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Rural communities in Pennsylvania, such as Union County, have a historical and political reliance on traditional fossil fuels like coal, oil and natural gas. Solar energy, an alternative energy source, is a renewable
form of energy that is environmentally beneficial to the community, localizes energy production and provides one with energy independence from primarily relying on grid provided electricity. Raising awareness around
the potential of solar energy in Union County requires an understanding of the historical view of energy and collection of data on current perspectives around solar to determine the most effective way to communicate

its benefits. The path to solar energy looks different for everyone, with residents of Union County facing barriers unique to their state, neighborhood or home. Through survey and interviews, personal challenges and
journeys are collected to analyze what tools residents and businesses need to participate in solar energy. Educational materials including a digital infographic and physical brochures that communicate the general
benefits, resources and steps to install solar were created for Union County Department of Planning and Development.

Notes on the Survey
The results of the survey reflect a possible motivation to participate

Introduction

Several questions were asked pertaining to

Solar Energy Expansion environmental peorspectives and current attitudes around in solar energy due to environmental protection and reducing energy
Solar energy has been rapidly expanding across solar energy. 88% of respondents wer.e moderately or. . consumption. A general unawareness of local and federal policy
Pennsylvania in recent years as awareness grows as well as extremfly concerned about global environmental conditions, around solar energy was also shown. While it should be noted that
local and federal incentives being made available to help and 767 of r-espondents -were moderatel?/.or extremely local policy is somewhat limited, this result highlights the need for
finance and make solar energy accessible. With the recent concerned Wlt.h IO.C al environmental COﬂdItIC.)nS. concise information on the different outlets to adoption of solar energy.
adoption of the C-PACE program in Union County and ~ Asshownin Figure 1, support for solar is overall strong It should also be noted that 66.7% of respondents thus far have
federal Solar Investment Tax Credits, solar energy in Union |n.r.nost of the comm?n locations and formats. As predicted, identified themselves as Democrats, which may have influence on the
County, Pennsylvania has the potential to become utility-scale solar projects garner less support than other,
widespread and offer energy independence to local small-scale implementations of solar energy. Another insight, results.
residents, businesses and farmers. In order to make an which was not initially predicted, was the lack of support for
impact on carbon emissions, statewide adoption and residential ground-mounted solar installations. Reflection on Interviews
awareness of renewable energy is essential, therefore social Figure 1. Each individual interviewed had a unique journey to how they had
acceptance in rural communities and counties has become a accessed solar energy. Many started their participation in solar energy
key aspect in the progression of renewable energy in by taking up energy efficiency practices, conserving energy and saving
Pennsylvania. money. The residents with solar installed outlined their motivation as
primarily environmental. The business that was interviewed stated the
Solar Energy in Rural Communities primary motivation for their solar project as economical.
In rural communities, such as Union County, attitudes
around solar energy and other renewables can be unique Figure 5.
from the average perspective, as the issue of land use as _ _ _
well as the history of coal mining and reliance on oil and Creation of EglucatlonaI_MaterlaIs
natural gas, lead to a variety of strong attitudes towards The collectlo.n of data mformed
how to communicate benefits and

renewable energy. Examination of Pennsylvania’s energy

. . . . Note: y-axis represents number of responses; n=33 resources around participating in solar
production history, case studies on modern attitudes toward

energy, to be distributed by the Union

solar energy and the study of federal and local programs and The results are mostly County Department of Planning and
incentives inform the questions that were asked of subjects positive in whether .

both in survey and interview. Social acceptance and Figure 2. respondents believe they Devel9pment. Aworkmg_ draft of these
awareness around solar energy offers environmental, would be likely to install majtena.nls 'S shown. a.s F!gurje > The
personal and financial benefits that, with widespread solar panels; however, over main pillars to Partmpatmg In solar
adoption, can allow for a reduction in carbon emissions, half of the respondents are ene.rgy are outlllned so that each
equity in energy production and energy independence in rural either unaware or neutral res.ldent of bu.smess owner can go to
communities. around federal policies whichever point they feel they are at

currently. The back page of the

infographic includes resources based
on the reader’s positionality, whether
resident, business owner or someone

supporting installation of
solar energy, and over 70%
of respondents are wholly
unaware of local policy in

Figure 3. support of solar installation. considering a lease.

With this considered,

county-level policy is limited

to the C-PACE program,
This study used a mixed methods approach with a survey which was recently adopted C I -
including likert scale questions and interviews with local by Union County in June O n C u S I O n
residents. 2022. Beyond this, local

policy mostly involves zoning Union County, Pennsylvania, is a rural community that has a
Survey regulation of solar long history of reliance on fossil fuels. However, in recent

Surveys were distributed from July 5-July 26, 2022. A total installations. years adoption of renewable energy, including solar, has

of 33 respondents from Union County participated in the survey increased. This expansion can often be limited by a lack of

When asked what key factors were most prevalent in keeping Union
County residents from participating in solar energy, the most prominent
factor was financial concerns, as predicted. Another significant factor
shown in Figure 4 was concerns pertaining to infrastructure. This reflects
the nature of many of the homes and buildings in Union County, a rural
and historical community. Many either do not have the roof space on their
houses or the infrastructure will not be able to support the weight of solar

awareness around policy and resources available pertaining
to solar energy installment. Through the creation of
educational and promotional materials, residents of Union
County will have access to information on key programs and
benefits of solar energy installation, as shown above in
Figure 5. Union County residents show a general concern for

through a convenience sampling method. The survey was
distributed across the county at various sampling points to
evaluate county residents’ general awareness, perspectives,
and experiences around solar energy.

It should be noted that while the study attempted to survey
and interview across the County, a large portion of the sample

came from the Lewisburg area. vanels. the environment as well as an interest in solar energy
Figure 4. installation, however are unaware of key policies involving
Interview solar energy. These materials will work to fill this gap by
Interviewees were identified through snowball sampling, raising awareness and outlining the path to solar energy.

with a total of 9 interviewees. Interviews of residents with solar

and companies who have or attempted to engage in solar

energy in Union County shed light on the individual and

personal journey to solar energy. Most participants interviewed

had solar installed and each participant had a unique path to This fellowship project was funded by Bucknell Center for

solar energy and installation preparation. Sustainability & the Environment’'s William Corrington
Renewable Energy Fund.

T o energy concerns intorms of sl the solar mtalaion This fellowship project is in partnership with the Union
mounting ndustry County Department of Planning and Development.

Note: y-axis represents number of responses; n=29 Thank you to all the participants whether in surveying or

through interview.
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Developing an Aversive Stimulus Device using an Arduino

Hannah Needham, Gwen Conley, Dr. James Briggs, Dr. Carl Faust (Advisor)
Susquehanna University

Abstract

To perform behavioral studies, the Susquehanna University
psychology department uses a device and associated control program
that delivers an aversive stimulus to study fear motivated tasks. The
cost of these setups, especially when multiple are required, can be
restrictive. The goal 1s to design an affordable, open-source electronic
device for the purpose of psychological behavioral studies using an
Arduino. The versatility of the Arduino boards allows for a relatively
straightforward circuit to be controlled via code that can be easily
understood and modified, as needed, by a user. Key features of a
commercial version of the device such as the scrambled sequence and
fixed current options are incorporated into our work. Options for
improvement of cost and features are discussed.

Figure 3. Circuit diagram for a single bar

Device Features

* The program allows for users to input a desired fixed current
(typical current for this application are 0.1-2mA).

* To calculate the appropriate voltage for each bar the device reads
the equivalent parallel resistance on each bar.

Figure 1. Equivalent resistance & equation

* A voltage scramble sequence ensures that the animals cannot miss
the stimulus by coincidentally touching bars with like polarity.

* The analog voltage output by the Arduino is produced by pulse-
width modulation (PWM). To convert this to a normal analog DC
signal a multi-stage RC filter 1s used.

* An op amp 1s used to amplify the filtered voltage signal to ensure
that each bar has the voltage required to deliver the desired current
value.

Figure 2. Scramble diagram for the grid floor

I « —— 8.33 ms current pulse
_—

QB BB
[

8.33 ms rest

—

Total Time of Sweep = 75 ms

Voltage Divider
(Pwm), . RCFilter Amplifier | T :
i — — ii i i i_-i_svi
o D R S—— w—| = :
 Bar

Results

The Hardware:

Figure 5. Oscilloscope Scan

5

Figure 4. Circuit for all 8 Bars

: A .

w

---------

B EEEE LR EEEEE | HEEH3

....
CHEEH I 7 A B uul| EanEE

wwwwww
. Ee TTTLRIEL AL
lllll
-------
lllllllllll
iiiiiii
lllllllllll

50
nnnnnnnnnnn

............
e e e | R

e e Nl -0.03 -0.02 -0.01 0 0.01 0.02 0.03

Time (seconds)

The Program:

Voltage Divider
Relays are activated one at a time to measure the voltage difference across each
bar. The program uses a known resistance and the measured voltage to calculate
the unknown equivalent resistance across each bar.

v

Voltage Calculation
From the determine resistances, the program calculates the voltage needed for
each bar to deliver the desired current. This value 1s converted to a number to be

used by the Arduino's PWM pins.

Relays
When reading the bar resistance, each relay is activated, in turn. For the following
phase, all relays are deactivated and the PWM pins are activated.

V

Scramble Sequence
The calculated analog voltage 1s produced by the PWM pin associated with each
bar. The program executes the sequence with each bar active for ~8 ms. After each
bar receives its pulse, the entire process repeats for a total of approximately 75
ms cycle. The cycle repeats until the desired stimulus time 1s achieved.

