potential moderators on the results obtained. The lenses of
biochemistry, neuroscience, criminology as well as anthropology will be utilized in order to gain a more
comprehensive understanding regarding the impacts of genetic and environmental traits on psychopathy. This
meta-analysis provides a structure synthesis on the relative genetic and environmental contributions in
psychopathic personality through various stages of development and across genders, with a particular focus
on development and prognosis of adolescent psychopathy.

Project Mentor: Professor Anne Kotynski Gooding, Department of Psychology
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A review of coral reef ecosystems and the anthropogenic issues that threaten their existence
Graciela Marez, Department of Biology, Department of Environmental Studies; Dr. Richard Drushel,
Department of Biology
Coral reefs make up some of the most biologically diverse and economically significant ecosystems on
earth. Vital to human societies and industries, coral reefs provide growth through tourism, fisheries, new
chemical compounds, coastal protection, and even building materials. Over the last few decades,
approximately 11% of reefs have been definitively lost due to direct human impacts such as sediment and
nutrient pollution, over-exploitation and mining of sand and rock, as well as development on and
“reclamation” of coral reefs. In addition to these anthropogenic disturbances, thermal-stress events
associated with climate change cause coral bleaching and mortality that threatens coral reefs globally.
Considering the fact that one bleaching event alone in 1998 killed 16% of the planet’s coral reefs, it’s evident
that coral bleaching is the greatest threat to the sustainability of coral reefs worldwide and is now clearly one
of the greatest challenges we face in responding to the impact of global climate change. Although this paper
aims to review the many threats that coral reefs face, addressing the biodiversity loss is not a simple task
since reefs come in a great variety of forms and are considered to be one of the most complex systems of all
marine ecosystems. The understanding of their dynamic interactions is by no means complete.
Faculty Sponsor: Dr. Richard Drushel, Department of Biology



Red Hen Twitter Data Pipeline

Andrew Piliero, Department of Electrical Engineering and Computer Science, Taylor Smith, Department of
Electrical Engineering and Computer Science, Alex Marshall, Department of Electrical Engineering and
Computer Science, Aaron Weinberg, Department of Electrical Engineering and Computer Science

Distributed Red Hen is a conglomerate of researchers from around the world who focus on researching
primarily multimodal communication. When studying how people communicate it is very valuable to analyze
how people communicate on social media, in this case we focused primarily on Twitter. To make it easier to
process and analyze twitter posts we have built a pipeline which accepts files of twitter posts and runs a suite
of various tools for natural language processing, as well as a few other functions, to generate easily searchable
files of metadata which can be used for an in-depth analysis. To build this pipeline we used a Python script to
handle some preprocessing of the data. We then used the Pragmatic Segmenter to split tweets up by sentence
and passed them through both Open-Sesame and StanfordCoreNLP to generate metadata on the framing and
grammatical structure of each sentence. This was done on Case Western Reserve University’s HPC which
allowed for millions of tweets to be processed in an efficient manner.

Project Mentor: Professor Souyma Ray, Department of Electrical Engineering and Computer Science
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CookBook
Stuart Masson, Department of Computer Science; Jonathan Henly, Department of Computer Science; Leo
Mishlove, Department of Computer Science; Taylor Woodcock, Department of Computer Science
Currently, it is difficult for people to share recipes with their friends and families over a long distance. In
addition, if someone has many physical cookbooks or recipes on paper, it can be difficult to search through
them to find the exact recipe that you are looking for. Our website CookBook is a recipe-sharing social media
platform designed to make it easier to spread and rate recipes over the internet. CookBook will increase
users’ exposure to new recipes and ideas by giving them access to a library of other users’ recipe uploads. The
feed will let users see new uploads, keep up with the latest trends, and get inspiration for their next meal.
CookBook will also provide a convenient place for users to store all of their recipes, allowing them to access
their recipes from anywhere. CookBook will differentiate itself from other recipe-sharing sites by way of a
dedicated feed of new uploads, giving users a simple way to access the latest culinary trends. It will also
differentiate itself by way of its tagging system, allowing easy browsing through tags such as “breakfast,”
“soup,” and “gluten-free.”
Faculty mentor: Professor Soumya Ray, Department of Computer Science



Macro Craters: Investigating the Morphology of Craters from Macro Dark Matter Impacts on Planetary
Bodies
Megan Masterson, Department of Physics; Dr. Bo Li, Department of Mechanical Engineering; Dr. Glenn
Starkman, Department of Physics; Dr. Steven Hauck, Department of Earth, Environmental, and Planetary
Sciences
Dark matter is a critical piece of current astrophysical models of the universe, constituting the majority of all
matter in the ΛCDM paradigm. Yet, the composition of dark matter has eluded scientists for years. Macro dark
matter is a class of dark matter candidates which reaches its weak interaction limit by being massive objects,
rather than by being small and intrinsically weakly interacting. Macros are commonly described by their
masses and cross-sectional areas; together, these two parameters define a parameter space. This parameter
space has been previously constrained by looking for the lack of signatures from macro dark matter in lensing
events, ancient mica on Earth, and lunar seismology. Currently, there are two large regions of unconstrained
parameter space with mass ranges of Mx ~ 55-1017 g and Mx ~ 2×1020-4×1024 g, both of which contain nuclear
dense matter as a viable macro dark matter candidate. If this dense form of matter exists, it would travel
through our solar system at speeds on the order of 200 km/s and would occasionally impact planetary bodies.
This project aims to simulate these impacts to determine the morphology of the exit craters and whether they
can be used as a viable method by which to constrain macro dark matter parameter space. To do this, we use
the Optimal Transportation Meshfree method, which allows for the incorporation of many of the high energy,
complex physical phenomena that occur in such energetic impacts.
Project Mentors: Professor Bo Li, Department of Mechanical Engineering; Professor Glenn Starkman,
Department of Physics; Professor Steven Hauck, Department of Earth, Environmental, and Planetary Sciences
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Heat Insulation Performance of Intumescent Coatings for Passive Fire Protection
Rocco Maue, Department of Mechanical and Aerospace Engineering; Tyler Wypiszenski, Department of
Mechanical and Aerospace Engineering; and Fumiaki Takahashi, Department of Mechanical and Aerospace
Engineering
Intumescent coatings are used as a method of passive fire protection for building structures. They expand to
many times their initial thickness with applied heat, creating a protective char layer that acts as a barrier
between the fire and building structure. The objective of this study is to verify the consistency of
intumescent coating performance at several values of incident radiant heat flux, and to verify the consistency
of the test apparatus itself. A test apparatus was constructed for measuring the thermal insulating
performance of water-based intumescent coatings. The apparatus was based on an existing test apparatus
that needed to be reconfigured and repaired. It uses a cone heating coil, a network of thermocouples, a
National Instruments Multifunction Input/Output System, and LabView data acquisition software to measure
the heat blocking efficiency of the intumescent coating as a function of imposed heat flux level at a given
initial coating thickness. After reconstructing the test apparatus and confirming functionality, the thermal
insulation performance of water-based intumescent coatings found in previous experiments will be verified.
A 100 cm2 steel plate with a given initial coating thickness will be exposed to constant radiant heat flux of 25,
50, or 75 kW/m2. The heat-blocking efficiency is expected to increase with increased radiant heat flux and
remain consistent across trials.
Project Mentor: Professor Fumiaki Takahashi, Department of Mechanical and Aerospace Engineering
Project Sponsor: Professor Clare Rimnac, Department of Mechanical and Aerospace Engineering



Functionalized Graphene Oxide as a Surfactant for Ultrasound and Photoacoustic Contrast Agent

Madelyn McMillen, Department of Chemistry; Emily Pentzer, Department of Chemistry; Agata Exner,
Department of Radiology; Peiran Wei, Department of Chemistry; Al de Leon, Department of Radiology

Ultrasound and photoacoustic imaging are important diagnostic techniques to obtain the structure of tissues
as well as their optical absorption. However, ultrasound imaging has limited contrast for soft-tissue, which
does not allow tumors surrounded by soft tissue to be localized. In an effort to improve this, ultrasound
contrast agents have been used to target specific biomarkers, and they provide higher contrast images in
comparison to traditional ultrasound imaging. These agents are usually made up of bubbles of 1-10µm
diameter that contain different hydrophobic gases and are stabilized by a phospholipid, polymer, or
surfactant. There are many dual photoacoustic and ultrasound contrast agents currently being produced, and
they have been used to characterize a flank breast cancerous tumor, the intravascular structure of vulnerable
plaque, and more. Herein, a dual ultrasound and photoacoustic contrast agent was made using graphene
oxide (GO) as a surfactant and C3F8 as the gas in the bubbles. GO was functionalized with alkylamine, and two
sizes of GO were also used including normal size and small size (produced from probe sonication). FTIR, XPS
spectroscopy, and atomic force microscopy were used to characterize the functionalized GO. Optical
microscopy was used to monitor the bubbles stability over time. The acoustic and photoacoustic response of
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the GO-stabilized bubbles were also measured. Overall, this GO-stabilized contrast agent was made of small,
stable bubbles and produced quite promising ultrasound and photoacoustic results.

Faculty Sponsor: Dr. Emily Pentzer, Department of Chemistry & Dr. Agata Exner, Department of Radiology
Project Mentor: Peiran Wei, Department of Chemistry



Puncture-Proof Medical Gloves

Alexandra Meglio, Department of Chemical Engineering; David Miller, Department of Chemical
Engineering; Amy Qin, Department of Chemical Engineering; and Samuel Weinberger, Department of
Chemical Engineering

This senior design project represents the initial phase of developing material for use in low-cost, disposable
medical gloves that are resistant to needle punctures while maintaining flexibility and tactility. 450nm silica
particles and polyethylene glycol were used to form shear-thickening fluid (STF), a non-Newtonian liquid
where the viscosity increases with applied shear stress. The STF was then applied to the selected fabric
including Kevlar® and Vectran® to achieve the desired features. The puncture test apparatus was built, and
the LabVIEW interface was set up to resemble the ASTM testing. In this quantitative characterization, needle
controls were used to set needle displacement rate and direction. Force measurements were taken, and the
maximum force was recorded as the needle punctures through the fabric. Statistical analysis was performed
to evaluate the performance and feasibility of the prototype.

Project Mentors: Dr. Uziel Landau, Department of Chemical Engineering; Dr. Daniel Lacks, Department of
Chemical Engineering; and Dr. Andrew Ditto, Gebauer Company
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Tylok Bulk Packaging Design Project
Bhavya Mehta, Department of Mechanical Engineering; Umang Jain, Department of Mechanical Engineering;
William Warren, Department of Mechanical Engineering
Tylok International Inc (Cleveland, Ohio) manufactures a wide array of pipe fittings. These fittings vary
substantially in size, layout, and material. Tylok reports to have reached a peak in their packaging capacity. If
they do not improve their packaging method or hire new staff, they will be unable to ship more of their
products and sales will stagnate. Tylok would prefer to implement an improved packaging method. They
postulate that this will remove the current bottleneck in their operations allowing them to expand sales
without incurring a significant cost increase. Tylok has noted three areas in which their current packing
method needs improvement: packing parts as densely as possible; reducing wasteful padding to fill gaps
within boxes; and time need to pack each box.
The goal of this project is to design a new packing system for Tylok International Inc that reduces packing
time (increase operational efficiency) and material usage, allowing for more products to be packed and
shipped in less time. We collected and analyzed sales data to identify the highest selling fittings and the
variations in designs (straight, T joint, and L joint) and then explored several different packing methods. We
created prototypes that made use of shrink wrap, cardboard dividers, and foam cutouts. These prototypes
were then packed with provided fittings and shipped to test effectiveness on-site. In addition to a new
packing system, we also investigated ways to improve their current packing method. This was done through
an analysis of box and fitting dimensions to determine a set of recommended order and box sizes. These
combinations will be tested at Tylok’s facility by their employees. A study of the efficiency can ultimately be
performed, with feedback collected from the employees. The findings from this project are expected to help
Tylok International Inc successfully streamline their packaging process without having to adopt a whole new
system.
Professor Mentor: Dr Sunniva Collins, Dept. of Mechanical Engineering





How Oral Health Can Affect Overall Health: The Connection Between Oral Bacteria and Medical
Diseases
Suhan Mestha, Department of Biology; Dr. Dianne Kube; Department of Biology
The oral cavity can be described as the entrance site to the rest of the body. Bacteria and microorganisms
colonize the mouth and can lead to a variety of systemic diseases. This research is focused on the impact oral
bacteria can have on the heart, the brain and the gut. What is examined in detail is the connection between
oral bacteria and three specific diseases: cardiovascular disease, Alzheimer’s/Dementia and colorectal cancer.
Oral bacteria seen in plaque can cause periodontal disease, a key linking factor between oral bacteria and the
three diseases mentioned above. Along with that idea, evidence shows that P. gingivalis and T. denticola have
been spotted in an Alzheimer’s brain. Pathogens such as F. nucleatum and P. intermedia are related to
Alzheimer’s as well, with F. nucleatum also being connected to colorectal cancer. Current treatment methods
are being evaluated, but awareness is the best way to maintain proper oral health. It is essential that people
understand the importance of oral health as it is a gateway to many other medical issues.
Faculty Project Mentor: Dr. Dianne Kube, Department of Biology
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Correlations Between Supernatural Attributions, Meaning in Life, Affect, and Distress
Simon Michel, Department of Psychology
Supernatural attributions and their relationship to well-being, distress, and affect have received increased
attention in recent years. Supernatural attributions have important implications for well-being; devil
attributions have been found to positively relate to increased mortality risks in certain samples, yet relate to
spiritual and religious growth in others. Research has distinguished between attributions to divine and
demonic entities, although this may not be necessary if attributions to differing entities can have the same
effects. To test the relationships between supernatural attributions and meaning in life, distress, and affect,
four surveys were administered to a total of 4,686 undergraduate students at three U.S. universities. We
preregistered the hypotheses that attributions involving God or angels would relate positively to meaning in
life and positive affect, and negatively to depression, anxiety, and negative affect. We made the opposite
predictions regarding attributions involving the devil or demons. However, we found that all of these
attributions relate positively to meaning in life, positive and negative affect, anxiety, and depression (except
attributions to God, which related insignificantly to depression and negative affect). These results suggest
that supernatural attributions have implications for well-being and that attributions to opposing entities may
have similar correlations to the aforementioned constructs. A next step would be to conduct an experiment
prompting supernatural attributions to determine if attributions invoke certain thoughts or emotions, or
whether the opposite is true. Regardless, it is important to understand the contexts in which supernatural
attributions manifest, as their relations to meaning in life, distress, and affect suggest that having them could
alter one’s overall health.
Project Mentor: Dr. Nick Stauner, Department of Psychology
Faculty Sponsor: Professor Julie Exline, Department of Psychology





Portable Neonatal Hypothermia Therapy Device
Eloise Miller, Biomedical Engineering; Joshua Rosenberg, Biomedical Engineering, Electrical Engineering;
Samuel Skora, Biomedical Engineering; Dante Velasquez, Biomedical Engineering; Zhihan Wang,
Biomedical Engineering
Hypoxic ischemic encephalopathy (HIE) is a potential consequence of birth asphyxia, or lack of oxygen, in the
brains of neonates. HIE is a condition that affects six out of one thousand live full-term births and is the third
most common cause of death in neonates. Left untreated, HIE can lead to debilitating, lifelong disabilities
such as cerebral palsy and seizures.
Currently, the most effective treatment for HIE is to induce hypothermia within six hours of birth. It is
imperative to induce hypothermia as soon as possible after birth to maximize the chance of survival. The
majority of neonatal hypothermia therapy devices use water-cooling techniques that require bulky pumps, so
they are not portable in the case of an emergency. They are also only available in select tertiary neonatal
intensive care units, so babies often need to be transported between hospitals for treatment. A portable
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system that can induce hypothermia in emergency vehicles is critical to slowing body processes early in the
progression of the condition.
To eliminate the barriers to treatment, our team is developing a portable device to induce therapeutic
hypothermia without the need for a water source. The device uses uses a closed loop control system to
sample the neonate’s internal temperature and modulate cooling accordingly. The device uses thermoelectric
coolers to cool the neonate. Using electronic cooling instead of fluid based cooling removes the need for
heavier equipment, such as pumps, as well as the need for the device to be tethered to a water source. A
hypothermia therapy device that is both portable and easily available will reach neonates afflicted with HIE
faster, increasing the chance for improved quality of life.
Project Mentors: Professor Colin Drummond, Department of Biomedical Engineering; Professor Matthew
Williams, Department of Biomedical Engineering




Synthetic Periodontal Ligament
Eloise Miller, Biomedical Engineering; Aidan DeSanto, Biomedical Engineering
Artificial teeth, or dental implants, are among the most successful biomaterial devices. Dentists and oral
surgeons place dental implants in about 500,000 patients each year. It has been reported that these devices
have only a 5% failure rate. However, recent data shows that significant long term problems exist with
these devices including: infection, inflammation, and declining esthetics. For example, there are reports
that up to 48% of implants show soft tissue inflammation within 10 years of implantation. These poor
outcomes might be ameliorated by implementing a more biomimetic mechanism for fixing the implant into
the patient’s bone. Current fixation involves screwing the tooth root replacement into the bone resulting in
a stiff, unmoving (ankylosed) interface, which is unlike the natural interface. Teeth are naturally connected to
bone with periodontal ligament. Periodontal ligament is a fibrous tissue that is strong and manipulable. It
separates teeth from bone, allows the teeth to move during mastication, and also increases alveolar bone
strain compared to ankylosed teeth leading to stronger bone near the tooth root. We seek to mimic
periodontal ligament by conjugating collagen fibrils perpendicularly to a titanium surface. Titanium is the
material currently used to replace the tooth root in a dental implant. Our hypothesis is that this will
produce a more biomimetic interface which, in turn, will improve success rates. Specifically, my research
seeks to produce a proof-of-concept demonstrating that collagen fibrils can be attached end-on to titanium.
To reach this goal, I must first covalently bond collagen molecules end-on to a titanium surface. This has not
been done before. From there, I use a modification of a standard procedure to self-assemble collagen fibrils
around the covalently bonded molecules. The final structure is expected to resemble a brush of fibers
standing upright.
Project Mentor: Steven Eppell, Department of Biomedical Engineering
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Using ‘SU2’ Open-Source Software Design Optimization Techniques to Estimate Economic Incentives
of Altering Boeing 747 Wing Geometry

Khayln Miller, Department of Aerospace & Mechanical Engineering
Lift to drag ratio (L/D), range and economics are all important variables in aircraft design because to
some degree, they all determine an aircraft’s efficiency. One critical way to address the efficiency of an aircraft
is through focusing on wing design. The aerospace industry may make a huge shift in the near future with
how airliners go about designing and altering aircraft with the increasing amount of research and investing in
high-fidelity computational based software that is aimed at tackling the quest for optimal design. With today’s
preliminary design software into multidisciplinary optimization, the industry is moving closer and closer in
the direction of having computers make detailed plane designs based on optimization of desired performance
qualities or mission constraints. An optimization problem is one requiring the determination of the optimal
(maximum or minimum) value of a given function, called the objective function, subject to a set of constraints,
placed on the variables concerned. For this project, Stanford’s ‘SU2’ open-source software will be used to
optimize a NASA ONERA M6 to increase the total lift to drag ratio. An evaluation of using optimization
techniques such as SU2 will then be completed by taking the L/D increase and applying it to a Boeing 747 in
order to measure its impact on flight range and economics.

Project Mentor: Professor Sunniva Collins, Department of Aerospace & Mechanical Engineering





The effects of the Puerto Rican migration in the wake of Hurricane Maria upon low-skilled wages in
the Orlando area
Emma Chelala, Economics; Joseph Miskella, Finance
Economists have long debated the effect immigration has on wages. While some argue immigration reduces
wages, others claim it has no effect. Our research question examines the effects of the Puerto Rican migration
in the wake of Hurricane Maria upon low-skilled wages in the Orlando area. Through our research question
we hope to determine the impact immigration has on wages. We find this topic important not only because
there is such a widespread debate about immigration, but also because a large and sudden influx of lowskilled and uneducated workers migrating could depress the wages of current residents and may provoke
animosity towards the immigrants, especially if they are of a different demographic.
Delving deeper into this topic and gathering real data can help determine the exact effect of immigration on
wages and prompt officials to act accordingly. To study this problem we will analyze a dataset specific to one
situation (Orlando), but we hope to create a generalized model by accounting for and conditioning on an
adequate number of variables. We will approach the problem using a formula similar to that developed by
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another study looking at Houston. The analysis will be an OLS regression using panel data from before and
after the migration due to the hurricane. The main variable of interest is that of low-skilled wages. We expect
our results to confirm our hypothesis that this mass migration depresses low-skilled wages in the area.
Project Mentor: Professor Jenny Hawkins, Department of Economics



Positive Correlation between Parasitic Louse Length and their Primary Bird Host Mass
Ria Mittal, Department of Biology

The body size or mass of an organism has the ability to affect many aspects of its life including its interspecific
interactions. These interactions are essential, especially in parasitic relationships; therefore, the size of an
organism can affect the type of primary host or parasite it is associated with. The parasite and host studied
here are lice and their respective primary bird hosts. In order to better understand whether certain
treatments can be used for closely related birds to eliminate their lice and to distinguish the physical trait that
closely related birds may have that attract similar lice, the following hypothesis was made: closely related
host bird species are more similar than distantly related bird species. Potential existence of phylogenetic
signal was measured for the bird trait of attracting similar lice species (characterized by guilds). The package
and function ggtree in R were used to label the host bird species in the phylogeny by coloring the tips with the
guild that its associated lice are in. The results showed that, for many closely related host bird species, the
color on the phylogenetic tips remains continuous, especially with the birds associated with body and head
lice guilds. Therefore, phylogenetic signal was detected for the bird trait of attracting similar lice parasites. A
reason for this could be that the lice are attracted to certain physical characteristics that are conserved in
more closely related birds but are evolved in distantly related birds. These physical characteristics may be
more beneficial for louse success in the host. In order to be able to make a more accurate educated guess
about the types of lice found in a bird solely based on the bird’s mass, this second hypothesis was created:
that host bird mass has a positive correlation with the length of the parasite that mostly commonly infects it.
To test this hypothesis, a Phylogenetic Generalized Least Squares Test was used and the following R packages
were required: ape, picante, Hmisc, lmtest, and phytools. The PGLS analysis showed a significant and positive,
yet shallow relationship between bird mass and parasite length (Slope = 0.000008, p = 0.056). Therefore, bird
host mass has a weak positive correlation with their respective lice parasite length. This positive correlation
may be due to certain selective pressures for a longer louse such as finding more reproductive or fitnessrelated advantages in a larger bird.

Faculty Sponsor: Professor Jean H. Burns, Department of Biology
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Cold Brew Pasteurization for Rising Star Coffee Roasters
Daniel Argueta, Department of Chemical Engineering; Andrew Kowalkowski, Department of Chemical
Engineering; Sarah Mortier, Department of Chemical Engineering; and Cindy Pan, Department of Chemical
Engineering
The purpose of this project is to develop and refine pasteurization techniques for cold brew coffee for Rising
Star Coffee Roasters, a local Cleveland roastery. Successfully utilizing pasteurization in the production of cold
brew extends the shelf life, creating a product that can be distributed to wholesale customers. This project
aims to extend the current shelf life of 2 weeks to a shelf life of 5+ weeks through multiple techniques
including, UltraViolet Light Exposure, Heating, Ozonation, and Natural Preservatives. 6 to 7 week lifetime
testing has been completed, including the tracking of pH, conduction, taste, and CFU growth.
Project Mentors: Professor Daniel Lacks, Chair, Department of Chemical and Biomolecular Engineering
Professor Harihara Baskaran




Development of Thermochromic Baking Sheets using Polydiacetylenes (PDAs)

Daniel Mottern (Material Science and Engineering), Claire Nelson (Material Science and Engineering)

Abstract: The purpose of this project is to develop a baking sheet that changes colors in response to
temperature changes. Difficulty in determining the temperature of a baking sheet often leads to easily
preventable burns, especially in children. Research indicated that polydiacetylenes (PDAs) could be used as
thermochromic materials at ranges which are appropriate to the typical baking oven, and could be bonded to
a typical steel sheet. Currently, we are researching methods of bonding PDAs to steel sheets in order to
generate a proof of concept and, eventually, a working prototype.

Project Mentor: Professor Peter Lagerlof, Department of Material Science and Engineering
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Evolutionary Dynamics of U12-Type Introns

Devlin C Moyer, Department of Biochemistry; Graham E Larue, Department of Biology (San Francisco State
University); Courtney E Hershberger, Department of Molecular Medicine; Scott W Roy, Department of Biology
(San Francisco State University); Richard A Padgett, Department of Molecular Medicine

During the maturation of nearly all eukaryotic pre-messenger RNAs, introns are excised from the primary
transcript by a large complex of proteins and small RNA molecules known as the spliceosome. There are two
distinct spliceosomes (the U12-type and the U2-type) with unique recognition sequences, but one excises
more than 99% of introns in most eukaryotic genomes (including human) while the other splices up to 800
introns in humans but is absent from several other eukaryotes. In an attempt to answer some long-standing
questions about the evolutionary history of these two spliceosomes, we annotated intron class for all introns
in 24 eukaryotic genomes. We found evidence to suggest that many U12-type introns converted into U2-type
introns over the course of eukaryotic evolution. This supports the hypothesis that both intron types were
present in the last common eukaryotic ancestor.

Project Mentor: Richard Padgett, Department of Molecular Medicine


Synthesis and Evaluation of pH-Sensitive Multifunctional Lipids for Efficient Delivery of
CRISPR/Cas9 in Gene Editing

Da Sun, Department of Biomedical Engineering; Zhanhu Sun, Department of Biomedical Engineering;
Hongfa Jiang, Department of Biomedical Engineering; Amita M. Vaidya, Department of Biomedical
Engineering; Rui Xin, Department of Biomedical Engineering; Nadia R. Ayat, Department of Biomedical
Engineering; Andrew L. Schilb, Department of Biomedical Engineering; Peter L. Qiao, Department of
Biomedical Engineering; Zheng Han, Department of Biomedical Engineering; Amirreza Naderi,
Department of Biology; Zheng-Rong Lu, Department of Biomedical Engineering

CRISPR/Cas9 system is a promising approach for gene editing in gene therapy. Effective gene editing
requires safe and efficient delivery of CRISPR/Cas9 system in target cells. Several new multifunctional
pH-sensitive amino lipids were designed and synthesized with modification of the amino head groups for
intracellular delivery of CRISPR/Cas9 system. These multifunctional pH-sensitive amino lipids exhibited
structurally dependent formulation of stable nanoparticles with the DNA plasmids of CRISPR/Cas9
system with the sizes ranging from 100 to 200 nm. The amino lipid plasmid DNA nanoparticles showed
pH-sensitive hemolysis with minimal hemolytic activity at pH 7.4 and increased hemolysis at acidic pH
(pH = 5.5, 6.5). The nanoparticles exhibited low cytotoxicity at an N/P ratio of 10. Expression of both
Cas9 and sgRNA of the CRISPR/Cas9 system was in the range from 4.4% to 33%, dependent on the lipid
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structure in NIH3T3-GFP cells. The amino lipids that formed stable nanoparticles with high expression of
both Cas9 and sgRNA mediated high gene editing efficiency. ECO and iECO mediated more efficient gene
editing than other tested lipids. ECO mediated up to 50% GFP suppression based on observations with
confocal microscopy and nearly 80% reduction of GFP mRNA based on RT-PCR measurement in NIH3T3GFP cells. The multifunctional pH-sensitive amino lipids have the potential for efficient intracellular
delivery of CRISPR/Cas9 for effective gene editing.

Project mentors:
Dr. Da Sun, Department of Biomedical Engineering
Dr. Zheng-Rong Lu, Department of Biomedical Engineering





Valve Manifold Design for simultaneous batch operations of Vancomycin pharmaceutical process

Morihisa Nagai, Department of Chemical Engineering; Caleb Wilt, Department of Chemical Engineering;
Brook Eagleson, Department of Chemical Engineering; Steven Ellefson, Department of Chemical
Engineering;

Combating the growth of antibacterial resistant bacteria, such as Methicillin-resistant Staphylococcus aureus
(MRSA), has become a top priority for global policy and public health. There is a concern that antibiotics are
losing effectiveness at a faster rate than replacement by new effective treatments. In line with the Davos
Declaration, Xellia pharmaceutical has identified a pharmaceutical process to produce simultaneous batches
of Vancomycin, a last-line antibiotic used to treat multidrug resistant infections. A valve manifold system was
designed to run three tanks simultaneously using materials approved for manufacturing use in the
pharmaceutical industry (ASME & ISPE). We researched ways to optimize their product output by designing
a manifold system to simultaneously run multiple steps of the production process in different reactors. In
addition to maximizing product output, factors we considered were heat transfer related to the exothermic
production process and agitation energy needed during production. The objective of the design was to reduce
run time, identify time needed between cleaning of tanks and filling (due to temperature sensitivity), reduce
costs, and reduce manifold delivery time. As a result, four vendors were contacted for quotes for the final
purchase of the valve manifold equipment. These vendor bids for manifold construction were tabulated and
used to influence automation of the process for future production.

Project Mentor: Joseph Yurko, PE, Xellia Pharmaceutical
Faculty Sponsor: Professor Uziel Landau, Department of Chemical Engineering
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Maximizing Magnetostriction in Fe-Ga-Zr Nanocrystalline Alloys

Ria Nandwana, Case School of Engineering Department of Material Science and Engineering; Professor
Matthew Willard, Case School of Engineering Department of Materials Science and Engineering; Professor
Yumi Ijiri, Oberlin College Department of Physics and Astronomy; Bowen Dong, Case School of Engineering
Department of Materials Science and Engineering; and Peitian Wang, Case School of Engineering Department
of Materials Science and Engineering.

Magnetostrictive materials exhibit changes in dimensions with changes in applied magnetic field. There is a
demand for materials with high magnetostrictive coefficients due to their applicability in tunable multiferroic
sensors. Fe-Ga single crystals and polycrystalline materials have exhibited high magnetostrictive coefficients
on the order of several hundred ppm in past studies. Nanocrystalline and thin film Fe-Ga alloys would be
more suitable for these sensor applications, however they have been found to exhibit lower magnetostrictive
coefficients. In previous studies by our group, (Fe1-xGax)92Zr8alloys were synthesized in the form of
nanocomposite ribbons. When measured, a maximum magnetostriction coefficient of 6.4 ppm was found at
x= 0.2. Our hypothesis is that some Ga was incorporated into the Zr matrix and therefore depleted in the
highly magnetostrictive nanocrystals. This hypothesis suggests that in order to maximize magnetostriction,
we can increase the Ga content (e.g. to x= 0.2, 0.22, 0.24, 0.26), and modifying the heat-treating process. The
samples will then be analyzed using x-ray diffraction to determine the crystal structure of our samples. The
magnetostriction coefficient of the new ribbon samples will be measured and structure-property correlations
will be made as a function of heat treatment. Magnetostrictive coefficient values of ~100ppm would make
this alloy useful in nanowire and sensor applications.

Project Mentors: Professor Matthew Willard, Case School of Engineering Department of Materials Science and
Engineering; Professor Yumi Ijiri, Oberlin College Department of Physics and Astronomy; and Bowen Dong, Case
School of Engineering Department of Materials Science and Engineering




Suppression of Proteolipid Protein 1 in Oligodendrocytes Provides a Potential Therapy for PelizaeusMerzbacher Disease

Baraa Nawash, Department of Biology; Dr. Matthew Elitt, Department of Genetics and Genome Sciences; and
Dr. Paul Tesar, Department of Genetics and Genome Sciences

Pelizaeus-Merzbacher disease (PMD) is an X-linked human leukodystrophy that leads to the
deterioration of the brain’s myelinating cells: oligodendrocytes. In turn, this causes neurological symptoms
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such as hypotonia, ataxia, severe spasticity, and impaired cognition. The disease is caused by mutations in a
major myelin protein, proteolipid protein 1 (PLP1), such that duplications, triplications, and point mutations
of the gene result in a severe form of PMD. Interestingly, however, deletion mutations of PLP1 lead to a milder
phenotype of the disease in humans. Therefore, it can be hypothesized that the suppression of PLP1
expression can be used a therapeutic method toward transitioning severe PMD toward a milder form of the
disease. We tested this paradigm in vivo by using the CRISPR/Cas9 system to completely knockout PLP1
expression in every cell of jimpy mice, which serve as a model of severe PMD. Remarkably, loss of PLP1
expression in cells of jimpy mice resulted in an increased lifespan with no apparent seizures, tremors, and the
typical motor deficits associated with PMD. Although the results generated showcase the immense impact of
PLP1 gene modulation in the jimpy mouse model, the target cellular effector remained undefined. Therefore,
my objective was to define the scope of causality and to uncover the cell-intrinsic mechanism of PMD by
modulating the levels of PLP1 expression in oligodendrocytes. I utilized an in vitro system whereby millions
of oligodendrocyte progenitor cells (OPCs) can be robustly differentiated into oligodendrocytes, giving a
unique opportunity to monitor myelin development. It was found that when levels of mutant PLP1 protein
were decreased in jimpy OPCs, they produced more differentiated and mature oligodendrocytes when
compared to non-modified jimpy cells. This in vitro improvement of the oligodendrocyte phenotype
illustrated a cell-intrinsic rescue when PLP1 levels were reduced. Collectively, these data demonstrated that
suppressing levels of mutant PLP1 may be an essential tool for generating a specialized genetic arsenal for
patients suffering from severe PMD.