The program includes adjustable parameters, such as the known resistances,
current, number of bars, sequence delay, total current time

*These are 1nitial parts; further cost reduction 1s possible™

Parts/Costs
Arduino Mega ~$33

Breadboards ~$3.33/board
Relays ~$67 for 8, $8.38/relay
Wire, resistors, transistors, capacitors, op amp

Grid floor — We used a commercially available grid floor which
cost ~$250-300, however a custom-built floor would work equally
well for less

Power supply - to be determined based on final device version

Discussion & Conclusion

Status of work shows that device can reproduce the following
features

* Scramble sequence
* Resistance readings
* Voltage adjustment

Adjustments to the amplifier portion will be needed to reach
voltages necessary to produce desired currents.

Future Work

A button should be added so the program only must run for as long
as the button 1s pressed for.

To create a more compact electronic, the elements should be
transferred to a PCB and enclosed.

The program and electronic 1s currently set up to execute the 8-pole
mode, but the program could be altered to execute the 2-pole mode.

Add 1n other desired stimulus features, including lights, tones, and
cameras.

References
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Precision 3D Modeling

Amanda McLaughlin and Adam Hansell, PhD.
Susquehanna University

Abstract

The physics department at Susquehanna University has recently
procured a collection of 3D printers for use by the students. However,
many students and faculty as well do not have a complete
understanding of the inner workings of the machinery, and the
programs to create a printable model. My work 1s to understand and
relay, in the form of simple cohesive directions, a general
understanding of how to create and print a model. The aim of this
research 1s to create a guide that after reading an individual can create
from start to finish a model of their creation.

Filament vs. Resin

Within the realm of 3D printing there 1s many different types of
materials that can be printed. In this we will discuss filament, a type of
plastic with a relatively low melting point, and plastic resin, which 1s

melted with UV light.

* Fused Deposition modeling (FDM: In most cases discussed here
we will be using PLA filament which stands for Polylactic Acid 1t
1s a 100% bio sourced plastic.

. Most common for starting 3D printing
. Easy to use and warp 1ssues
. Environmental stances

Figure-1: A FDM (left) and resin (right) test
print that show the possible difficulties

each printer may run into

* Resin: Though FDM printing has many structural abilities then
resin we see that resin printing 1s still used quite often.

° Coherent designs come out perfectly
. High accuracy

 However, we don’t see resin printers outweighing filament.

. Cost
. Structural integrity
° Ease of use process

Modeling programs

There are many ways 1n which a user can create a model with which to print.
Here outlined 1s three of the common interfaces along with their success and

drawbacks.
e Tinkercad

' Online program
. Simple interface
. Shapes and colors
* Sketchup
. Online program
° Coordinate system base
. Drawing interface
* Autocad
. Downloadable program
. Free space interface
° Intricate design format

Figure-2 :three different possible modeling systems. Tinker cad

(top), Sketchup (middle), Autocad (bottom)

Each of these programs have their own specific uses. For a beginner or
younger user Tinkercad would be a fantastic start, but for an intermediate

user not looking for highly intricate plans Sketchup would be the best

decision. Autocad would be used for those looking for a program that has
a wide range of uses, and 1s highly intricate, but not necessarily intuitive.

Calibration

Calibration 1s a very prominent part of printer set up, but 1n
actuality calibration is used throughout the whole lifespan of a
printer. Due to unforeseen changes a printer that was calibrated
when set up can suddenly have difficulties printing very simple
products

* FDM Printer
* Leveling
* Z-offset
* Temperature/pre-heating

* Anycubic resin printer
¢ Z-offset
* EXxposure time

Figure-4: Two printer tests printed before and after calibration

Slicing

After creating a desirable model, one cannot stmply upload that to a printer

and print 1t out. To print a 3D model you created you must put 1t into a

slicing software. Slicing 1s the process in which a program turns a 3D model

into 1nstruction for a 3D printer
In this research I primarily used two types of slicing software:

* (ura

. FDM printer based

. Free program

. Custom vs. recommended options
* Photon Workshop

. Given with anycubic printer

. Specifically for resin

Figure-3: Slicing programs Cura (top) and

Photon workshop (bottom)

Future work

This whole project started because of a simple box needing to be
printed, and now after making sure that those were all precisely
printed I found myself with a need for more understanding.

My goal for this project 1s to create a manual that a person can use to
from nothing print a model of their own creation. I have run into
quite a few 1ssues on the way that I still need to know how to trouble
shoot, but this 1s an ongoing project that Susquehanna University can
use for many years to come

Figure-5: Different printed models and the failures. Final product (left most)
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Abstract

Coal mining has been a prevalent aspect of life in the 13 state Appalachian region, including Pennsylvania. Towns built around the industry enjoyed economic benefits until resource exhaustion and other market factors interfered, resulting in coal mines being abandoned with profound
economic, social, and environmental impacts for the communities around them. In the City of Shamokin, this negligence led to economic downturn and environmental consequences such as acid mine drainage. Through work with the Shamokin Creek Restoration Alliance, maps were
constructed to visualize the characteristics of acid mine drainage in the watershed and observe the relationship between AMD and socioeconomic data. GIS mapping helped convey the environmental injustices endured by a region with comparatively high poverty and disability rates, many
vacancies, low educational attainment, and low income, while providing data that could be useful for planning treatment processes for acid mine drainage.

Data Collection

Mining History

Since the industrial revolution, fossil fuel extraction has been
a prominent force impacting the economy, quality of life, and
environment of the communities attached to these industries.
Rich mineral deposits in the Appalachian mountains
encouraged extraction processes that impacted the economy
and environment of the region for centuries (Morrone et al
2011). The creation and abandonment of coal boomtowns
left environmental degradation and vacated buildings as the
industry’s lasting trace (White 2013).

The combined legacy environmental, social, and economic
factors create an environmental justice issue for coal towns.
Studies have shown statistically significant relationships
between one’s residence in a coal-mining county and poor
self-reported health, relationships that only grow more
conclusive when specifying residence in an Appalachian
coal-mining county (Zullig 2010). In addition, these
Appalachia counties have historically had higher poverty
rates, lower per capita incomes, and less education
compared to national averages (arc.gov).

The City of Shamokin is one such place in the region that
has endured the highs and lows of coal mining. Once a
prosperous anthracite coal mining town, Shamokin, along
with the adjacent Coal Township, experienced economic
growth from the industries of coal mines and silk mills,
however this did not last. The great depression, market shifts
to oil and cheaper synthetic textiles, and the loss of
Shamokin’s two railroads led to a decrease in Shamokin and
Coal Township combined population from 50,000 at its peak
to around 18,000 now (shamokincity.org).

Figure 1: Historic postcard of the Glenburn Colliery. Source: wynninghistory.com

Acid mine drainage (AMD) is a chemical process that occurs
when water running through underground mine shafts, mine
waste dumps, tailings, open pits, and/or ore stockpiles
interacts with pyrite and oxygen to form ferrous oxide and
sulfuric acid (Moeng 2017).

4FeS2(s)+1502(aq)+14H20(aq) —
8H2S04(aq)+4Fe(OH)3(s)

Ferrous oxide is commonly referred to as “yellow boy” for its
distinguishable color, while sulfuric acid decreases the pH of
the water, making it highly acidic.

Photo taken by Benjamin Shimer Photo obtained from shamokincreek.org

When pH levels decrease to below 5.5, severe
consequences for biotic communities ensue, effectively
making the water uninhabitable for species such as trout. In
addition, low pH levels can inhibit plants from receiving
necessary nutrients by immobilizing nitrogen, phosphorus,
and potassium while creating deficient levels of calcium and
magnesium (Rodriguez-Galan 2019). Instead, it increases
the presence of dissolved heavy metals including iron,
aluminum, manganese, and sulfate which can be severely
detrimental to water quality (Moeng 2017, Rodriguez-Galan
2019). These metals also have significant consequences on
aquatic life and plant growth (AMRClearinghouse).

Shamokin Creek Restoration Alliance

The Shamokin Creek Restoration Alliance is a dedicated
group of volunteers working to address acid mine drainage in
the Shamokin Creek Watershed. The maps created around
the subjects of environmental justice and AMD remediation
serve to aid them in grant proposals and will be featured on
their website to visualize the socioeconomic and
environmental complications they have worked hard to
ameliorate over the past 25 years.

Water quality data for the maps were provided through Cravotta
and Kirby’'s 2004-05 USGS report on the Shamokin Creek
Watershed. The 2019-2020 US Census Data from the American
Community Survey and existing map layers from Dr. Carl Kirby,
PASDA, and Northumberland County were also used in this work.

GIS visualization of AMD in the Shamokin Creek Watershed
highlights points of significant and harmful water chemistries
immediately. Through the variations of color and size of discharge
locations, the viewer of each AMD discharge map can quickly
gather which sites have high iron concentrations, high flow rates,
low pH, or other listed consequences of AMD depending on the
map presented. This data is important for designing treatment
plans and understanding the severity of each discharge.

The socioeconomic maps show the AMD impaired watershed to
be more vulnerable to environmental inequality. Rates of disability
and poverty are high with disability in Shamokin being nearly
twice that of the PA average, and poverty rates being triple the PA
average. Median income is reported to be half the statewide
numbers, and educational attainment in Shamokin and the
surrounding areas has also been identifiably low through the
displays. The relationship between environmental degradation
and social/economic inequality is made visible through the series
of maps depicting AMD and census data in the Shamokin Creek
Watershed
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Using Smartphone GPS Data to Analyze
Athlete Performance

Students: Brandon Burkett (Computer Science & Engineering ‘23)
Faculty/Staff mentors: M. Stu Thompson (Electrical and Computer Engineering)

Background

The long-term objective of this project is to
improve wellness and track the performance of
student-athletes by monitoring their real-time
guantitative movement data.