Project Mentor: Dr. Paul Tesar, Department of Genetics and Genome Sciences
Faculty Sponsor: Dr. Christopher Cullis, Department of Biology





Sexual Abuse and Suicide Related Behaviors in Adolescent Inpatients

Saisha Nayak, Department of Psychological Sciences, Alison Athey, Department of Psychological Sciences, Dr.
James Overholser, Department of Psychological Sciences

Abuse during childhood and adolescence can result in severe repercussions later in life, including a risk for
suicide attempts. Prior research has established a link between childhood abuse and suicide; More violent
forms of childhood abuse would confer greater risk for suicide. However, the effects of different forms of
childhood sexual abuse in relation to later suicide attempts have been largely ignored in the literature. This
study aimed to examine the relationships between different types of childhood sexual abuse and suicide
attempter characteristics in a clinical sample of adolescent suicide attempters. A clinical interview was used
to assess forms of childhood sexual abuse. Forms of childhood sexual abuse were rated as present or absent
within the adolescents’ lifetime. Participants also completed the following measures: Hopelessness Scale for
Children (HSC), Rosenberg’s Self Esteem Scale (RES), Suicide Intent Scale (SIS), Children’s Depression
Inventory (CDI) and the Children’s Depression Rating Scale (CDRS). A series of logistic regressions revealed
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no independent relationship between different forms of sexual abuse and suicidal ideation and suicide
related behaviors. A series of linear regressions revealed no independent relationship between different
forms of sexual abuse and depression, hopelessness, self-esteem, or suicidal intent.

Project Mentor: Alison Athey, Department of Psychological Sciences
Faculty Sponsor: Dr. James Overholser, Department of Psychological Sciences



Single motor robot with passive restorative force for long term mobile sensor placement

Vasko Nechev, Department of Mechanical Engineering

The leg segments of many insects naturally curl inwards, allowing them to stick to trees with no active muscle
exertion. The goal of this project was to explore the feasibility of a single motor robot mimicking the shape of
a stick insect, which has passive restorative forces on each hinge of each its legs. The robot’s motor would run
a central cam, which would use a string and notch system to actuate the femur, tibia, and tarsus in a variable
gait cycle. The final goal of the project is to determine the feasibility of a small and cheap robot, which could
serve as a platform for mobile sensor placement. The final product should be able to traverse a variety of
terrain and climb vertically (Ex. On a tree or a wall). Once in place, the robot should be able to hang or clamp
onto the designated surface for an extended period of time using nothing but the restorative force from its
limbs, mimicking the rigor mortis effect on small insects. The use of only one motor for the entire robot
should allow for a small and light design that can fit in the palm of one’s hand. This study will pair with
existing research on foot design to help the robot climb on various surfaces, as well as research on lab grown
muscle tissue to replace the wire that actuates the limbs.

Project Mentor: Nicholas S. Szczecinski, Biologically Inspired Robotics Laboratory
Faculty Sponsor: Dr. Roger Quinn, Biologically Inspired Robotics Laboratory
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Characterization of Atmospheric Emission Fluctuations in SPT-3G Cosmic Microwave Background
Measurements

Michael Neuhoff, Department of Physics; John Ruhl, Department of Physics; and Allen Foster, Department of
Physics

Atmospheric emission fluctuations are one important source of noise for ground-based CMB observations.
These atmospheric fluctuations have higher amplitudes at large physical scales, and can therefore critically
effect large angular-scale measurements of the CMB such as those made by the South Pole Telescope SPT-3G
experiment. Understanding the amplitude and spatial frequency characteristics in CMB observing bands is
important for optimizing future CMB measurements. We used current SPT-3G measurements, in three photon
frequency bands (90, 150, and 220 GHz), to better characterize the spatial and temporal power spectra of
atmospheric emission fluctuations at the South Pole. In order to do this, we looked at data taken while the
telescope was in a fixed position (a "noise stare"), using the thousands of pixels at each photon frequency to
create a "movie" of the atmospheric emission fluctuations from which the relevant statistics can be derived.
Weather characteristics (such as wind speed and direction) were used to verify that the observed fluctuations
are indeed atmospheric. This research has set the framework for investigating atmospheric fluctuations
during regular field observations taken while the telescope is scanning across the sky.

Project Mentor: Professor John Ruhl, Department of Physics




Examining Predictors of Chronic Obstructive Pulmonary Disease Using a Logistic Model
Allison Ng, Department of Mathematics, Applied Mathematics, and Statistics
Chronic obstructive pulmonary disease (COPD), which includes chronic bronchitis and emphysema, is a
progressive lung disease that makes it increasingly difficult for people to breathe. Its symptoms, consisting of
daily coughing, wheezing, shortness of breath, and mucus production, are caused by airway obstruction due
to inflamed bronchial tubes or damage to air sacs in the lungs. COPD is usually the result of frequent and longterm exposure to substances that cause lung damage, such as cigarette smoke, dust, or air pollution. Every
year, the Centers for Disease Control and Prevention runs the Behavioral Risk Factor Surveillance System
(BRFSS), a telephone survey that collects data about U.S. residents’ health risk behaviors and chronic health
problems, one of which being COPD. The objective of this project is to use the BRFSS data to construct a
logistic model to examine which demographic factors and health risk behaviors have an effect on predicting
the occurrence of COPD. Possible variations in COPD predictors based on the resident’s geographic location is
also investigated. The Receiver Operator Characteristic (ROC) curve and its corresponding Area Under the
Curve (AUC), as well as prediction of a validation dataset, are used to evaluate the accuracy of the model.
Project Mentor: Dr. Jenny Brynjarsdottir, Department of Mathematics, Applied Mathematics, and Statistics
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Migratory Distance a Better Determinant for Parasitic Nematode Diversity than Phylogenetic
Diversity in Anatidae

Michael Nguyen, Department of Biology
Nematodes share a parasitic relationship in many migratory birds, including in Anatidae. Birds with greater
migratory ranges may pass through a greater number of regions with differing endemic parasites than lesser
or non-migratory birds. A potential relationship where migratory range determines the resulting diversity in
parasitic nematodes was explored. Two generalized least squares fits, one incorporating the phylogeny and
one without, were conducted. Additionally, to test for the importance of phylogeny for this trait, phylogenetic
signal was tested for. This analysis utilized two traits where the range, categorized into the following: short,
mid, long-range and none, and average number of nematode superfamilies in each species were the predictor
and response variables, respectively. Additionally, the phylogeny was matched against the number of nematode
superfamilies to test for phylogenetic signal which would explain the nematode diversity. The GLS model had
a higher likelihood (log likelihood = -72.51, AIC = 155.02) than a PGLS model (log likelihood = -78.78, AIC =
167.56) (χ2 = 12.54, P < 0.0001). This selected model showed that long-range migrators had 2.39 times, midrange migrators had 1.68 times, and short-range migrators had 1.29 times more nematode superfamilies on
average, compared to non-migratory species. In testing for phylogenetic signal, an ultrametric tree was
prepared and matched with the data for number of nematode superfamilies. While monophyletic Cygnus and
Aythya were found within Anatidae with similar nematode superfamily counts within its genera, monophyletic
Anas showed significantly varied Nematode superfamily totals. Therefore, I concluded that the data
significantly shows that migratory ranges determine the diversity of parasitic nematodes within Anatidae. With
climate change threatening to change the ecosystems birds are endemic to, typically non-migratory or shortrange migrators may be forced into new regions and be threatened by parasites that they may have no defense
against.

Project Mentor: Professor Jean H. Burns, Department of Biology





CWRU Transceiver

Ryan Xie, Department of Electrical, Computer, and Systems Engineering; Phong Nguyen, Department of
Electrical, Computer, and Systems Engineering; Tianyi Wu, Department of Electrical, Computer, and Systems
Engineering.
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The purpose of this project is to provide a way of wireless communication between FPGAs. The outcome of this
project will be in two parts: an FPGA-based transmitter and an FPGA-based receiver. They will send and receive
signals at frequencies between 420-450 MHz, a frequency spectrum available for technician licensed radio
operators because one of the members in our group has a technician license. The goal of our project is to
transmit and receive a binary transmission code between two FPGAs at a distance of 10 meters or more. The
scope of our project is to achieve one-way communication. The FPGA-based transceiver is more efficient than
a normal radio system as the FPGA allows for computing power which the normal radio system doesn’t have.
The project will be achieved by first designing our own PCBs using Altium and ordering fabrications from
JLCPCB, a PCB manufacturer in China. Then we will integrate these PCBs to the DE1-SoC FPGAs to encode and
decode the binary code. The DE1-SoC boards also feature buttons and LEDs that will be used to initiate
transmission of the codes and display the code being sent/received, respectively.
Our project has potential uses for several different applications, including the Internet of Things. For example,
self-driving cars will benefit from being able to communicate to other nearby vehicles for safety or traffic
reasons. Another application is for drones which need to communicate with a nearby base station or other
drones. With many other interesting and useful applications, our project will serve as a proof-of-concept that
intensive computing power and radio communication can be integrated to perform tasks more efficiently.

Project Mentor: Dr. Soumyajit Mandal, Assistant Professor, Department of Electrical, Computer, and Systems
Engineering
Project Advisor: Dr. Gregory Lee, Assistant Professor, Department of Electrical, Computer, and Systems
Engineering




Quantitative Identification of Stress in The Intensive Care Unit
Sarah Deng, Department of Electrical Engineering & Computer Science; Tiffany Nguyen, Department of
Electrical Engineering & Computer Science
The environment of the Intensive Care Unit (ICU) is not only extremely stressful for hospital staff, but
also patients who are subjected to a multitude of stressors. On top of a patient’s ailment causing them pain
and discomfort, the ICU can be very intrusive with its lack of privacy, periodic checks by staff, and the array of
machines patients are often hooked up to. The extreme stress can have adverse psychological and physical
effects on the patients that can hinder their recovery. While it is impossible to reduce the amount of stressful
stimuli in the ICU, being able to quantitatively detect stressful moments can help to manage stress and
address different ways to reduce it or cope with it. By analyzing heart rate, respiratory rate, and galvanic skin
response we can determine instances where the patient’s stress is increased. Being able to quantitatively
measure and identify stress will maximize the comfort and speed of recovery in the ICU.
Project Mentor: Dr. Gregory S. Lee, Department of Electrical Engineering & Computer Science
Faculty Sponsor: Dr. Colin Drummond, Department of Biomedical Engineering
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Kelleys Island Soap Company: Clean Lake Soap
Sara Ahmad, Department of Chemical Engineering; Camila Castro, Department of Chemical Engineering;
Tyome Niroomand, Department of Chemical Engineering; Maria Pawluk, Department of Chemical
Engineering
Kelleys Island Soap Company is a local small batch craft soap company that creates clean, all-natural soaps,
balms, and other self-care products. The company’s dedication to promoting sustainability and a clean
environment has guided them to only use natural ingredients that are free from parabens, dangerous
chemicals, synthetic dyes, and other substances that may be harmful to customers or Lake Erie. These values
have inspired our team’s project: the Clean Lake Soap Project. We have been tasked with creating a soap that
can inactivate the high levels of bioactive phosphorus in Lake Eerie that contribute to the growth of algal
bloom. By incorporating activated carbon to adsorb phosphorus molecules in water and by using ingredients
that are high in calcium and iron to form insoluble precipitates with phosphorus molecules, levels of
bioavailable phosphorus in a body of water were hypothesized to decrease.
Project Mentor: Dr. Daniel Lacks, Department of Chemical Engineering




Voda: Compiling Water Quality Data and Delivering It in an Intuitive and Digestible User Interface

Anna Sedlackova, David Nixon, David Navia, David Fan, Department of Electrical Engineering and
Computer Science

Decades of neglect and a consistent decline in local revenues have caused a water crisis in many localities in
the United States. The most notable of these is Flint, Michigan, which grabbed headlines in 2015 after EPA
tests found toxic levels of lead in Flint’s water supply. The crisis in Flint and other cities has heightened public
awareness of the issue and made it clear that it is not safe to assume the public water is safe to drink.
Information on this topic is hard to find, however, and often written in technical jargon that is inaccessible to
most people. Voda seeks to address the need for people in the United States to be aware of their local water
quality. Voda leverages a user-friendly interface, using the Google Maps API, to deliver water quality data in
an easily digestible format. Voda will map the overall water quality of localities to an intuitive color gradient
to give users an “at a glance” impression of the state of the water. It will also offer a more in-depth picture, as
users will have the ability to select specific localities and pull up many more metrics on the water in that
locality. It will give users context on how these metrics compare to both minimum health guidelines and other
localities nationally. In short, Voda will empower everyday citizens to advocate for better water quality in
America by giving them easy access to the information they need.

Project Mentor: Professor Soumya Ray, Department of Electrical Engineering and Computer Science
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Plasma enhanced solid state conversion of a graphitic precursor to nanodiamond
Andrew Ogrinc, Department of Chemical and Biomolecular Engineering; Dr Tianqi Liu, Department of
Chemical and Biomolecular Engineering; Feng Du, Department of Macromolecular Science and Engineering;
Peiran Wei, Department of Chemistry

Nanodiamonds are a nanoscale version of diamond that are unique among nanomaterials for their unique
optical properties, biological inertness, and ability to be functionalized. All of these characteristics, combined
with diamond’s exquisite mechanical, electronic, and thermal properties, make nanodiamonds a highly
sought-after platform for medical imaging and drug delivery applications. Traditional methods of
nanodiamond synthesis involve detonation of an explosive, followed by boiling the resultant powder in acid.
Solid state conversion of a graphitic precursor was first successfully performed by Roy et al in 1993.
However, in the intervening years most research has focused on plasma deposition involving a gas phase
precursor. The solid-state precursor, however, could provide extra control when dealing with selective
doping of nanodiamond, such as to induce nitrogen vacancies. In this study, we explored the conversion of
graphene oxide, a nanoscale form of carbon, by an atmospheric-pressure dielectric barrier discharge (DBD)
reactor. The samples were analyzed by optical microscopy and micro Raman spectroscopy. Preliminary
results will be presented.

Project Mentor: Professor Mohan Sankaran, Department of Chemical and Biomolecular Engineering





Photoluminescence Spectroscopy Characterization of Binary and Ternary Nitride Semiconductors
Grown by Metalorganic Chemical Vapor Deposition
Okey Ohanaka B.S. Physics; Kathleen Kash, Department of Physics; Rebecca Lalk, Department of Physics;
Dinushi Jayatunga, Department of Physics; Reza Karim, The Ohio State University; Hongping Zhao, The Ohio
State University
We test the efficacy of growth of binary and ternary nitride semiconductors by metalorganic chemical vapor
deposition in a new, unique, custom designed research instrument at the Ohio State University using
photoluminescence spectroscopy. We also seek to determine the bandgap energy of some ternary nitride
semiconductors. Various lasers are used, depending on where the predicted bandgap energies should be, to
excite electrons from the valence to the conduction bands in the semiconductors. The electrons will ideally
enter the conduction band with a non-zero wave vector and emit their excess energy through lattice
vibrations until they reach the minimum energy in the conduction band. They then drop back into the valence
band, either directly or by first finding a defect in the lattice. If an electron decays to the valence band directly,
it emits a photon characteristic of the band gap. If it finds a defect in the lattice first, it will emit its extra
energy through creating more lattice vibrations before emitting a photon to drop to the valence band. We use
a photoluminescence spectroscopy setup to measure the spectra of the emitted photons and use this data for
our characterization. Measuring spectra at different temperatures gives insight into the relative dominance of
different decay paths as capture of electrons by defects takes longer at lower temperatures.
Project Mentor: Professor Kathleen Kash, Department of Physics
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Effect of Driver Cellphone and Texting Bans on Motor vehicle Fatalities
Vinicius Okada da Silva, Department of Economics; Dr. Jenny Hawkins, Department of Economics
The use of mobile devices while driving is a major concern for U.S. policymakers as it is responsible for 3,450
fatalities and 481,000 injuries in 2016. Because of increasing cellphone usage while driving, 47 states have
passed universal cellphone bans. This research is focused on analyzing the impact of both primary and
secondary laws passing cellphone bans on the fatality rate of motor vehicle accidents. The focus of the paper
compares fatalities across New Jersey and Pennsylvania, as New Jersey passed a secondary law in 2004 banning
cellphone use while driving, while later in 2008 the law was changed to be primary enforcement. Using data
from 1999-2017 from the National Highway Traffic Safety Administration (NHTSA) this paper tries to
investigate the impact of cellphone bans through a difference-in-difference comparison in the states of New
Jersey and Pennsylvania. Additionally, robustness checks are carried using synthetic controls and national data.
Project Mentor: Dr. Jenny Hawkins, Department of Economics





A Securinine Derivative as a Novel Treatment for Acute Myeloid

Natasha Oldford, Department of Biochemistry; Sheelarani Karunanithi PhD, Department of Pathology;
Ruifu Liu, Department of Pathology; Yongchun Hou, Department of Pathology; Lindsay Stetson, Department
of Pathology; Anne Roe, Department of Pathology; Grace Lee, Department of Pathology; Juan Valentin Goyco,
Department of Pathology; Stephen Moreton, Department of Pathology; and David Wald MD PhD, Department
of Pathology

Acute Myeloid Leukemia (AML) is a rapidly developing cancer of the bone marrow, with a five-year survival
rate of 27.4%. Current methods of treatment are toxic to older patients, creating a need for new treatment
options that are more optimal for patient’s health. One potential new treatment is with securinine, a
natural compound of the Securinega suffruticosa plant that induces differentiation in AML cells. Novel
securinine derivatives were tested through prestoblue assays, and compound 250 was found to exhibit anticancer properties at a higher potency and lower toxicity than the parent drug. 250 was tested in in vivo AML
models that exhibited a decrease in the AML burden on the mouse. Further experiments showed that 250
was able to inhibit thioredoxin reductase, negatively affecting cell metabolism in glycolysis. Nicotinamide
(NAM) add back experiments with 250 treatment allowed the cells to overcome the cytoxicity and decreased
the cell death compared to 250 alone. When analyzing various cancers, it was found that AML cell lines had
much lower amounts of Thioredoxin reductase compared to solid cancer lines, leading to 250’s potent effect
on AML cell lines. Future studies may focus on the effect 250 on the p-38 pathway, which was also discovered
to be up-regulated in AML cells treated with 250.

Project Mentor: David Wald, Department of Pathology
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Brush High School Exercise Science & Sports Rehabilitation Class Nutrition Education Series
Abigail Opher, Department of Nutrition; Monserrath Salas, Department of Nutrition; Anusha Vallapuri,
Department of Nutrition
According to the Cuyahoga County Youth Risk Behavior Survey (YRBS), the prevalence of obesity in high
school students in the eastern suburbs of Cleveland rose from 8.5% in 2013 to 13.1% in 2017. Given the
strong, inverse association between diet quality and weight status, the aim of this community project was to
increase nutrition knowledge in high school students by providing four, one-hour nutrition education
sessions to 11th grade students in the exercise science and sports rehabilitation class at Charles F. Brush high
school in Lyndhurst, Ohio. The project consisted of two components: curriculum development and biweekly
nutrition education presentations. The curriculum was adapted from the Food and Drug Administration
(FDA) Teacher’s Guide for High School Classrooms to align with the target population of students in this
particular high school. The curriculum included the following topics: Nutrients to Get Less of: Added Sugar;
Nutrients to Get Less of: Sodium; Meal Planning; and Healthy Eating Away from Home. The nutrition
education presentations utilized teaching strategies (e.g., interactive activities, handouts, visual
presentations, question and answer sessions) demonstrated to be effective with high school students to
enhance knowledge retention and accommodate a variety of learning styles. Self-reflections and peerreflections were completed by the presenters at the end of every session to identify better strategies to
improve future presentation and foster professional growth and development.

Project Mentor: Professor Catherine Rogers PhD, RDN, Department of Nutrition



Emotional Eating in Excess: The Link Between Food Addiction and Depression
Alicia R Pacheco, Department of Psychological Sciences
Dietary behavior impacts mood, and one’s mood can significantly alter dietary behavior. With the increasing
rate of obesity and the alarming number of diagnosed eating disorders, more information is needed to further
understand the complex relationship between mood and food. This systematic review provides an
examination of research on the link between food addiction and depression in terms of dietary disinhibition,
negative affect, and emotional regulation. The included studies investigate the mechanisms by which an
individual’s negative affect can lead to dietary disinhibition, as well as how dietary disinhibition and
overeating can lead to feelings of depression and negative affect. Additionally, the author discusses studies
that have found emotion regulation to exhibit a mediating effect on the relationship previously stated.
Further research in this field has the potential to not only modify the treatment administered to individuals
who experience eating disorders and associated psychopathology, but also contribute to a better
understanding of the complex relationship between affect and diet.

Project Mentor: Professor Anne Kotynski, Department of Psychological Sciences
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Detection of SPIONs by hysteretic analysis of Vortex Core dynamics in ferromagnetic disks

Konstantinos Panagiotakis, Department of Engineering Physics; Dr. Jesse Berezovsky, Department
of Physics

Detection of super-paramagnetic iron-oxide nanoparticles (SPIONs) trapped by a nanoscale
magnetic configuration known as a ferromagnetic vortex core, can be achieved with magnetooptical microscopy techniques. Vortex core dynamics in ferromagnetic disks have
demonstrated promising applications in nm range sensors, such as the sensing of early
metastasized cancer cells. By designing a micro-fluidic apparatus, which will allow for
controlled flow of the SPIONs solution ontothe ferromagnetic disks, improvements in the
detection of SPIONs trapping onto vortex cores in ferromagnetic disks can be made. The goal
is to be able to detect SPIONs using optical microscopy and using fluorescence spectroscopy,
respectively for SPIONs with a diameter of 200 nm and 50 nm. The ground state
configuration of a thin, micron-scale ferromagnetic disk with negligible magnetocrystalline
anisotropy is a vortex. The magnetization will follow the edges to minimize the energy. The
vortex core is the out of plane magnetization of the vortex and it can be controllably
translated using an applied magnetic field. Defects in the material act as pinning sites that
trap the vortex core, resulting in jumps ofthe vortex position as it moves along the disk.
Magneto-optic Kerr effect (MOKE) microscopy will allow for the collection of hysteretic data
of the vortex core dynamics throughout both the pinned and depinned states. By looking for
the change of the hysteretic loops between the dynamics of the vortex cores with trapped
SPIONs and without trapped SPIONs, one can determine the detection of trapped SPIONs.
Project mentor: Dr. Jesse Berezovsky, Department of Physics





Implementing the Diabetes Prevention Program for CWRU Staff and Faculty

Paul Halliday, Nutritional Biochemistry and Metabolism; Vanessa Nyenke, Human Nutrition; Swati
Pandruvada, Human Nutrition; Tamara Randall, Department of Nutrition; Michaela Stamper, Nutritional
Biochemistry and Metabolism
Over 100 million adults in the United States have diabetes or pre-diabetes, leading to significant impacts on
lifestyle, life expectancy, and healthcare costs. The National Diabetes Prevention Program (DPP) is a CDCrecognized, yearlong lifestyle change program aimed at preventing and delaying type II diabetes. Participants
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attend 16 one-hour sessions over the course of six months that focus on healthy eating, weight loss, and
lifestyle changes. The main goals of the program include: healthy eating, 150 minutes of physical activity
weekly, and a minimum 7% weight loss and maintenance. By achieving these goals, the program has been
shown to reduce the risk of developing type 2 diabetes within three years by 58% and by 27% within 15
years . Our capstone is to deliver the program to a group of CWRU faculty and staff who are at risk for
developing type 2 diabetes via the CWRU Faculty and Staff Wellness Program. Participants voluntarily attend
weekly meetings held on campus where they are educated on making lasting lifestyle changes that include
healthier food choices, increased physical activity, and problem-solving strategies. We focus on providing
participants the tools and knowledge to begin implementing small, but effective changes into their everyday
lives. Participants have already seen modest weight loss and report feeling more energetic. The program will
continue for the full year with regular check-ins with goals of weight maintenance or continued weight loss in
addition to maintaining healthful eating and physical activity.

Project Mentor: Tamara Randall, Department of Nutrition





Synthesis of brominated carbenes with fluorescent applications
Chandana Pandurangi, Department of Chemistry, Zacharias Kinney, Department of Chemistry, Jerod Kieser,
Department of Chemistry,
In this study, we are developing a series of brominated cyclic(alkyl)(amino)carbenes(CAACs) to modulate the
emission of various fluorophores. Halogenation has been known to affect the fluorescence of compounds, and
as such, switching from an alkyl to halogen substituent should result in a measurable photophysical outcome.
To develop these CAACs, a multiple step synthesis is required, with my primary focus being the optimization
of the first few reactions. The main reaction in developing our target CAACs is the condensation between
aldehyde and amine groups, however due to the bromines decorating the phenyl ring of the amine starting
material, it is not very conducive towards imine condensation. As such, we utilized a heterogeneous metal
catalyst, specifically vanadium oxychloride grafted onto silica, that allows for an aryl N-sulfinyl (R-NSO) and
an aldehyde to react, leading to our desired imine. This catalyst is extremely useful when converting
deactivated anilines to imines, which is the case in our initial reaction. Our initial reaction utilized
tribromoaniline, which was converted to tribromo-N-sulfinyl using thionyl chloride. Our desired imine was
achieved by using 2-etylbutyraldehyde and tribromo-N-sulfinyl. However, when this imine was utilized in the
next step in the process to make the target CAAC, the reaction was unsuccessful, yielding a variety of
byproducts. As such, new anilines have been used to limit the potential of byproduct formation and allow
access to a series of CAACs decorated with bromines. One such aniline includes 2,4,6-tribromo-3,5-dimethyl
aniline. We postulate that use of this aniline should remove any potential for aryne formation during the
lithiation step, allowing us to reach our target CAACs. This reaction was a partial success, as some imine
product was achieved, along with some decomposition product. Our next steps are to purify this amine and
continue with the synthesis of our target tribrominated CAAC.

Project Mentor: Dr. John Protasiewicz, Department of Chemistry
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Improving Reliability and Consistency of Foam Compressibility Measurement at Smithers-Oasis
Jacqueline Kett, Department of Chemical Engineering; Rebecca Lee-McFadden, Department of Chemical
Engineering; Evio Panichi, Department of Chemical Engineering; and Anu Suppiah, Department of Chemical
Engineering
This project presents a redesigned method of data collection for compressibility of floral foam products
produced at Smithers-Oasis. By constructing a device that propels a compressibility sensor into floral foam
with constant speed, this project seeks to increase repeatability and accuracy of all measurements taken at
the manufacturing site. The constructed device is designed to improve the correlation between density and
compressibility compared to previously inconsistent measurements. These results serve as a basis for
distribution of the foam in the marketplace. As such, the work completed in this project has profound
implications for the financial security and waste production of Smithers-Oasis and will improve turn-around
time for quality assessment of products.
Project Mentor: Sean Mulligan, Smithers-Oasis
Faculty Sponsor: Professor Daniel Lacks, Department of Chemical Engineering



Invasive Brain Tumor Treatment Using Spherical Nanoparticles

Youngjun Park, Department of Biomedical Engineering; Alp Turan, Department of Biomedical Engineering;
Shane Cooley, Department of Biomedical Engineering

Our research focuses on a novel drug delivery system via multicomponent nanoparticles to help treat
Glioblastoma, a lethal drug that has resistance to accepted therapies. Many therapies have been developing
but an efficient drug delivery system has yet to be provided. Nanoparticles that are loaded with drugs have a
very slow release mechanism or earlier than expected while in the bloodstream. These nanoparticles have an
iron oxide core and a mesoporous silica shell. These silica particles are able to penetrate the blood brain
barrier and into the glioma cells. Afterwards, a low-powered radiofrequency field (RF) is created allowing for
the tumbling release of the drugs loaded into the nanoparticles. Once attached to the endothelium of the brain
tumor by fibronectin-targeting ligands, the drug is released by RF which helps distribute the drug all over the
tumor sites.

Project Mentor: Pubudu Peiris, Department of Biomedical Engineering
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Characterization of Chromosome XII and Ribosomal DNA associated proteins in Saccharomyces
cerevisiae

Vanessa Pasadyn, Department of Biology; Dr. Alan Tartakoff, Department of Pathology

Ribosomal DNA (rDNA) serves as a template for the production of ribosomal RNA, which is ultimately
translated to form the subunits that compose ribosomes. Ribosomal DNA is located in the nucleolus of the cell
in most species, but specifically resides on chromosome XII in S. cerevisiae. Although the location of rDNA has
been determined, the structure and orientation of proteins associated with rDNA remains unclear. This study
aims to create a model that represents the structure of such surrounding proteins. To formulate this model,
metaphase arrested cells were used to isolate the rDNA region of chromosome XII. Through use of yeast
strains with a MET3-CDC20 characteristic, a promoter that prevents transcription of the CDC20 gene when
exposed to methionine, cells were able to be arrested in metaphase. Specifically in yeast, a majority of
chromatin during metaphase moves into the daughter cell. However, as DNA oscillates between the mother
and daughter cell throughout division, there is a point in time where chromosome XII can be found in the
mother cell for study. Along with this metaphase arrest and isolation of chromosome XII, a red fluorescent
tagged histone-like protein, Hmo1, was used as a reference point for cell orientation and rDNA location, as
this protein is known to be associated with rDNA. The rDNA associated proteins under analysis were then
tagged with green fluorescence to convey location in relation to the Hmo1 protein. Thus, a direct comparison
between the location of the stable and standard Hmo1 protein and specific rDNA surrounding proteins could
be drawn. Overall, this characterization allows for better understanding the structure of rDNA and its
corresponding proteins. Although this study pertains to the molecular biology of yeast, highlighting the
orientation and function of rDNA and such associated proteins could potentially serve to aid individuals with
pathologies related to ribosome dysfunction.

Project Mentor: Dr. Alan Tartakoff, Department of Pathology
Faculty Sponsor: Dr. Valerie Haywood, Department of Biology





Using VR Maze Simulations to Improve Navigation of Physical Spaces
Emmeline Pearson, Department of Electrical Engineering and Computer Science; Sean Mann, Department of
Electrical Engineering and Computer Science; Bhavya Kumaran, Department of Electrical Engineering and
Computer Science
Navigating through an unknown place is difficult, especially if it is in a high pressure situation. Many
first responders such as police officers, firefighters or EMTs etc. encounter situations where they must
accomplish an objective without previously knowing the space layout. We hope to address this issue by
creating practice mazes in Virtual Reality to improve people’s ability to navigate an unknown place before
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going into the real space. Using the HTC Vive Pro, and Unity game development software, we systematically
generate unique but solvable mazes. With these mazes, we strive to improve a user’s ability to navigate in
unknown environments. We will measure improvement by calculating the user’s maze completion time and
accuracy. We predict that with prior practice in an unknown situation, a user’s time will decrease and their
accuracy will improve. To prove our model is effective, we will test our improved navigation abilities by
comparing our times from the VR maze to a constructed physical maze. In the future, this project could be
built upon to allow for the creation of mazes that mimic real spaces.
Project Mentor: Dr. Kenneth Loparo, Department of Electrical Engineering and Computer Science
Faculty Mentor: Dr. Gregory Lee, Department of Electrical Engineering and Computer Science




Pharmacogenomics: The Realities of Current Applications and Future Directions
Mitchell Peer, Systems Biology
Pharmacogenomics is the study of how differences in an individual’s genome alter a drug’s effectiveness via
how the drug interacts within the human body. Pharmacogenomics has two major subcategories:
pharmacokinetics, which studies the properties of a drug including absorption, distribution, metabolism, and
excretion, and pharmacodynamics, which studies the molecular action of a drug on its target. An
individual’s genetic composition is critical to the development of both intercellular mechanisms and
extracellular pathways, which encompass both fields of pharmacogenomics. As knowledge of the human
genome grows at a rapid rate, there has become an increased ability to study how these genetic differences
can maximize the effect of drugs, as well as recognize when their use may be futile. This research consists of
a survey of pharmacogenomic literature in order to understand the origins and current uses of
pharmacogenomics. Additionally, I will apply this knowledge to expand on future directions and obstacles
pharmacogenomics may face before becoming a readily applied and accessible form of medication.
Project Mentor: Dr. Christopher Cullis, Department of Biology
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Development of a Hyaluronic Acid Electrochemical Sensor

Jahnavi Pejavar, Department of Chemical and Biomolecular Engineering, Zihang Su, Department of Chemical
and Biomolecular Engineering

Osteoarthritis affects over 30 million adults a year, manifesting in joints such as those in the spine, knees,
hands, and hips. One way to diagnose osteoarthritis is to analyze synovial fluid, however, the analysis is often
time consuming and incomplete. Finding fast, reliable ways to analyze synovial fluid using electrochemical
sensors would be beneficial. More specifically, studying hyaluronic acid, the primary biopolymer in synovial
fluid, will lead to a more comprehensive understanding of diagnosis; the imbalance between hyaluronic acid
breakdown and regeneration is a cause of osteoarthritis. We studied hyaluronic acid interactions with an
elastin-like peptide self-assembled monolayer (SAM) on gold. This SAM is designed to attract charged
molecules, which could be useful in the design of an electrochemical sensor. We found that the hyaluronic
acid does in fact bind to this elastin-like peptide, allowing us to begin designing a sensor. We now plan to
design a sensor for proof-of-concept purposes, using a screen-printed electrode for drop analysis.