Driving Questions:
e How can smartphone GPS data be used to

analyze athlete performance?
e How does smartphone GPS data compare to

more expensive solutions?
e |s the smartphone data reliable”
e How do we quantify “good” vs “bad” data?

Methods

e 6 Android phones and 6 iIPhones were carried
together
Phones were turned on and allowed to warm up
Four laps were made around the field (Figure 1)
Start/end time was recorded for each session

Apps recorded longitude/latitude data
13 sessions completed over 30 days

Baseline location data was collected with survey-

qguality equipment

Session results compared with the baseline

location data

Figure 1: Bucknell Field Hockey Field

Figure 2: A "Good” Plot
NEXUSS5X-01 07/30/2021 Longitude/Latitude

Figure 3: A "Bad” Plot
IPHONES8-02 08/03/2021 Longitude/Latitude

Figure 4: Device Plot
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8.19 1239.795505 1237.711616 1191.673832 1192.921345 1211.124031 1229.665607 1212.646497 1211.266175 1108.471596 1191.075574 1197.684332 1190.628199 1201.222026 8.19 4.278207179 2.487669306 1.399336047 1.328683852 1.443336798 1.662723318 2.078629651 1.78810941 2.95382333 2.092022034 1.705962755 2.075282364 2.107815504

8.26 1183.061248 1255.922933 1144.512188 1174.450977 1210.957206 1215.287801 1191.366739 1189.035195 1096.711748 1217.509754 1198.912666 1252.196633 1194.160424
8.26 2.779620722 2.936982803 1.2308538 1.006461573 2.597406634 1.251386225 2.367626127 1.927749312 2.391633162 1.889779932 1.175941728 1.715008831 1.939204237

-Min 484.7922217 222.5296989 308.1664068 143.9187784 189.8006643 318.1473452 46.89129845 105.5016397 83.5494093 91.00433047 34.09758646 81.55951543 3.301389765 1.844404934 2.141954729 0.7416120484 2.361465775 3.422958346 1.250040668 1.110069346 3.14231638 1.515686633 1.089042694 1.167396247

Figure 5: Total Distance Traveled (m)
Darker cells are furthest from the actual measured distance of 1171.2m

Conclusion

Through our findings, we can see that there is no clear reason for the chaotic nature of certain devices.

Going forward, we want to explore other statistical measures to quantify the data. We want to see if the location on the field affects the accuracy of the
data. We also want to explore
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Figure 6: Mean Error (Point to Line) Distance (m)
Darker cells are further from a Mean Error Distance of Om
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Introduction

* Bighorn Sheep (Fig. 1) ram heads repeatedly during
mating season and accumulate low amounts of trauma

* After impact, the horn tips oscillate medial-laterally,
which reduces brain cavity accelerations [2]

* Traumatic brain injuries (TBI) in humans occur frequently

Figure 1. Ovis Canadensis or Bighorn
Sheep [1].

Goal: Determine the extent that horn-like
shapes can reduce accelerations after impact.

Methods

* Create ram horn impactor designs (Fig. 2A) in
Solidworks

* Export into finite element software (Abaqus) for meshing
and analysis

* Simulate dynamic drop test experiment (Fig. 2B) using
explicit finite element solver

* The acceleration data will be compared across
simulations with different geometries

A B

Figure 2. A) 5 Horn impactor geometry. B) Drop test design.

Results

Impact Direction

V, Resultant

70000
27500
45000
32500
20000

Figure 3. Vector plot of two horn impactor shape
measuring velocity.

Figure 4. Vector plot of a five horn impactor shape
measuring the magnitude of velocity.

There exists medial-lateral velocity seen at horn tips
after a drop (Fig. 3).

Energy is required to facilitate the oscillates of the horn
tips

Relative to the impact velocity, the horn tips oscillate at
high velocities (Fig. 4).

Discussion

* As the number of horns (and thus oscillations) increases,
the max acceleration tends to decrease

* Reducing max accelerations to the brain cavity also
reduces the likelihood of a TBI

* There exists a need to verify simulated results with real
testing

* Horn tips oscillate perpendicular to direction of impact,
reducing acceleration in brain cavity

Future Work

Figure 5. 3D printed 2 horn-impactor
geometry and its corresponding silicone cast.

* Experimental drop test will be completed using silicone
castings of 3D printed geometries (Fig. 5)

* Acceleration will be measured with high-speed imaging
and accelerometers and compared across different
geometries following drop test

* Acceleration data/observations from real drop test will be
used to verify the modeling results
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The Role of Dm Ime4 in Drosophila melanogaster Spermatogenesis

Mary Kuziak, Savannah Barton, Rosemarie Mirabella, and Dr. Antonio Rockwell
Susquehanna University

N6-methyladenosine (m6A) is the post-transcriptional methylation of RNA at the
N6 position of adenosine and is involved in both physiological and pathological
functioning of eukaryotes. m6A has been associated with a multitude of cancers
and viruses and is essential in RNA splicing and translation!. There are multiple
proteins that play a role in the m6A modification mechanism that are essential to
its function, such as Dm Ime4. Dm ime4 is a gene that encodes the enzyme that is
necessary for m6A to occur. Previous research suggests that Dm ime4 is
localized in the gonads in Drosophila. In Drosophila testes Dm ime4 deficiency
leads to germline cell death®. The phenotype of a swollen tip was also observed
in Dm ime4 deficient mutants, this unique phenotype was also seen in Tudor-SN
(TSN) mutants®3. TSN is a protein that participates in multiple molecular
functions and has been shown to be required for transposon silencing?. Due to
observed phenotypic similarities in tsn and Dm ime4 mutants, our lab is
conducting research to determine if TSN is regulated by Dm Ime4.

Average Number of Spermatid Basches

Figure 7. Average number of
spermatid bundles counted for
16FRT/Tm3® and 16FRT/16FRT.
No difference was observed thus far

Figure 6. Spermatld bundle localization in our research. (p-Value; 08)

for whole and tail of testes. Confocal

images with DAPI stain. A-A’:

16FRT/16FRT. B-B’:16FRT/Tm3sb.

Arrow points to a spermatid bundle.

Conclusion

Figure 2. A segment of the TSN gene sequence with Dm Ime4 binding sites,
AAACC highlighted yellow and AAACA highlighted green. The most probable
hairpin structure RNA sequences are bolded for each binding site.

Figure 3. Most likely
AAACC Dm Ime4
binding site RNA
hairpin structure for

Figure 4. AAACA Dm
Ime4 RNA sequence
binding site for TSN
that forms a secondary

The importance of Spermatogenesis as a model:
Our lab is studying the potential regulation of tsn in Dm ime4 in spermatogenesis.

Germline cells undergo multiple cycles of mitosis and meiosis to create
spermatids. These spermatids then elongate and mature into sperm®.
Spermatogenesis is a well understood and recognized mechanism, thus making it
an ideal model for observing abnormalities. Testes are also clear, making
immunostaining especially useful. Since spermatogenesis goes through both
mitosis and meiosis, abnormalities that are observed in these systems can be
applicable to other cells that undergo mitosis (somatic) and meiosis (gamete).

Figure 1. During spermatogenesis a germline cyst
cell, which is contained within two somatic cyst
cells, undergoes four cycles of mitosis and two
cycles of meiosis. This process forms 64
spermatids that are bundled together which mature
to become sperm.

Drosophila Strain: Ime4°!/TM3 generated via P element mutagenesis.
Immunostaining: Testes were dissected from progeny and fixed and
permeabilized for staining. DAPI was applied to detect spermatid bundle
numbers.

Confocal Imaging: Testes images were obtained from prepared slides using
Nikon 700 confocal microscopy.

TSN with the amount
of energy used.
Generated using
University of
Rochester RNA
structure prediction
database.

hairpin structure with
the amount of energy
used. The figure was
generated using
University of Rochester
RNA structure
prediction database.

Figure 5. Average fold change
quantified using RT-qPCR for
TSN, Copia, and 412. TSN is
associated with the regulation in
transposons where a decrease in
expression shows an
upregulation in the transposons
Copia and 412 due to deficiency
in Dm Ime4.