Project Mentor: Dr. Julie Renner, Department of Chemical and Biomolecular Engineering





Teaching as Performance: Using Theater as a tool for education at The Cleveland Museum of Art
JP Peralta, Department of Art History and Art & Department of Theater
In a museum setting, the education department is responsible for connecting the visitor to the institution’s art
collection. There are many didactic methods of doing this: audio tours, gallery talks, and live tours among
them. These methods, known as formal interpretation, require the visitor to go to a specific place at a specific
time, or to follow a predetermined path. An alternative to formal interpretation, “casual interpretation,” is
more focused on meeting visitors where they are. It can be as simple as asking a question about an artwork to
spark a random conversation or having (secretly-educational) toys and games people can come across in the
gallery and play with. This During the summer of 2018, I worked in the Department of Public and Academic
Engagement at The Cleveland Museum of Art as a Warshawsky Fellow. My job was to develop strategies for
casual interpretation in the galleries and to conduct a workshop for the docents and gallery teaching staff that
taught theater technique as a means of making lessons less didactic and more engaging. My primary tool in
the gallery was using puppets in the galleries to generate interest in visitors of a wide age and demographic
range, and then playing games I made to teach basic methods of visual analysis. I then made myself an ear for
each visitors interpretive thoughts. My workshop focused on using elements of physical performance such as
commedia dell’arte and clown, and improvisational theater to teach members of the teaching staff how to use
their bodies and vocal variance to show passion, generate excitement, and merge the performance of teaching
with the performance of telling a story.
Project Mentor: Professor Andrea Wolk Rager, Department of Art History and Art
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Dynamic FEA Analysis of Tylok Threaded Compression Tube Fitting
Joseph Picard; Mechanical Engineering, Music
With contributions from: Chaz Brown, Ben Carniol, Chris Zhang, Alistair Bastian, Thomas Milyo, Mateusz
Siewierski, Dr. Bo Li, Dr. Sunniva Collins
The primary purpose of this project is to complete a Finite Element Anaylsis (FEA) model of a cross section of
Tylok International’s size 12 double ferrule fitting. This part, along with other pipe fittings, see frequent use
in the gas and oil industries. Previous senior projects used SolidWorks Simulation software to complete
analysis. The previous group used a linear elastic model for the material. One issue with this approach is it
does not account for the non-uniform hardness of parts used by Tylok to ensure more effective swaging. The
previous group’s test model found stress results an order of magnitude higher than what experimentation on
physical parts yielded. To more closely mimic the physical data, the analysis for this project will instead use
ANSYS Workbench, a more robust FEA tool that can model the parts in 2-D or 3-D with easier set gradients
for the hardness of the parts. This project will model the fitting through iteration, adding more detail each
time, until the final product which mimics the known properties of the fitting components. The model shows
the maximum stress and tube displacement of the fitting. The preliminary ANSYS model has a maximum tube
displacement of 0.018 in, and a maximum stress of 2.44x104 ksi. These results are still larger than expected,
largely due to the lack of threads on this model, and additional fine tuning on material hardness gradients
that needs to be done.
Faculty Mentor, Dr. Sunniva Collins, Department of Mechanical and Aerospace Engineering
Project Sponsor, Mr. Jesse Henning, Tylok International





Quantifying Pressure When Diagnosing Pelvic Pain Disorders

Jess Powell, Department of Biomedical Engineering; Scott Muller, Department of Biomedical Engineering;
Juana Barrera Bayona, Department of Biomedical Engineering; Iulia Barbur, Department of Biomedical
Engineering; and Dr. Joseph Henderson, MD, Department of Reproductive Biology, Division of Female Pelvic
Medicine and Reconstructive Surgery, School of Medicine.

Pelvic floor disorders (PFD), such as incontinence and prolapse, are common in the population, especially
among women. Although there is a standard pelvic floor exam, assessing pain can be difficult. Currently, there
is no method for quantitative correlation between perceived pain and the pressure a physician applies to the
pelvic floor muscles during the exam. As a result, it can be difficult for a physician to consistently gauge a
patient’s response, which makes diagnosis less effective and determining the efficacy of treatment
challenging. We propose a device that will record and display the pressure that is applied in real time to
facilitate quantitative pain correlation during a pelvic exam. This device will be based around a pressure
sensor that will sit on a physician’s index finger under a standard nitrile glove. This sensor will be connected
by a small wire to a hand-held that will display the pressure that is sensed in real time. The display device will
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house an Arduino, which functions as an analog-to-digital converter (ADC) and a microcontroller, and a thinfilm-transistor liquid-crystal display (TFT LCD). A dial will be used to set a specific pressure and the device
will beep when that pressure is achieved during the examination. This will allow a physician to accurately
determined what pressure corresponds to the patient’s pain level during a pelvic floor exam.

Project Mentors: Colin Drummond, Department of Biomedical Engineering; and Matthew Williams, Department
of Biomedical Engineering





Simulating Defect Formation Within the Actin-Cytoskeleton
Calvin Pozderac, Department of Physics
The actin cytoskeleton is comprised of actin filaments, cross-linking proteins, and myosin molecular motors.
It is a key component in several important cell functions, such as cell division and migration. The actin cortex
is the thin layer of the cytoskeleton on the inner surface of the cell membrane. The cortex is typically attached
to the membrane by linker proteins and provides structural support to the cell. Gaps, or defects, in the cortex
are areas of the network with fewer actin filaments, can result in the growth of round cellular protrusions,
called blebs, that are characterized by a separation of the membrane from the cytoskeleton. Blebs are
involved in crucial tasks such as cell migration and division. In order to observe how local defects in the actincytoskeleton occur, and consequently how blebs are formed, the cytoskeleton is modeled under various
conditions using the software package Cytosim. Simulations of uniform, periodic 2D cortex patches are run to
observe the effects of varying amounts of (1) cross-linking protein and (2) myosin on the actin network
architecture. The network porosity is computed over time in for varying amounts of myosin and cross-linker
proteins. The results of the simulations show that myosin fosters actin filament alignment while cross-linkers
promote perpendicular alignment. Therefore, defects are observed with intermediate values of myosin and
cross-linker proteins. The amount of cross-linking proteins and molecular motors is then varied in specific
locations to reveal that once a stable network is formed, it is robust to perturbations; locally increasing the
amount of myosin or cross-linking proteins does not alter the network’s architecture. Current and future
work involve determining conditions for localized network defects and extending the model to 3D
simulations using the CWRU High Performance Computing Cluster.
Project Mentor: Professor Wanda Strychalski, Department of Mathematics, Applied Mathematics and Statistics
Faculty Sponsor: Professor Rolfe Petschek, Department of Physics
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Sexual Selection and the Evolution of Testes Size in Male Cetacea

Haley Pratt, Department of Biology
As a result of sexual selection, male genitalia in Cetacea evolve rapidly. Cetaceans specifically invest in either
pre-copulatory and post-copulatory trait development based on their mating environment and selective
pressures. Trait investment is dependent on the species sexual selection itself as well as a variety of other
factors such as past history, seasonal variation, environment, etc. Previous studies have found that with all
other factors equal, species with larger testes (by mass) are expected to experience a more promiscuous
mating system and greater competition within. Therefore, cetaceans living in larger groups with more
competition may evolve to have greater sperm production and greater testes mass. Using the packages Ape
and Picante in R programming, the Phylogenetic Generalized Least Squares (PGLS) analysis compared sexual
dimorphism (male to female body length ratio) with male testes mass. According to the data and low p-value,
there is an association between sexual dimorphism and max testes mass in Cetacea. A scatterplot of the male
to female ratio and max testes mass demonstrates a positive correlation, and the supertree shows the
apparent similarity in maximum testes masses in monophyletic groups of Cetacea. The further the malefemale body length ratio is from 1, the greater the size dimorphism and the larger the maximum testes mass.
Dimorphism results from natural and sexual selection through the species social and mating systems.
Therefore, polygamous species exhibit more sexual dimorphism than monogamous species due to the
presence of internal competition and mate choice. This suggests certain species of Cetacea will invest in the
post-copulatory traits of sperm quality and testes mass as a strategy to increase mating probability and
reproductive success.
Faculty Sponsor: Professor Jean H. Burns, Department of Biology




An Investigative Evaluation of the Antiviral Properties of Arthrospira platensis
Yuvraj Puri, Department of Biology
Modern medicines are slowly losing efficacy in the face of microbial adaptation. In fact, multiple viruses, such
as influenza (H1N1), and others have developed resistance in the past decade to conventional antiviral
treatments such as acyclovir and oseltamivir. The blue-green algae spirulina is historically a natural means of
treatment against multiple strains of contemporary viral threats, including herpes simplex, influenza, HIV,
and hepatitis C. Multiple in vitro studies were evaluated and it was found that several spirulina extract
formulations are capable of antiviral treatment in the early stages of infection, suggesting an effective
antiviral approach to inhibit viral attachment and penetration. In particular, byproducts taken separately
such as calcium spirulan (Ca-SP), allophycocyanin, and sulphoquinovosyl diacylglycerol all demonstrate
antiviral properties. From our evaluation of available data, spirulina possesses a strong, universal capability
to treat influenza and simplex. Given their large body of successes in vitro and in vivo, this evaluation
advocates for progressing antiviral development to clinical trials in humans for influenza and herpes
treatments.
Project Mentor: Dr. Dianne Kube, Department of Biology
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How Regions Differ in Their Values on the Factors of Happiness
Xuwen Qin, Economics; Allen Lim, Statistics
As basic living conditions continue to improve around the world, people now care more about the perceived
level of happiness. Once a year the World Happiness Report is published and becomes a hot topic on social
media. While the World Happiness Report shows the perceived level of happiness and its determinants for
200 countries around the world, it has never analyzed the influences or the factors that determines these
levels of happiness. In other word, the report consider correlations, but does not address what factors might
cause happiness.
As we examine the data in the world happiness report, we are able to observe a certain pattern that differs by
regions. Certain regions put more emphasis on a specific factor of “happiness”. We plan to separate the
dataset not only by regions on a continental level, but also plan to compare and contrast different years. By
separating the dataset by region and years, we will be able to better analyze the different factors by
comparing the levels to the major current events that happened within the region in the given year. Variables
in the datasets include factors such as, GDP, Family, Health, Trust in Government, and Generosity. We plan on
using regression and correlation analysis of each variable on the total happiness score to see whether the
variable is significant in the calculation of the total happiness score.
We expect that the results will vary based on the region and the year. Our findings might better help societies
understand what explains happiness in their cultures and which factors are most important.
Project Mentor: Professor Jenny Hawkins, Department of Economics



Preventing Water from Ruining Stored Fuel
Miles Booker, Chemical Engineering, Yinuo Chen Chemical Engineering, Zachary Gerhard, Chemical
Engineering, Yijie Qiu, Chemical Engineering
Our primary goal for our project is to prevent water from ruining stored diesel fuel. These diesel storage
tanks are for backup generators for hospitals and data centers. When water is introduced to the tanks, fungus
can grow in the fuel, shorting the life of the emergency generators. We plan on removing the water by an
automated drain system. A conductivity sensor will determine if the liquid at the bottom of the tank is water
or diesel, then a drain will open into a separate storage tank for water to be drained at a later date. A
humidity sensor will determine the effectiveness of a desiccant system, and send an internal alarm if the
desiccant is exhausted.

Project Mentor: Daniel Lacks: Chair, Department of Chemical and Biomolecular Engineering
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Supporting Individuals in Foster Care: A Critical Review of Targeted Interventions for Depression and
Anxiety

Michelle Rackish, Department of Psychological Sciences

Studies show that anxiety and depressive disorders present a rising issue in modern society, with higher
prevalence rates in at-risk populations such as individuals in foster care. Barriers spanning from
transportation costs to low parental engagement often prevent these children and adolescents from receiving
treatment. If left untreated, these disorders may lead to negative outcomes in both sustained placement and
adult life. The current poster attempts to synthesize findings on various interventions for depressive and
anxiety disorders for children and adolescents in foster care. The literature illuminates multiple key aspects
to foster-care-specific techniques: emphasis on trauma, a push for parental investment, and early
intervention. Trauma stands out as the key consideration: foster care children have a greater risk of
experiencing and subsequently managing the lifelong consequences of traumatic events. Going forward,
interventions must be tailored to the unique needs of foster care individuals. With an emphasis on
overcoming trauma and maintaining a support system, there is potential for future research to improve the
wellbeing of foster care youth.
Keywords: foster care, depression, anxiety, treatment, intervention

Project Mentor: Amy Przeworski, Department of Psychological Sciences





Dual Targeting Nanochains as Negative MRI Contrast Agent for Triple
Negative Breast Cancer
Abdelrahman Rahmy, 1Department of Biomedical Engineering; Gil Covarrubias, Department of Biomedical
Engineering ; Claudia Jazowski, Department of Biomedical Engineering; Georgia Loutrianakis, Department of
Biomedical Engineering; Pubudu M. Peiris, Department of Biomedical Engineering
Negative Breast Cancers (TNBCs) are more lethal than other breast cancers due to their high risk of
metastasizing and their tendency for recurrence outside of the breast. After successful treatment with
surgery, chemotherapy, or radiation there is a high risk of relapse within three years of treatment. As such,
more effective methods of early diagnosis are needed to treat the tumor while it is localized. Our research
aimed to design a non-invasive method for early detection of TNBCs using a targeted MRI contrast agent. We
developed a chain-like particle comprised of 4 to 5 linearly linked iron oxide spheres, which are paramagnetic
and have low toxicity in the body. The elongated structure of the chain-like particle offers several advantages
over single iron oxide spheres. The high aspect ratio, due to the elongated structure, allows for multiple
tumor targeting ligands per particle. This enhanced surface modification increases the avidity and promotes
active targeting of the diseased tumor microvasculature. Due to the chains composition consisting of multiple
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iron oxides, they maintain an increased magnetic relaxivity over individual iron oxide spheres that would
improve the contrast on an MRI scan.
Using T2 relaxivity to determine iron content, dual targeted groups displayed significantly different values
from healthy mammary tissue. It was found that the dual-targeted nanochains created greater contrast in the
MRI scans and successfully detected the tumor boundary. With targeting a success, the next steps have been
to address the challenges of treating TNBCs due to their high rates of recurrence. Current research has shown
hyperthermia (40-44 °C) as a promising solution. Hyperthermia has been used in combination with
radiotherapy and chemotherapy to improve local tumor control and decrease chances of recurrence. By
changing particle properties, we are able to induce heat when placed inside an alternating magnetic field.
Combined with our targeting scheme, we can go beyond local tumor control, and deliver hyperthermia to
cells that have metastasized out of the breast.
Project Mentor: Dr. Efstathios Karathanasis, Department of Biomedical Engineering





Triboelectric Charging of Asymmetrically Rubbed Quartz: Effects of Surface Chemistry
Siddharth Rajupet, Department of Chemical Engineering; Joseph R. Toth III, Graduate Student Department of
Chemical Engineering; Professor R. Mohan Sankaran, Department of Chemical Engineering; Professor Daniel
J. Lacks, Department of Chemical Engineering
Triboelectric charging is the process by which charged species transfer between surfaces during contact.
Despite its ubiquity, triboelectric charging and in particular, charging of identical insulating materials, is
poorly understood. A fundamental question still under debate is whether the charged species transferred
between insulating materials are electrons or ions. In order to probe the identity of the charged species
transferred, we investigate the effect of changes in surface chemistry of quartz on the polarity of triboelectric
charging by asymmetrically rubbing identical quartz tubes treated with either acidic or basic solutions.
When both quartz tubes are treated with basic solution then asymmetrically rubbed, the tube with the
smaller contact area charges negatively while the tube with the larger contact area charges positively. When
both tubes are treated with acidic solution, the polarity of charge on the small and large contact area tubes
after asymmetric rubbing inverts; the small area tube charges positively and the large area tube charges
negatively. This change in polarity with different treatments suggests that the polarity of charged species
transferred depends on the surface chemistry of the quartz. Since only ions can have either positive or
negative charge polarity, our results provide convincing evidence that ions are the charged species
transferred in this case of asymmetrically rubbed quartz.
Project Mentor: Professor Daniel J Lacks, Department of Chemical Engineering, Professor R. Mohan Sankaran,
Department of Chemical Engineering
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Dentists Not so Wise: External and Continuing Factors that Affect the Condition of Third Molar
Phenotypes in Humans
Rachel Rak, Department of Biology

A common practice in modern dentistry is the prophylactic removal of the third molar in late adolescence or
early adulthood. Historically, infection, impaction, or stress in neighboring areas of the maxilla and mandible
warranted third molar removal. Due to the high rate of necessary third molar extractions, many dentists
adopted the practice of surgically removing the third molars preemptively. Recent complications from these
surgeries have resulted in the decline of such practice, yet still closely monitor the eruption of the third molar
with likely removal to follow. With the common practice of third molar extraction, researchers claim that
human evolution has caused the third molar to become “vestigial”, yet the term and mechanisms that deem
the categorization of third molars is under debate. The project investigates the ontogeny, genetic and
epigenetic factors which effect maxillary, mandibular, and tooth phenotype in the modern population. In
addition, consideration of the occlusion and tooth projection in various modern and historical populations
isolated any environmental factors that may affect the growth pattern of the third molars. Malocclusion and
improper eruption of teeth such as the third molars have increased in humans with the adoption of
agriculture. Bone formation within the alveolar region of the oral cavity has developmental plasticity late in
life, with the basal bone of the maxillofacial region also having developmental plasticity through young
adulthood and beyond; both of which can affect the occlusion, initiation, and eruption of the third molars.
Through analysis of external resources, with spontaneous mutations causing a minimal number of extraneous
phenotypes, in the dental formula, environmental factors are likely to cause issues in relation to the third
molars. This information would likely assist dentists, orthodontists, oral surgeons, and other professionals
compile interventions in diet and oral posture that would assist or even prevent further issues related to the
third molars.

Project Mentor and Faculty Sponsor: Professor Richard Drushel, Department of Biology




Intracellular and Extracellular Parasitic Load Positively Correlate with Geographic Range in Host
Primate Species

Diya Ramanathan, Department of Biology

The positive relationship between intracellular and extracellular parasitic loads in primates has been
evidenced in the past, but understanding why this correlation exists and whether or not geographic range is
related is important. As such, the focus of this study was to examine the relationship between intracellular
parasitic load, extracellular parasitic load, and geographic range in various primate host species, while
incorporating phylogenetic data into the analysis. At the outset, the experimental hypothesis was that all
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three variables would be positively related due to presumably more encounters with parasites over a larger
geographic range. The first analytical tool that was used was phylogenetic signal, a statistical measurement
for a particular trait which indicates that closely related species are more similar to one another than they are
to randomly selected, more distantly related groups. The ape package in R was used to produce a wellformatted and labeled ultrametric phylogenetic tree. In mapping the data set of the log of the geographic
range for various primate species to the phylogenetic tree of those primates, I found no visually evident
phylogenetic signal for geographic range. Next, PGLS analysis was completed. PGLS is a powerful method for
studying the relationship between two or more variables across several species and incorporating phylogeny
into the error structure of the model. There were 5 R packages that were necessary for this PGLS analysis:
ape, picante, lmtest, Hmisc, and phytools. In this analysis, two different variance/covariance matrices were
made based on the phylogeny. The results showed that that the positive relationship between geographic
range and intracellular parasite richness, as well as the positive relationship between geographic range and
extracellular parasite richness, is statistically significant due to p-values below 0.05. The results of the PGLS
analysis supported the hypothesis that a larger geographic range for the host primate species is associated
with a higher parasitic load. These findings are significant because they raise questions about human
implications, such as how occupying a larger geographic range over one’s lifetime can influence their
susceptibility to contracting parasites.
Faculty Sponsor: Professor Jean H. Burns, Department of Biology




Comparing Leukocyte Depletion Efficiency between Leukocyte Filters in Ex-Vivo Perfusion Circuits
Maya Rao, Department of Chemistry; Vahe Fahradyan*, MD; Michael Annunziata*, BS; Sayf Al-deen Said*,
MD; Carlos Ordenana*, MD; Hirsh Shah*, MD; Maria Madajka-Niemeyer*, PhD; Francis Papay, MD; Bahar
Bassiri Gharb, MD, PhD.
*Department of Plastic Surgery, Cleveland Clinic
Ex situ perfusion experiments have become a widely used method to study preservation of donor organs for
future transplantation; however, in animal models, the whole blood-based perfusate obtained for
experimentation typically contains white blood cells, which are implicated in ischemia-reperfusion injury,
inflammatory response, and organ rejection. To mitigate this, leukocyte filters are often incorporated directly
into ex situ perfusion experiments to deplete leukocytes from perfusate. In this study, two commonly used
filters, the Pall LeukoGuard LG Arterial Line filter and the Pall BC2 Cardioplegia filter, are being compared
through experiments assessing filter efficiency and saturation capacity. These filters are being tested with
porcine blood before and after washing and before and after filtration. Experiments are underway to evaluate
filter saturation points, flow rate, overall leukocyte reduction, and filter selection. Applications of this
experiment could translate to a reduction of rates of organ rejection and immune response during organ
transplantation and ex situ perfusion as well as cost savings in hospital systems through optimization of filter
selection.

Faculty Sponsor: Dr Drew Meyer, Department of Chemistry
144

EMAC 378 Senior Design: Design of an All-Plastic Sink to Decrease Weight and Incorporate Recycled
Plastic
Jason Linn, Department of Macromolecular Science and Engineering; Yvonne Ma, Department of
Macromolecular Science and Engineering; Kunal Rath, Department of Macromolecular Science and
Engineering
The aim of this project is to redesign a typical free-standing bathroom sink by making it entirely out of plastic.
Traditionally, these sinks are made out of heavy materials, such as porcelain, that are often brittle and prone to
chipping. By redesigning the sink out of plastic, weight could be increased and durability improved, while also
decreasing costs. There are some plastic sinks on the market, which are typically made out of thermoset resins.
This makes the processing and manufacturing of the part more difficult, while severely decreasing the
recyclability of the sink. Our goal is to design the sink out of a thermoplastic, allowing for easier processing
through injection molding and extrusion. Additionally, using a thermoplastic could decrease the environmental
impact, as the final product could be entirely recyclable. There is also potential that the material could be largely
sourced from established post-consumer recycling streams. In order to design the sink, we use mathematical
modeling to find the required mechanical properties so that the sink survives not only standard use, but also
reasonable cases beyond typical use. These mathematical models allow us to find the requirements for flexural
modulus, Young’s modulus, and impact strength. These baseline requirements allow us to quickly narrow down
the number of materials usable in the sink. From here, we implement additional requirements, such as heat
resistance and chemical resistance, to select the final material. We then determine processing and
manufacturing requirements to estimate the cost of the entire free-standing sink.
Faculty Sponsor: Dr. David Schiraldi, Department of Macromolecular Science and Engineering





A Kinetic Investigation of a Method for Surgically Correcting Aberrant Pelvic Incidence

Bonian Ren, Department of Mechanical and Aerospace Engineering; Muzhi Wang, Department of Mechanical
and Aerospace Engineering

Pelvic incidence (PI), an essential angle in the human body defined by the spatial relationship between the
sacrum and the femoral head, has more and more attention due to its important role in the human pelvic.
Both high PI and low PI would result in patients’ spondylolisthesis, degenerative disc disease and hip
osteoarthritis. The method of correcting pelvic incidence by cutting into the iliac wings has merged until
recently and its feasibility is still to be examined. This research is concerned with creating a computer model
to simulate the process of pelvic incidence correcting surgery. The project also focuses on investigating
whether a one degree change in angulation of the bone equate to one degree of pelvic incidence. Also, we aim
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to find if a translational deformity would occur during the surgical process. The final result of the research is
to provide surgeons with the optimal angle of cut for increasing and decreasing pelvic incidence as a
reference. To simulate the pelvic incidence correction surgery, we used 3-D software for the simulation of
cutting the iliac wings on the pelvic. We also simplify the pelvic 3-D scan into 2-D model to obtain the
mathematical relationship between the surgical correction angle and the pelvic incidence.

Project Mentor: Dr. Raymond Liu, University Hospital
Prof. Clare M. Rimnac, Department of Mechanical and Aerospace Engineering





Persuading with Aesthetics: Visualization in Static Display for Decision Making in Management and
Business
Jahlyn Reyes-Mckinley, Department of Design and Innovation
What is it about an image that pulls in an audience? What is it about an image that can make a passerby stop
in their tracks or better yet be moved to the point of action? How can the choices made within an image
change the perception of the subject? In this project, I’m going to get to the core of how images attract
audiences to a particular service or event and lead them to make decisions. I plan to do this through the
creation, manipulation of aesthetics, and A/B testing of an advertising campaign developed for Beauty and
the Bolt, a STEM focused non-profit, by me with the guidance from my faculty advisor. Through
experimentation with aesthetics, I can get to the root of what makes an image the most engaging.
Faculty Sponsor: Richard Buchanan, Department of Design and Innovation




Third-order Tensor Completion Based on t-SVD

Micaela Richter, Department of Mathematics, Applied Mathematics, and Statistics

Tensors are multidimensional arrays of numbers that effectively represent high dimensional data such as
color images and videos. Tensor based data recovery is an important problem that has applications in
recommender systems, data mining, and more. For example, consider a surveillance video. Missing data from
146

such a video could make object identification very difficult, rendering the video useless. This project
illustrates a procedure used to complete third order tensors from limited random samples. The recovery
technique used in this project is based on the recently proposed tensor-Singular Value Decomposition (tSVD). By solving a convex optimization problem which minimizes the tensor nuclear norm (a convex
surrogate for low-rank), recovery is usually guaranteed. For this project, the recovery was implemented in
MATLAB and the minimization problem was solved using general tensor theory, the alternating direction
method of multipliers (ADMM), and t-SVD related methods. Furthermore, the program was tested on real
videos and images to display performance of the algorithm.

Project Mentor: Dr. Weihong Guo, Department of Mathematics, Applied Mathematics, and Statistics





Templateer

Mark Goldberg (Computer Science), Jonathan Mertz (Computer Science), Corby Rider (Computer
Science, Mathematics)
Templateer is a tool for creating image templates that others, as well as yourself, can easily fill in to create
their own standardized images. This makes it easy to quickly create things like yearbook pages, invitations,
tier lists, and video thumbnails. Users are able to make templates by simply dragging and dropping the
desired elements, such as textboxes and secondary images, into an editor window. The template, with default
images, can then be put on a database where anyone can take the template and fill in the empty images and
text. The templates can be stored in their own file type ( .tptr) for the application to store and load templates
locally.
When running the application, Templateer has a home screen that gives users the option to start a new
template, to open and edit a previously created template file from a file explorer, to fill in an existing
template, or to access a browser to find templates on the database, as well as an option that opens a dialog to
explain the features of Templateer. When creating or editing a template, Templateer opens in the Editor
mode, where the user is able to adjust the location and shape of Image Zones and Text Zones. When filling an
existing template in Filler mode, you can fill in images and text into the Image/Text Zones from the template.
You can drag these images from a bar on the side into the appropriate zone. After a template is filled to the
users liking, they are able to export it as an image from the editor in Filler mode. Users also have the option to
fluidly switch between Editor and Filler mode and to automatically upload images and template files online.
Templateer was developed using Python 3. The main application uses the Qt library for the GUI, leveraging Qt
Designer for the design. The database is built on MySQL and the server is using Django to serve requests to
the database.

Project Mentor: Soumya Ray
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Expression and Purification of Immune Protective Malaria Antigens

Garrett Riesz, Department of Origins Sciences; Jürgen Bosch, Department of Pediatric Pulmonology

While infections of Plasmodium vivax are much less fatal than those of Plasmodium falciparum, the disease has
been proven in recent years to have a much greater impact than previously thought. We hope that by utilizing
novel antigens, we may be able to produce a vaccine candidate that will help to control or eradicate vivax
malaria. In general, P.vivax is much more resilient than P.falciparum due to the presence of dormant
hypnozoites in the liver. Parasites in the hypnozoite stage are capable of causing a relapse of the infection
months or even years after initial infection. Until recently the lack of Duffy binding protein (DBP) on red
blood cells was thought to give full immunity to the parasite, but new technology indicates that those with no
DBP are in fact asymptomatic carriers for the parasite. A more potent protein, the Erythrocyte Binding
Protein of Plasmodium vivax (EBP2), has the potential of serving as the basis for a vaccine candidate. Initial
research indicates that this protein is a more capable and reproducible target to inhibit the reproductive cycle
of P.vivax parasites than the Duffy antigen chemokine receptor (DARC) protein. A theoretical vaccine would
make use of an antibody for EBP2 in Duffy positive individuals to prevent the parasite from infecting healthy
young red blood cells, with the goal of eradicating infections overall, or at least rendering them asymptomatic.
Our process thus far has involved the utilization of a codon optimized gene for PvEBP2 with a Histidine tag
and Avitag at the C-terminal end and expressed through E.coli. Harvested and lysed cells were examined
through SDS-PAGE and Western blot using an anti-Biotin antibody. While some fractions were sent overseas
to obtain rabbit antibodies, others were used for analysis with an ImageStream Flow Cytometer.

Project Mentor: Jürgen Bosch, Department of Pediatric Pulmonology



ARRL Newsfeed Decoder and Display

Caleb Main, Electrical Engineering; Benjamin March, Electrical Engineering; Benjamin Robinson, Electrical
Engineering and Computer Engineering; David Kazdan, Department of Electrical Engineering and Computer
Science

The Case Western Reserve University Department of Electrical Engineering and Computer Science lacks an
interactive display with which to hook students and touring university guests into exploring a career in
electrical engineering. Currently, there exists only static displays outside the Sears Lab in the Glennan building.
This project aims to solve that problem by producing an electronic display that shows interested readers news
bulletins from the American Radio Relay League station (ARRL). Our work last semester included research of
the signal encoding types, which allow the transmission of text over shortwave radio, used by ARRL and
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established a system to decode their radio news bulletins. Using an amateur radio encoding / decoing software
called Fldigi and python libraries, we decoded these messages, corrected the signals for errors caused by noise,
and displayed the message in a simple interface. This semester, we continue this project with aims to have the
display ready for autonomous operation within the Sears Lab display case. To this end, we are developing a
graphical user interface integrating and expanding upon the interface from the previous semester along with a
script to automate the process. This new interface will contain the ability to display the most recently decoded
message as well as a short history of recent bulletins. This interface will also contain educational information
about the decoding process and the technologies in use. Additionally, we are developing an external setup that
will allow guests to send a predetermined message over the air. The original setup will receive and decode the
message, providing a live demo for guests. Once completed, the Sears Lab display case will have a dynamic
exhibit showing the newsfeed broadcasted by the ARRL station. This will provide interested parties with a
visible application of an education in electrical engineering.

Project Mentor: Dr. David Kazdan, Department of Electrical Engineering and Computer Science





The Roman Coins in the Kelvin Smith Library’s Special Collections
Dominica Rollins, Department of Classics
In this paper I will discuss the origin and identification of some of the more than 200 Roman Coins in the
Kelvin Smith Library's Special Collections that were only rediscovered in a storage room in the fall of 2017. As
a reconstruction of the fragmentary evidence suggests, these coins were probably mostly donated to the
Western Reserve University library in 1863-1874 (now known as the Kelvin Smith Library of Case Western
Reserve University), although complete records of those donations either were never kept or have been lost.
In addition, the identification labels from as early as at least the 1930s, many of which still exist, were at some
point separated from the individual coins, and so each coin now has to be identified again and matched with
the labels. In my research, thus far I have selected 17 coins from the collection. It will be demonstrated how
each of these 17 coins was tentatively identified using Online Coins of the Roman Empire (OCRE), a joint
project between the American Numismatic Society and the Institute for the Study of the Ancient World at
NYU. Furthermore, using this database, it will also be shown how some of these 17 coins were able to be
matched to their separated labels. It is also eventually hoped that the more than 180 remaining coins can be
identified and matched with existing labels and more can be found out about the donors.
Faculty Project Mentor: Paul Iversen, Department of Classics
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Cl Module Functor
Jeremy Ornelas, Computer Science; Jacob Rosales Chase, Math and Computer Science; Nicholas Powell,
Computer Science
Common Lisp is a language that embraces dynamic change in the large. Even the object system of the
language is designed to dynamically change during a programs execution. However, the packaging system,
how the language pieces itself, is very rigid and non-expressive. We change this by creating modules which
can be created on the fly and functors which serve as a higher order module. The main goal of this project is
to allow modularization in the large that allows needed rigidity the language lacks. Due to the dynamic
dispatch and frailness of object-oriented abstractions, we propose for module functors to replace objects
when it comes to extensible code. This is a step forward towards a more dynamic module system envisioned
by the 1ML language. Unlike 1ML, this will all be done within base CL, no extensions to the language are
needed due to the very extensible nature of LISP syntax. We also include a standard library with the module
system in order to show what writing with modules is like and to facilitate ease of use of functorized code.
Project Mentor: Associate Professor Soumya Ray. Department of Electrical Engineering & Computer Science
Faculty Sponsor: Assistant Professor Harold Connamacher, Department of Electrical Engineering & Computer
Science




Women & HIV in Cleveland, Ohio

Halle Rose, Departments of Cognitive Science and English; Danielle Sabo, Flora Stone Mather Center for
Women; Heather Hurwitz, Department of Sociology; Barbara Burgess-Van Aken, Department of SAGES

HIV is widely prevalent in the Cleveland area among women and adolescent girls; notably, women of color
and those from economically-disadvantaged backgrounds are disproportionately affected. The highest
incidence of HIV in Cleveland is concentrated in the Glenville neighborhood, among Black/African-American
females ages 20-24. The purpose of this project is to investigate and evaluate the current educational,
preventative, and healthcare resources that are available for women and girls affected by HIV/AIDS who
reside in the Glenville neighborhood of Cleveland, Ohio. The project will include a literature review, a content
evaluation, and will utilize qualitative data obtained via individual interviews in an attempt to understand
how, and to what extent, HIV/AIDS is currently affecting women in our community. Ultimately, this project
will seek to determine if the resources that are currently in place are accessible and effective, in addition to
which specific disparities may exist and why.

Project Mentor: Danielle Sabo, Flora Stone Mather Center for Women
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A Fast Linear Approximation Model to Predict Action Potentials in Sensory Axons
Josh Rosenberg, Department of Biomedical Engineering; Dr. Matthew Schiefer, Louis Stokes VA
Medical Center APT Center
Electrical stimulation is a valuable tool for rehabilitation in patients who have experienced strokes, spinal
cord injuries, and other neurological injuries. By applying an electric field to nerve fibers, it is possible to
induce action potentials. These electrically-induced action potentials can restore movement, relieve pain,
or restore sensation. As with drugs, the optimal therapeutic effects are achieved on a patient-by-patient
basis. Designing an optimal stimulus is a time consuming, but can be achieved through computer
simulations. The double-cable axon model serves as a gold-standard in computer nerve models. However,
its use of nonlinear methods and small solver step sizes means that single-fiber simulations can take
seconds to complete. This is compounded in simulations accounting for thousands of fibers within a nerve
in which several stimulus parameters may need to be tested. As the number of independent parameters
increases, the stimulus search space quickly and simulation time quickly becomes intractable. To reduce
simulation time, we are building a linear approximation model that will predict the axon’s response to
stimulation without the necessity of solving nonlinear differential equations at every time step. The linear
approximation model will account for the voltage (potential) along the axon and the duration of
stimulation as well as eliminate the integration of nonlinear channel dynamics. Output from the model will
be binary, suggesting that either an action potential did or did not propagate. The new approximation
method will significantly reduce run time and computational complexity, and as a consequence, improve
the rate of optimization.
Simulations have been run at the Ohio Super Computer Center in which the applied voltage field was varied
by the maximum voltage and maximum second spatial difference. These simulations were repeated to
systematically test the effects of different pulse widths, axon diameters, and axon positions relative to the
electrode. The results of the simulations were processed to calculate a boundary between parameters that
successfully caused activation and parameters that did not. This boundary was fit to a double exponential
equation as a function of voltage and second spatial difference. The equation coefficients were then further
fit to be a function of pulse width.
In the future, the model will be verified against nerves constructed from histological data. Error will
be quantified by running models with the approximation model and the double cable model
Project Mentor: Dr. Matthew Schiefer, Louis VA Medical Center APT Center





Modification of Knee Joint Endoprostheses for Improved Implant Lifetime

Yuqi Chen, Department of Materials Science, Kyle Johnson, Department of Materials Science, Dominic
Rotter, Department of Materials Science, Dr. Clare Rimnac, Department of Mechanical Engineering
As life spans increase and the population ages, age-related degenerative conditions will dramatically increase
the demand for joint replacement prosthetics. Currently, the most common failure modes among modern
prosthetic designs are related to the bone-prosthetic interface. The failure of the bonding mechanism
between the implant and bone frequently causes implant loosening and mechanical failure. This project
attempts to reduce the failure rate through modification of the design of the tibial interfacing components,
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and through the use of alternative metal alloys and polymers. A 3D modelled redesigned part will be
evaluated for mechanical stability using Finite Element Analysis Software.
Project Mentor: Dr. Peter Lagerlof, Department of Materials Science





Development of Miniaturized Multi-Terrain Wheeled Robot Using 3D Printing Methods to Test the
Feasibility of Passive Wheel Design for Future Swarm Applications
Desmond O’Malley, Department of Mechanical Engineering; Jakob Rubin, Department of Mechanical
Engineering; Chuanqi Zheng, Department of Mechanical Engineering
A key issue in robotics is the ability to create a robot with the capability to traverse a diverse series of
terrain. A common approach to the terrain dilemma is to usually create legged robots. At Case Western Reserve
University (CWRU), Chuanqi Zheng researched the design and testing of the efficacy of using transformablewheeled designs. The objective of these designs is to facilitate movement along difficult terrain with less
complexity. In this experiment a smaller prototype of an established Distributed Intelligence and Robotics (DIR)
design was created and had its capability tested. The robot was designed with the goal of a wheel size of under
one inch in diameter, which is more practical for real-world implementations, including but not limited to
swarm-scale robot deployment. The smaller scale of the prototype means that utilizing certain components,
such as fasteners and bearings, is difficult, costly, and impractical. As an alternative, 3D-printed components
were fabricated at CWRU’s think[box], allowing for purpose-built, efficient designs. The 3D models allowed for
components to be iteratively printed and adjusted until the desired level of functionality was achieved.
Throughout the course of this project three wheel designs were fabricated and tested. The goal of the tests is
to determine the performance of each design in a variety of environments, and evaluate their feasibility within
the prototype’s concept. The tests determined that a capable multi-terrain robot can be manufactured at a small
scale, allowing for a variety of possible applications.
Project Mentor: Dr. Kiju Lee, Department of Mechanical Engineering
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Biomimetic 3D Printed Robotic Finger
Owen Gibson, Department of Electrical Engineering and Computer Science; Ryan Miller, Department of
Electrical Engineering and Computer Science; Brian Rupp, Department of Electrical Engineering and
Computer Science
Biomimicry is the process of copying structures used in nature to improve engineering solutions to various
problems. Our project seeks to emulate this concept through the development of a cheap and quick method
for constructing a biomimetic finger. Taking a broad view, the biomimetic finger is the first step towards
building a biomimetic hand and eventually an arm that could be used for prosthetics. The finger is modeled
after the human skeletal, tendon, and ligament structures. The bones will be 3D printed with cavities to inject
a flexible ligament material to allow the finger to bend. Tendons will be anchored to the bones and attached
to servos to enable flexion and extension of the finger. The servos will be controlled using a software interface
on a PC, allowing a user to fully articulate the finger. The goal of this project is to test and determine the
feasibility of creating a biomimetic finger and all of its bones, ligaments, and tendons in less than one day and
on a small budget. Our long term goal would then be to apply this system to create the entirety of a
biomimetic hand in a similarly quick and affordable fashion.
Project Mentor(s):

Dr. Gregory Lee, Department of Electrical Engineering and Computer Science





Design and Implementation of a Composite Filament Winding Software
Sarah Ryan, Department of Aerospace and Mechanical Engineering; Tobias Behrens, Department of
Aerospace and Mechanical Engineering
Case Rocket Team, a student led design team at Case Western Reserve University, has purchased a CNC
composite filament winder called the X-Winder, aiming to broaden the range of airframe design possibilities
as well as lower composite airframe component cost versus the commercially-wound components currently
in use by the team. The X-Winder, as it was purchased, was found to have several shortcomings, which
inhibit the team from using the filament winder to its full potential. This project will serve to create a new
CAM software to run the X-Winder, improve the machine’s control scheme, and demonstrate the machine’s
expanded capabilities through the production of a fiberglass nose cone. A MATLAB program will be
developed to transform user inputs about the desired component geometry into a full wind path and then
into G-code, which will be readable by the new, retrofit TinyG controller. Success of the program and new
controllers will be assessed through prototypes and test-runs.
Project Mentor: Jason Bradshaw, Department of Aerospace and Mechanical Engineering
Faculty Sponsor: Dr. Clare Rimnac, Department of Aerospace and Mechanical Engineering
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Axion Couplings to Electroweak Fields

Michael Saavedra, Department of Physics
The axion was first proposed as a solution to the Strong CP problem, in which the so-called QCD vacuum angle
is promoted from a parameter to a dynamical field. There is an analogous vacuum angle in the electroweak
(EW) sector of the Standard Model, but this parameter is unphysical due to baryon and lepton number
symmetries. However, instead of considering just the Standard Model, one can instead look at an SU(5)
Grand Unified Theory (GUT), in which the fundamental forces become unified. Within this theory, baryon
and lepton number symmetries are broken, and there is only one vacuum angle due to unification. So not
only must the EW vacuum angle be physical, but also both this and the QCD vacuum angle must be the same
parameter. When promoting the vacuum angle to a field, new axion couplings to EW fields are introduced.
We investigate axion couplings to the electroweak bosons W+, W-, Z, and the photon, and we will use these to
put new bounds on axion parameters.
Project Advisor: Professor Pavel Fileviez-Perez, Department of Physics
Faculty Sponsor: Professor Rolfe Petschek




Brush High School Health Class Nutrition Education Series
Patrick Balsam, B.S Human Nutrition; Lauren Lew, B.S Human Nutrition; Nikita Salwan, B.A Nutritional
Biochemistry and Metabolism
Adolescents are at increased risk for nutritional deficiencies due to various behavioral and biological factors.
In addition, exposure to various social and environmental factors also increases the risk for poor dietary
intake, which can lead to both short- and long-term health consequences. While this is a problem
nationwide, issues of poor dietary intake among adolescents seems to be heightened in Cuyahoga county.
According to the Youth Risk Behavior Survey (YRBS), 35% of adolescents in the U.S. eat breakfast daily, while
less than 25% of adolescents eat breakfast daily here in Cuyahoga county. Furthermore, while 18% of
adolescents in the U.S. drink one or more servings of soda a day, greater than 24% of adolescents in Cuyahoga
county drink soda on a daily basis. Given this drastic discrepancy between nutrient needs and actual intake,
nutrition education is absolutely vital in this at-risk population. Therefore, the goal of this community-based
project was to equip health class students at Brush High School in Lyndhurst, Ohio with the knowledge and
skills needed to make healthy dietary and lifestyle choices. The curriculum for each of the lessons was
adapted from the Food and Drug Administration (FDA) Teacher’s Guide for High School Classrooms and
tailored specifically to the target population. 4 hour-long sessions were conducted over a period of 11 weeks
at the school. Information on Serving Sizes, the Nutrition Facts Label, Added Sugars in Beverages, Sodium in
Foods, Vending Machines, and Healthy Eating Away from Home was presented. Auditory, visual, kinesthetic,
and reading/writing teaching methods were incorporated into the lesson plans to ensure effective
understanding and retention of lesson material. These methods include group activities, worksheets, lectures,
and question/answer periods. Self and peer reflections were completed after every session and discussed in
weekly meetings. Constructive criticism and discussion contributed to improvement in the execution of the
subsequent lessons.
Project Mentor: Dr. Catherine Rogers PhD, RDN, Department of Nutrition
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A Cross-Sectional Analysis of the Profitability of Sustainable Practices Within Top Performing
Companies in the American Economy
Marquis Sanders, Accounting; Jonah Samuels, Business Management
As the world’s supply of resources dwindle, companies around the globe seek to incorporate sustainable
practices that attract both consumers and employees, limit their environmental impact, and help maintain
their competitiveness in their market. They not only want to implement such practices successfully, but also
profitably, in accord to the Triple Bottom Line. This becomes difficult to implement because sustainability can
be incorporated on a multitude of levels throughout a company, each changing how the business may
operate: mitigating risk, improving efficiencies, differentiating products, entering new markets, enhancing
brand image, and influencing industry standards. Businesses are able to climb this ladder through innovative
implementation of strategies.
This paper seeks to classify the top performing companies in the Fortune 500 on this “Sustainability Ladder,”
and will attempt to associate their success to their focus on providing the world with healthier business
practices. Dummy variables for each step of the ladder will be assigned to each company based on what we
are able to learn about them, and regressed against market cap for analysis. We gathered a field of data from
various companies’ financial statements and economist analysis of several different industry competitors to
see how they approached their implementation stages, and how well they played out. We controlled for the
economic years, industries, consumer profiles, and sustainable initiatives to understand and provide evidence
on which measure in an industry proves most profitable.
We expect to find that the most profitable way to implement sustainability is in the PR and Marketing levels
of a company, which requires time to manifest and brand. What this means for ongoing companies and the
public is that while there is a big incentive to decrease their environmentally harmful practices, to maintain
profitability, they should push further outside of their company and provide resources for ongoing
sustainable organizations and partnerships to become more than just their own company, to make their
company a part of the entire movement for sustainable practices.
Project Mentor: Professor Jenny Hawkins, Department of Economics


Affordable Housing Design in University Circle

Aaron George, Boris Granda, Helen Sanderson, Department of Civil Engineering

Affordable housing options in University Circle are necessary due to rising housing costs. The goal of
this project is to design an apartment building that maximizes occupancy and minimizes the cost of
construction while ensuring environmental and structural safety. A mid rise 8-story reinforced concrete
building is being designed with a pentagonal footprint and large green space to match the unique architecture
of University Circle’s other large structures. Building loads were calculated using the American Society of Civil
Engineers’ building design code and two types of lateral force resisting systems, shear walls and moment
frames, are included in the structural design to support the building and prevent excessive drift. A model of
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the building is designed in RAM Structural System software and compared to hand calculations of member
sizes in order to ensure accuracy. The construction phase of the project includes lean construction
techniques, including the use of trade leaders to improve communication, to complete the building in
approximately 10 months. The target budget has been estimated with RSMeans software to be approximately
$5.3 million for labor, materials, location, estimated overhead, and additives, which is relatively low for a
building of this scale. The use of a brownfield site can also lower the cost, although it may introduce
contaminants that must be remediated. Particulate lead is the most common contaminant in Cleveland due to
deposition from paint and gasoline. Any amount of lead exposure can be toxic and cause developmental
disabilities. Remediation techniques for removing lead, including excavation and chemical immobilization,
are considered for their efficiency in reducing the concentration of lead to minimize risks from exposure.

Project Mentor: Troy Morgan, Department of Civil Engineering




Chemical Remediation of Organic Contaminants in Wastewater

Helen Sanderson, Department of Civil Engineering; Kuan Huang, Department of Civil Engineering

Current wastewater treatment methods do not combat organic pollutants like pharmaceuticals and
fertilizers, which can accumulate in sediments and cause health effects for humans and wildlife. Treatment
methods are being developed, including oxidation with peroxymonosulfate (PMS) upon the activation by
catalysts through the generation of highly reactive sulfate and hydroxyl radicals or direct electron transfer. A
variety of metal-based particles have been tested as catalysts, including manganese oxides, which have a high
reactivity and low cost and can utilize both radical and non-radical pathways. Silver nanoparticles have been
shown to increase reactivity when doped onto other catalysts but little previous research has studied them
independently. This project tested and compared iron doped manganese oxide and pure silver nanoparticles
as catalysts for PMS activation to increase the degradation of bisphenol A. The results show that a higher iron
to manganese ratio increases the degradation rate while the use of a pure silver sheet also effectively
activated PMS and formed silver nanoparticles as the reaction progressed. Further study will be done to
determine the mechanism and rate of oxidation reactions with silver catalysts and their potential to be
recycled for continued use.

Project Mentor: Dr. Judy Zhang, Department of Civil Engineering



156

Analyzing Motor Improvement of Dynamic High-Cadence Cycling in Parkinson’s Disease Patients

Elizabeth Schafer, Department of Electrical Engineering; Jeremy Zalles, Department of Electrical
Engineering

Parkinson’s disease (PD) is a neurodegenerative disorder that affects the central nervous system and causes
symptoms including tremors, bradykinesia, limb rigidity, and impaired balance. About 50,000 patients are
diagnosed with PD in the United States each year [1]. Previous studies show that dynamic high-cadence
cycling on a tandem bicycle improves motor function in PD patients with greater success than static cycling
[2]. By introducing variability into the cycling process, PD patients showed greater motor improvement
according to Unified Parkinson Disease Rating Scale (UPDRS) scores. There is a need to establish a statistical
model that can predict patient motor improvements based on cycling routine characteristics. This project
analyzes the relationship between UPDRS change, various patient demographics, and variability in cadence,
heart rate, and power based on previously collected data. This project identifies which independent variables
most affect the UPDRS change in patients using statistical analysis approaches including multiple regression
analysis, logistic regression analysis, support vector machines, and other additional methods. Analysis is also
performed by grouping the subjects and comparing models for dynamic cycling patients who showed
improvement in UPDRS scores, dynamic cycling patients who did not show improvement in UPDRS scores,
and static cycling patients. Identifying trends between these groups helps further our understanding of the
effects of dynamic cycling on Parkinson’s disease patients and provides insight to dynamic cycling’s potential
uses in rehabilitation therapy.

Project Mentor: Dr. Kenneth Loparo, Department of Electrical Engineering and Computer Science
Faculty Sponsor: Dr. Gregory Lee, Department of Electrical Engineering and Computer Science

[1] “Parkinson's Disease: Hope Through Research,” National Institute of Neurological Disorders and Stroke, Dec2014. [Online]. Available: https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Hope-ThroughResearch/Parkinsons-Disease-Hope-Through-Research. [Accessed: 22-Mar-2019].
[2] A. L. Ridgel, R. S. Phillips, B. L. Walter, F. M. Discenzo, and K. A. Loparo, “Dynamic High-Cadence Cycling
Improves Motor Symptoms in Parkinson’s Disease,” Frontiers in Neurology, vol. 6, Sep. 2015.
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Biologically Inspired Neural Network Model
William Schmid, Department of Physics; Roberto Fernández Galán, Department of Electrical Engineering and
Computer Science
Even in the absence of stimulation, neurons in the brain fire electrical discharges (action potentials) over a
wide range of frequencies, displaying significant variability from cell to cell. In previous experiments, our lab
has used a microelectrode array to collect data across hundreds of mouse-brain neurons in vitro. We have
observed that neurons display complex, perhaps chaotic, electrical activity; not only does the regularity of
firing vary with the speed of firing (fluctuation scaling), but the same patterns of activity within single
neurons are evident at the scale of the entire network. However, it remains unclear if the complexity we
observe is truly chaotic based on trends in the data alone. There are also experimental limitations; we cannot
manipulate fluctuation scaling experimentally. Thus, there is a need for computational methods to
characterize this regime of brain activity, a regime understood to be crucial for normal cognitive function. We
begin the construction of a biologically accurate, yet computationally efficient, spiking neural network model.
We implement our model in a modular MATLAB script using powerful, built-in differential equation solvers.
Although we continue to refine simulations of small neural circuits so to preserve realistic behavior of
individual neurons and synaptic connections, the main structure of our network model is complete, and is
easily scalable and relatively fast considering its computational complexity. We will eventually use our model
to simulate networks of hundreds of neurons, with hopes of reproducing or accounting for the variability and
complexity we observe experimentally. With our model, we aim to test the hypothesis that the network is
truly chaotic, and thus essential to generate complex behavior in vivo.
Project Mentor: Professor Roberto Fernández Galán, Department of Electrical Engineering and Computer
Science





Project Raptor

Christina (Chrissy) Gallishen, Electrical Engineering; Chude (Frank) Qian, Electrical Engineering; James
(JC) Schmidt, Systems & Control Engineering and Electrical Engineering; Dr. Frank Merat, Department of
Electrical Engineering and Computer Science

Project Raptor is a low-cost expandable experimental Ackermann-Steering (also known as car-like)
autonomous vehicle platform build based on a modified Fisher Price Power Wheels platform. The goal of this
project is to develop an autonomous vehicle platform on which future research can be conducted, and can
easily be duplicated by other autonomous vehicle research groups. The original Power Wheels platform has
minimal control and circuitry components and corresponds to an SAE autonomy level of 0. By retro-fitting
the platform using servo and DC motor controllers, we are now able to control the vehicle electronically.
Beyond that, sensors such as ultrasonic ranging sensors, Intel RealSense RGBD camera, and RP2 lidar are
being installed for future research applications with the potential of raising the vehicle to an SAE autonomy
level of 3. The controlling software is being built using the ROS developing standard for robots guaranteeing
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future expandability. In additional to allowing future university students and researchers to test concepts for
autonomous vehicles on an Ackermann steering platform, this platform can also be used as the base vehicle
for autonomous driving competitions such as the Intelligent Ground Vehicle Competition (IGVC).

Project Mentor: Dr. Francis L. Merat, Department of Electrical Engineering and Computer Science
Faculty Sponsor: Dr. Gregory S. Lee, Department of Electrical Engineering and Computer Science





Small and Large Field Vision System for a Mantis Robot

Anna Sedlackova, Department of Electrical Engineering and Computer Science; Nicholas Szczecinski,
Department of Mechanical and Aerospace Engineering

A major initiative of the biorobotics community involves using sensor networks to mirror core biological
functions and processes. A significant effort in this field has focused on interoception, or the perception of a
robot’s own motion, including proprioception and strain sensing. Our work specifically concerns the
realization of interoception in a robotic mantis using two specially-designed, fish-eye cameras. These cameras
stream images in real-time from which visual information is determined through partially-connected neural
networks that mirror the mantis’ actual neural connectivity. In this project, we aim to enhance this mantis’
synthetic nervous system by leveraging computer vision techniques that track intensity changes in the
streaming images to detect external stimuli that enter and exit the field of view. These improvements will
enable the mantis to track nearby landmarks (“small field vision”) and detect the optical flow of the entire
visual field (“large field vision”). We will also utilize specialized neural network architectures not only for
depth perception but also for object recognition and estimating speeds of nearby landmarks in motion. In
total, these enhancements will enable us to investigate robot localization, navigation, and perception inspired
by biological insights from insect neural systems.

Project Mentor: Professor Roger Quinn, Department of Mechanical and Aerospace Engineering
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Investigation of Production Parameter Effects on Spark Plasma Sintered Molybdenum Cermet Wafers
for Nuclear Thermal Propulsion Applications

Becca Segel, Department of Chemical and Biomolecular Engineering; James Zillinger, University of Idaho;
Kelsa Benensky, University of Tennessee; Dennis Tucker and Marvin Barnes, Materials and Process
Laboratory, MSFC

Nuclear thermal propulsion (NTP) is a vital method of travel due to its high thrust. NTP fuels are researched
by NASA and its partners to enable fast transit times for missions beyond low Earth orbit to Mars. This study
focused on nuclear fuel fabrication using powder blending and spark plasma sintering (SPS) of Mo-ZrO¬2
surrogate ceramic-metal (cermet) fuels. The study consisted of two co-projects: a powder
blending/distribution study and an SPS parameter optimization study. The powder blending study focused
on optimization of the powder processing parameters in order to fabricate high density cermets with
uniformly distributed ceramic microstructures. The SPS parameter optimization study focused on the impact
of sintering parameters (temperature, dwell time, and pressure) on the microstructural properties of a
cermet (density/porosity, grain structure, and hardness). In the powder blending and distribution study,
addition of 0.1 wt% and 0.5 wt% binder resulted in complete coverage and even distribution of large,
spherical ZrO2 particles with Mo powder for batches of 50 vol% and 60 vol% ceramic loading respectively.
When optimizing SPS parameters, fuel density (decreased porosity) was directly related to increase in
sintering temperature, pressure, and time. Optimal sintering parameters suggested from this study, for MoZrO2 cermet wafers with 60 vol% ceramic loading, were found to be at a temperature of 1400ºC, at 50 MPa
uniaxial pressure, for at least 5 minutes dwell time.

Project Mentor: Kelsa Benensky & Marvin Barnes, NASA Marshall Space Flight Center





Determining the Impact of Genetic and Clinical Risk Factors on Risk of Transitioning to Secondary
Progressive Multiple Sclerosis

Corriene Sept, Department of Statistics; Elina Misicka, Department of Population Quantitative Health
Sciences; Farren B.S. Briggs, Department of Population Quantitative Health Sciences
Multiple Sclerosis (MS) is an autoimmune disease of the central nervous system. Most persons present with
relapsing-remitting (RR) MS, defined by discrete relapses with periods of recovery and variable disability
accrual. Most persons with RRMS will transition to secondary progressive (SP) MS, defined by the steady
disability accrual for which there is no therapeutic option. This transition is currently unpredictable. We
sought to investigate the relationships between MS genetic and non-genetic risk factors, and onset clinical
traits, on SP risk. The study population included 1295 non-Hispanic white persons with MS. Cox Proportional
Hazards Models with forward stepwise variable selection (α=0.05) examined the relationships between
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established MS risk factors (HLA-DRB1*15:01, HLA-A*02, a genetic risk score [GRS] based on 200 additional
risk variants, smoking, obesity, and infectious mononucleosis) and clinical traits (onset age, onset symptoms,
time to second relapse, and comorbidity burden). Models were conducted for three censoring variables:
overall transition (SP) and transition in 10 years (SP10) and 20 years (SP20). Across all models, males,
older onset age, and a shorter interval between the first two relapses significantly increased the risk for
SPMS. Interestingly, HLA-A*02 and having a comorbid neurological disease (primarily migraines), decreased
SP risk (Hazard Ratio [HRSP]: 0.73, p=0.027; and HRSP: 0.58, p=0.01, respectively). Having cancer significantly
increased SP risk within 10 years (HRSP10: 3.03, p=0.023). Exploratory analyses investigated the individual
relationships between the 200 additional genetic risk variants and SP risk. The strongest association was for
carrying two rs6072343 risk alleles (HRSP: 6.32, HRSP10: 11.76, HRSP20: 5.81, p<0.0001). In summary, we
identified several factors predictive of SP risk, most interesting was the protective effect conferred by HLAA*02 as it is also a protective variant for MS susceptibility. There was also preliminary evidence for a LPIN3
variant, suggesting fatty acid metabolism might be relevant for SP risk.
Project Mentor: Professor Farren B.S. Briggs, Department of Population Quantitative Health Sciences





Application of Dimensionality Reduction Techniques to Medical Imaging Data
Nathan Shaffer, Department of Physics; Julia Dobrosotskaya, Department of Mathematics, Applied
Mathematics and Statistics

The term dimensionality refers to the number of features or attributes of a data set and is commonly
represented by the number of inputs or measurements in the data. Dimensionality reduction is a process
commonly used to reduce the dimension, and thus, the complexity of data, while taking advantage of specific
features or correlations in the data. The goal of this project was to investigate the applicability and efficiency
of modern dimensionality reduction techniques to a novel class of medical data developed here at CWRU. This
data was obtained using a new acquisition technique called Magnetic Resonance Fingerprinting (MRF). MRF
uses a randomized acquisition method with the target of acquiring a unique signature or “fingerprint” of each
tissue or otherwise distinctive subset of the volumetric representation of the human brain.
Different types of dimensionality reduction techniques are based on specific assumptions about the dataset,
and identifying the appropriate assumptions for a given set can be a challenge. We tested methods based on
Laplacian Eigenmaps assuming our data lies in a lower dimensional manifold within a higher dimensional
space, and sparse principal component analysis, based on the assumption that our data can be sufficiently
represented by few principal components with sparse decompositions. The immediate output showed clear
geometric structures observed in the data, but was not identifying anatomic features we were looking
for. Further tuning and improvement of the techniques including projections onto a subspace of alternately
acquired features, and reinterpreting the data via multiscale analysis lead to significant
improvements including decomposing the signals into components that are more conducive in feature
distinction and tissue classification of MRF data.
Project Mentor: Julia Dobrosotskaya, Department of Mathematics, Applied Mathematics and Statistics
Faculty Sponsor: Rolfe Petschek, Department of Physics
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Refresherate: An Android App to Support Food Management and Prevent Wastage

Raul Arturo Hernandez Gonzalez, B.A. Computer Science & B.S. Applied Mathematics
Dasani Madipalli, B.A. Computer Science
Vishal Shah, B.S. Computer Science
Catherine Tsuei, B.S. Computer Science
According to the USDA (United States Department of Agriculture), an estimated 30-40% of food production is
wasted. Refresherate, an Android application, combats this issue by helping users consume their food before
expiration. Refresherate combats food wastage at the individual level in two major ways: it displays
expiration reminders for the user’s food pantry and it provides users with recipes that use the items in their
pantry.

The application provides a simple interface to make it easy for daily use. A user can type their food item in a
search bar and select the correct description. Through a pop-up window, the user can select the state of their
food item which specifies its shelf life. When returning to the home page, the user can view their list of food
items in order of the closest expiration along with options to edit the item quantity. Based off of the Food
Safety & Inspection Service FoodKeeper database, this part of our application will provide accurate expiration
information so that a user does not need to manually add an expiration date for their groceries.

The other main functionality of our application uses the Spoonacular API to provide a user with relevant
recipes. Many people do not know how the remaining foods in their homes; therefore, Refresherate uses this
API, which returns a list of recipes that uses the ingredients that the user has inputted in the app.

Project Mentor: Dr. Soumya Ray, Department of Electrical Engineering & Computer Science





Spatially Varying Liquid Crystal Order in Hard Tetrahedra
Samantha Shears, B.S. Mathematics and Physics, Department of Physics; Rolfe Petschek, Department of
Physics; Michael Saavedra, Department of Physics; Rachel Capelouto, (formerly) Department of Physics; Brian
Cox, (formerly) Department of Physics
A fluid of regular hard tetrahedra can have complex quasicrystalline phases under compression. The
structure of this tetrahedral system is difficult to understand experimentally, so this project uses a preexisting program in the HOOMD-blue particle simulation toolkit to model the tetrahedral fluid in a box under
various conditions computationally. The simulations aim to fix mistakes in the box sizing made by a previous
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research group. After this, the positional and orientational data from the first program is analyzed in Python
to give further information about the structure of the system. This analysis produces Bragg diffraction
patterns to check that the simulations are displaying the right symmetries and to help find a suitable order
parameter to characterize the system’s phase changes. The analysis indicates that the system will be well
described by a third rank tensor order parameter, with several higher rank secondary order parameters.
After the analysis of the data is complete a Landau theory for the system is formulated to describe the phase
transitions using an order parameter of the form indicated by the analysis.
Project Mentor: Rolfe Petschek, Department of Physics





Third Harmonic Generation in Multilayered Organic Materials
Zeyang Shen, Department of Physics, Kenneth Singer, Department of Physics, Samuel Schwab, Department
of Physics
Nanophotonics is a very active area of research allowing fine control and exotic optical effects. In particular,
artificial optical materials known as metamaterials provide for designer optical properties. In this project,
we combine the remarkable nonlinear optical properties of conjugated organic materials with their additional
ability to strongly couple to electromagnetic modes in metamaterial structures to produce a new class of
wavelength agile nonlinear optical structures. Our modeling and experiments will focus on structures of bilayers of metal and organic DCDHF-6-V forming three coupled polariton cavities with angle tuned polariton
resonances, depending on the organic layer thicknesses. Third harmonic generation will be studied on the
fabricated multilayered material and data will then be collect and analyzed. A better understanding of optical
properties of light in such coupled cavities will advance new photonic devices as well.
Project Mentor: Professor Kenneth Singer, Department of Physics




RoadMapz: Contour map creation for RoadPrintz
Adam Davis, Electrical Engineer; Christopher Hadiono, Electrical Engineer; Kjay Shieu, Electrical Engineer
The street painting industry is currently worth around 400 million dollars a year in the United States and
even more in Europe. As long as people drive cars on the streets there will be a need for painted road signs.
This industry is steady because paint eventually fades and streets always need to be repainted. Road signs are
important not just because they make streets look nice but because they guide, warn, and regulate the flow of
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traffic. Our purpose is to control a robotic painter so that it will be 10 inches above the road that is painting
on in order to maintain a consistent thickness in the paint without any errors. Another purpose is to keep the
spray head and machinery safe from potential obstacles that may appear on the road. We have conducted
tests with varying sensors to find a suitable candidate for our purpose which include an IR sensor, an
ultrasonic sensor and an Intel RealSense camera. The final sensor will be used to create a localized contour
map beneath the spray head to give the robotic arm an idea of its surroundings.
Project Mentor: Professor Wyatt Newman, Department of EECS




The Effect of Campus Carry Legislation on Campus Safety
Emma Toth, Department of Economics; Shelby Shvorob, Department of Finance and Department of
Economics
Laws on gun control are hotly debated across the United States and this effect is not limited to college
campuses. The economic issue discussed in our paper is motivated by the policy effects and deterrence of
mandatory campus carry laws, which allow licensed people to carry a concealed weapon on publicly funded
university campuses. In order to solve this research question, we plan on collecting data from the US
Department of Education to create a multi-year data panel of public universities around the United
States. We will construct an OLS regression using this panel that will examine the relationship between the
natural log of the violent crime rate and the presence of a campus carry law in that state, using university and
state fixed effects. Lott and Mustard (1996) conclude that concealed carry laws deter violent crime, but lead
to a substitution effect with non-violent crime.
We hypothesize that campus carry laws will have also have a deterrent effect on violent crime on college
campuses because of the increased expected cost of violent crime for the perpetrator. A statistically
significant relationship between the campus carry dummy variable and the natural log of the violent crime
rate, controlling for all other confounding factors, would indicate an effect of campus carry laws on the rate of
violent crime, depending on the coefficient value. Our results would be generalizable to public universities
around the United States, as they are the only institutions affected by campus carry laws, and would have
policy prescriptions on the campus carry issue.
Project Mentor: Professor Jenny Hawkins, Department of Economics







164

Predictors of First Visit Attendance in a Group Cognitive Behavioral Therapy Study for Tobacco
Cessation
Jordin Sirody, Department of Anthropology; Dr. Monica Webb-Hooper, Oncology
Background/ Objective: Group cognitive behavioral therapy (CBT) for tobacco cessation is an evidence-based,
yet underutilized intervention. Few studies have focused on the rate of attendance at the initial in-clinic
session, social determinants of health (SDOH), and individual-level characteristics related to therapy uptake.
The present study examined factors associated with failure to attend the initial visit (i.e., no-show) among
treatment-seeking smokers.
Methods: Data for this study included 98 tobacco users who were eligible and scheduled for the End Nicotine
Dependence (END) Clinic study, which delivers CBT to adults in the community (N=98). At screening,
participants self-reported how they learned of the study, demographics, smoking history, and contact
information. Analyses considered recruitment method, race/ ethnicity, sex, age, cigarettes smoked per day
(CPD), years smoking, wait time to begin treatment, and distance from the clinic. Bivariate and multivariate
regression analyses were conducted.
Results: Eligible/ scheduled individuals were mostly recruited via word of mouth (46%), female (57%),
African American (65%), middle-aged (Mage = 47 years), and smoked 16 CPD for 25 years. They waited 29
days to begin treatment, and resided 8 miles away from the clinic. 59.2% of scheduled participants were noshows at orientation. Bivariate analyses showed that recruitment source, age, years smoking, and distance
from the clinic were significantly correlated with no-shows. Multivariate analyses indicated that online
recruitment was related to a 3.5 times greater likelihood of no-shows. The other factors did not demonstrate
independent associations in multivariate tests.
Conclusions: Our results indicate potential barriers to participation in treatment, and have implications for
pre-intervention engagement strategies and intervention format modifications that may increase reach and
uptake.
Project Mentor: Dr. Monica Webb Hooper, Oncology
Faculty Sponsor: Professor Lawrence Greksa, Department of Anthropology



Thin Film Solar Powered Electric Vehicle

Amelia Samett, Department of Mechanical and Aerospace Engineering
Anna Sklenar, Department of Mechanical and Aerospace Engineering

This project focused on the design and analysis of an electric vehicle powered by thin film solar panels. In our
work, we evaluated the feasibility of the vehicle in two scenarios: 1. A fully solar powered vehicle, 2. A fully
solar powered vehicle with a battery to store solar energy or charge from the grid. From this study, we
determined that the vehicle requires a battery to be feasible. Next, we compared commercially available
electric vehicles and thin film solar panels and chose to base our analysis on the body of a small, lightweight
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vehicle with top of the line solar panels from current research. These panels have an efficiency of 22%. Our
design maximizes the vehicle’s use of renewable energy. Locations of the panels include all painted surfaces
and a rotatable sun-cover which covers the windshield while the vehicle is parked, and stores on the roof
while driving. This unique feature increases the total surface area of the solar panels on the vehicle by about
20 percent. Finally, we analyzed the effect climate and season have on our vehicle in three locations
(Cleveland, Los Angeles, and Phoenix) and determined the maximum driving distance of the vehicle in two
scenarios: 1. using pure stored solar energy, and 2. with additional charging via an electrical wall outlet.