Dm ime4 is a gene essential for development in Drosophila and the process of
spermatogenesis. Aspects such as binding sites, energetically favorable hairpin
structures, and the significant decrease in TSN with upregulation of
transposons in mutants are all evidence of a conserved mechanism where Dm
ime4 regulates TSN. Spermatid bundles are quantified to show the regulation
of transposons with TSN. It can be expected that due to the deficiency of TSN
there would be a decrease in spermatid bundles, however, there was no
significant difference observed in the limited amount of research conducted
thus far. Overall, our research suggests that there is a potential connection
between TSN and Dm ime4. If conserved, this research can offer prospective
translational research opportunities.
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Introduction Methods/Results

Summer Research Objectives Working Model

e Create a digital twin for the P1 Electric Venhicle The current model represents an array of crucial automotive functions such as, forward, neutral, reverse, braking, accelerating (how

using Simulink much torque is being sent to the wheels), and cruise control. It is modeled to resemble the user dashboard found in the P1 car

o Using Arduino (microcontroller) as an interface between the driver and passenger seats. In order to reach this stage, the process of building the model followed specific steps: skill

for the code acquisition, skill development, model development, and testing for efficacy. Understanding the functionality of the car along with
. . . . becoming familiar with Simulink’s programming language and Arduino allowed for the proper replication of the drivetrain of the P1

e (Gain understanding of basic electronics and vehicle.

vehicle dynamics
e Improve problem solving skills and deepen

appreciation for learning

Drivetrain of the P1 Vehicle
Outcome
e \Working digital twin of the P1 Drivetrain
e Greatly improved proficiency in programming with
Simulink and using Arduinos as an interface
P1 Electric Vehicle e Gaining basic circuitry and electronics knowledge

e A student-built electric drive-by-wire vehicle owned Reflection

and operated by Bucknell University. * Steep learing curves
e Has been used for many research investigations: e Considering pursuing a career in the automotive

stabilization at the limits of handling, lane-keeping industry

assistance, road friction and state estimation o Found personal enjoyment in the mechanical and

Digital Twin Side digital aspects of working with a car

_ _ _ The picture below illustrates the mathematical functions required to convert the torque being sent from the motor to the wheels into * Hopeto use the problem §olvmg skills learned during
What is a D|g ital Twin? speed. Although not pictured here, the digital twin subsystem also calculates the maximum power produced at each speed as well research and apply them in more areas

as braking. This system depends on serial communication, a simple form of telecommunication that sends information bit by bit, to
send signals from the user dashboard to the digital twin to perform the needed calculations to obtain the speed of the “car”.

Future Recommendations

N e Continue to expand the model

Digital Twin vs. Simulation

e Complex System vs Individual Process

e Active and Static Data = o Complex features
- R.eal Time Data _T:rques(;ope o Becoming more familiar with vehicle dynamics
m Fixed Elements o o Accounting for reactionary forces
e Compile findings for a conference paper
Why make a digital twin? " comem [ convertsace oATAroREAoL e Apply new knowledge to future Bucknell courses
e Reduce risk in experimentation > | (i e I s e Obtain experimental data for testing
damping torque —p >
e Accelerate algorithm development s
m Research and Development . A [ somn L speed
e Student use oo o Acknowledgements
m Gathering data from the DT rather than " [

=S j Research Mentor: Professor Craig Beal
Intertia of Mass C- Emerging Scholar Advisor: Dr. Margaret Marr

the physical car

Digital Twin Experimental Data



Assembly of Muon-Specific Particle Detectors

Cory Mabry & Dr Adam Hansell
Susquehanna University

Introduction

Cosmic rays are any collection of particles that penetrate our
atmosphere from space. These streams of particles emit from
celestial bodies at relativistic speeds meaning they carry enough
energy to initiate high-energy collisions. These collisions with a
molecule 1n our upper atmosphere will kickstart a reaction that
yields a subatomic particle called a meson. Most commonly, the
mesons that are yielded here will be the it (pion) or the K (kaon).
Pions and kaons are unstable particles with very short lifetimes,
meaning they will decay quite quickly. When one of these mesons
decays, it can yield a muon. The muon 1itself 1s an elementary
particle 1n the lepton family, meaning it does not seem to be
composed of any other things. The muon is a sister particle to the
more commonly known electron, both being leptons, and carries
the same charge while flaunting about 200x greater mass. This
greater mass gives 1t a stronger penetration power which allows it
to be detected a bit more exclusively without interference of other
subatomic particles. There 1s a rather constant flux of muons that
came from this very series of events (shown in figure 2) all over

Top of the atmosphere

D
| \n

|

|

|
LY

Proton collides with an

| atmosphere molecule.

Earth right now.

Goal

Our goal 1s to follow the pursuit of the CosmicWatch Project
and build ourself a small and efficient muon detector for use
at Susquehanna University. This 1s only step one, as we
would like to use this first detector to test rates in different
conditions and using different scintillators or overheads, etc.
Once we’ve figured out which detector layout we wish to go
further with, we hope to assemble an array of these 1n a
10x10 grid to track direction and zenith angle of particles
detected!

Figure 1 (above)

Figure 2 (below)

Shown 1n the
image beside, the
scintillator 1s
wrapped 1n
aluminum foil to
ensure reflection

Method

A block of plastic scintillator will be attached to a silicon
photomultiplier to amplify the photon signal given off when

a charged particle passes through a scintillator. This signal

will be transmitted to our PCB via plugin connection and

directed through a series of components 1into an Arduino

Nano. The Arduino has been coded to interpret this signal
and turn 1t into something readable for us. When the detector
has detected any kind of signal, an LED will flash and time

of incident will be marked which we can then look at
through an SD card.

Figure 3

of light and non-
penetrative
particles
Progress/Conclusion

After the final steps of screwing the scintillator and SiPM
together, light sealing the scintillator, and attaching the SiPM
PCB to the main PCB via socket connection, a finished product
was created (shown 1n fig. 3). The Arduino was attached to a
power source and the code was uploaded but no results were
being seen. This began the expected troubleshooting phase.
Through a series of testing, the spot of error was narrowed down
to a piece of the circuitry between the 6-pin receiver and the
Arduino Nano. This, however narrowed 1t down far less than we
hoped because this 1s exactly where the bulk of the components
are. It’s very possible I find the faulty piece before the summer
ends, but 1f not, next summer will be the summer for finishing
troubleshooting and collecting data.

Citation
Axani, Spencer Nicholas Gaelan. The Physics behind the CosmicWatch
Desktop Muon Detectors. 2019.




Medical Presentations of GRIN2B-Related Disorders

Dmitri Yarczower'2, Rebecca Smith, MS, CGC' & Cora M. Taylor, PhD’

'Geisinger, Autism & Developmental Medicine Institute, Lewisburg, PA
?Dickinson College, Carlisle, PA

100%

90%

Discussion
Background Results

This work builds on existing literature showing most common features of
GRINZB codes for the GluN2B protein and 1s * All participants presented with an o GRIN2B related disorder. Intellectual disability, hypotonia, and epilepsy have
essential for neuronal progenitor cell intellectual disability with some degree of o - already been associated with GRIN2B mutations. 2
differentiation and is active in embryonic variation in its severity.
development. *When GIluN2B is inhibited, * The most common condition categories o Building on the information known in the literature, this data demonstrates
neurons have an increased rate of dendrite seen are intellectual disability, - additional systemic features of GRIN2B-related disorder. Among body systems,
pruning.* neurological, gastrological, and visual. participants report neurological, gastrointestinal, and visual features. Upon

30%

more detailed assessment, specific features include: hypotonia, otitis media,

* GERD and strabismus occurs in 51% of constipation, GERD, and strabismus.

GRIN2B developmental disorders are participants.

20%

91%
57%
| | I

. .. . . . . 0 )
autosomal dominant and extremely rare. ) Oftltls media and constipation occur in 57% 1o Conclusion
Penetrance estimate of pathogenic variants 1s 0 (I))al'tIClpaI.lts. ,

¢ 91 A) Of part1C1pants reported hypOtOnla‘ o Inellectual Disability Strabismus Hypotonia GERD Otitis Media Constipation

100%.!' Most of the reported mutations are e 2 Compranensive Medioa! Hrstory This work helps to elucidate additional areas of medical care relevant to patients
loss-of-function. 2 Emerging evidence suggests Interview (N=47) with GRINZB-related disorder.

some variants cause a gain-of-function effect. o
All variants were classified as disease causing but, in some cases, we did not
know the mechanism (loss or gain) of the variant. There 1s limited information
on adults, most of the data 1s related to pediatrics; we don’t know the long-term
course of the disorder.

90%

Methods

Simons Searchlight

* Online research study examining >170
genes that cause rare developmental
conditions 7o

* Receives and categorizes genetic
information

* Connects genetic counselors with families
to review medical and developmental
history.

* Data is collected longitudinally.

Current Investigation

* Releasable data for participants with
GRINZB variants queried

» Data analyzed with basic quantitative
statistics

Participants

57 Participants — Completed core
medical history

47 Participants — Completed
comprehensive medical history interview

19 months — 22 years of age

Future research should focus on evaluating differences between loss and gain of
function and better understanding variability in presentation. GRIN2B mutations
could be studied for their mechanisms of action in potentially contributing to
these conditions. °
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Introduction General Methodology

Conclusion

Water. quality m_onitoripg is: the process by which critical Char_acteristics qf water . We have proved our hypothesis that the sampled images present gradient
(physical, chemical, biological) are measured. One of the universal metrics and descent with a linear relationship, and our model also shows a very standard
notable indications of water quality is turbidity. The standard unit widely used for : : : Al : o
turbidity measurement is called the nephelometric turbidity unit (NTU). The current - ROI Segmentation : - inear relationship between mean pixe| intensity andzthe turbidity (NTU).
y L | P yu J). 1h Sampled Images—==b Image Stacking ————p/ (Watershed Algorithm) ——=mm) White Balancing By fitting linear regression, our model has reached an R“ value of 0.986.
measurement of turbidity often involves the use of a turbidimeter, including Hach ilivC ATgOHUIT
2100Q. They are highly accurate with a wide range of NTU and high resolution, OLS Regression Results
however, these types of equipment are often used for laboratory water quality
analysis and would cost thousands of dollars. Dep. Variable: Fstimated R-squared:
Research Objective: Model: 0LS Adj. R-squared:
: . 1 : : fethod: st S S -statistic:
We aim to develop a low-cost water turbidity estimation system by flethod teast squares  F-statistic:
analyzing sampled images using image processing techniques oate: sun, 17 Jul 2622 Prob (F-statistic);
- Turbidity ' 1. ' Bright Spot ' Greyscale Time: 15-88:42 Loe-Likelihood:
Estimation Model Fitting Elimination Conversion N . . ﬂ?_ B
No. Observations: 21  AIC:
Theory & TOOIS Of Residuals: 19 BIC:
Df Model: |

Covariance Type: nonrobust

 Theory:
 When light passes through suspended particles in water, attenuation -
and scattering will occur at all directions, which includes direct beam (6 Experl mental Resu Its

= 0°), forward scattering (@ < 90°), side scattering (@ = 90°), and back
scattering (90° < @ < 180°) [2]. * Approximately linear relationship between turbidity and mean pixel intensity:
* |In particular, we focus on side scattering, where we place our camera
perpendicular to the LED light beam (fig 1), facing the water samples.
* Tools:
 Our holder is 3D-printed with two openings for holding the water

samples: reference and test samples. It is attached to an electronic
board that has two LEDs (fig 2).