Project Mentor: Dr. Chris Yuan, Department of Mechanical and Aerospace Engineering
Faculty Sponsor: Dr. Clare Rimnac, Department of Mechanical and Aerospace Engineering





Petrographic and Geochemical Analyses for Sourcing Lithic Artifacts: Preliminary Study of Two Central
Ohio Formations
Steven Skubish, Department of Earth, Environmental, and Planetary Sciences
Chert is one of the most commonly used resources in human prehistory because its traits made it a useful
material for use in ancient tools and weapons. Chert artifacts abound in natural history museums around the
world. Determining provenance of chert can give archeologists and anthropologists insight into prehistoric
human activity including migration and trade patterns. The purpose of this study was to determine if there
are bases on which to discriminate chert outcrops in Ohio to eventually assign Ohio museum artifacts of
unknown provenance to a quarry site. Four locations in Ohio were selected for study based on proximity and
the presence of accessible chert outcrops in formations known to be sources of the paleo-production of lithic
artifacts. Two sampling locations (Glenford, Perry County) were chert beds in the Upper Mercer Limestone
(Pottsville Group, Lower Middle Pennsylvanian) separated from each other by 3.3 miles. The other two
(Warsaw, Coshocton County) were chert layers in outcrops of the Vanport Limestone (Alleghany Group,
Upper Middle Pennsylvanian) separated from each other by 2.4 miles. Four to five fist-size nodules were
collected from float in and around each outcrop. The 19 nodules were analyzed macroscopically (color,
texture, luster, etc.), microscopically (e.g. inclusions), and geochemically for minor and trace element
concentrations using a Thermo X Series II quadrupole ICP-MS. While macroscopic and microscopic analysis
showed little variation among outcrops, multivariate ordination (linear discriminant analysis) of a dozen
selected elements – Li, Mn, Fe, Rb, Sr, Mo, Ba, La, Ce, Pb, Th, U – showed promise as a method for
discriminating among chert nodules. Using a leave-one-out method to assess the ordination, the nodules were
correctly assigned to their home formation 100% of the time. Assignment to the correct location within the
formation was less certain, with a 60-80% success rate. Future studies should sample more Ohio formations
and more outcrops within each formation and develop more robust rock preparation techniques that aim to
avoid weathering alterations.

Project Mentor: Professor Peter McCall, Department of Earth, Environmental, and Planetary Sciences
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Cranial and mandibular morphological shifts correlate to dietary shifts across Mammalia
Katherine Slenker: Case Western Reserve University Department of Biology

The class Mammalia is incredibly diverse and its organisms encompass a broad range of diets and acquisition
strategies. One of the primary features that shows a great degree of diversity among organisms is the
morphology of its cranial and mandibular structures. Identification of patterns or even convergence within
cranial and mandibular structures may reveal further insights about common adaptations to various dietary
ecologies. Similarities among cranial and mandibular morphologies and diet, even across large phylogenetic
distances in Mammalia, may indicate innate morphological constraints in relation to different dietary
ecologies. For example, those diets that require the use of extensive mandibular musculature may have
universally large cranial characters.

Measurements of the cranial and mandibular structures of various species within Mammalia and records of
their feeding behaviors were compared to existing phylogenies of corresponding clades to contrast
morphological and genetic characters. These datasets were processed in the R environment and matched to
the phylogenies for PGLS analysis and ANOVA using the R packages, ape, phytools, and picante.

The results of the analyses indicate that there is a relationship between dietary ecology and cranial and
mandibular structure. Those within similar dietary niches, including hypercarnivory, herbivore, etc., all
display relatively analogous features that enable them to function efficiently, and these same features are
present throughout various orders and families within Mammalia. This seems to indicate that some cranial
and mandibular characters (i.e. relatively larger head size) are innate for certain dietary ecologies (i.e.
hypercarnivores). Furthermore, phylogenetically speaking, those within the same order or family that share
similar cranial and mandibular structures often share a comparable diet. An area of further study may be to
see if changes in diet result in speciation. Despite the vast diversity present within Mammalia, there are
characteristic diets and morphological features associated with certain clades.

Faculty Sponsor: Professor Jean H. Burns, Department of Biology
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A_SLUG (Art from Song Lyrics Using GANs)
David Lituchy, Department of Electrical Engineering and Computer Science; Ethan Smilg, Department of
Electrical Engineering and Computer Science
Neural networks are information systems that are modeled after biological neurons within the human brain.
In machine learning, generative adversarial networks are a combination of 2 neural networks that effectively
train each other. A generator network is used to create an output given an input. The discriminator network,
is fed a combination of data from the generator and data from a training set. Using backpropagation
(feedback) and gradient descent, the generator “learns” to create realistic data. A_SLUG (Art from Song Lyrics
Using GANs) uses this type of network to take in song lyrics and outputs realistic, computer-generated, neverbefore-seen album art. Using Billboard Top 200 albums from the last 10 years, our network has been trained
on what real album art looks like, and has learned to interpret song lyrics. The networks have been developed
and trained using TensorFlow. Scrapy is a web-scraping library that was used to gather the data needed to
train the GAN, both album artwork and song lyrics. All of the album art was formatted to be uniform size, and
the lyrical data was truncated after a certain file length. This uniformity was necessary to incorporate the
data into the TensorFlow data pipeline for processing and analysis by the GAN. The greater purpose of this
project is to show the range of applications for electrical engineering and computer science. Many see
engineering and art as two separate things that are at odds, however this project is a collaborative effort
using principles from both areas.

Project Mentor: Professor Evren Gurkan-Cavusoglu, Department of Electrical Engineering and Computer Science
Faculty Sponsor: Professor Gregory Lee, Department of Electrical Engineering and Computer Science





Stratigraphic classification of Laurentide paleolakeshores in Southeastern Michigan
Adam Smith, Department of Earth, Environmental, and Planetary Sciences
Glaciolacustrine features, like recessional moraines and paleolakeshores, are present throughout the HuronErie lowland of Southeast Michigan. Many of these glacial artifacts were formed in the Great Lakes region
18,000 yrs BP with the retreat of the Laurentide Ice Sheet. One theory of paleolake genesis within the Lake
Huron basin is through the “closed basin” depositional model. This study assesses the applicability of this
model compared to soil boring data collected to form a regional understanding of depositional mechanisms.
Thirteen soil borings were drilled within the region along four transects to evaluate evidence for sandy paleo
lakeshores. We confirmed this existence through grain size analysis primarily. Grain size analysis (sievebased) was conducted on the sample batches at varying depths and layers to classify trends in sorting and
deposition. Based on these tests, two distinct modes of sediment were classified - a uniform, highly
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compressed red clay and a very fine - fine sandy gray loam associated with the margins of these paleolakes.
Derived stratigraphic cross-sections also suggest the sandy gray loam indicates these paleo lakeshores. The
presence and variation of this layer along a cross-section are also consistent with fluvially transported glacial
sediments found within the “closed basin” depositional model. Using this data in comparison to the records
found in comparable studies of Laurentide geomorphology, it can be inferred that this model provides an
accurate assessment of the paleographic reconstruction for Southeast Michigan.

Project Mentor: Professor Peter Whiting, Department of Earth, Environmental, and Planetary Sciences





Automatic Inference of Application Reputation on System Monitoring Data
Taylor Smith, Department of Electrical Engineering and Computer Science, Pengcheng Fang, Department of
Electrical Engineering and Computer Science, Changlin Liu, Department of Electrical Engineering and
Computer Science
The need for countering Advanced Persistent Threat (APT) attacks has led to solutions that ubiquitously
monitor system activities in each host, and perform timely attack investigations over the monitoring data.
However, existing solutions face major limitations in automating the process of attack investigations. In this
work, we propose a novel approach, SYSREP, which makes the first step towards automatic attack
investigation. SYSREP assigns discriminative weights to the edges in a system dependency graph to
distinguish critical edges that are important to reveal the attack sequence, and propagates reputation values
from seed sources to suspicious system entities. Through the addition of pipes in the SYSREP, we can
successfully capture the pipe events that redirect the output of a process to another process as edges in the
dependency graph. The reputation propagation enables SYSREP to automatically determine whether a system
entity came from a trusted or a suspicious source, and the edge weights enable SYSREP to automatically
reveal critical edges for reconstructing the attack sequence. The evaluations on a wide range of attacks on key
system interfaces and real APT attacks demonstrate the effectiveness of SYSREP in reputation propagation
and attack sequence reconstruction.
Project Mentor: Professor Xusheng Xiao, Department of Electrical Engineering and Computer Science



Bioinformatic identification of candidate miRNA biomarkers for traumatic brain injury
Christine Smothers, School of Nursing; Grant C. O’Connell, School of Nursing
The identification of peripheral blood biomarkers associated with traumatic brain injury (TBI) could lead to
the development of molecular diagnostics which could be used to aid acute detection when neuroimaging is
unavailable, or to remotely track injury progression and recovery. It is becoming increasingly evident that brain
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tissue exhibits patterns of micro-RNA (miRNA) expression which are distinct from those of other tissues.
During TBI, the blood brain barrier becomes disrupted and molecules from damaged neural tissues are
released into peripheral circulation. Thus, the detection of brain specific miRNAs in peripheral blood could
serve as a surrogate marker of TBI. In this investigation, we aimed to systematically identify brain-enriched
miRNAs, and then test their potential utility for use as TBI biomarkers. First, we obtained publically-available
expression data for over 1,300 miRNAs generated from 31 different human post-mortem tissues. Tissue
specificity index (Tau) was calculated for each miRNA, and they were subsequently ranked in terms of their
degree of brain-specific expression. The abundances of the top five ranked miRNAs were then measured in
serum samples collected from 10 TBI patients and 10 healthy controls using qPCR, and evaluated for their
ability to discriminate between groups using k-nearest neighbors (k-NN). The top five miRNAs identified in
our tissue specificity analysis were miR-137, miR-219a-5p, miR-128-3p, miR-124-3p, and miR-138-5p, which
exhibited from 31 to 74-fold higher expression in brain relative to other tissues. Three out of the five candidate
miRNAs exhibited significantly higher abundance in serum samples from TBI patients relative to control
patients in qPCR analysis, and their coordinate expression levels were able to discriminate between groups
with 90% sensitivity and 80% specificity. The five candidate miRNAs identified in our analysis have potential
utility for use as TBI biomarkers, and such a possibility warrants further investigation.
Project Mentor: Professor Grant C. O’Connell, School of Nursing



Testing Basal Cortisol Levels Influence on Antagonistic Behaviors in Multiple Primate Species
Dean Snelson, Department of Biology; Dr. Jean Burns, Department of Biology
Cortisol is a critical steroid hormone that helps the body respond to stress induced situations. Released by the
adrenal gland, excess cortisol in the blood stream can lead to high blood pressure, high blood sugar, weight
gain, and a plethora of other symptoms. This hormone is most commonly found in high amounts during the
day, whereas during the night it is found to be at its lowest, pending activity. Prolonged stress can vary these
findings, as it forces the adrenal gland to produce more cortisol in order to compensate for the additional
stress placed upon the body. Due to this, we tested basal cortisol levels relation with behaviors of different
primate species, to see if higher amounts in the blood stream are predictive of more antagonistic behavior.
Statistical testing was performed using published data that tested Cortisol levels in eight different primates,
with common behaviors of the species being categorized as either 0, 1, 2, and 3 (0 represents no antagonistic
behavior, 1 as mild, 2 as moderate and 3 as strong). A rooted phylogeny covering 644 different primate
species was also used, provided by the instructor of the independent research course and found online using
the website Open Tree of Life. To run tests, both data and phylogeny were uploaded to R studio. Installing
libraries ape, picante, lmtest, Hmisc, and phytools into R console allowed us to match data, and perform PGLS
analysis to test for significance between variables. PGLS analysis stands for Phylogenetic Generalized Least
Squares analysis which uses our phylogeny to account for error, along with the data to generate a significance
value. Our results provided a P value of .2445 when using cortisol level as the predictor variable and behavior
as the resultant variable. Effect size was also calculated using R studio by finding the mean cortisol level of
each behavior bracket and comparing. Here data showed that moderate adverse behaviors in primate species
showed on average about 1.88 times the cortisol level than no relevant adverse behavior species. Differently,
the P value generated of .2445 was above our significance value of .05, thus we failed to promote our
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hypothesis that cortisol predicts antagonistic behavior. The effect size results were more promising, since
moderate antagonistic behavior having average cortisol levels 1.88 times greater than no relevant
antagonistic behavior suggests the data may have trend like characteristics, but additional samples are
needed for the significance test. Worth mentioning, antagonistic behavior may very well be the predicator
variable when pertaining to primate cortisol levels. This aggressive behavior may induce stress, causing
elevated levels of cortisol. Unfortunately, the research does not incorporate stress into the data, but this may
explain another reason behind the trend finding in the effect size with future study. Conclusively, due to our P
value, we are unable to draw significant evidence about cortisol levels in primates influencing antagonistic
behavior from our data, as it is impossible to dismiss the possibility of chance affecting results. If found
significant with future analytical research, prior adaptations in cortisol level due to its correlation with
aggressive behavior may be proposed as this may prove advantageous for organisms of the species survival.

Project Mentor: Dr. Jean Burns, Department of Biology





Leveraging Networks: A Study of Communities of Opportunity Grant Recipients
Alena Sorensen, Department of Sociology
Regional nonprofit organizations that serve vulnerable populations often share similar goals in serving the
community, however, there are many factors that hinder their cooperation in a competitive funding
environment. One major hindrance is weak organizational networks of support and collaboration. This study
utilizes social network analysis to examine how nonprofit organizations in King County, Washington are
connected and how they communicate and collaborate with one another. I conducted a social network
analysis of 40 organizations affiliated with the Communities of Opportunity funding program to examine the
centrality and embeddedness of each organization within the broader community of nonprofits.
Organizations were asked to complete a short online survey hosted on the social network analysis platform
Polinode. The resulting social network data was graphed into two-dimensional visualizations using the
Polinode software. Analysis of these graphs highlights key organizations that act as leaders as well as
organizations that play essential roles as mediators between clusters of other organizations in their network.
This research helped identify organizations best situated for information dissemination and transformational
initiatives, and those on the periphery that would benefit from targeted relationship building. By assessing
the nonprofit community at the network level, funders and leaders can not only address disadvantage in
smaller, more isolated nonprofits, but they can also facilitate partnership opportunities that further the
development of an adaptable and united public service sector. The smaller nonprofits themselves may
become more competitive with knowledge of organization-to-organization networks and insight about with
which other organizations they should strategically form coalitions. These findings should guide the
collaborations between organizations and their partner agencies so that they may better leverage resources
and improve outcomes in their community.
Faculty Mentor: Jessica Kelley, PhD, Department of Sociology
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Impact of Bike Sharing Systems on Local Home Values

Maxwell Speil, Economics; Elise Melsom, Economics

For many households across the country, a large portion of their wealth is comprised of their home value,
their home being the largest asset that most people own. For this reason, it is to the benefit of many city and
state level governments to enact policies that will raise the home values of their constituents, and recent
research suggests that installing public bike sharing systems may be an effective way to do this. Our research
is motivated by the desire to inform public policy with regard to the full social benefits of installing bike
sharing systems in cities. Our focus will be on identifying the effect of bike sharing systems on local real estate
prices (both sale and rent amounts) as demonstrated by Pelechrinis et al. in the 2017 research article
“Economic impact and policy implications from urban shared transportation: The case of Pittsburgh’s shared
bike system.”
Cities across the U.S. differ from each other in many ways, so we want to determine whether the findings in
Pittsburgh are consistent across the country or whether there is something unique about Pittsburgh that led
to the observed effects. In this paper, we apply the methodology used in Pittsburgh to examine the effects on
real estate value of bike sharing systems in Cleveland, Philadelphia, Austin, and Salt Lake City. We use a
similar data set (Zillow housing data) and choose control cities in the same way as the Pittsburgh authors,
ensuring that, whatever our findings may be, they will be comparable in methodology and reliability to the
findings of the Pittsburgh study.
We use time series data of housing prices in a number of cities over time, and start by running a simple OLS
regression on housing prices with a dummy variable for whether or not the city has implemented a bike
sharing system. We expand this regression by adding controls for the number of bike sharing stations to
differentiate between bike sharing systems of differing sizes. Lastly, we use a difference-in-difference
approach with cities that did not implement bike sharing systems as the controls to ensure that the changes
in home values were not simply due to time period trends. Because of the nature of our research, our results
will be generalizable to most American cities and will give insight on whether bike sharing systems can be
used as an effective tool to increase home values.
Project Mentor: Professor Jenny Hawkins, Department of Economics
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Lightweight, Modular Frame for CWRUbotix

Karolyn Spencer, Department of Mechanical Engineering

The “Lightweight, Modular Frame for CWRUbotix” project pertains to the design and manufacture of a frame
for a mining robot to compete at NASA’s Robotic Mining Competition. This frame provides physical support
the robot’s subsystems, electronics, and sensors, while being lightweight, strong, and modular. To achieve
this, studies in material selection, weight relief design, and connection methods were performed. Special
attention was paid to using interlocking component design as a primary connection method. FEA was
employed to ensure the design would be able to withstand the rigours of testing, transportation, and
competition. The frame was then manufactured using CAM, CNC mills, and hand machining. The project
concludes with the frame assembled, powder coated, and integrated into the rest of the robot.

Project Mentor: Dr. Richard Bachmann, Department of Mechanical Engineering





Targeting Tiam1 using novel drug inhibitors to reduce cancer metastasis

Michaela Stamper, Department of Nutrition; Stephen Valentino, Department of Nutrition; Dr. Danny Manor,
Department of Nutrition, Department of Pharmacology, Case Comprehensive Center Center

Tiam1 is a guanine nucleotide exchange factor (GEF) implicated in the metastasis of various forms of cancer.
It acts downstream of growth factors to convert several different GTPases (Rac, Rho, Cdc42) from their
inactive to active state. Over- or cell lineage incongruous expression of these GTPases which have normal
embryological and neurological function have been implicated in the potential of cancer to spread, including
in colon cancer. Due to these GTPases ubiquity in normal cellular function, their targeting has proved
unsuccessful for therapy. However, small-molecule targeting of the Tiam1 GEF as an upstream regulator of
these GTPases specific to cancer cells is a relevant drug target heretofore unexploited. Our results indicate
within a comprehensive screening of many small molecule using high-throughput analysis that Tiam1 can be
successfully modulated to influence the rate of metastasis. These results point to the possibility that they may
be useful as anti-metastatic interventions within the clinical setting. Here we show the suitability of Tiam1
targeting as an anti-metastatic therapy and preliminary data establishing an assay for determining its
therapeutic potential.

Project Mentor: Dr. Danny Manor, Department of Nutrition, Department of Pharmacology, Case Comprehensive
Center Center
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Examining the Synthesis Routes of Δ9-THC
Adam Steel, Department of Chemistry
In 1964, the chemical structure of the primary psychoactive component of cannabis, Δ9Tetrahydrocannabinol (Δ9-THC) was published. In 1967 a total chemical synthesis for large scale production
of the compound was published. This synthetic route was very important in studying Δ9-THC as the plant
Cannabis sativa L. became more regulated. However, as demands for Δ9-THC increase for medical and
research purposes, the purely chemical route has been determined to be too energy intensive and unable to
sustain a supply. In 2015 a biochemical synthesis was proposed to assist. This synthetic route utilizes the
enzyme, Δ9-Tetrahydrocannabinolic acid synthase (Δ9-THCAS). The enzyme catalyzes the reaction of
cannabigerolic acid (CBGA) to Δ9-Tetrahydorcannabinolic acid (Δ9-THCA), which is then nonenzymatically
decarboxylated to form Δ9-THC. The use of the enzyme makes the biochemical process much more specific
and able to supply enough of the compound to match the rising demand.
Project Mentor: Rekha Srinivasan, Department of Chemistry




Safe Sayana Press Disposal: Design Alternatives and Mathematical Modeling
for Informed Decision Making

Neil Chavan, Renee Decker, Heather Eby, Darby Hickson, and Katie Steinberg, Department of Chemical
and Biomolecular Engineering

The Sayana Press (DMPA-SC) is a single-unit injectable contraceptive that has the potential to expand access
to contraception in Uganda through the ease and discretion of self injection. However, self injection requires
home sharps disposal, and existing disposal methods are disposing of the device in latrines and bringing it
back to health clinics, each of which has associated problems related to safety and convenience. In order to
promote the rollout of the Sayana Press and provide additional options for contraceptives for Ugandan
women, key stakeholders in the Ugandan health ecosystem must be satisfied with disposal methods. This
project aims to explore and develop safe disposal options for the Sayana Press, including design of containers
for return to the clinic and latrine disposal, and mathematical modeling analysis of hormone fate in latrines.
With this phase of the project, we hope to provide insight into the risks and benefits of multiple avenues for
Sayana Press disposal to inform future policy decisions.

Project Mentors: Dr. Janet McGrath, Department of Anthropology; Dr. Kurt Rhoads, Department of Civil
Engineering; Dr. Andrew Rollins, Department of Biomedical Engineering; Lynn Rollins, Center for Engineering
Action
Faculty Sponsor: Dr. Daniel Lacks, Department of Chemical and Biomolecular Engineering
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Pizza-Delivery Drone Automation Using Unity Game Engine
Neil Steiner, Computer Science; Aditya Kumat, Computer Science; Jeff Eben, Computer Science; Tristan
Maidment, Computer Science
The goal of this project is the development a simulation that automates a drone to deliver pizzas. The system
developed for this simulation can be broken down into four components: map generation, global pathing,
local pathing, and motor control. The map generation component uses Perlin noise to procedurally generate
the environment, and then creates a roster of locations that order pizzas. Global pathing takes in this roster,
represents it as a search problem, and returns a near-optimal delivery schedule to the local pathing
component using the Simulated Annealing Algorithm. Local pathing uses the inputted schedule to determine
the exact points the drone should traverse via A* search. These points are then transferred to motor control,
which varies the RPM in the drone’s motors such that they can be abstracted to a set of movement commands
that are interpretable by local pathing. In the event of environmental hazards, motor control adjusts the
drone’s motors to prevent collision. This simulation was developed using the Unity game engine, with C# as
the scripting language. The logic for A* search in the local pathing component is written Python.
Faculty Sponsor: Professor Soumya Ray, Department of Electrical Engineering and Computer Science





Spider Ballooning: Forces acting on spider-dragline system in freefall and the surrounding fluid
dynamics

Tessa Stevens, Department of Mathematics, Applied Mathematics and Statistics and Department of Physics;
Ryan Courtney, Mechanical Engineering Department, CSU; Dr. Wei Zhang, Mechanical Engineering
Department, CSU; Dr. Longhua Zhao, Department of Mathematics, Applied Mathematics and Statistics, CWRU

Spiders have been observed to travel distances as far as 3200 km and heights of 5 km through an aerial
dispersal method known as “ballooning”. In order to balloon, a spider will first test the meteorological
conditions (the current established understanding is that a spider will only balloon in mean and local wind
speeds of less than 3 m/s). If the conditions are favorable, the spider will release one or more silk fibers into
the air to act as draglines. The drag force between the silk fibers and the surrounding air will then cause the
spider to become entirely airborne where it will travel some distance before landing –or “settling”. However,
due to the many variables involved in spider ballooning (meteorological conditions, spider posture and
dragline properties, spider mass and density) and limited scientific observations and controlled laboratory
experiments of spiders ballooning, it remains a mysterious phenomenon. This study aims to shed light on the
settling stage of spider ballooning through controlled laboratory simulations of ballooning spiders. In this
study, experiments using spheres of different masses to simulate spiders and threads of different lengths to
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simulate draglines were carried out. In each trial, the spider-dragline system was recorded in free-fall using a
high speed camera and the displacement of the spider-dragline was analyzed. Additionally, for certain trials,
the medium surrounding the spider-dragline was seeded so that the motion induced by the spider-dragline in
the surrounding medium could be captured by the camera. This data was then analyzed to study the
dynamics of the fluid flow around the spider-dragline system; and, specifically to look for vortex shedding of
the surrounding fluid. These results from controlled laboratory experiments allow an improved
understanding of spider ballooning and validate and guide numerical models and future experiments.

Project Mentor: Dr. Longhua Zhao, Department of Mathematics, Applied Mathematics and Statistics





Does neuroscience threaten our humanity? Endorsement of neuroenhancement is associated with
anti-social personality.
Austin Stroud, Department of Bioethics; Benjamin Kubit, Department of Psychology, UC Irvine; and Anthony
Jack, Department of Philosophy
Innovations in the field of neurotechnology have demonstrated the capacity for modifying the human mind.
As advancements in the field continue, the extent to which technologies impact our lives will also expand.
Neurotechnology has the potential to improve human well-being as well as provide the means to control our
neurological capabilities. However along with their direct effects, neurotechnology also has the indirect effect
of applications blurring the boundary between human and machine, encouraging a mechanistic
understanding of the mind. Neuroimaging studies have explored differences in neurological networks,
distinguishing between detached analytic and emotionally engaged perspectives. These distinct perspectives
have also been shown to have an effect on human decision-making. We created and administered a novel
neuroethics questionnaire (NEQ) which surveyed the acceptability of a range of hypothetical
neurotechnology applications. Additional measures of empathic concern and callousness, as well as an
established measure of moral decision making were also given. Our findings showed that less empathic
individuals were more likely to endorse neurotechnology use. Endorsement of these applications was also
associated with greater utilitarian thinking. This study extends prior work showing that anti-social
personality traits are associated with more utilitarian judgments. However, in this case the judgments in
question do not involve sacrificing one individual for the greater good, but instead involve sacrificing our
human nature for the benefits of neurotehnology.
Project Mentor: Professor Anthony Jack, Department of Philosophy
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Mechanisms of Opioid-Dependent Inhibition of Human CD4+ T Cell Activation

Jeanette Sullivan, Department of Biology; Braulio Llorens, Department of Molecular Biology and
Microbiology; and Dr. Alan D. Levine, Department of Molecular Biology and Microbiology

Opioids, widely used for pain management, also increase susceptibility to infection and decrease the severity
of autoimmunity, suggesting that they are immunosuppressive. CD4+ helper T cells are a subset of T
lymphocytes critical in regulating the adaptive immune system. CD4+ T cells express the mu, kappa, and delta
opioid receptors (MOR, KOR, and DOR) on their surface, and our findings have shown that the binding of
opioid agonists to their respective receptors results in an impaired CD4+ T cell immune response. In this
study, we investigate the ability of opioid receptor agonists to inhibit gene expression of select T cell
activation markers induced by engaging the T cell receptor (TCR) on human CD4+ T cells. Our target genes
are CD69, CD25, IL-2, and IFN-𝜸, which are markers of T cell activation and all play critical roles in the
adaptive immune response. We use the synthetic peptide DPDPE to activate the delta opioid receptor, and a
tetramer anti-CD3/CD28 T cell antibody activator to stimulate the cell through TCR. RT-qPCR is used to
assess how DPDPE treatment alters gene expression. My preliminary findings suggest that males and
females may respond differently to DOR stimulation. Male donors have shown induced activation marker
gene expression after opioid treatment, while the female donors exhibit an inhibition in activation marker
mRNA expression.

Project Mentor: Dr. Alan D. Levine, Department of Molecular Biology and Microbiology
Faculty Sponsor: Dr. Barbara Kuemerle, Department of Biology





Robotics Programming for FetchIt! 2019

Josh Roney, Department of Electrical Engineering and Computer Science;
Jason Sun, Department of Electrical Engineering and Computer Science;
Christopher Tam, Department of Electrical Engineering and Computer Science

The FetchIt! mobile manipulation competition is designed to promote an increase in mobile robot agility and
efficiency through better robot planning techniques. Increasing the agility of the robot includes improving
failure identification and recovery from those failures, automated planning, the ability to swap different
manufacturer’s robots without need for reprogramming, and the ability for the robots to perform tasks
regardless of their location. Improving all of these aspects can lead to an overall increase in the efficiency of
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the robot performing the task while avoiding the need for human intervention when someone goes amiss.
This can lead to an overall increase in productivity of multiple industries that make use of robots. Through
competing in this competition, we can figure out new ways to increase the agility of robots in the industrial
scene to allow for better performance and productivity. The robot being used for the competition is the
Fetch Mobile Manipulator. The robot contains a mobile base, a torso that can move vertically, a robotic arm
with 7 degrees of freedom and a gripper, and a camera on the top that can rotate vertically. The camera on the
Fetch robot is used to recognize the desired parts set random poses on different tables. The robot arm and
gripper are commanded to acquire the specific parts in certain order, one at a time, and place them in a tote
to be shipped out as a completed kit.