00 degree scattering:
Image acquisition
direction

&

Backscattering Forward
s::attﬁrmg_
Incident lichi particle . Transmissive light: image
AL TG or water acquisition direction
* Our model exhibits a linear relationship between pixel intensity (x-axis)
and the turbidity (NTU):
¥
Figure 1. Sampled Figure 2. 3D-printed Figure 3. The principle of light
Image container for holding water attenuation in turbid water

samples

Hypothesis

One novel approach of our research is that we calculated the difference between
the reference and the test sampled images’ mean pixel intensity to achieve
turbidity estimation.

* |n actual experiment, our approach of having a reference sample was indeed
less subject to certain environmental factors, such as filming angle and sample
position, but lighting condition would still impact the estimation output, causing
an error of at most 50 NTU. Despite this, compared with having only a test
sample, our two samples did contribute significantly to the accuracy of our final
result.

 We purpose that within the region of interest (ROI), the pixel intensity tend to
present an effect of gradient descent, from bottom pixels to top, since
attenuation occurs more frequently when closer to the LED.

* Then the difference between the arithmetic mean of the reference and the test
sample pixel intensity would become a meaningful parameter to fit into the
model.
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Characterizing Familial Hypercholesteremia in the NIH AllofUS Cohort

Nuha Mohammed, Alexander Berry, PhD, Matthew Oetjens, PhD
Geisinger Medical Center, Danville, PA

Introduction

« Familial hypercholesterolemia (FH) is an

inherited disorder characterized by lifelong
elevated low density lipoprotein cholesterol
(LDL-C) and dramatically increased risk for

premature atherosclerotic cardiovascular
disease (ASCVD).

What is AllofUS?

NIH-funded research program gathering
health data from millions of people in the
U.S.

Designed to support and accelerate health
care research by providing qualitative and
quantitative  data pertaining to lab
measurements, genome sequencing, and
drug exposure, among many others, pulled
from electronic health records and testing.

Materials and Methods

LDL-C Statin Exposure

Create a statin exposure dataset

from concept Hmg coa reductase

Create tLgh(f dtatasl'e.t f[%fﬂ inhibitors (ID: 21601855) and

concepID.487egs5gB% n fenofibrates from Lipid modifying
(ID: ) agents (ID: 21601898)

Include all measurements
Mass/Volume either by direct
assay, electrophoresis, or
calculation

Filter each statin intake record for
>30 days exposure length

Select earliest start date and latest

Exclude LDL-C percentile or those end date for each person_id

recorded as moles/volume

Adjust for statin exposure: divide
by 0.7 if statin exposed, then take
the maximum LDL value from all

Results and Discussion

« On average, adjusted statin-treated values

were (24 mg/dL) higher than untreated,
consistent with their use for
hypercholesteremia.

Figure 1 —Patients with untreated FH may experience Xanthomas on the Achilles
tendons (A), metacarpal phalangeal extensor tendons of the hands (B), and corneal
arcus, a white or gray ring around the iris of the eye (C & D). Image retrieved from
https://www.athero.org.au/fh/health-professionals/how-to-diagnose-fh/.

provided for a given person_id

Figure 3 — LDL-C and Statin Exposure data were pulled from the AllofUS Figure 4 — Distribution of low-density lipoprotein cholesterol between
cohort using the concept identifiers, as described. Statin exposure was defined statin-exposed and statin-unexposed groups within the selected cohort
specifically, and LDL values were adjusted if statin exposure was determined participants.

 Genetic studies now suggest that FH

encompasses five discrete subtypes based
on LDL-c levels and 1) a monogenic FH
variant, 2) a high low density lipoprotein
cholesterol (LDL-c) polygenic score, 3)
elevated lipoprotein(a), 4) elevated LDL-c
polygenic score with elevated lipoprotein(a),
and 5) a positive family history without an
identifiable  genetic  cause, or true
“phenotypic FH.”

The primary question of this project is: Are
there differences in treatment, comorbidities,
and ASCVD outcomes between FH

Figure 2 — AllofUS aims to bring together data allowing for analysis of the
interplay between effects of environment, lifestyle and biology on health.
Image retrieved from https://allofus.nih.gov/.

Materials and Methods

by our criteria.

Results and Discussion

« We analyzed the 506,260 participants in the
AllofUs cohort. Of these, 21.05% had a
recorded LDL-C value

* Next, we measured the prevalence of the FH
phenotype by identifying the number of
individuals with an LDL-C >=190 mg/dL.

« We found that 19.25% of individuals with

Future Direction

Screen all individuals with whole genome
sequences available for monogenic variants
Stratify data by FH-subtype using labs, drug
exposure, and whole genome data
Determine  comorbidities and ASCVD
outcomes using EHR Data

Perform regression analyses to compare
ASCVD risk between FH-subtypes

subtypes? 1. Restricted samples to those containing
We explore the prevalence of FH in the NIH whole-genome sequence data LDL'.mtea?urirTﬁ]ntngai a tleast 1 LDL-C
AllofUs cohort to scope the utility of the 2. Defined familial hypercholesterolemia with a . Eonzls tendwtl e thp eln? ypeﬁ_ bet References
AllofUs cohort for studying FH threshold of: LDL-C>=190 indicating FH. astly, 1o determine the reiationship between
. . F H and Statl n treatment, We Com pared A. H. Ramirez, K. A. Gebo, P. A. Harris, Progress With the All of Us Research Program: Opening
3. If exposed to statins, we adjusted the LDL- Access for Researchers. JAMA32S, 2441-2442 (2021),

C by dividing by 0.7 to reflect pre-statin
exposed values.

adjusted LDL-C values in statin exposed to
statin unexposed.

A. J. Berberich, R. A. Hegele, The complex molecular genetics of familial
hypercholesterolaemia. Nat. Rev. Cardiol. (2018) https:/doi.org/10.1038/s41569-018-0052-6.
D. J. Carey, et al., The Geisinger MyCode community health initiative: an electronic health
record-linked biobank for precision medicine research. Genet. Med.18, 906-913 (2016).
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The Effect of Acute Stress on Context-Dependent Memory in Rats

Introduction

* Stress has been shown to both enhance and impair learning.
* Stress has also been shown to impair the retrieval of extinction
learning.
* Extinction 1s when a learned behavior 1s gradually weakened,
and eventually stops, due to the lack of a reinforcer.

Why does stress impair extinction?
* One hypothesis 1s that stress impacts the ability to process context
(the environment where learning takes place).

* Extinction has been found to be context-specific, meaning that
the behavior may return when 1n an environment separate from
where extinction took place.

* (Given this information, we sought to evaluate whether acute stress
has an impact on the context-shift effect.

* The term “context-shift effect” 1s used to explain the decrement
in performance observed when there is a difference between
where learning and testing take place.

Susquehanna University

Table 1. Experimental design for Experiment 1

Abigail R. Wagner & James F. Briggs

Group Stress 48 hr Training 24 hr Test
Same No Context A Context A
Shift No Context A Context B

Stress/Same Yes Context A Context A
Stress/Shift Yes Context A Context B

Method

* Subjects. Forty male, Long-Evans rats were used as subjects.

* Apparatus & Context. Training and testing were conducted 1n a
shuttle box, divided into two compartments by a sliding door
(shown below). Two boxes were used, each one placed 1n a different
room with distinct environments (Context A or Context B).

Figure 1. Image of a shuttle box typically used in passive
avoidance testing.
* Procedure.

* Stress — Two of the four groups received one hour of restraint
stress 48-hours prior to training (See Table 1).

* Traimning — All groups were trained 1n either Context A or B.
Each rat was placed 1n the white side of the shuttle box with the
center door closed. The door then opened, allowing the rat to
cross to the black side. Upon entering the black side, the door
was closed and a single footshock was delivered. This induced
fear to the black side.

* Testing — All groups were tested for fear of black compartment
24 hours after training. Each rat was placed in the white side of
the box. Once the center door opened, 1t remained open for 5
minutes. The amount of time taken for the rat to cross to the
black compartment was recorded as the dependent measure.

Note — Contexts A and B were counterbalanced for each group
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-
-

100
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N
-
-

Same Shift
Test Context

Figure 2. Average crossing latency (in seconds) of
rats in a passive avoidance chamber.
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Results

A 2(no stress, stress) x 2(same, shift) ANOVA was calculated on test
latencies.
A significant main effect of stress was found [(F(1,36) =4.591,

p =.039].
A significant main effect of context was found [(F(1,36) =4.121,
p =.050].

The 1nteraction between stress and context was not significant
[((F(1,36)=1.412, p = .243].