Project Mentor: Dr. Wyatt Newman, Department of Electrical Engineering and Computer Science




Use of Tamoxifen to Restore CFTR Function in Mouse Organoid Model
Lori Sun, Department of Biology; Miarasa Steele, Department of Genetics and Genome Sciences; Craig
Hodges, Department of Genetics and Genome Sciences, Department of Pediatrics
Cystic Fibrosis is a genetic disease that results in a protein channel named the cystic fibrosis
transmembrane conductance regulator (CFTR) to be less functional or absent from the epithelial tissues
around the body. Many patients with this disease have shorter lifespans, reduced growth or are at greater
risk for bacterial infection. The use of mouse organoids with specific mutations allows us to measure CFTR
activity and expression in vitro. In this study, we use a conditionally activated Cre/LoxP system and 4hydroxytamoxifen to induce swelling in a mouse organoid model. We determined the concentration of
tamoxifen necessary to restore CFTR function in vitro as well as determined how much actual protein could
be restored with the addition of tamoxifen. We found that CFTR function in tamoxifen treated organoids is
comparable to wild type organoids. Additionally, the addition of tamoxifen is not a very sensitive method of
restoring CFTR and can result in the same amount of swelling at different concentrations (10nM-100pM).
Additionally, qPCR revealed that 40-60% of CFTR could be restored in the organoid model. This ultimately
provides insights to quantifying how much CFTR expression is associated with function.
Faculty Mentor: Craig Hodges, Department of Genetics and Genome Sciences, Department of Pediatrics
Faculty Sponsor: Stephen Haynesworth, Department of Biology
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Mesenchymal Stem Cell Antimicrobial and Anti-inflammatory Therapeutic Optimization Through
Effector Manipulation
Morgan Sutton, Department of Biology; Mithu Majumder, National Center for Regenerative Medicine; Jan
Jensen, National Center for Regenerative Medicine; Cleveland Clinic Foundation; Michael Folz, Department
of Computer Science; Rodrigo Somoza, Skeletal Research Center, Department of Biology; Arnold Caplan,
Skeletal Research Center Department of Biology and Tracey Bonfield, Department of Pediatrics, National
Center for Regenerative Medicine.
A major factor confounding therapeutic implementation into clinical settings has been significant nonresponding patient populations. Human mesenchymal stem cells (hMSCs) have the unique capacity to respond
to their environment, giving them an advantage over typical pharmaceutical therapeutics as they have the
potential to be phenotypically optimized through effector modification. Bone-marrow derived hMSCs were
validated for potency by in vitro bone generation. hMSC specific responses were determined by culture in the
presence and absence of IFNγ, IL-1β, TNFα, GM-CSF, lipopolysaccharide (LPS) and lipoteichoic acid. hMSC
supernatants were evaluated for anti-microbial potency using assays to follow Pseudomonas aeruginosa
growth with and without supernatant and anti-inflammatory potency was evaluated using LPS stimulated bone
marrow macrophages. hMSC response profiles were implemented into a multi-analyte algorithm that
incorporated X-Evo high-through-put systems, which cultured the hMSCs in the presence and absence of
determined effector combinations. Fourteen effectors were chosen to identify specific anti-microbial or antiinflammatory cocktails that would enhance the functionality of the hMSCs by evaluating for in vitro
indomethacin (IDO), prostaglandin E2 and functional potency. Effects were monitored post-24-hour
stimulation by QuantStudio Array, which analyzed fifty-seven gene profiles that were modeled using Qualityof-Design and Design-of-Experiment Software (DbQ). X-Evo treatment of three hMSC preparations
demonstrated similar responses to the effector series, predicting enhanced anti-inflammatory and antimicrobial potency based on gene expression profiles. Anti-inflammatory and anti-microbial effector treated
hMSCs supernatants had enhanced anti-microbial and anti-inflammatory activity relative to baseline hMSC
supernatants based on functional potency, with anti-microbial treated hMSCs having the greatest impact. IDO
and prostaglandin E2 production was enhanced by anti-inflammatory or anti-microbial effector cocktail. Antiinflammatory and anti-microbial manipulated hMSCs demonstrated therapeutic potency in vivo, resulting in
weight retention, improved clinical score, white-cell minimization and 70-80% less bacteria from
bronchoalveolar lavage analysis. hMSC therapeutic potential can be enhanced by effector modification for antimicrobial and anti-inflammatory potency, making them a promising therapeutic option for personalized
medicine.
Project Mentor: Dr. Tracey L Bonfield, Department of Pediatrics
Faculty Sponsor: Dr. Ryan A Martin, Department of Biology


Modular Amplification of Hemostatic Output with Platelet-inspired Particles using Clot-augmenting
Nanomaterials
Ujjal Didar Singh Sekhon1, Norman Luc1, Kelsey Swingle1, Catherine J. Baker2, DaShawn Hickman1, Aditya
Girish1, Ankush Bannerjee1, Stephanie A. Smith DVM2, James H. Morrissey PhD2, Anirban Sen Gupta PhD1
1Department of Biomedical Engineering, Case Western Reserve University, Cleveland, OH
2Department of Biological Chemistry, University of Michigan Medical School, Ann Arbor, Michigan
In the cell-based model of hemostasis, activated platelets play a central role via multi-faceted mechanisms,
including: (1) injury site-specific anchorage mechanisms where they adhere to and aggregate at the bleeding
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site via heteromultivalent ligand-receptor interactions, (2) membrane-mediated mechanisms where the
activated platelets expose negatively charged phosphatidyl serine (PS)-rich surface to enable co-localization
of coagulation factors, complexation and amplification of coagulation outputs (thrombin and fibrin
generation), and, (3) secretory mechanisms where the activated platelets release various hemostasisaugmenting factors (e.g. Adenosine di-phosphate or ADP, Polyphosphates or PolyP etc.) to further enhance
clotting mechanisms as well as clot properties. For these reasons, allogeneic platelet transfusions are
routinely used in the clinic to treat bleeding disorders stemming from trauma, surgery, hem/onc and
congenital coagulation defects. However, these natural platelet products have limited availability and
portability, high risk of pathogenic contamination, very short shelf-life (~5 days), and several biologic side
effects. Especially, outside of large hospitals and trauma centers, platelets are not readily available for
management of bleeding complications. To address these challenges, a significant research interest has
emerged in the development of synthetic platelet surrogates that can efficiently render platelet-mimetic
hemostatic mechanisms, while allowing advantages of large-scale manufacture, sterilization to minimize
contamination risks, longer shelf-life, and improved availability and portability. To this end, we have
previously reported a liposome-templated ‘synthetic platelet’ nanoparticle design called SynthoPlate that
allows peptide-mediated concurrent anchorage mechanisms to vWF, collagen and active platelet integrin
GPIIb-IIIa to mimic platelet’s injury site-specific adhesive and aggregatory mechanisms. Building on this, here
we report on an advanced design of a synthetic platelet surrogate that modularly integrates the plateletinspired membrane-mediated mechanisms and secretory mechanism with the anchorage mechanisms, via
utilization of several nanomaterial components. By optimizing these modular mechanisms independently yet
synergistically, we envision the unique design of a superior ‘synthetic platelet’ system for bleeding
management.
Project Mentor: Professor Anirban Sen Gupta, PhD, Department of Biomedical Engineering



Hidradenitis Suppurativa Underarm Drainage Absorption System

Heather Schneck, Department of Biomedical Engineering; Emily Szabo, Department of Biomedical
Engineering; Bridget Thorpe, Department of Biomedical Engineering

Hidradenitis Suppurativa (HS) is a chronic, non-infectious dermatological condition in which painful bumps
similar to acne or boils appear on the skin. These painful abscesses typically appear in areas of friction
between the skin or skin folds due to a warm and moist environment, commonly located in the axillary
region. Odorous and viscous pus and blood may drain from the nodules and leak onto clothing, and has been
characterized as a hot, wet garbage odor. Current treatment options include topical or oral treatments to
temporarily relieve pain and discomfort as well as household objects, including diapers, sanitary napkins, and
dish towels, to collect the odorous drainage. Not only is HS physically debilitating, it can also be
psychosocially destructive. People with this condition often have a lower quality of life due to embarrassment
and severe pain, as this condition prevents many individuals from participating in activities of daily living. An
underarm drainage absorption system is being developed to provide a dignified means of absorbing the
odorous fluid which can be seamlessly integrated into daily life. The device will consist of a compression
undershirt design with a sleek padding system and replaceable absorption pads covering the axillary region.
Additionally, the device will contain a detachable region, allowing the user to replace the absorption pads
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without fully removing the device. The device can allow individuals battling axillary HS to be active in society
by restoring their comfort and peace of mind by reducing the risk of fluid leaking through their clothing.

Project Mentors: Paul G. Hazen, MD, FAAD, Clinical Professor of Dermatology, Case Western Reserve University
School of Medicine
Faculty Sponsors: Professor Colin Drummond, Department of Biomedical Engineering; Professor Matthew
Williams, Department of Biomedical Engineering





A Liquid Crystal Based Radiation Detector

Benjamin Szafarz; Department of Physics; Raymond Adkins, Department of Physics; Laura Gladstone,
Department of Physics; Benjamin Monreal, Department of Physics; Rolfe Petschek, Department of Physics;
and Charles Rosenblatt, Department of Physics

The typical industry standard for x-ray detectors involves the use of phosphor layers in association with
computer imaging technology in order to determine and return complex images of x-ray radiation patterns.
The replacement of the phosphor sensor layer in the device with an open-interface, polymerized liquid
crystal, will allow for simultaneous detection and 2D imaging of the radiation patterns on the surface of the
liquid crystal itself. In this project, we used a gas-electron multiplier as our drift region to multiply the
incoming ionizing radiation. By optimizing the gas pressure within the drift region, and using well-known
principles of liquid crystals, we can induce an electric field within the liquid crystal layer, realigning the
molecules and creating optical changes visible to the human eye with an addition of crossed polarizers. With
even further design optimization, this device can be used to detect and image 2D patterns of high-energy
ionizing radiation while cutting down on both size and cost compared to a typical x-ray or ionizing radiation
detector.

Project Mentor: Professor Charles Rosenblatt, Department of Physics
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Correlation of Inlet Strictures and Peripouch Fat Area in Inflammatory Pouch Disorder Patients

Grace Sze, Department of Biology; Nan Lan, MD, Cleveland Clinic Digestive Disease Institute; Bo Shen, MD,
Cleveland Clinic Digestive Disease Institute

Restorative proctocolectomy with ileal pouch-anal anastomosis (IPAA) has become the surgical procedure of
choice for patients with inflammatory bowel disease. Although IPAA improves quality of life in patients, it
often has adverse events such as inlet strictures, a mechanical condition where the passageway of the inlet
pouch becomes narrowed. Obesity is a proinflammatory condition and peripouch visceral fat, a large part of
mesentery, is associated with chronic pouchitis and pouch complications. Therefore, our aim is to study the
relationship between peripouch fat and inlet strictures. We quantified peripouch fat using abdominal MRI or
CT scans one year within endoscopy of the stricture. Results showed that patients with inlet strictures have
higher fat thickness at the top pouch level than patients without. Therefore, peripouch fat may be a factor in
the pathogenesis of pouch strictures. Measurements of fat may also help diagnose and predict pouch
complications.

Project Mentor: Bo Shen, MD, Cleveland Clinic Digestive Disease Institute
Faculty Sponser: Professor Ronald Oldfield, PhD, Department of Biology





Probing Binding of the Antibiotic Ceftobiprole to P. aeruginosa Penicillin-Binding Protein 3 (PBP3)
Using Protein Crystallography and Thermal Shift Binding Assay

Christie Tang, Department of Biochemistry; Vijay Kumar, Department of Biochemistry; Focco van den Akker,
Department of Biochemistry; Jacob Wyatt, Department of Biochemistry

Recent innovations in pharmaceuticals have been driven by research in antibiotic resistance, one
aspect of which focuses on modifying existing antibiotics or developing antibiotic-inhibitor complexes. This
study characterized the interactions between the β-lactam antibiotic ceftobiprole and penicillin-binding
protein 3 (PBP3) of Pseudomonas aeruginosa. Penicillin-binding proteins are a common target of β-lactam
antibiotics for their role in maintaining the peptidoglycan cell wall. Ceftobiprole is a 5 th-generation
cephalosporin that has shown an effective response against gram-positive and gram-negative bacteria such as
P. aeruginosa. To determine the molecular interactions between PBP3 and ceftobiprole, PBP3 was cocrystallized with ceftobiprole and a molecular model was obtained and further refined from the crystal
structure. Analysis of the molecular model revealed that ceftobiprole formed a covalent bond with the Ser294 residue in the PBP3 active site and was stabilized in the active site by polar interactions with residues
Arg-489 and Glu-291 and hydrophobic interactions with Tyr-409. In addition, repulsive effects from the 2182

pyrrolidone group of ceftobiprole altered the conformation of the main chain backbone, disordering the
stretch of residues from Lys-529 to Leu-536. This conformation change prevented the carboxylate group of
ceftobiprole from interacting with residues deeper in the active site, weakening protein-ligand interactions in
this region. A thermal shift binding assay was also performed using differential scanning fluorimetry (DSF) to
examine the thermostability of the PBP3-ceftobiprole complex. The average melting temperature shift for
PBP-ceftobiprole was calculated to be +2C. The results from this study indicate that ceftobiprole covalently
binds to the PBP3 active site and forms polar interactions with key active site residues. However, the ligand
induces a conformation change in the amino acid backbone of the active site, preventing stronger interactions
in the active site. These interactions potentially explain the slight increase in thermostability of the PBP3ceftobiprole complex.

Project Mentor: Focco van den Akker, Department of Biochemistry
Faculty Sponsor: David Samols, Department of Biochemistry





Speech-in-Speech Recognition: Understanding the Effect of Different Masker Talkers

Eleanor Teahan, Department of Psychological Sciences; Stephanie Brown, Department of Psychological
Sciences

Speech-in-speech recognition tasks can vary considerably depending upon the combination of the target and
masker speech. The importance of temporal similarity between the target and masker speech, and its
influence on informational masking, is explored.A speech-in-speech recognition task, using different twotalker maskers, was completed by 20 normal-hearing, monolingual listeners. Four conditions were tested
with a different combination of target and masker talkers in each. Three temporal analyses were conducted
including: modulation spectrum area of the curve, normalization covariance, and envelope correlation index.
No relationship was observed between normalization covariance and envelope correlation index with
sentence recognition. Better sentence recognition was observed for conditions with greater modulation
spectrum area. More research is needed to further explore the effect of temporal similarity on informational
masking. Limitations included differences in signal-to-noise ratios used across conditions, a small number of
target/masker combinations, and linguistic differences in stimuli across the target/masker speech.

Project Mentor: Lauren Calandruccio, Department of Psychological Sciences
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Combined Temperature and Data Acquisition Control Using the Watlow F4T Controller and Keithley
DAQ6510 Data Acquisition and Logging Multimeter System

Sydney Tenaglia, Department of Electrical Engineering and Computer Science

New products must be tested to ensure that they continue to work properly in extreme
environments, or to verify the limits of proper working conditions. This may be prescribed per an industry
standard or a manufacturer’s preferences, but in general, many of these standardized processes follow a
common pattern. A device under test (DUT) is soaked in a controlled environment over an extended period,
and data is taken to observe how the DUT’s performance changes due to the environmental stress. A
temperature chamber such as the TestEquity Model 115A employs the Watlow F4T Touchscreen Controller
to manage environmental conditions for the testing as outlined above, and can stress a device from
temperatures as low as -73°C up to +175°C. The Keithley DAQ6510 Data Acquisition and Multimeter System
can monitor the environment until the desired test conditions are achieved before performing a scan and
acquiring data from the DUT. When testing the operational limits of electronic devices with an environmental
test chamber and a data acquisition/switching system, it can be time consuming to become familiar with and
operate both devices during testing. In an industry where testing delays in the microseconds can heavily
affect productivity and throughput, the speed and intuitiveness of a test system become a high priority
concern. By configuring a Keithley DAQ6510 to send commands to an environmental chamber using a script
via LAN network communications, the user only needs to interact with one device in the system, thereby
improving throughput and user friendliness.

Project Mentor: Josh Brown, Applications Engineer at Keithley Instruments





“Examining the Cognitive Dysfunction Caused by Chronic Pain Conditions”
Mihika Thapliyal, Department of Cognitive Science
Chronic pain refers to any continuous or recurring pain condition that persists for more than three months
after the inciting event and past its healing process, which naturally impact’s the affected patient’s quality of
life. It is estimated to affect 20% of the population, burdening both the patients’ lives and the health care system
alike. It is well understood that chronic neuropathic pain conditions are incredibly challenging to treat, given
the vast number of comorbidities that come with pain, and the dangers and pitfalls of the current suite of
treatment. Patients with chronic neuropathic pain conditions must deal with the activity limitations and the
impact on their social functioning in addition to tolerating the persistent pain. Chronic pain precipitates as a
result of various medical conditions, including central and peripheral nerve traumas and various neuropathies.
The persistence of this pain can lead to serious cognitive and psychological distress, and negatively affects the
patient’s quality of life. Currently, the majority of treatment plans for most chronic pain conditions -- namely
184

diabetic neuropathy, general peripheral nerve injuries, and complex regional pain syndrome, the three focuses
of this paper -- only include pharmacological or surgical care. Thus, the cognitive and psychological symptoms
of these conditions are largely ignored when it comes to treatment. This paper hopes to examine the nature of
this cognitive distress, as it presents in a variety of different conditions, in the hopes that such research could
be harnessed to enhance and develop a holistic model of treatment of chronic pain conditions.
Project Mentor: Dr. Fey Parrill, Department of Cognitive Science





Kaluza-Klein Reductions on Warped Product Spaces
Foster Thompson, Department of Physics; Kurt Hinterbichler, Department of Physics
We study a several models of a universe with curled-up extra dimensions in which the geometry of four-dimensional
spacetime is warped by that of the extra dimensions. Warped product spaces are the most general class of
spacetime containing curled-up extra dimensions in which all of the symmetries of the external four-dimensional
spacetime are preserved. Massless non-interacting field theories on warped product spaces can be reduced to
effective theories on four-dimensional spacetime consisting of infinite Kaluza-Klein towers of massive fields. The
types of fields and spectrum of masses in these towers depends both on the topology and geometry of the internal
space and on the way the external spacetime is warped. We examine the reduction of scalars, vectors, p-forms, and
gravity on general warped product spaces. In addition, we show that the spectrum of masses and fields can be
described by a version of the Hodge decomposition arising from a deformation of the de Rham cohomology of the
internal space.
Project Mentor: Professor Kurt Hinterbichler, Department of Physics



A Web application that used to find movie by a screenshot

Zhengkai Jiang, Department of Electrical Engineering & Computer Science; Shihong Ling, Department of
Electrical Engineering & Computer Science; Xiangda Tian, Department of Electrical Engineering & Computer
Science; Mingxuan Ju, Department of Electrical Engineering & Computer Science

Movie Searcher is a web-based platform for users to query information of movies they provide screenshot of.
Information should include the name of movie that contains scenes in the screenshot and name of casts in
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current scene(if any). In the back end server, we will use Google Search Engine API and machine learning
techniques to query result. For Google Search method, we simply search the screenshot and returns the
keyword appearing most. For machine learning techniques, we plan to query captions(if any) from
screenshot and search caption directly, which should be more precise under most circumstances.

Project Mentor: Professor Soumya Ray, Department of Electrical Engineering & Computer Science





Designing a Lightweight, Stackable Clothes Dryer out of Polymeric Materials
Gillian Tierney, Department of Macromolecular Science and Engineering; Lucas Spano, Department of
Macromolecular Science and Engineering; Dung Nguyen, Department of Macromolecular Science and
Engineering
The purpose of our research is to design a stackable electric clothes dryer Maytag Model MED7500YW out of
polymeric materials. We are aiming to substitute current materials for polymers with equal or greater critical
properties. Our goal is to create a lighter product for easier mobility and installment of the dryer. The electric
clothes dryer consists of multiple components that we are redesigning. The exterior is currently made of
sheet metal, the dryer barrel is stainless steel, the lint tray is wire mesh, and the door window is glass. Each
component has critical parameters that we are currently mathematically modeling to determine the optimal
property values for our material selections. The exterior critical factors are impact strength, weight, and
modulus; the dryer barrel considerable parameters are thermal stability, modulus, and water stability; the
lint tray has critical factors of thermal stability, modulus, and processability; the door window should be
transparent, resist abrasion, and be stable in the presence of water vapor. Given the values determined by the
mathematical models, we plan to use CES EduPack to finalize the polymeric material selection for each
component.
Project Mentor: Professor David Schiraldi, Department of Macromolecular Science and Engineering
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Creating a Machine Learning Model to Classify Prostate Cancer Risk of Progression using Radiomic
Features derived from MRI
Amy Titus1, Rakesh Shiradkar1, Art Rastinehad2, Anant Madabhushi1
1Department
2Urology,

of Biomedical Engineering, CWRU

Mount Sinai Hospital, New York

Prostate MRI is being increasingly used to evaluate the severity and localization of the cancer. It is however
limited by inter-reader variability, benign confounders and other acquisition artifacts. Conventionally, testing
the levels of prostate-specific antigen (PSA), ultrasound guided biopsy of the prostate and digital rectal
examination are used to identify prostate cancer risk of progression. These are invasive approaches and are
not always accurate. This research is concerned with training a machine learning model (Support Vector
Machine (SVM)) to distinguish between low and high risk Prostate Cancer using T2 –weighted (T2W) and
Diffusion Weighted (DWI) MRI sequences. The SVM algorithm we used is a linear classifier which identifies
examples as one of two types. We used a dataset consisting of N = 83 prostate cancer patients in this study.
Starting with a set of MRI scans from N = 60 patients with cancer regions of interest delineated by a doctor,
we extracted radiomic features from T2W and DWI, and used a sub set of these features associated with low
or high risk cases to train the model. The rest of the data is then used to test the model’s ability to correctly
return the level of risk for each case. We evaluate the model in terms of accuracy and receiver operating
characteristics in distinguishing risk of prostate cancer progression.

Faculty Mentor: Dr. Anant Madabhushi, Department of Biomedical Engineering





Craniodental and forelimb measurements of felidae and their relationship to prey size

Eesha Tokala, Department of Biology

Prey killing and hunting is mostly determined by a predator’s physiological characteristics. Generally,
large predators hunt larger prey because it is not metabolically sustainable for large predators to hunt for a
greater amount of small prey due to their body mass. Larger prey usually points to larger forelimb
measurements of the predator. Predators with larger craniodental indicators have a greater capacity to
hold onto their prey and therefore usually consume larger prey. Their habits of hunting specific prey sizes has
to do with the way they normally navigate in their environment. Members of felidae can be scansorial,
terrestrial, or arboreal. Prey hunting depends on both physiological features methods of hunting, which are
dependant on where the predators spend a majority of their time. This research project is associated with
craniodental and forelimb measurements of felidae and their correlation with the size of their prey. This
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project used the R packages ape (Paradis E. & Schliep, 2018), geiger (Harm et. al, 2008), phytools (Revell,
2012), and picante (Kembel et. al, 2010) to perform the analysis and create figures. PCA analysis showed that
larger felids hunt larger prey and usually have shorter yet heftier forelimbs while smaller predators had
longer forelimbs. It also showed that felids that hunt larger prey generally have larger craniodental features
and wide muzzles that are built for strength and stability while felids that hunt small prey had smaller
craniodental features that are built more for speed. Felids who hunt both large and small prey exhibited
intermediate characteristics of these features that varied based on specific function. This analysis of felidae
measurements provide insight into prey hunting behaviors.

Project Mentor: Dr. Jean Burns, Department of Biology.





Mechanical Characterization of Nitinol DFT (Drawn Filled Tube) 30% Pt Wire
Nat K. Tomczak, Janet L. Gbur, and John J. Lewandowski, Department of Materials Science and Engineering
Nitinol, an equiatomic nickel and titanium alloy, is often used in the biomedical industry due to its
unique superelastic properties. Applications include orthodontic wires, inferior vena cava filters, and heart
stents. Nitinol can be combined with platinum in a metallic composite known as a drawn filled tube (DFT).
This composite wire has a core of platinum that is surrounded by a Nitinol sheath. The aim of this work is to
characterize the wire in static and cyclic loading, then determine if Nitinol combined with a platinum core as
DFT is comparable or better than existing DFT materials (i.e. MP35N/Ag). The Nitinol DFT wires were
evaluated in tension, fully-reversed flex bending fatigue, and rotating bending fatigue. Fatigue data was
collected, plotted as cyclic strain versus lifetime, and compared to historical DFT data. Additionally, fracture
surfaces were studied under a scanning electron microscope (SEM) to determine reduction of area and
identify fracture initiation sites. The flex bending fatigue data is compared to previous work conducted at
CWRU on cobalt-chromium DFT that was published separately elsewhere.

Faculty Mentor: Professor John Lewandowski, Department of Materials Science and Engineering
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Versatile Building Bricks
David Traganza, Department of Mechanical and Aerospace Engineering; Jason Bradshaw, Department of
Mechanical and Aerospace Engineering
Legos predominantly function in solely the x and y axis. The square layout of the pegs on top of each
brick allow for rigid connection at 90 degree angles and 180 degree angles. Improving on this, Versatile bricks
take advantage of the same square layout while also utilizing a hook and trunnion to allow angled connection
of the bricks. Two bricks can be held together at each using the hook and trunnion because of the friction
caused by the small pocket the trunnion goes into. This geometry has shown to hold two bricks together with
strength between 0 and 85 degrees. The last 5 degrees missing on the range is due to the engagement with
the pocket. From 85 degrees to 90 degrees the trunnion is only partially held in place by friction. The
trunnion has to be rotated to a certain degree for it to fully grab onto the hook tightly. Expanding beyond the
basic square block geometry, three advanced geometries were created. The divergent, convergent and
stepped bricks were made. These bricks use the same hook and trunnion but also offer different applications.
The convergent and divergent allow for a sloped transition between other bigger or smaller pieces. The
stepped pieces offer the ability to change elevations within the length of one single piece.

Project Mentor: Paul Anderson, Anderson Consulting
Academic Advisor: Jason Bradshaw, Department of Mechanical and Aerospace Engineering




Manipulation of EGFR to Control Toxoplasmosis

Sophia Trikeriotis, Department of Biology; Shekina Gonzalez Ferrer, Department of Pathology; Yalitza Lopez
Corcino, Department of Pathology; and Dr. Carlos Subauste, Department of Pathology

Toxoplasma gondii is an important cause of infectious retinitis and encephalitis. There is a need to find new
treatment approaches against toxoplasmosis since current regimens are suboptimal. T. gondii has the ability
to invade host cells and reside in an intracellular compartment called the parasitophorous vacuole (PV).
Although the PV allows the parasite to survive by avoiding lysosomal fusion, a CD40-induced autophagy
mechanism enables autophagosomes to re-route the PV to the lysosomal compartment for degradation, and
ultimately eradicating the parasite. However, previous studies have shown that T. gondii causes Epidermal
Growth Factor Receptor (EGFR) signaling during the initial process of invasion, which enables the parasite to
avoid targeting by autophagy. In vitro data collected by the lab indicate that there is prolonged EGFR
activation by the parasite, which suggests EGFR inhibition as a potential treatment. Therefore, it was
hypothesized that pharmacologic inhibition of EGFR could protect against toxoplasmosis. Current
experiments are being conducted in order to determine if the addition of the EGFR tyrosine kinase inhibitor,
Gefitinib, to mammalian cells previously infected with T. gondii results in killing of the parasite. In addition, it
is being tested whether the combination of Gefitinib and Trimethoprim-Sulfamethoxazole (TMP-SMZ), an
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antibiotic used to treat toxoplasmosis, cooperate to kill the parasite. These studies could potentially lead to
improved standard of care for patients with toxoplasmosis.

Project Mentor: Dr. Carlos Subauste, Department of Pathology
Faculty Sponsor: Dr. Sarah Diamond, Department of Biology





Regulation of cell to extracellular matrix interaction to promote stem cell differentiation

Kentaro Umemori and Dr. Rui Tang, Department of Biomedical Engineering

Articular cartilage defects affect more than 100 million patients each year in the U.S. and thus, are a significant
problem in orthopedics. Articular cartilage has a limited capacity to heal after damage. A promising strategy to
repair articular defects is through the use of extracellular matrix (ECM). ECM has proven to enhance formation
and differentiation ability of organoids, spheroids, and tissues. Composed of a 3D, complex and dynamic
network of macromolecules, ECM is a key component in stem cell applications by providing cells with a
desirable environment during cellular development. Gelatin microspheres (GMs) have been considered as a
promising growth factor carrier for 3D cell culture. GMs have an excellent biocompatibility and stimulate
minimal, if any, immune responses after implantation in vivo. However, the exact role of GMs in chondrogenesis
is not yet identified. In this experiment, we tested the role of GMs with sizes of 20 µm, 50 µm, 100 µm, and 200
µm as the supporting matrix for the chondrogenic differentiation of human mesenchymal stem cells. We
successfully identified how the increased surface area of the GM matrix leads to increased cell-matrix adhesion.
The resulting interaction may promote chondrogenesis of hMSCs, thus, proving that the increased interaction
between ECM with cells enhances differentiation.

Project Mentor: Dr. Rui Tang, Department of Biomedical Engineering
Faculty Sponsor: Professor Eben Alsberg, Department of Biomedical Engineering
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Lab Simulation of Thermal Attack on Soil During Forest Fires
Anthony Vetturini, Department of Mechanical and Aerospace Engineering; Andrew Jimenez Department of
Mechanical and Aerospace Engineering
Previous research has shown that during forest fires the physical properties of soil are altered, rendering the
soil useless for plant growth. Also, after an increased period of high heat flux, such as those seen during a
forest fire, the water repellency of the soil increases. The concept of heat flux effects has been applied to other
fuels found in forests such as grass, pine needles, leaves, and bushes, but not much research into soils.
Therefore, the effects of heat flux on soils is where the experimental process described in this report will try
and fill. To start the process of filling this gap, a testing procedure was developed, using equipment like those
used in previous tests on other forest fuels. A cone calorimeter was used, which can produce up to 100
kW/m2, on sand, clay, and dirt samples. For this process, the moisture content of these soils was controlled so
that the effects of moisture content on the burning process can be analyzed. These samples were situated into
a testing apparatus that is 10cm long by 10cm wide, and 4 cm deep. The testing apparatus also utilized a
thermocouple to monitor soil temperature during the length of the test. The temperature of the soil, along
with sample weight loss and exhaust gas mass fractions, were outputted and analyzed. Also, improvements to
the testing apparatus were developed so that multiple samples, of different moisture contents, can be tested
at the same time, effectively speeding up the process to obtain results. These multiple-sample tests were
conducted and compared against having one sample in the testing apparatus to ensure that results were
constant, and that the improved testing apparatus can be used for further testing. These experiments were all
conducted at the Computational Fire Dynamics Laboratory at Case Western Reserve University.
Project Mentor: Professor Ya-Ting Liao, Department of Mechanical and Aerospace Engineering





The Mind Matters: Examining the Effectiveness of Dissonance-Based Therapy in the Prevention of
Eating Disorders
Marissa Vidal, Department of Psychological Sciences
Eating disorders such as anorexia, bulimia, and binge eating are related to many negative health and
emotional effects, including cardiovascular complications and anxiety disorders. These disorders are
particularly prevalent among adolescents, placing young individuals with these disorders at-risk for
significant long-term physiological and psychological health consequences. Despite their prevalence, eating
disorders sometimes remain untreated. To address this issue, a literature review was performed to assess the
effectiveness of dissonance-based therapy in the prevention and treatment of various eating disorders. The
efficacy of dissonance-based therapy was analyzed using both empirical and non-empirical studies as a base
of evidence. In addition, the relative value of this therapy was determined through comparison with other
treatments using a set of criteria including each therapy’s short- and long-term effects, health impacts, and
financial burden on patients and care providers. Dissonance-based therapy displays remarkable potential as
an eating disorder prevention program for adolescents. Implementation of a dissonance-based therapy
program could be a cost-effective method to assist in reducing the rate of onset of eating disorders in
adolescents. Further investigation is needed in order to determine the effects of dissonance-based therapy
throughout the lifespan relative to other evidence-based treatments.
Project Mentor: Professor Anne Kotynski, Department of Psychological Sciences
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Cathepsin K, a secreted cysteine protease, regulates transforming growth factor-β2
bioavailability and extracellular matrix in the trabecular meshwork.

Sai Supriya Vuda, Chemical Biology; Dr. Padmanabhan Pattabiraman, University Hospitals Eye Institute

Glaucoma is a blinding disease that results due to sustained intraocular pressure (IOP). Increased IOP primarily
results due to increased resistance in the trabecular meshwork (TM) as result of extracellular matrix (ECM)
buildup. Transforming growth factor-β2 (TGFβ2) facilitates growth of the ECM and is found in high levels in
glaucomatous tissue. Cysteine protease like Cathepsin K (CTSK) regulates extracellular matrix (ECM)
remodeling. Compared to other cathepsins, CTSK is secreted and is the most potent collagenase. CTSK degrades
helical and non-helical regions of collagen 1 and regulates transforming growth factor-β (TGFβ) stability. The
role of CTSK on TGFβ2 bioavailability and ECM remodeling in human trabecular meshwork (HTM) was
investigated. CTSK expression, activity and distribution in HTM cell, and in aqueous humor (AH) outflow tissue
was assessed. Effects of adenovirus-mediated expression of CTSK (AdCTSK) on changes in actin organization,
ECM production and remodeling, and TGFβ2 levels were analyzed using qPCR, immunofluorescence, and
immunoblotting. Students t-test was used for statistical analyses and results were significant if p<0.05 with a
sample size of N≥3 in each experiment. CTSK is distributed in the TM and juxta-canalicular tissues of AH
outflow pathway and CTSK activity is found in HTM cell extracts and culture media. Increasing CTSK expression
in HTM cells using AdCTSK resulted in- a) shorter and coalesced actin stress fibers assessed using phalloidin
staining, b) decreased collagen-1A and fibronectin assembly and fibril formation as visualized by
immunofluorescence, and c) significant decrease in collagen-1A and fibronectin expression (p<0.05, n=3).
AdCTSK significantly decreased TGFβ2 mRNA (p=0.004, n=3) and total intracellular TGFβ2 levels (p<0.05, n=3).
Together, these findings identify CTSK as an important ECM modulator in the TM. CTSK may be involved in the
IOP homeostasis by regulating the bioavailability of TGFβ2 and maintaining optimal cell-matrix interactions in
the AH outflow pathway. Any kind of dysregulation in CTSK functions can lead to elevated IOP.