The same and shifted context rats from the no stress group differed
in cross latency time [#(18) = 2.241, p = .038].

The same and shifted rats from the stress group did not differ in
cross latency time [#(18) = .605, p = .553].

Discussion and Conclusion

Stressed rats that remained in the same context for testing and
training had cross times similar to the unstressed rats that changed
contexts.
The significant main effect of stress shows that stress impacted the
context shift.
The significant main effect of context also demonstrates context-
dependent retention.

* Results show a context shift among non-stressed rats, but not for

the stressed group.

* This suggests that stressed rats were unable to process their
environment during training and unable to recognize 1t during
testing.

* The testing context, even if the same, was treated as a new
environment.

This would explain why stressed rats exhibited quick cross times in
both same and different environments.
Possible limitations:
* Only male rats were used — female rats have been found to
generalize more.
* A limited number of rats was used 1n the experiment.
* This study does not determine how stress impacts extinction but
gets us closer to understanding how.
* Further research 1s needed.
* Must be able to demonstrate these results in humans.
It 1s important to understand how stress and extinction are affected
by context, as they are used 1n exposure-based therapies to treat
anxiety disorders.
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BACKGROUND APPROACH
e Obesity is considered a global epidemic, affecting more e Learned languages: Javascript, HTML, CSS.
than 40% of US adults. e Installed Cordova and android emulator.
e Obesity is associated with increased risk for type 2 ° :‘-\:Ji\clzlt?c\),\rlwesd existing code and mapped out existing
diat.)ete.s and other medical Comorpiditie§. e Presented at weekly interdisciplinary team meetings with
e Barlatric surgery leads to substantial weight loss and Geisinger Obesity Institute and Bucknell CS Department.

often, to the remission of type 2 diabetes.

Figure 2, Screenshot

showing survival, weight loss Figure 3. Screenshot showing weight
and diabetes remission from loss trajectories.

Get-2-Goal website.

RISK AND REMISSION
CALCULATORS

Figure 1. Screenshot showing 3-year diabetes remission among
bariatric surgery patients based on patient demographics.

e \Vas responsible for
o Get-2-Goal app is joint collaboration between the updating the existing -
Geisinger Obesity Institute and Bucknell CS Department. diabetes remission |
e This app helps healthcare providers and patients in calculator (DiaRemz2, right) i
making decisions about whether to perform bariatric based on the publishea o
literature.
surgery

e The app also tracks the recovery process after surgery
including remission of type 2 diabetes.

e Also responsible for implementing a separate
diabetes risk calculator (DiaGet, below) as a new
website to complement the app.

Computer Science

Department
2022

SUMMARY OF PROGRESS

e Implemented DiaRem2 for app and web browser.

e Developed tests for DiaRem2 for app and web browser
using all possible patient profiles.

e New diabetes risk calculator website under
development.
o target completion: August 2022

FUTURE CONSIDERATIONS

e Moving forward, we will continue to work on the risk
calculator website.

e Bug fixes will also be a priority.

e As we refine the interface, we may solicit input from
patients, providers, and other key stakeholders.

e |t will also be important to collect data on patient choices
and outcomes.

ACKNOWLEDGEMENT

Thanks to the Joseph A. Ciffolillo ‘61 Healthcare
Technology Inventors Program (HTIP)
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INTRODUCTION

e The Get-2-Goal project is a collaboration between Bucknell
undergraduate students, Bucknell's CS Department, and
Geisinger’s Obesity Center

e The app provides tools for Geisinger patients seeking to track
their weight loss and health details, both before and after
Bypass or Sleeve surgery

e Major functions of the app include an individualized goals
graph, survival rate calculator, diabetes remission calculator,
and weight log

e Usability: an assessment of how effective and
understandable user interfaces are to use
o Usability is a common factor when it comes to interacting

with apps

Figure 1. An individualized
goals graph, tracking weight
loss after surgery.

Figure 2. A comparison graph,
which compares the outcomes
of Bypass vs. Sleeve surgery.

My task focuses on gauging how well individuals can
interpret the graphs and functions within the
Get-2-Goal app. If the data that we are presenting is not
understandable or readable, the app will not be

effective for its users. After continuously analyzing the

app and conducting a survey, | can revise the existing
Get-2-Goal app to include more usable features and
present our data in a more understandable manner.

Julia Calderone

DATA COLLECTION: SURVEY

e In order to create and conduct this survey, |
completed CITI Ethics training for IRB certification
e | created a survey that asked participants to interpret
the graphs and visuals displayed in the Get-2-Goal
App
o |f participants could not understand them, we
would clearly need to make a change in the way
we present data to our users
e The survey was in the form of a Google Form and
multiple choice format
e Each question referred to a visual from the app and
asked the participant to pick the interpretation that
best match their own
e Participants are Bucknell students

Figure 3. A diabetes
remission chart which
conveys this individual
has a 73% chance of
going into remission
after weight loss
surgery.

Figure 4. An
individualized
goals table, which
tracks your weight
loss progress
after surgery.

Computer Science
Department

2022
SURVEY RESULTS

Figure 5. A chart
that shows how
well participants
interpreted each
guestion about
the goals graph.

Figure 6. A chart
that shows how
well participants
interpreted each
guestion about
the goals table.

Figure 7. A chart
that shows how well
participants
interpreted the
guestions about the
diabetes remission
and survival rate
charts.

FUTURE CONSIDERATIONS

e | plan to make a number of updates to the app
to improve usability, including:
o Updating and clarifying graph title
o Adding an information button users can
click to get more information on graphs
o Replacing the data table
o Adding labels to graphs & visuals

REFERENCES
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Comparison of Orientation-Specific and Traditional Measures of Subthalamic Nucleus Activation Buckneu
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Introduction

e Parkinson disease (PD) is a degenerative disease that is characterized by a gradual loss of motor control.

* Deep brain stimulation (DBS) of the Subthalamic Nucleus (STN) is one option for treating the disease and
involves surgically inserting a lead into the brain near the STN in order to electrically stimulate the STN.

e Volume of tissue activation (VTA) modeling is used to determine what portions of the brain are being stimulated.

* DBS of the STN is typically targeted towards the dorsolateral STN, the approximate location of the sensorimotor
STN [2] (Figure 1). However, how to define what the targeting location is still under debate [1].

Results

Ventral (p = 0.001) and Anterior (p = 0.03) directions demonstrated significant differences in percent
activation between the traditional and orientation specific methods.

Motor improvement and STN activation correlations were decreased for the orientation-specific
method versus the traditional method in the ventral and anterior directions (Figure 4).

In the ventroanterior direction, the orientation-specific method demonstrated an improved
correlation versus the traditional segmentation, but the correlation was not significant (Figure 4).

A B
Figure 1: Approximate STN functional
zones from a coronal view. o~ 0303 o~ 0180 o 0523 o~ 0433
Objective
To determine if defining stimulation location based on the overall orientation of the STN provides a better c
corre’ation towargs clinical outcome than the traditionalmetnoddoes.
Methods
e 40 PD patients underwent bilateral STN-DBS with their STN boundaries being preoperatively recorded.
* VTAs were calculated using recorded tissue conductivities, electrode contact locations, and stimulation settings
[3] for 72 of the 80 total hemispheres (Figure 2).
 Each STN was segmented into the six anatomical directions based on a voxel’s location relative to the STN N~ N
centroid and enclosed within a Minimum Volume Enclosing Ellipsoid to produce orientation-specific anatomical PR 96553 PR 8.0271

directions (Figure 3).
* Segment activation was calculated using the overlap of the VTA and STN.

Figure 4: Linear regressions comparing the traditional method of defining directions (Right) and the orientation-
specific method (Left) to overall motor improvement when looking at the ventral (A), anterior (B), and ventroanterior
(C) segments of the STN.

Number of segment points inside the VTA

x 100

Segment activation (%) = :
Total number of STN points

* For each patient, the treatment’s resulting motor improvement as measured by the Unified Parkinson’s Disease
Rating Scale (UPDRS) was used to calculate the overall percent improvement for the treatment.

* Segment percent activation and percent improvement were compared to determine if the orientation-specific
approach demonstrated better correlations.
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Discussion

* This orientation-specific method appears comparable, but not superior to the traditional method.
* Increased effort to segment the STN based on the orientation for little benefit presents
few use cases for this approach.
 This method focused on the overall STN structure, a method that more closely follows the
functional zones (Figure 1) may prove superior.

---------------------------------------------------------------------------------------------------------------------------------------- -t

References

1. Coenen, V. A., Prescher, A., Schmidt, T., Picozzi, P., & Gielen, F. L. H. (2008). What is dorso-lateral in the subthalamic Nucleus (STN)? - A

topographic and anatomical consideration on the ambiguous description of today’s primary target for deep brain stimulation (DBS)

surgery. Acta Neurochirurgica, 150(11).

Eduardo E. Benarroch (2008). Subthalamic nucleus and its connections, anatomic substrate for the network effects of deep brain

stimulation. Neurology, 70(21).

3. Malaga, K. A., Costello, J. T., Chou, K. L., & Patil, P. G. (2021). Atlas-independent, N-of-1 tissue activation modeling to map optimal region
of subthalamic deep brain stimulation for Parkinson disease. Neurolmage. Clinical, 29.