Faculty Sponsor: Professor Rekha Srinivasan, Department of Chemistry





CytoConverter: A web-based tool to convert karyotypes to genomic coordinates
Janet Wang, Department of Genetics; Thomas LaFramboise, Department of Genetics
CytoConverter is a tool that parses human karyotypes provided in cytogenetic nomenclature to extract net
losses and gains of chromosomes and chromosomal segments. So far, no open source software has been
found that converts information recorded in standard cytogenetic nomenclature into gains and loss of
chromosome material labeled in genomic coordinates. Cytogenetic nomenclature is used to describe the
results of karyotyping. This nomenclature can be extremely complex and uses cytogenetic bands to identify
locations, whereas more modern genomic analyses employ genomic coordinates. Karyotypes are qualitative
in nature, describing the gross structural changes that yield abnormal chromosomes. Determining the
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genomic coordinates of aberrations from the karyotype therefore necessitates sophisticated text parsing, to
facilitate the identification genes and other genomic features harbored in regions of chromosomal gain and
loss. CytoConverter successfully parses a wide breadth of karyotypes. Input to CytoConverter may either be a
single karyotype or a file consisting of multiple karyotypes from several individuals. The chromosomal
changes are inferred relative to a normal karyotype (46,XX or 46,XY), and the output is provided in genomic
coordinates. All net gains and losses implied by the karyotype are returned in standard genomic coordinates
(chromosome, start, stop), along with the numbers of cells harboring each lesion, if included in the input.
Project Mentor: Professor Thomas LaFramboise, Department of Genetics





The Influence of Parental Education on Student Achievements
Xingyu Wang; Finance; Aixin Xie, Economics
A child’s level of development before enter the school system can impact their future. Because close relatives
can serve as the first teachers for students, then development can be affected by the education of the parent.
This study examines student achievement after graduation and the impact the parental education had on that
achievement.
We use cross-sectional data of student outcomes and how those are affected by the parent’s education,
respondent’s answers to how much education they received from their parents, and other control variables
for student outcome. We predict there is a positive relationship between parental education and their
children’s future achievements. Such results would support that education has many positive externalities,
one being the benefit to future children by way of their parents. If these results are statistically and
economically significant, they may imply that improvements should be made to assist parents in this role as
the “first teacher”.
Project Mentor: Professor Jenny Hawkins, Department of Economics




Philos—Simulation, Software and Hardware Design
Yanzhou Wang, Department of Mechanical and Aerospace Engineering, and Tao Liu, Department of
Mechanical and Aerospace Engineering
Human-robot interaction (HRI) has been an increasingly growing field in robotics. While a lot of attention has been
directed towards machine learning and computer vision, only a fraction of effort was spent on developing a platform
to support HRI research on a hardware level. This project aims to redevelop the robot used in the Distributed
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Intelligence and Robotics Lab (DIRL)—Philos—from scratch for better use in the lab's future endeavor into HRI
research. This project involves building a complete kinematic mathematical model and software package to direct
hardware design, as well as coding an inverse kinematics (IK) solver plugin for MoveIt! in addition to a simulation
in Gazebo that works in the kinematics level. Based on kinematic analysis, the robot’s hardware design was then
implemented with CAD software.
Project Mentor: Professor Kiju Lee, Department of Mechanical and Aerospace Engineering





Examination of Historical and Cultural Causes of Eating Disorder Among European, Asian and
American Adults
Yimin Wang, Department of Applied Mathematics
The causes of eating disorders vary among different societies because of differences in culture and
history. In this literature review, the causes of eating disorders among Americans, Europeans, and Asians
are examined through both a historical and cultural lens. The current literature suggests causal factors
for eating disorders between these groups may differ due to differences in workplace environment
and roles of adults in society. More research is needed to identify the causes of eating disorders that
are similar across these groups and how they may present differently in each population. Eating
disorders are most prevalent among adolescents and young adults. Moreover, the rate of adults that
suffer from eating disorders has increased in recent years. Given these concerns, it is important to
ascertain which causes of eating disorders may be preventable in various countries, and how treatment may
differ based on these unique characteristics.
Project Mentor: Professor Anne Kotynski, Department of Psychological Sciences




Terra Madre: Food for Change

Zoe Wang, Department of Nutrition
In September of 2018, I participated in Terra Madre, a biannual event in Turin, Italy that centers around
the Slow Food movement’s mission of promoting good, clean, and fair food. Slow Food’s vision is to
have a responsible food culture throughout the world that promotes environmental sustainability and
social justice while preserving the flavor, nutrition, and cultural representation of food. The Slow Food
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mission counters the effects caused by the domination of industrialized food systems by promoting ethical
food production on a local scale. By analyzing current food systems, Slow Food brings attention to how
the industrialization and mass production of food has become detrimental to human health, the
environment, cultural diversity, and the global economy, amongst many other interdisciplinary aspects of
food studies. Terra Madre, the world summit of Slow Food International, brings people together from all
around the world to explore food education. From indigenous groups to local farmers to academic
scholars, there is a large representation of diverse populations that attend the conference and share the
different food practices, history, and philosophies that they adopt and value. The discussion panels and
workshops explore many different perspectives of food in efforts to encourage conversation, explore
solutions to the current and future problems presented in food infrastructure, and hopefully promote
change from the personal scale to the global scale. My research at Terra Madre highlights some of the
problems in the current food systems in America, primarily through comparing what I know of them to
what I learned about systems of other places around the world. Understanding the underlying principles
that influence food systems and food choices is vital to promoting healthy and feasible change to the
current food industry.

Project Mentor: Professor Denise Caterinacci, Modern Languages and Literature





Systematic Study of the Electrochemical Performance of Au/Ag Nanostructures for Cortisol Sensing in
Exhaled Breath Condensate
Ryan Wee, Department of Chemistry; Jaehee Lim, Department of Chemistry; Dr. Monica Navarreto-Lugo,
Department of Chemistry; and Dr. Anna Cristina S. Samia, Department of Chemistry

The effect of nanostructuring and surface chemistry on the electrochemical performance of a series of Au/Ag
nanostructures with and without graphene nanoplatelets (G) as carbon matrix support, were systematically
investigated using ferri/ferrocyanide couple as a redox probe. The synthesized hollow Au/Ag nanocage-βcyclodextrin nanostructure modified with G showed improved dispersion in the electrode surface and
electrochemical performance due to the nanoreactor cage effect and edge effects. Transmission electron
microscopy (TEM), atomic absorption spectroscopy (AAS) and cyclic voltammetry (CV) were used to
characterize the materials and test their catalytic ability towards the oxidation of ferri/ferrocyanide redox
probe. The optimized nanocomposite was explored as a substrate for the development of an electrochemical
sensor for cortisol. The model was tested for the monitoring of cortisol in exhaled breath condensate samples.
This novel nanocomposite system demonstrated promising results in the monitoring of the stress biomarker.
Project Mentor: Dr. Anna Cristina S. Samia, Department of Chemistry
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Investigation of Bimetallic Interactions Through Shape-Persistent Schiff-Base Supramolecular
Scaffolds
Oliver Westcott, BS Chemistry Major, Department of Chemistry; Zakary Ekstrom, Department of Chemistry
and John D. Protasiewicz, Department of Chemistry
Shape-persistent supramolecular hosts have been long known to sequester and bind metals. Recently
bimetallic systems and the metal-metal interactions within have become of interest. Analogous systems have
found wide utility in catalysis and biomimetics by taking advantage of intrinsic cooperative and biphillic
properties. Modulation of the binding pockets’ interior cavity can be directed through changes in the ligand
scaffold. By probing rigid, pseudo-rigid and flexible backbones, we posit different cavity dynamics will be
observable on the NMR time-scale but also through solid state structures. Initial studies focus on homo
bimetallic systems and properties ultimately investigating hetero bimetallic systems to probe the dynamics of
these metal-metal interactions.
Project Mentor: Professor John D. Protasiewicz, Department of Chemistry



Neoreomys australis (Rodentia, Hystriconathi) from Pampa Castillo and states of wear for hypsodont
Neoreomys teeth
Nicholas Whalen, Department of Biology
A large sample of teeth from the rodent genera Neoreomys from the early Miocene Pampa Castillo formation
in the southern Chilean Andes are studied and described. The species Neoreomys australis is recognized. This
species differs from its close relative in the Pinturas Formation, Neoreomys pinturensis, by having more
hypsodont cheek teeth, less penetrating mesofossette–mesoflexus crown morphologies, and less persistent
flexi and flexids. Different states of wear are defined and described for all tooth types based on persistence of
occlusal structures across a range of tooth lengths and bucco-lingual width measurements. This work can be
used as a tool for both identifying isolated specimens of Neoreomys in addition to better understanding states
of wear in other extinct rodents.
Project Mentor and Faculty Sponsor: Dr. Darin Croft, Department of Anatomy, Case Western Reserve University
School of Medicine
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Nanoparticle Delivery of Immune Agonists to Promote Antitumor Response

Michelle Wiese, Department of Biomedical Engineering; Peter Bielecki, Department of Biomedical
Engineering; Efstathios Karathanasis, Department of Biomedical Engineering

A major challenge in the treatment of malignant tumors like glioblastoma multiforme is tumor-mediated
immunosuppression, in which the tumor suppresses the local immune system to avoid recognition. Activation
of resident antigen presenting cells (APCs), such as macrophages, can reverse this suppression and increase
the recruitment of immune cells to the tumor to initiate an antitumor response. Cyclic diguanylate
monophosphate (c-di-GMP) is a drug that works within the cytosol of APCs to promote the release of
cytokines, such as IFN-β, that draw immune cells to the site of inflammation. To increase the uptake of c-diGMP into the cytosol of APCs, the drug can be loaded into and delivered via mesoporous silica nanoparticles
(MSNs), which are highly biocompatible and easily modified. In vitro studies show that c-di-GMP loaded
MSNs boosted the secretion of cytokine IFN-b from murine macrophages by 6-fold compared to free c-diGMP, while the particles alone were not immunogenic. Further, in vivo flank models of mice inoculated with a
GL261 glioma cell line showed complete tumor regression with no detectable tumor recurrence after
intravascular injections of c-di-GMP loaded MSNs. This preliminary work demonstrates a potential new
treatment that harnesses the immune system to treat invasive tumors. Ongoing and future work includes in
vivo studies optimizing the delivery of c-di-GMP loaded MSNs to tumor-associated macrophages and
evaluating the therapeutic effects on tumor burden and overall survival in orthotopic brain tumor models.

Project Mentor: Efstathios Karathanasis, Department of Biomedical Engineering




Less is More: Modern Consumer Culture and Well-Being

Mayme Williams, Psychology and Medical Anthropology Major
Consumerism dominates the modern world and increased consumer culture has led to a society obsessed
with constant consumption. Numerous studies on consumer culture present marketing schemes and
economic formulas that dictate success for companies. However, the current state of literature lacks a
comprehensive examination of the psychological impact of consumer culture on the consumers. Given the
continued growth and permeation of consumerism in our modern-day world, it is imperative that we
understand the psychological consequences of this trend. Despite increased normalization of consumption
behavior through a combination of traditional and newer forms of mass media, several studies suggest buying
behavior and the consumer mentality negatively impact happiness and psychological well-being. The limited
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discussion of the psychological repercussions of consumer culture indicates a need for an extensive look at
the potentially harmful impacts of consumerism on peoples’ health. This literature review showcases the
negative impact of consumer culture on psychological health with the intention of motivating continued
research on the topic. This discussion of the harmful consequences of our increasingly consumeristic culture
will potentially lead to the development of protective solutions of individuals’ psychological well-being.
Legitimate interventions cannot form without first developing an in-depth understanding of the
overwhelming influence that consumer culture has on the psychological well-being of consumers.
Project Mentor: Anne-Elizabeth Kotynski Gooding, Department of Psychological Sciences





Use of Invasive Freshwater Clams as an Indicator for Stream Health and Urban Impact

Jess Wilson-Woodrow, Environmental Geology: Department of Earth, Environmental and Planetary Sciences

Among the variety of pollutants associated with human development, heavy metals like copper, lead, mercury
and cadmium are among the most impactful. Not only are these metals highly toxic, their high residency times
in organisms and river sediments make them a persistent burden on a variety of river ecosystems. The
primary purpose of this study was to investigate the impact of human development on concentrations of
bioavailable heavy metals in northeast Ohio rivers and streams. In order to accomplish this, Corbicula
fluminea was used as an indicator species. Commonly known as the Asian Clam, previous studies by Stephen
Levas at the University of Wisconsin Whitewater have confirmed the ability of these organisms to accumulate
heavy metals within their soft tissues. My experiment differs from previous studies by analyzing the hard
tissues (shells) of these organisms. Ideally, seasonal growth rings present in these shells would allow us not
only to test for the presence of heavy metals, but to determine a timetable of contamination. Samples of this
species were collected from various locations in northern Ohio selected to include locales with various
degrees of urbanization. Sample shells were then cleaned, cut to expose a cross section, mounted in epoxy
resin, and tested with several methods of electron microscopy in order to determine elemental distributions
of metals. Elemental analysis from these methods did not detect any of the target metals in significant
amounts. Additionally, generated elemental maps did not display any chemical variation across seasonal
growth rings. From this, we must conclude that the types of hard tissue analysis that I performed are not valid
methods of discerning bioavailable heavy metals for these organisms.

Project Mentor: Professor Ralph Harvey, Department of Earth, Environmental and Planetary Sciences
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Sensitivity of Nitrogen Vacancy Defects in Diamond Coupled to Ferromagnetic Vortices
Anna Wirth, Department of Physics; Professor Jesse Berezovsky, Department of Physics
Nitrogen vacancy (NV) defects in diamond can be used as a nanoscale magnetic sensor at room temperature.
When a magnetic field is applied within several hundred nanometers an NV center, degeneracy between the
ms = ±1 levels is lifted and therefore two dips in the electron paramagnetic resonance (EPR) spectra of the
defect are observed, with the frequency separation of the dips approximately proportional to the applied
magnetic field. Therefore, the strength of the magnetic field can be estimated from the separation of the EPR
spectra dips. It has been shown in [1] that the strong, localized magnetic field of a ferromagnetic vortex can
affect NV defect sensing capabilities by inducing significant nitrogen-vacancy spin splitting. Previous studies
[1, 2] also showed that by applying additional magnetic fields, a magnetic vortex can be driven towards an NV
center. When within a distance of several hundred nanometers, the vortex contributes to the total magnetic
field detected by the NV. This work investigates effects of ferromagnetic vortices on NV center sensitivity;
specifically, we work towards determining the relative distance to and orientation of the vortex with respect
to the NV quantization axis which maximize the sensitivity of the NV/vortex system. We will derive a model
empirically from optically detected magnetic resonance (ODMR) scans of samples of NV defects in diamond
nanoparticles coated onto magnetic vortices, and we will next apply the model to a sample of NV defects in
thin films and repeat the experimental analysis to determine whether the thin films, in conjunction with
ferromagnetic vortices, increase NV defect sensitivity. In short, this study will examine how coupling to a
ferromagnetic vortex may make the NV defect a more effective nanoscale sensor in terms of its sensitivity.
Project Mentor: Professor Jesse Berezovsky, Department of Physics
[1] Wolf, M. S., R. Badea, and J. Berezovsky. “Fast nanoscale addressability of nitrogen-vacancy spins via
coupling to a dynamic ferromagnetic vortex.” Nature Communications 7, (2016).
https://www.nature.com/articles/ncomms11584?origin=ppub
[2] Wolf, M. S., R. Badea, M. Tader, and J. Berezovsky. “Strong driving of a single coherent spin by a proximal
chiral ferromagnet.” Phys. Rev. B. 96, (2017).
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.96.014424





Art as an Asset Class: An Economic Analysis of Mean-Reverting Behavior in Art Markets
Morgan Wood, Department of Economics, Department of Art History.
With the art market’s recent growth year over year, and the increasing accessibility of art investing,
understanding the long-term behavioral patterns of art prices at auction is of emerging importance. The
primary question this research addresses is: in repeat sales of paintings on the London art market, what
effects do the time between sales and the returns of stocks and GDP over the same time period have on
annualized returns to art? Thus this research explores how art returns behave compared to another popular
asset class as well as the national economy, and tries to identify mean-reverting behavior in sales patterns.
My dataset is an expanded version of the set of resales identified in Gerald Reitlinger’s 1961 seminal
publication, The Economics of Taste: the Rise and Fall of Picture Prices, merged with data from the Bank of
199

England on average annual stock returns and annual GDP. I use a hedonic model of returns and gain insight
into the effects of some factors inherent to the painting such as the subject of the painting, the style or
movement of art associated with the artist, and the country of origin of the artist. I also use fixed effects in an
effort to control for effects such as the fame of the artist and the reception of the art movement. Briefly, I find
that returns to paintings do seem to exhibit positive mean-reverting behavior and that the returns to the
stock market as well as GDP gains over the same time period as the sales of the paintings are modestly
material predictors of returns, though are not statistically different from zero. Interestingly, characteristics
inherent to the painting are not found to be significant predictors of return, perhaps suggesting that painting
values are derived more from some other market conditions than actual attributes of the paintings.
Project Mentor: Prof. Jenny Hawkins, Department of Economics.




Design of 8” Tongue and Groove Pliers Using Design Plastic/Composite Material

Gavin Dersh-Fisher, Department of Macromolecular Science and Engineering; Michel’le Wright,
Department of Macromolecular Science and Engineering; Saloni Agrawal, Department of Macromolecular
Science and Engineering

Tongue and groove pliers are a type of pliers that have a self adjusting locking mechanism, and can be used to
tighten nuts and bolts of a variety of sizes. Tongue and groove pliers are composed of two separate components
attached by a single screw that can slide up and down within the self-adjusting locking mechanism.
Traditionally, tongue and groove pliers have been made out of tool-steel with an electrically insulating plastic
sheath around the handles. The focus of our design project was to design a pair of tongue and groove pliers, but
rather than using tool-steel components, the pliers will be made entirely out of a polymer/composite material.
Mechanical properties and cost were the two important factors that we focused on for replacing the material.
In the initial investigation, we realized that finding a polymer/composite that met the same mechanical
advantages of tool-steel with respect to price was impossible. But from finding the maximum force that can be
applied, a resultant compressive force produced between the two jaws is determined. The resultant
compressive force was converted into a value of stress based off of the area of the jaw that comes into contact
with a nut or bolt. This stress value can be assigned as the desirable compressive strength for the
polymer/composite material that will eventually be used in the manufacturing of 8” tongue and groove pliers.
Another focus towards the design was using a screw that has a low coefficient of friction for the attachment of
the two sides of the tongue and groove pliers. Based off of the processability of the material selected, there will
be three parts that will be injection molded and hand-built to produce the final product.

Project Mentor: David Schiraldi, Department of Macromolecular Science and Engineering
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Recognition Memory for Paintings in Comparison to Words

Ruoying Wu, Department of Psychology

Though paintings and words are both visual stimuli, they are vastly different in memory recognition.
Paintings and words present two distinct types of information, which make their memory process different.
In this study, 39 subjects were recruited to study a list combining 35 paintings and 35 words for recognition.
They were then tested with a list combining 60 paintings and 60 words, consisting of the stimuli that were on
the study list and stimuli that were not. Subjects were asked to make response to each stimuli out of three
options: remember (specifically recollect the stimulus being on the list), know (can not recollect the
experience but know it was on the list) and no (it was not on the list). We hypothesized that participants were
more conservative in making positive response (remember or know) to paintings in comparison to words.
Results confirmed the hypothesis mainly due to more “know” responses for words than for paintings.

Project mentor: Professor Robert Greene, Department of Psychology





Relationship between Climate and Academic Performance of College Students
Jincheng Liu, Department of Art and Science, Economics; Wanyi Wu, Weatherhead School of Management,
Marketing
Until we were admitted to CWRU, we could not possibly imagine places on earth that snow so much and are
so cold, often October to May. We examine how weather might affect student academic performance in
college. Students might skip class due to the weather and not purely because they are lazy. Students also
might get sicker more often, due to being in closer proximity to other people during the winter. Finally,
dreary weather and lack of sunshine can have an effect on our emotional health.
We gather data on U.S. colleges and universities with information on GPA (our dependent variable); average
temperature, snowfall, rainfall, and sunshine during school months in the cities or areas where the schools
are located; average high school GPA, SAT scores, and TOEFL score. We’ll also consider other variables such
as a dummy representing a city or non-city area where the school is located, the total number of students
enrolled, a comprehensive ranking of the school, tuition level, and a dummy for private or public. In addition
to this, we also would like to compare the effects of spring semester to fall semester. We also hope to find
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survey data across schools to examine how weather affects students’ physical and emotional health on
average across schools.
Our hypothesis is that when holding constant all other factors that might affect GPA, the proxies for weather
will have a positive effect on GPA. That is, the better the weather, the better the GPA. This result would
imply that cold or snowy weather can have a negative impact on the academic performances of students
living and studying in such harsh environments.
Project Mentor: Jenny Hawkins, Department of Economics



Active vacuum insulated panels for variable, high R-value insulation to reduce cooling load of
buildings

Hanchong Qian, Department of Mechanical & Aerospace Engineering; Sophia Wunderlich, Department of
Mechanical Engineering; Zhicheng Zhou, Department of Mechanical Engineering; and Steve Hostler,
Department of Mechanical & Aerospace Engineering

Vacuum insulated panels (VIPs) are used in contemporary buildings to provide better insulation than
conventional insulation materials like Polystyrene and fiberglass. In order to further improve insulation
performance, a smart, active vacuum insulated panel is under research. Active VIPs would be able to change
their thermal conductivity by switching back and forth between different internal gases, according to the
temperature changes throughout the day. By being able to alter the insulation’s R-value, it would help reduce
the energy used for building cooling. Our project seeks to analyze and predict the performance of active VIP
design in simulated environments. A finite element analysis (FEA) was performed in LISA software to
determine the heat flow through the system. The thermal conductivity values were validated through a heat
flow meter experiment with a 6” by 6” scaled active VIP prototype with thermocouples. Under current
research, Hydrogen and water vapor are considered possible gases to integrate within the active vacuum
panel that would be controlled by a fuel cell. An Arduino based test rig has been designed to take
measurements of pressures every two seconds under vacuum conditions. This test rig also has a built-in
Bluetooth data transmission function. It supports remote control data collecting on any Android smartphone
with the use of the nRF-UART app. The test rig operates well under various vacuum levels. When adapted into
the actual active vacuum panel design, it functions as part of the control unit to switch on/off the fuel cell,
which is used to adjust the gas composition in the VIP. FEA simulation and scaled model testing aim to
provide necessary analyzing tools for active vacuum insulated panels. Overall, this project offers a
preliminary performance overview to support future advancements for active VIP design. However, larger
models with improved simulation conditions are still needed to have more realistic results and to validate our
design choices.
Project Mentor: Professor Steve Hostler, Department of Mechanical & Aerospace Engineering
Faculty Sponsor: Professor Clare Rimnac, Departments of Mechanical & Aerospace Engineering and
Orthopaedics
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The Impact of Trust in The Doctor-Patient Relationship on Well-being and Life satisfaction Among
Older LGBTQ People: Literature Review

Siyue Xu, Department of Sociology
Trust is a significant component in the physician-patient relationship. It is related to patients’ life satisfaction,
health outcomes, and patient-physician communications. However, sexual minority patients tend not to have
a high level of trust in their relationships with their primary care providers. The population of the elderly,
which is vulnerable and often gets ignored, is rapidly growing. Older LGBTQ patients, with the
intersectionality of their identities, seem to be in a disadvantaged position. Thus, this literature review will
analyze the role of trust in doctor-patient relationships among Older LGBTQ People. At the same time, it will
look at the reasons that keep older LGBTQ patients from disclosing their sexual orientation, and the effects of
trust in patients’ life satisfaction and well-being. The will provide useful information to help people gain more
understanding in older LGBTQ people and find a way to increase the level of trust in practice.

Project Mentor: Professor Sharon Milligan, Jack, Joseph and Morton Mandel School of Applied Social Sciences





Coupled Organic Polariton Cavities

Yeyang Xu, Samuel Schwab, and Kenneth Singer, Department of Physics, Case Western Reserve University

Artificial multiple layer dielectric-metal composite metamaterials are being investigated for new optical
devices. Polaritons are created when matter and the light interact inside an optical cavity. Our studies will
focus on the optical properties of multilayer organic nanostructures in order to better understand the
relationship of light-matter coupling. Such studies will advance understanding of these interactions aimed at
potential application in nanophotonic devices, taking advantage of their remarkable linear and nonlinear
optical properties. Experimentally, we will use spectroscopic ellipsometry to measure the polarization and
spectral reflectivity data to calculate the complex refractive index, and then input these into linear transfer
models of films containing multiple alternating layers of metal and organic semiconductors. Hyperbolic
metamaterials are artificial materials that combine the metallic and dielectric behavior to create new
designer optical materials. In this case, the organic layers are much thinner than a wavelength. By
increasing the thickness of the organic material (DCDHF-6-V) the structure changes from one describable by
effective medium theory to cavity polaritons. We will use spectroscopic ellipsometry to measure the
reflectance of different wavelength and angle compare to experiment and to deduce optical constants in order
to characterize this transition.
Project mentor: Prof. Kenneth D. Singer, Department of Physics, Case Western Reserve University
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Measuring Attention and Startle Reflexes towards Visual and Auditory Stimuli in Undergraduates with
Binge Drinking Disorder and Depression

Abigail Yaffe, Department of Psychology

Binge Drinking Disorder (BDD) and Depression tend to be most common amongst college aged students 1824. This can cause impairments in executive functioning tasks, such as working memory, planning, and
decision making. In this research, I am concerned with how attention shifts between four specific types of
valence-influenced visual stimuli (positive, negative, neutral and alcohol related images) while
simultaneously experiencing a random burst of decibel appropriate noise. I would like to examine how the
blink response dictates the amount of focus dedicated to a visual stimuli when the audible noise is presented.
In this, I will determine how the two disorders dictate attention towards certain valence stimuli, while also
measuring how much the attention shifts when the startle response is introduced. This is significant research
towards understanding how BDD and Depression can provoke fixation on emotions and concepts related to
that disorder, making it difficult for the individual to shift their attention towards other important stimuli.

Project Mentor: Professor Arin Connell, Department of Psychology





Refinement of Micro Morphing Air and Land Vehicle Design
Alexander Yaney, Aerospace and Mechanical Engineering
The purpose of the Morphing Micro Air and Land Vehicle (Micro-Air Vehicle or MMALV for short) is
to serve as a remote platform for exploration and intelligence gathering in hostile environments. The idea
behind this being that the vehicle could be launched from a remote location and flown to the area of interest
where it would then transition to a ground mode and gather data with cameras or other sensory equipment
while “walking” around. As it stands right now, the MMALV has one main fixed wing and contains several
heavy metal components which allow it to survive multiple high impact landings. The purpose of this report
is to investigate the potential for incorporation of folding wings into the vehicle frame, giving the MMALV
more flexibility and adaptability in ground operations. Multiple potential methods for wing-folding such as a
bat-like fold, an aftward fold, and a rotating wing were all investigated and weighed against one another.
Following this selection, a method of driving the wing rotation was considered. The combination of the best
design solutions to each respective design problem were then physically prototyped. To determine the
feasibility of this design addition, a new MMALV rapid prototype was developed with a different material
composition but similar weight and aerodynamic characteristics to previously existing MMALV’s. This new
MMALV with integrated wing-folding capability was then both ground and flight tested to ensure that it met
or exceeded the capabilities of the previously developed vehicles while also furthering the versatility of the
design.
Project Mentor: Dr. Richard Bachamnn, Department of Aerospace and Mechanical Engineering
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Synthesis of Emixustat Analogs Using Acuecela Method
Allison Yang, Department of Chemistry; Dr. Gregory Tochtrop, Department of Chemistry
The visual cycle is a biological process that occurs between two cells in the retina: photoreceptors (cones and
rods) and the retinal pigmented epithelium (RPE) cells. In photoreceptors, absorbance of light causes the
generation for the signal cascade ultimately leading to vision, and the release of all-trans-retinal from opsin.
RPE cells are responsible for the regeneration of 11-cis-retinal. In certain disease states, the retina is unable
to clear all-trans-retinal from the photoreceptor, leading to the rapid formation of the lipofuscin A2E, which
results in light-induced photoreceptor degeneration. The accumulation of A2E can be seen in a variety of
disease states of the eye including age-related Macular Degeneration (AMD) and Stargardt’s Disease. A2E is
considered a good biomarker for the progression of the aforementioned diseases, but it is disputed if A2E has
a causative effect on these diseases. A prolonged inhibition of the visual cycle is a viable therapeutic strategy
to treat these diseases. The drug Emixustat is a small molecule that was specifically designed by Acuecela to
inhibit the enzyme RPE65 isomerase, which is responsible for the conversion of all-trans retinylesters into
11-cis-retinal during the visual cycle.
Under the guidance of the Tochtrop lab, I am synthesizing an analog of emixustat using Acuecela’s method
and for future pharmacological testing by performing a generation of the nucleophiles in situ, standard
nucleophilic attack, and reduction using lithium aluminum hydride.
Project Mentor: Jordan Zaluski, Department of Chemistry
Faculty Sponsor: Professor Gregory Tochtrop, Department of Chemistry




Optical Kerr Effect in Polaritonic Metamaterial
Jiewen Yang, Department of Physics; Samuel Schwab, Department of Physics; Kenneth Singer, Department of
Physics
A polariton is formed from two coupled oscillators. The coupling of the two oscillators, photon cavity modes,
with exciton modes in an organic glass, results in the new normal modes, known as upper and lower
polariton modes. The cavity polariton can be achieved when the thickness supports bound photonic modes,
where their energy and the exciton energies overlap. The resulting new modes provide new types of resonant
enhancement. We will investigate metamaterials that are made of thin layers of metals and organic polymers.
With appropriate thicknesses, coupled cavity modes of exciton–polaritons in such layered structures can be
achieved. A possible tunable optical device that can vary index of refraction according to the incident angle at
large wavelength could be made. By combining the agile dispersion of the cavity polaritons with the intensity
dependent index of refraction of the optical Kerr effect, new photonic devices with enhanced properties
would emerge. The optical transfer matrix method will be the basis for the calculation process. Material
parameters, permeability and permittivity, will be retrieved by ellipsometry. The optical Kerr effect was
studied in samples consisting of three coupled polariton cavities.
Project Mentor: Prof. Kenneth Singer, Department of Physics
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Redesign of a Classroom Desk-Chair

Michael Choi, Department of Materials Science and Engineering; Maria Kim, Department of Materials
Science and Engineering; Kiana Yee, Department of Materials Science and Engineering

The furniture in a classroom has a direct impact on a student’s ability to learn and focus in a learning
environment. This project aims to eliminate an inconvenience encountered in multiple classrooms at Case
Western Reserve University of switching around broken chairs, which is an often frustrating, time consuming,
and distracting task to complete on a daily basis. A budget conscious, ergonomic, and robust classroom chair
redesign is proposed with polypropylene for the sitting function of the chair, high pressure laminate fiberboard
for the desk tablet, and tubular steel with nickel-chrome for the frame. Moreover, a conceptual scale prototype
was made using additive manufacturing techniques. This redesign can be used to identify critical design
elements that increase the mechanical strength of the desk chair, to inform future purchases of classroom
furniture.