---------------------------------------------------------------------------------------------------------------------------------------- -

1

i : . , , , . , i Acknowledgements ! Contact Information
Figure 2: Patient’s STN, enclosed by Figure 3: Lateral and Medial STNs as defined via the traditional centroid | The authors would like to thank the patients involved in this study for their voluntary Computational Neuromodulation Lab

N

>
vy

mbk018@bucknell.edu

| edron
the corresponding MVEE, along with method (A) and an orientation-specific method based on a Minimum | participation, and Parag G. Patil, M.D., Ph.D., Kelvin L. Chou, M.D., Aidan Ahamparam, and | [E):;fg;“nenrg ‘E’:ui:fnrzlel‘ij'ﬁ?\'/ersity
the VTA produced by the patient’s volume enclosing ellipsoid (B). i Joseph T. Costello from the University of Michigan for the clinical data used in this project. | Lewisburg, PA '
DBS treatment i Funding for this research was provided by the Bucknell University’s Emerging Scholars Summer i

!

i Research, Scholarship, & Creativity program.




Optimal Tissue Activation During Thalamic Deep Brain Stimulation for Essential Tremor Buckne”
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Introduction

* Essential tremor (ET) is a neurological movement disorder that manifests in the hands

o ET affects 1% of the population, and 5% of people above 65 years 1

* Deep brain stimulation (DBS) is a surgical option for ET patients to treat tremors

 Motor thalamus (VIM) is the traditional gray matter (GM) target for ET DBS (Figure 1)

* Side effects of ET DBS include paresthesia, dysarthria, and muscle contractions

* Recent studies suggest stimulating local white matter (WM) dentatorubrothalamic tract (DRT) 2

Research Question: Is more WM tissue stimulation associated with therapeutic outcomes

(tremor alleviation) or side effects (paresthesia, dysarthria, etc.)?

D

L

Figure 1. Visualization (sagittal view) of inactive
electrodes (black) as well as active electrode and
VTA (red) during VIM (blue) DBS for ET. 3

18 ET patients previously received unilateral VIM DBS; received DTI brain scans
* Volumes of tissue activation (VTAs) were previously modeled in COMSOL
e Calculated mean diffusivity (MD) and fractional anisotropy (FA) values (Figure 2)

 MD = measure of total diffusion volume
* FA = measure of diffusion bias in particular direction

* Implemented machine learning algorithms to classify voxels as cerebrospinal fluid (CSF), WM,

and GM based on MD and FA values associated with each voxel

. k-means classification algorithm clusters points based on input features
. Support vector machine (SVM) classification algorithm trained on ground truth
input features, then classifies new data based on learning scheme

* Calculated percent activation of various tissues (VIM, WM, etc.)
* Analyzed percent WM tissue activation and tremor outcome

Figure 3. Heat maps of (A) mean diffusivity (MD) and (B) fractional anisotropy (FA) values
(hotter = higher value) for exemplar ET patient DD1161. Ground truth thalamus plotted in black.

Figure 2. Glyphs representing (A) linear anisotropic diffusion, (B)
planar diffusion, and (C) spherical isotropic diffusion. Linear
anisotropic leads to high FA. Spherical isotropic leads to high MD. 4

Results
Train and test machine learning algorithms on separate data

Figure 4. Tissue segmentation of exemplar Parkinson’s disease patient DH8913. Coronal
slice of tissue classified as CSF (blue), GM (green), and WM (red) with ground truth internal
capsule (magenta) and subthalamic nucleus (black) plotted. (A) K-means classification had
92.9% WM and 41.0% GM accuracy. (B) Linear SVM classification had 78.6% WM and 60.6%

GM accuracy. Quadratic SVM classification had 68.1% WM and 56.0% GM accuracy.

Table summary of classification algorithm accuracy

Table 1. Comparison of best machine learning algorithms and their
white matter (WM) and gray matter (GM) percent accuracies.

Algorithm
Linear SVM

Equations for percent accuracy calculation

Number of WM voxels in the IC
Total number of IC voxels
Number of GM voxels in the STN
Total number of STN voxels

WM accuracy (%) =

GM accuracy (%) =
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WM tissue activation is common among all therapeutic VTAs

High Stim (V) Low Stim (V)

Figure 5. Boxplot and linear regression analyzing stimulation setting effect on WM tissue
activation (n=15). High stimulation is from 2.5V and above (n=5), low stimulation is below
2.5V (n=10). No significance means therapeutic settings always involve some WM activation.

—————————————————————————————————————————————————————————————————————————————————————————————————————

Equations for percent activation calculation

Number of WM voxels in the VTA
Total number of VTA voxels

L Numb GM Is in the VTA
GM activation (%) = umber of G voxels In the x 100

Total number of VTA voxels

WM activation (%) = x 100

—————————————————————————————————————————————————————————————————————————————————————————————————————

Conclusions

Mean diffusivity and fractional anisotropy are effective metrics
to segment CSF and WM respectively, with GM remaining; could
explain the low accuracy when classifying GM voxels

k-means clustering is more effective at classifying WM than
support vector machines (linear, quadratic, etc.)

WM is a common tissue type in therapeutic VTAs

—————————————————————————————————————————————————————————————————————————————————————————————————————

Future Work

* |Include all patient outcome VTAs
* Correlate individual patient outcomes (therapeutic vs. side-effect) as
a function of WM tissue activation

———————————————————————————————————————————————————————————————————————————————————————————————————————————

Abbreviations

Essential tremor = ET Dentatorubrothalamic tract = DRT
Deep brain stimulation = DBS
Ventral intermediate nucleus = VIM Mean diffusivity = MD

Gray matter = GM Fractional anisotropy = FA
White matter = WM Support vector machine = SVM
Cerebrospinal fluid = CSF

Volume of tissue activation = VTA
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Results

Introduction i B c

t
|
- Deep brain stimulation (DBS) is commonly used to treat the symptoms of :
Parkinson disease (PD). (tremor, rigidity, bradykinesia, and postural instability) |
- DBS involves surgically implanted electrodes that stimulate structures deep in the !
orain with pulses of electricity controlled by a pacemaker. !
- Volume of tissue activation (VTA) modeling is used to determine stimulation :
location |

- A prevalent effect caused by DBS of the STN is the non-motor complications !
occurring in patients |

- These non-motor complications include: verbal fluency (VF), fatigue, depression, |
and amnesia |

- Semantic verbal fluency (SVF) - patients generate words in a category in a !
:
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Figure 2. A. Linear regression plot (n = 26) displaying a significant relationship lateral and medial electrode location on the Left STN (p-value = 0.01). A more lateral electrode likely leads to a better SVF
score B. Box plot comparing left STN lateral activation to SVF change C. Box plot comparing left STN medial activation to SVF change

specified amount of time

- Phonemic verbal fluency (PVF) - patients generate words starting with a specific | * =777 77" " 777" """ - - - T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e T -
letter in a certain time frame A B C
Objective: Identify the area of the STN that maximizes improvement in motor
symptoms and minimizes the occurrence of non-motor side effects, specifically
verbal fluency.
i ettt <
Methods
- 27 PD patients received STN DBS (Left STN n = 26, Right STN n = 27)
- VTA of the STN was calculated for each patient in the form of a percentage in the
dorsal/ventral, lateral/medial, and anterior/posterior directions
- Both semantic and phonemic verbal fluency scores were collected before and after
. I Figure 3. A. Linear regression graph shows as electrode location in the left STN becomes more anterior, PVF trends downward but is not statistically significant B.Box plot comparing left STN
bilateral DBS . . o . . o
. _ _ . . ; anterior activation to PVF change C. Box plot comparing left STN posterior activation to PVF change
- Linear regression graphs were used to assess the relationship between lead location  je~-------------"-"-"-"-"--“--- - - e e e m e mmmmmmm - - —»
I A B C
and VF outcomes !
. . . . |
- Box Plots were used to assess the relationship between activation and VF outcomes !
. . . . I
- Dorsal, lateral, and anterior directions were labeled as positive !
° ° ° ° ° I
- Ventral, medial, and posterior directions were labeled as negative !
- Electrode location values were all normalized due to differences in STN sizes between !
I ]
patients e Center of STN — Electrode location |
|STN Max — STN Min| |
|
I
I
|
|
I
A B : Figure 4. A. Linear regression graph (n = 26) shows as electrode location in the left STN becomes more Dorsal, PVF shows a greater negative effect B. Box plot comparing left STN dorsal activation
 to PVF change C. Box plot comparing left STN ventral activation to PVF change
et el e el —
1Discussion
I . ° ° ° ° . . ° . . ° .
- There is a significant relationship between electrode location in the lateral section of the left STN and a reduction in SVF decline
' - More posterior and dorsal electrode contact shows a trend in reduction in PVF decline
' - Right STN DBS displays no significant correlation with VF decline
' - Electrode location that is in the left anterior STN region shows a trend leading to a greater decline in PVF scores, but result is not
' statistically significant
' - A greater amount of posterior activation in the left STN trends to a greater decline in PVF than anterior activation in the left STN but not
Figure 1. A. Sagittal view of VTA (blue), STN (red), and electrodes (black) B. Coronal view of VTA (blue), : Statistica”y Signiﬁca Nt
STN (red), and electrodes (black) I . .
O o o e e e « - Electrode location does not equal VTA location
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1.Greif, Taylor R., et al. "Anterior lead location predicts verbal fluency decline following STN-DBS in Parkinson's disease." Parkinsonism : Acknowledgements _ _ _ _ S . T Contact Information
& Related Disorders 92 (2021): 36-40. : The author-s thank the patlenjcs involved in this study for their voluntary part|C|pat|F>n ar-1d Parag G.. Patil, M.[.).,. | Computational Neuromodulation Lab
2. John, Kevin D., et al. "Deep brain stimulation effects on verbal fluency dissociated by target and active contact location." Annals of | Ph.D., Kelvin L. Chou, M.D., Aidan Ahamparam, and Joseph T. Costello from the University of Michigan for clinical : Department of Biomedical Engineering, Bucknell University,
Clinical and Translational Neurology 8.3 (2021): 613-622. : data and data visualization code. | Lewisburg, PA
3. Malaga, Karlo A., et al. "Atlas-independent, N-of-1 tissue activation modeling to map optimal regions of subthalamic deep brain I This projected was funded by the Engineering Success Alliance Summer Research Scholarship at Bucknell '
stimulation for Parkinson disease." Neurolmage: Clinical 29 (2021): 102518. 1 University l mjr041@bucknell.edu




Accessing Stability of Thalamic Segmentation using Diffusion Tensor MRI
Rebecca Stinson, Karlo A. Malaga, Ph.D.