Project mentor: Professor Peter Lagerlof, Department of Materials Science and Engineering





Arc-length Analysis of Rayleigh-Taylor Instability
Timothy Yee, Department of Physics; Dr. Charles Rosenblatt, Department of Physics
The Rayleigh-Taylor instability is a fluid instability occurring when a dense fluid is accelerated into a less
dense fluid. This instability occurs in phenomena such as supernovae and inertial confinement in fusion
reactions. Professor Rosenblatt’s laboratory has developed techniques to quantify the instability growth
using magnetic levitation of the denser fluid above the less dense immiscible fluid, allowing the stabilization
of the interface. Magnetically susceptible wires are placed periodically on the interface between the fluids
which perturbs the magnetic field at the boundary, creating an initial modulation on the interface. This
isolates the fastest growing mode of the Rayleigh-Taylor instability. By removing the magnetic field, the
interface growth of the initial condition via gravitational acceleration can be measured. This project focused
on studying three layer systems in which an additional layer of less dense fluid is placed on top of the denser
fluid. This changes the dispersion relationship due to coupling between the two fluid interfaces. The
instability growth was measured using the arc-length of the interface, a metric developed by Renoult, et al to
better understand the crossover between the linear and nonlinear. This crossover was studied for various
initial conditions and denser fluid layer thickness. Furthermore, the dispersion relationship using the arclength analysis was determined for various dense fluid layer thickness.
Project Mentor: Dr. Charles Rosenblatt, Department of Physics
Faculty Sponsor: Dr. Rolfe Petschek, Department of Physics
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Decreased cognitive abilities in birds migrating longer distances
Shu Ho Yeung, Biology BA
The relation between brain size and migratory distances in birds have been attempted to be explained the
behavioral flexibility hypothesis, which suggests birds that migrate short distances have higher cognition in
order to adapt to seasonal changes. In our study, relative brain size will be an indicator for cognition, as
suggested by other research. This hypothesis is tested with PGLS analysis using data from 152 species of
birds from 61 families with various migration distances, and various packages including the ape, picante and
phytool packages were downloaded in R to help match the migration distance and relative brain size data
onto the phylogeny. Phylogenetic tree was obtained by cutting down a phylogeny with 9993 bird species into
only containing the 152 bird species relevant to the study. To test this theory, PGLS analysis was done to test
the correlation between relative brain size, a continuous response variable, and migration distance, a
continuous predictor variable. Furthermore, phylogenetic signal of relative brain size among the 152 bird
species was also tested, and packages including ape and picante were used for this test. Results suggest that
there is no correlation between migratory distance and relative brain size (p=0.164). It is, however,
important to note the negative slope found from the PGLS analysis (-0.000000762). Although the result of the
p-value does not seem to support the behavioral flexibility hypothesis, the reason behind this may be that
birds that migrate for short distances does not mean that they are subjected to an environment with large
seasonal changes, so higher cognitive abilities are not needed. However, the negative slope suggests that
there may still be a correlation between shorter migratory distances and better cognition. Furthermore, data
from the phylogenetic signal test suggests that there is a weak phylogenetic signal for relative brain mass.

Faculty Sponsor: Professor Jean H. Burns, Department of Biology





Food for Thought: Media’s Influence on Obesity

Kasey Yu, Department of Psychological Sciences

Mass media in the form of food advertisement is a prominent contributing factor to the global epidemic of
childhood obesity. Obesity increases an individual’s risk of long-term health problems, and is becoming more
common worldwide. Increased exposure to food marketing plays a critical role in influencing dietary
patterns, which can ultimately lead to long-term health consequences. Through a systematic literature
review, the author examines the impact of marketing on childhood obesity and assesses the potential value of
numerous opportunities for prevention. The identified scientific literature provides prevalence rates of
obesity in children as well as discussion of underlying mechanisms and the effect of exposure to food
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marketing on food perception. Childhood media exposure is an avoidable contributor to increasing numbers
of individuals who are overweight or obese. Examination of this information allows for action to be taken
towards the mitigation of obesity in adolescents.

Project Mentor: Professor Anne Kotynski, Department of Psychological Sciences




Novel Portable Electromyograph for Multipurpose Clinical Research Use

Edward Carson, Department of Biomedical Engineering, Alex Ghorishi, Department of Biomedical
Engineering, Joseph Spitalli, Department of Biomedical Engineering, Yixuan Wang, Department of
Biomedical Engineering, and Marina Yu, Department of Biomedical Engineering, Matthew Williams,
Department of Biomedical Engineering, Colin Drummond, Department of Biomedical Engineering

Electromyography (EMG) is a way for clinicians to assess the activation of muscles through the use of
electrical signal detection. Surface electrodes are placed on the skin over the area of interest to collect
signals that are sent to the EMG device. Currently, these devices are large and not made for transportation,
causing patients to be bedridden or limited to a small area in order to be monitored by clinicians. Typically,
the place in which EMGs can be carried out is in a hospital or research setting, where the device is located. In
addition, the most common option for an EMG is one that always needs to be plugged into a wall. A portable
EMG device will allow for remote monitoring of patients via a portable, lightweight, wireless EMG device with
at least 8 hours of battery life and 8 feedback channels. The device will be comparatively inexpensive to
current available devices and capable of storing the data in the form of specific numbers. It will also be
able to transfer the data to an external computer storage device. We have built the full device with casing
for protection and have validated EMG signal data collection accuracy with current EMG devices.

Project Mentors: Professor Matthew Williams, Department of Biomedical Engineering, and Professor Colin
Drummond, Department of Biomedical Engineering
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The Mechanism by which IL-17A Contributes to MMP-9 Production During Diabetic Retinopathy

Thomas E. Zapadka, Departments of Biochemistry and Ophthalmology and Visual Sciences; Sarah I.
Lindstrom, Department of Ophthalmology and Visual Sciences; Dawn G. Smith, Department of Ophthalmology
and Visual Sciences; Brooklyn E. Taylor, Department of Ophthalmology and Visual Sciences; Chieh A. Lee,
Department of Ophthalmology and Visual Sciences; and Patricia R. Taylor, Department of Ophthalmmology
and Visual Sciences

Diabetic retinopathy is a diabetes-mediated retinal microvascular disease, and is the leading cause of
blindness in the working-age population in the Western World. Interleukin-17A (IL-17A) and matrix
metallopeptidase 9 (MMP-9) have both been identified as key inflammatory processes that induce retinal
pathogenesis and the onset of diabetic retinopathy. Here the role of IL-17A in the production and activation of
MMP-9 in retina, as wells as the signaling mechanism that enhances MMP-9 activity was investigated. It was
discovered that diabetes-mediated MMP-9 production and activity was significantly decreased in IL17A/- STZ-diabetic mice. Also through ex vivo studies of human retina cells, it was determined that IL-17A induced
IL-17-receptor-expressing Muller glia to produce MMP-9 by activating the IL-17R-Act1-TRAF6 pathway.
These findings not only establish a novel IL-17A signaling mechanism in the retina, but also identify potential
therapeutic targets that could inhibit retinal pathogenesis and the development of diabetic retinopathy.

Project Mentor: Professor Patricia R. Taylor, Department of Ophthalmology and Visual Sciences




An Examination of the Effects of Gun Violence Trauma on the Development of Post Traumatic Stress
Symptoms in Multiple Civilian Populations
Karine Zeidan, Psychology Major, Department of Psychology
Gun violence has recently become an epidemic in the United States. Experiencing traumatic events such as
shootings is known to cause possible manifestation of Post Traumatic Stress Disorder. Post Traumatic
Stress Symptoms (PTSS) can present without developing into the disorder, though the symptoms alone may
cause substantial impairment to daily life. The current paper examines the effects of gun violence trauma
and the manifestation of PTSS on multiple populations, mainly children and college age females. While PTSS
tend to decrease over time after the trauma, students exposed to gun violence showed clinically significant
levels of PTSD three months post trauma. Emotional regulation difficulties and general distress pre-trauma
were found to be predictors of lasting PTSS, even after the three-month period. The cumulative nature of
trauma was also observed in adolescents and adults who experienced gun violence through the development
of maladaptive coping habits such as avoidance. These maladaptive coping strategies often led to the
development of depression and anxiety, which are comorbid with PTSD. Long term effects of gun violence
trauma are not well known and should be researched further so that interventions may be developed for
victims whose daily lives are impaired by PTSS.
Faculty Sponsor: Professor Amy Przeworski, Department of Psychology
209

Exploring the role of oxygen in charge loss during Neural Stimulation using Boron Doped Diamond
electrode
Alfred Zhang, Undergraduate student, Department of Chemical and Biomolecular Engineering
Electrical stimulation of neurons is a clinical technique for treating neurological issues, such as epilepsy,
dystonia, or Parkinson's disease (Cogan, 2008). The process first injects charge via current pulses through an
electrode array; then, injected charge returns to the electrode. Once the injected charge reaches a threshold,
the target neurons are activated to transmit signals, thus achieving its therapeutic value. Ideally, charge
injection occurs non-faradaically, i.e. no electrochemical, charge-transfer reactions happening at the
electrode-tissue interface. Unfortunately, non-faradaic charge injection is usually insufficient to elicit a neural
response, and faradaic reactions are thus unavoidable. If these are irreversible reactions, the generated
chemical species diffuse away and can potentially harm tissue. Our interest is in dissolved oxygen that can be
irreversibly reduced to potentially harmful species. To minimize this irreversibility, all injected charge should
be returned to the electrode, instead of reacting with water or oxygen. Boron-doped diamond (BDD)
electrodes are known to have slow kinetics for oxygen reduction at its surface(Garrett, 2016), and also
extraordinary electrochemical stability, wide potential window, and biocompatibility due to its low
cytotoxicity. In this work, we will try to relate the surface chemistry of BDD to the contribution of oxygen
reduction using voltammetry and preliminary pulsing experiments. First, Cyclic voltammetry is used to
characterise the electrodes at relevant potential ranges. The effect of oxygen on the electrochemical response
will be determined for Pt electrodes and BDD electrodes terminated by oxygen or hydrogen. To characterize
BDD surface oxygen content, water contact angle on its surface will be recorded for each electrode. Then,
current pulsing will be carried out by galvanostatic mode of the potentiostat, and by varying charge injected
and keeping track of working electrode potential, the source of irreversibility could be isolated. The
electrochemical response will be compared to that from CV time scale to actual stimulating time scale to
investigate the time scale effect on oxygen reduction. In the future, the experiment will be extended to a pulse
clamp instrument to better collect experimental data.
Project Mentor: Professor Heidi Martin, Department of Chemical and Biomolecular Engineering




ARCooking: An Augmented Reality Cooking Simulator Created using Microsoft Hololens
Jeremy Chan, Department of EECS; Peter Gao, Department of EECS; Steven Xie, Department of EECS; Chris
Zhang, Department of EECS
Our purpose is to create an Augmented Reality Cooking Demonstrator that will allow for interactive
demonstration of recipes that interest the user. We envision that in addition to a Hololens device responsible
for user interactivity, we will have a website that supports user accounts to aid in recipe creation and
customization and a webserver to communicate between the simulator and website with user-created recipes
and persistent data management.

Project Mentor: Professor Soumya Ray, Department of EECS
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DisKovery Game Engine

Kyle Thompson , Computer Science; Oliver Zhang, Computer Science; and Jaafar Bennani, Computer
Science

The DisKovery Game Engine is a lightweight extension of the Pygame set of Python modules for use with
Vulkan, the new graphics API by Khronos Group. DisKovery is designed to be a more streamlined tool for
viewing and creating simple 3D games and GLSL shaders, as opposed to closed-source proprietary engines
like Unity and Unreal. DisKovery is a set of additional Python modules that wrap functionality for the
importing of assets into a game environment, saving and loading 3D scenes, and scripting logic for
interactions between objects in the game world. Included in DisKovery is a Level Editor for placing 3D objects
as well as a set of open source Python modules for writing game logic. DisKovery is fully documented and
tested, with an API available for use in conjunction with the level editor and a tutorial series for creating a
simple game using DisKovery. The engine does not aim to include all the functionality major proprietary
engines like Unity include, but instead simplifies the process so that lower level features that are usually
hidden in Unity are readily available for the user to edit, and many of the other unnecessary features Unity
includes are not included in DisKovery so the process can be more streamlined. DisKovery is built from the
ground up to work with Vulkan, whereas other proprietary game engines adapted their existing graphics
pipeline to run throught Vulkan, and Vulkan's capabilities are only fully realized when an engine is designed
with Vulkan built in mind. Using Vulkan allows for better handling of multi-core processors, lower power
consumption, and more future proofing than any of the other competing graphics APIs.When using
DisKovery, game developers with a more extensive background in programming will be able to create simple
3D games more quickly and more efficiently than with other engines.

Project Mentor: Professor Soumya Ray, Department of Computer Science





Implementation of Efficient Secure Outsourcing of Quadratic Programs
Fengxiang Zhao, Computer Science student

Cloud computing has been proposed as a timely, efﬁcient, and cost-effective way of solving such
expensive computing tasks. For example, solving large-scale sparse linear systems of equations
(SLSEs) is one of the most common and fundamental problems in big data, but it is very challenging
for resource-limited users. By outsourcing their computations to the cloud, clients can solve such
problems in a cost-effective way. Nevertheless, one critical concern in cloud computing is data
privacy: conﬁdential data stored at the cloud is vulnerable to cyber-attacks, and thus needs to be
protected. which signiﬁcantly increase the computational complexity of solving a large-scale problem
at the cloud and is impractical for big data applications. Meanwhile, questions like SLSEs share a
common serious problem—a huge number of memory I/O operations. The algorithm developed by
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Professor Li's lab perform an efficient and practical secure outsourcing algorithm for solving largescale SLSEs, which has low computational and memory I/O complexities and can protect clients'
privacy well.
I tried to implemented an efficient and practical secure outsourcing algorithm for solving large-scale
QPs. Specifically, the user protects its QP’s private data by multiplying the objective and constraint
matrices by random sparse matrices. We show that the transformed QP is computationally
indistinguishable both in value and in structure under chosen plaintext attack (CPA), i.e., CPA-secure.
Then, based on the dual problem theory and the Gauss-Seidel algorithm, the cloud finds the solution
to the transformed QP, and sends the results to the user, who can then efficiently find the solution to
its original QP. The algorithm preserves the user’s privacy by letting the cloud operation the
transformed QP, rather than on any of the original problem matrices. Since the user only performs
operations with random sparse matrices, its computational complexity is O(max{n^2 ,mn}), where n
is the optimization variable’s dimension and m is the number of constraints. Moreover, we have
parallelized the algorithm at the cloud, which speeds up the overall computing time. The algorithm
only employs traditional linear algebra software, avoiding costly exponentiations required for
cyphertext operations as in encryption-based works. Further, since the user only communicates with
the cloud to find the transformed QP and receive the results, the proposed algorithm has minimal
communication complexity.

Mentor: Professor Pan Li, Department of EECS.





Basil: A Budget Tracker

Kimberly Almcrantz, Department of Electrical Engineering and Computer Science; Vanessa Melikian,
Department of Electrical Engineering and Computer Science; Maya Nayak, Department of Electrical
Engineering and Computer Science; Jenny Zhao, Department of Electrical Engineering and Computer Science;
and Soumya Ray, Department of Electrical Engineering and Computer Science

Basil is an online budget planner targeted towards college students but open to all budgeters, intending to
increase the level of user control over financial organization while also adding a more comprehensive view of
user expenses. Basil will fulfill these needs in a secure fashion by eliminating account-linking and including a
more diverse set of analytics. Additionally, Basil will have an intuitive, clean user interface to make navigation
easy and functionality simple, something many other budget trackers lack. Our goal with Basil is to give users
the freedom to categorize their financial information in a unique way that is customizable to their lifestyle
and instill a deep understanding of their spending habits. Users will be able to input their expenses in an
online spreadsheet with relevant form fields that allow Basil to manipulate and understand data in a
meaningful way. These data points will be used to create charts and graphs such as ‘Expenses over Time’ and
‘Amount per Transaction’. Existing budget trackers constrain the ability for a user to organize their expenses
in a meaningful way and is subject to errors due to auto-categorization. Additionally, Basil aims to provide
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users with autonomy over the manner in which their expenses are represented, while also providing an
enhanced, unique level of understanding regarding their financial history. We are able to accomplish this by
building our web application using the React framework with Javascript on the frontend as well as
implementing the Flask framework with Python and SQL for the backend. The user interface and design is
constructed with HTML, CSS, and Bootstrap.

Project Mentor: Professor Soumya Ray, Department of Electrical Engineering and Computer Science




Structural Insights into 7SK interaction with HnRNP A1
Kaixuan Zheng, Department of Chemistry; Le Luo, Department of Chemistry, Case Western Reserve
University; Blanton S. Tolbert, Department of Chemistry
HnRNP A1 is a multifunctional protein involved in the normal and pathological RNA processing, including HIV
gene expression. It has been already known that hnRNP can bind to 7SK snRNA to promote the dissociation of
P-TEFb from the 7SK complex, which leads the leaving P-TEFb to be assembled onto the active RNAPII
complex, and then activating the gene transcription. P-TEFb is also transferred to TAR to stimulate the
transcription of downstream viral genes during HIV gene expression. Previous studies indicate hnRNP A1
plays an important role in releasing P-TEFb from the 7SK snRNP complex by competing with HEXIM1.
However, the series of molecular interactions promoting the releasing of P-TEFb is barely understood. In
order to illustrate the mechanism of the molecular interactions between 7SK snRNPs, in this study, we
identify hnRNP A1 binding site by DMS-MaPseq. The result shows that it binds specifically to SL3 within the
full length 7SK snRNA. Based on the DMS-MaPseq data, we design smaller RNA constructs which include SL3
of 7SK. The result of hnRNP A1 binding site by using DMS-MaPseq can be validated by a combination of EMSA
15
1
and ITC data. The local base paring rearrangement of SL3 upon hnRNP A1 binding is demonstrated by N- H
HSQC titration of hnRNP A1. The 3D structural model of SL3 RNA and SL3-hnRNP A1 complex is constructed
by an integrated NMR and SEC-SAXS based approach.
Project Mentor: Dr. Blanton S. Tolbert, Department of Chemistry; Le Luo, Department of Chemistry, Case Western
Reserve University
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Literature Review: Treatment Outcomes on Comorbid Autism Spectrum and Anxiety Disorders

Kathryn Zorman, Department of Psychological Sciences

Anxiety disorders have been the subject of large numbers of studies, ranging from etiology to treatment
methods. However, research on anxiety tends to exclude people with autism spectrum disorders (ASDs) due
to it being a complex neurological condition that differentiates heavily from typically developing people.
Because anxiety and other mental health disorders are common within ASD populations, it is imperative to
understand how these populations experience anxiety and determine population-appropriate treatment
methods. The purpose of the current paper is to examine the efficacy and effectiveness of several anxiety
treatment methods on people with ASD, including cognitive behavioral therapy (CBT), group and family
therapy, and medication. Most of the studies demonstrated that common treatments for typically developing
people with anxiety disorders are similarly effective for people with ASD. The paper also examines a few
possible hypotheses for specific factors linked to anxiety in ASD youth; however, it is important to note that
certain characteristics of ASD often overshadow symptoms of anxiety. Additionally, most of the included
studies focused primarily on ASD individuals without intellectual impairment, such as those formerly
diagnosed with Asperger syndrome and pervasive developmental disorder not otherwise specified (PDDNOS), both of which have been included in the ASD diagnostic criteria defined by the DSM-V.

Faculty Sponsor: Amy Przeworski, Department of Psychological Sciences
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April 19, 2019
The Celebration of Student Writing and Research showcases undergraduate student writing
and scholarship from across the university by encouraging students to present and display their
research and writing in formats other than conventional word-processed documents. Some
students create video projects; others produce poster presentations or read aloud portions of their
writing; still others design models or digital illustrations that present their writing projects in new
media. The event receives assistance from the following academic centers:
The Writing Resource Center (WRC) at Case Western Reserve University provides writing
consultation to students across the university in Bellflower Hall, in four other campus locations,
and online. More than 40 full-time Writing Program faculty, graduate students, and
undergraduate students staff the WRC. Each year, WRC consultants hold more than 5,000
individual sessions with approximately 1,500 individual students ranging from first-year writers
to graduate students and faculty. The WRC also conducts a campus-wide workshop series and
sponsors other writing-focused events.
The Center for the Study of Writing was established in 2008 to facilitate research and
scholarship on writing at the University and in the world. It serves three distinct but interrelated
roles at the University: to support writing and research by resident and visiting students and
scholars; to facilitate exciting new courses and curricula on writing; and to provide an array of
practical writing and publishing support services to the University and University Circle
communities. For more information, see http://www.case.edu/writing/csw.
Since 2009, the Center for the Study of Writing has been sustained by generous gifts from
Marilyn McCulloch (FSM ’50); from Edward S. Sadar, M.D. (ADL ’64, SOM ’68) and Melinda
Melton Sadar (FSM ’66); from Sharon Schnall (MBA ‘87) and Dr. R. Drew Sellers (EMBA
‘08); from Eric Winter, M.D. (CWR ‘98, GRS ‘91, MD ‘98); from Jackson McHenry (ADL ‘52);
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Dixon Long, Ph.D. (Dean Emeritus, Western Reserve College; Professor Emeritus, Political
Science, CWRU); and from an anonymous donor.
The Celebration of Student Writing and Research is additionally supported by the SAGES
Program and the Department of English.

Courses and Organizations Presenting:

CWRU Writing Programs & The Writing Resource Center
Director of the Writing Program: Kim Emmons
Assistant Director: Martha Shaffer
Writing – defined broadly to include oral, visual, digital, and inscriptional modes of
communication – is essential to all academic and civic endeavors. Writing enables scholarly
exchange of ideas; it facilitates civic and professional participation; it inspires creativity and
innovation; it transforms students into leaders, activists, inventors, artists, teachers, and citizens
of the world. The CWRU Writing Program’s mission is to ensure that all students develop
sophisticated communicative strategies through understanding their own writing processes;
assessing the contexts and audiences for their ideas; and articulating their messages clearly,
passionately, and persuasively. As a part of this mission, the Writing Program, in conjunction
with SAGES, recognizes outstanding student writing through the First and University Seminar
Essay Prizes each year. The recipients of these prizes are recognized at the Celebration of
Student Writing and Research, where the digital publication of their work will be on display.

Course: FSCC 100: Defining Communities
Course Instructor: Mary Assad
Students:
Section 100: Dian Guo, Simon He, Zijun Li, Jack Liu, Tao Liu, Jialing
Pan, Joe Xie, Randolph Zhao, Tom Zhao, Linqing Zheng
Section 101: Kaiyi Chen, Xiyi Chen, Yiting Chen, Flora Gu, Grace Hu,
Yijun Hua,Sipei Li, Isabella Ma, Mary Mao, Abby Wang,
Ruochen Wang, Shu Wang, Tianyi Xu
Our course theme for the semester was "Defining Communities." Over the past 14 weeks, we
have discussed different communities relevant to students' lives and considered some challenges
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faced by members of those communities. For this event, students will present the comic books
they created about communities that hold personal meaning for them. Students are using the
comic books as a chance to educate peers, faculty, and staff at CWRU about their chosen
communities and raise awareness of their significance and social value. In some cases, students
are aiming to dispel misconceptions and break stereotypes about these communities as well.

Course: USNA 287P Women and Science
Course Instructor: Barbara Burgess-Van Aken
Students: Prerna Mammileti, Reva (Emma) Silsdorf
Using a New Historical lens and Thomas Kuhn’s Structure of Scientific Revolutions as our
theoretical basis, this class explores the history of the reflexive relationship between scientific
beliefs about gender and cultural attitudes toward gender expectations. Two students from the
class will present their research, one on why women in STEM gravitate toward the health
sciences and the other on women scientists’ contributions to changing paradigms about sexual
behavior in animals.

Course: USSY 286S Shakesploitation: The Making of an Icon
Course Instructor: Barbara Burgess-Van Aken
Students: Shivika Aggerwal, Sean Beatty, Arielle Francis, Audrey Freedman, Hein
Htet Aung, Andreas Kowald, Jack Matthews, Kathryn Medrow, Raj
Mukkamala, Sam Nalli, Lexi, Scott, Ben Shakow
In this class we have been examining Shakespeare’s plays and adaptations of them using a new
historical lens. The group projects students are presenting today are their visual narratives of a
scene from a Shakespeare play that they have adapted to make more relevant to modern
audiences. Students selected scenes from Henry V, Hamlet, Romeo and Juliet, and The Tempest.
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Course: USSY 291H Radical Children’s Literature
Course Instructor: Cara Byrne
Students:
101: Nick Charles, Brandon Lee
102: Anastasia Petropoulos, Vinay Sama
Students in this SAGES course have studied radical picture books, including Goodnight
Moon, Cat in the Hat, Last Stop on Market Street, and The Big Box, and have analyzed
the underlying messages and the “hidden adult” present in their illustrations and text. The
key questions we have explored include: What is a children’s picture book? How do we
analyze the visual arguments in picture books? What assumptions are made about the
intended readers of these books? Students will discuss their final research project the
class, in which they studied a picture book of their choosing (which could include one
that they created).

Course: FSCC 100 Interconnecting Worlds: Navigating Identities across Languages
and Cultures
Course Instructor: Ana Codita
Students:
Section102: Songgu Cai, Yuche He, Aurelius Jing, Nelson Lin, Haotian Meng,
Tong Shi, Florence Wu, Leo Wu, Chenyu Zhang, Ningjing Zhang,
Sherry Zhao, Arthur Zheng.
Section 103: Yingyi Gao, Sijia He, Jennie Luo, Yihong Nie, Son Pham, Truong
Dong, Jiahui Wang, Lei Wang, Cher Bear Yuan, Ingrid Zhou, Molly
Zou
In this course, we are exploring the relationship among language, culture, and identity and the
way these interact with studying abroad, immigration, English as a global language, and English
language learning.
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Course: FSCC 100-109: Humans and Technology
Course Instructor: Gusztav Demeter
Students: ZiAng Huai, Liyuan Huang, Rebecca Kong, Zixiong Luo, Haomiao Shi,
Freda Tao, Haorui Yang, Sylvia Zhang, Xiangyi Zhang, Ziyang Zhang,
Weihua Zhu

The theme of this SAGES First Seminar course this semester is Humans and Society. Some of
the topics investigated include: the influences of technology on the mind; technology addiction;
biotechnology and its implications; artificial intelligence; microchips in humans; technology and
social interaction. At the event, students will be presenting their Comic Book Projects. Students
had to create a comic book conveying an argument, either stated or implied, about a topic of their
choice related to the theme of the class.

Course: USSO 291N: The Literature of Nation-building
Course Instructor: Gilbert Doho
Students: Wonyoung Choi, Audrey Lord, Jad Mobydeen, Aaron Ng, Olivia
Nevins Kevin Thakker,

This seminar explores the process of nation-building in former French African colonies by
focusing on the impact of literature on the colonizers and the colonized. It is well established that
writers in African colonies used their pens as cannons against a dehumanizing colonial system.
Nor did they refrain from asking themselves what kind of nations would replace the colonial
society once it had been overthrown. More precisely, their works questioned the kind of political,
economic, educational, and cultural systems that could help shape the social structures and
people that would inhabit these post-colonial nations.
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Course: USSY 286X: The Future of News
Course Instructor: Bill Doll
Students: Tristan Acosta-Pecina, Sean Atwater, Aaron M. Baxter, Drew Buckles,
Afriti Chinoy, Aiden Gindin, Drew Heald, Xueyan Liu, Zubair Mukhi,
Yvonnne Pan, Kailee Pellicane, Aiyer Sahana, Yunsik Sheen, Andy Sui,
Anurag Upadhya, Mingwei Xu
Our “Future of News” SAGES seminar explored the intersection of democracy and the digital
news media. Does this new electronic free press pursue the US Constitution's mandate that the
press be the publics’ “watchdog” to expose corruption? Our CSWR presentation visually
answers this question.

Course: USSY 288i Diversions: Experimental Stories and New Media Narratives
Course Instructor: Kristine Kelly
Students:
Section 100: Joseph Broady, Katrina Coronel, Hannah Han, Kayla Kirton, Amish
Kumar, Emily Murphy. Garrett Pearce, Ryan Pickrell,
Andrew Smeader, Kate Smersfelt, Katie Smith NIkith Veluru,
Rebecca Vontroba
Individual Research Prize Nominee: Dallas Cutlip “New Media
Narrative Concepts in With Those We Love Alive”
Section 101: Rich Foley, Andrew Frye, Timothy Fuh, Aidan Grogan, Michael,
Johnson, Morgan Jones, Arihant Kalidindi, Mattan Manstein, Ryan
Marett, Barry McCoy, Christine Pan, Serene Pierce, Ranjan
Sharangpani, Joseph Tucker, Jensen Turner, Chris Wurst
Individual Research Prize Candidate: Morgan Jones “Queering
Media: An Exploration of Control”

How does a story change when you retell it in a new way or in a different format? Our class has
explored this question by telling and then retelling our own stories, each time in a different
analog or digital form. We have curated our stories and re-versions into an interactive web book.
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Course: FSSY 293W Reading the 18th-Century Novel after #MeToo
Course Instructor: Caitlyn Kelly
Students: Margaret Butterfield, Gloria Campos, Emerson McGinnis, Max
Ross, Nazar Tkachenko
“Reading the 18th-Century Novel after #MeToo”: In this class, students have examined 18 thcentury novels that depict misogyny, harassment, and sexual violence alongside contemporary
narratives of women’s experiences that have emerged from the #MeToo movement. Through the
study of these narratives—both old and new—students have been investigating how our current
conversations about sexual politics might prompt us to re-think literary works from the past and
how those works from the past can help us to understand why women continue to be vulnerable
to sexual violence today. In their presentations, students will draw on both the work we’ve done
together in class and their own individual projects to speak to how the past has helped them to
understand the present, how the #MeToo movement can be a useful lens for reading narratives
from long ago, and how we might use all of that knowledge to make the world a safer, more
equitable place for women.

Course: FSCC 100
Instructor: Shaofei Lu
Students:
Section 104: Julia Li, Ziyang Song, Tianze Yang
Individual Research Prize Nominees: Zifan Xu, Zimu Zhou
Section 105: Amethyst Bian, Tiffany Chen, Zidong Huang, Mingshi Lu,
Xiaoyang Qian, Qiuyi Wei
Individual Research Prize Nominees: Marcus Lin, Tiffany Xu

Throughout history and across cultures, education has been viewed by many as a path to personal
fulfillment and success. When public discourse often depicts education as an equal opportunity
to a better life for all, what is missing in our narratives about education and who is left out of the
discussion? As a class, we explore answers to these questions and present our answers in a poster
presentation.
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Course: FSNA 287H: Plants in Medicine
Instructor: Erika Olbricht
Students: Courtney Baldwin, Lauren Carmon, Noah Castellano, Olivia Connor,
Callie Garcia, Benjamin Klucznik, Sarah Lavin, Rashi Shukla, Caroline
Thiele, Bryant Thompson, Kasey Vangelov, Peter Wilson, Adrianna
Yoder
This SAGES class investigates the medicinal properties of plants, both historical and current.
Each student has researched a plant of their choice, and will be present to discuss their findings.
We will display examples of plants and their associated products at our table.

Course: USNA 289E: Medieval Robots
Instructor: Brie Parkin
Students: Kayle Barclay, Steve Cao, Michael Cunningham, Emma Dooley, Reed
Gershenson, Tianxin (Elena) Jiang, Brian Kent, Michael Kiltisko, John
Mappes, William McDonald, Braden McShane, Alexander Podkopal,
Cooper Schwartz, Liwei (Sion) Shi, Stuart Song, Hannah Swanson,
Kiran Winemiller
The students have made automatons based on the medieval reading from the class. We're going
to show them off!

Course: USSO 290B: Contemporary America Rhetoric
Instructor: Martha Schaffer
Students: Danielle Bobay, Wendy Brown, Adam T Cao, Alvin Quang-Viet Cho,
Angela Cosmo, Nick Cole Gonzalez, Michael Anthony Grome, Henry
Thomas Halfin, Emma M Kadish, Zachary B Nunnery, Anthony
Tremaine Powers, Bridget Beggs, Erin Saluan, Katie Maron Shah,
Sarthak Rajesh Van Huffel, Isabel Kathleen Verma, Akshay Wu, Daniel
Bradley, Caroline Zhu,
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In Contemporary American Rhetoric, we use the lens of classical rhetoric to explore
contemporary political debate. While the word “rhetoric” is often used today to deride political
discourse, as when a policy proposal is dismissed as "just rhetoric,” it more properly denotes the
techniques of effective persuasion. By learning how rhetorical strategies work, we empower
ourselves to analyze policy debates and to make our own contributions to important
conversations about our society and ourselves. Over the course of the semester, we have
researched contemporary policy issues and debates to develop our own positions and participate
in public conversations. We will present these issues, our journeys through them, and the
positions which we have come to advocate in oral and visual presentations at the Celebration of
Student Writing and Research.

Course: USSO 292M: What We Talk about When We Talk about Food
Instructor: Brita Thielen
Students: Katie Brown, Peter Dernelle, Phil Hoffman, Cole Jarrett, Austin Keil,
Phil Kotis, Archana Mandava, Mitchell McKay, Riddhi Modi, Makena
Ray, MaitéRey, Briana Siale, Joseph Sklansky, Eddie Xu, Arland
Zatania Lojo
Students have chosen to expand on the third unit of our course: Food Issues and Topics in
Cleveland. In groups, students have researched three Cleveland-based organizations seeking to
effect change through food: City Fresh, Edwins Leadership & Restaurant Institute, and the
Greater Cleveland Food Bank. By sharing the work of these organizations at the CSWR, students
in this course hope to raise awareness within the CWRU community of local social issues and
the work being done to combat them.

Discussions: The Undergraduate Research Journal of CWRU
Mentor: Sheila Pedigo
Students: Saloni Lad, Zahin Islam, Michael Gabe
Discussions is the undergraduate research journal of CWRU. We publish two to three issues each
year and feature research in all disciplines in order to promote undergraduate exploration in the
sciences and humanities. For one of our recent issues, we received over twenty submissions
from various undergraduate institutions across the nation. If you are interested in assisting us in
the publication process or if you wish to submit an article to Discussions, please stop by our table
or visit our website at www.discussionsjournal.com.
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LaunchNET
Representative: Victorial Avi
CWRU LaunchNET serves students and alumni of Case Western Reserve
University, Cleveland Institute of Art, and Cleveland Institute of Music. Since 2012, CWRU
LaunchNet has helped more than 500 students and alumni to research and establish enterprises.
LaunchNet supported ventures have raised millions of dollars through competitions, public
sources, and private investors.
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