Department of Biomedical Engineering, Bucknell University, Lewisburg, PA

Introduction Results

e Essential Tremor is a neurological disorder characterized by
shaking hands, head, or trunk.

e Essential Tremor is estimated to affect up to 7 million
Americans [1]

e ET can be treated using deep brain stimulation (DBS) in which
electrodes provide electrical stimulation to the thalamus

e DBS for ET targets the ventral intermediate thalamic nucleus
(VIM) also called the ventral lateral thalamic nucleus, ventral
part (VLpv) [2]

e Thalamus has no visual clues to the divisions between thalamic
nuclei

e Algorithms based on diffusion tensor magnetic resonance
imaging (dtMRI) aim to identify different thalamic nuclei to allow
for patient-specific targeting during DBS.

e There are variations in the number of thalamic nuclei used in

these algorithms Figure 3: Coefficient of variance for the volume of each

nucleus across 100 iterations. Both simulations had a large
average coefficient of variance of 63% and 62%
respectively.

Figure 2: Sagittal view of the same subject’s thalamus after being segmented into thirteen (left)
and eleven (right) thalamic nuclei. The list of thirteen nuclei includes splitting the ventral lateral
thalamic nucleus into ventral lateral anterior, ventral lateral dorsal part, and ventral lateral ventral
part, while the list of eleven nuclei does not break the ventral lateral nucleus into subnuclei.

Objective
|dentify the number of thalamic nuclei that produces the most
stable segmentation of the thalamus.

Methods

e dtMRI collected from 22 patients undergoing DBS treatment for
ET.

e A k-means algorithm was used to classifying each of the voxels
within the thalamus as belonging to each nuclei.

e Algorithm accounted for the distance between the voxel and the
nucleus centroid, as well as the similarity of the voxel’s diffusion
tensor values compared to the nucleus’ average diffusion tensor.

e A set of 13 or 11 seeds were randomly placed within the thalamus
and the algorithm was allowed to run until none of the centroids
moved more than one millimeter between iterations.

e Each cluster of points was labelled using a linear pairing model
comparing the segmentation to the Morel Atlas of the thalamus.

e [he volume and centroid position for each nuclei was recorded for
100 iterations for each patient.

Figure 4: Standard deviation of centroid position for each nuclei across 100 iterations. Both thirteen and eleven nuclei simulations have a similar standard deviation
indicating that the two models have a similar level of stability. The z-direction had the lowest variability with an average standard deviation of around 2 mm for both
models. The y-direction had the most variability with an average standard deviation of around 2.85 mm for both models. The x-direction had an average standard
deviation of 2.22mm and 2.28mm respectively.

A————————————————————————————————_—_—_

Conclusion

Both numbers of nuclei used resulted in a large volume coefficient of variance. This suggests that
both models are not stable as the volume of a given nucleus varies significantly across trials.
Additionally, the centroid position has a standard deviation of more than 2 mm in all directions
across the 100 trials. ldeally, the models would not vary significantly across trials so any run
through of the segmentation would be representative of the algorithm. The variations could be In
part due to the resolution of the MRI data as well as other noise causing the k-means algorithm to
be inconsistent. If so, the model may become more stable at smaller numbers of nuclel.

Future Work

In the future, segmentations with 5, 7, 8, 10, and 12 nuclei will also be conducted and assessed for
stability. Then the accuracy of each of the segmentations will be assessed. Accuracy will be
determined based on comparing the areas of overlap between a patient’s area of stimulation and
the segmented nuclei with the reported side effects.

1. Louis, E. D., & Ottman, R. (2014). How Many People in the USA Have Essential Tremor?
Deriving a Population Estimate Based on Epidemiological Data. Tremor and Other
Hyperkinetic Movements, 4(0), 259. https://doi.org/10.7916/D8TT4P4B

2. Malaga, K. A., Houshmand, L., Costello, J. T., Chandrasekaran, J., Chou, K. L., & Patil, P.
G. (n.d.). N-of-1 thalamic segmentation and tissue activation modeling in deep brain
stimulation for essential tremor Running title: N-of-1 thalamic segmentation in DBS for ET.

Acknowledgements

|

|

|

!

I

I

|

I

|

|

I

!

I

I

|

I

|

I

I The authors thank the patients involved in this study for their voluntary participation and Parag
: G. Patil, M.D., Ph.D., Kelvin L. Chou, M.D., Aidan Ahamparam, and Joseph T. Costello from the
l University of Michigan for clinical data and data visualization code.

|
I
|
I
|
I
I
I
|
I
|
|
|
l
I
I

_ _ _ _ This projected was funded by Bucknell University’s Program for Undergraduate Research.
Figure 1: Atlas of the thalamus broken down into thirteen nuclei (left) and eleven

nuclei (right) based on the Morel Atlas.

Key: Anterior (black), ventral anterior (blue), pulvinar (orange), ventral posterior
lateral (yellow), ventral posterior medial (red), ventral medial (magenta), lateral
posterior (brown), lateral dorsal (lime), ventral lateral anterior (green)*, ventral
lateral-dorsal part (grey)*, ventral lateral-ventral part (cyan)*

*combined for 11-nuclei, represented as cyan

Not pictured: central median, medial dorsal
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Collecting Language Production Data Online

Jimmy Pronchick
Faculty Mentor: Heidi Lorimor

Bucknell University, Lewisburg, PA

Background The Challenge The Goal

e In English, people compute “agreement” Pre-Covid, at Bucknell we ran language production studies Create a way of conducting language production
on verb forms approximately every 12 in the Linguistics Lab (Coleman Hall). experiments online, which still allow us to collect
words (or 5 seconds). (Eberhard, Cutting, - Participants sat at a computer audio data.

& Bock, 2005) - We ran a script on a local computer that presented

e People sometimes make errors in verb pictures/audio at particular times

forms. - We recorded participants using a microphone

Now, running in-person experiments is more difficult.
Agreement attraction:

Error resulting from a verb erroneously E . t I S t
agreeing with features of a distractor noun: xpe rhmenta etu p
Correct: The gardener with the rakes is late.
Vs. Participant recruitment: Subject-verb agreement task Verb tense task
Attraction: The gardener with the rakes are e Prolific (www.prolific.co) (replication of Vigliocco & Nicol, 1998)
late.
Experimental platform:
. . . . +

Vigliocco & Nicol (1998) argued that these ° ?avascr:'pt (using libraries from '
errors happen, regardless of word order. jspysch.org) l l
Other work has shown that word order : Christian

f | ' Haskell & Equipment: f round coffee
matters for sentence planning (Haske e Participants use their own computers, >ale egvery e
MacDonald, 2005). with a microphone, and run the 1 1 l

experiment in their web browser. |
e The participant responses are the helicopter for 0 .
: e saw him... He saw he...
Verb tense: downloaded to a Bucknell server. the flights
Verb tense errors result from the erroneous - l l 1 l ~
activation of the past tense form when the Particinant “The helicopter “Is the helicopter o H o h
sentence requires a non-tensed form. The PANY i for the flights is for the flights ° Saw Iim cSawne |
. responses safe ” safe?” grind coffee. ground coffee.
past tense form may be activated due to a . ' ' y
parallel sentence planning or activation from o
other items in the sentence Q: Do you get the same pattern of Qs: Can we elicit errors? Are the
errors for questions and errors the same for “ground coffee”
1 didn't it - it was a gift statements? and “ground stone”?
VS.
| didn’t it - it was a gift.

Status of Experiments

In our lab, we experimentally elicited verb
tense errors using evidentials: Subject-verb agreement task
e We have run a pilot version of the Subject-verb agreement task and are preparing to release a full trial to ~120
participants.

Evidential Completion Verb tense task

Christian He saw him.  “He saw him e We are finalizing the item sets for the Verb tense task, some possible past tense verb + noun combinations
ground coffee ground - oh god include:
every morning. - grind coffee m scrambled eggs / scrambled images (e.g., “John scrambled eggs.” : “She saw him scramble(d) eggs.”)
every morning.” m spun wool / spun pinwheels
Activation from other items: m found objects / found worms

e Ground coffee is a common noun phrase
that contains the past participle of the
required verb grind.

e Ground competes with grind and is

coactivated due to the frequency of Subject-verb agreement task

ground coffee. e If the results show that subject-verb number agreement errors pattern in questions than in statements, this
e This may show parallel planning of would support the hypothesis that word order has an effect on language production (Haskell & MacDonald,

structures happening during language 2005).

production (Brehm, Cho, & Smolensky, Verb tense task

2022). e |f the results from the verb tense task show a significantly higher error rate in sentences with common noun

collocations, this would indicate that the parallel activation of other possible items plays a role in causing verb
tense errors.

Brehm, Cho, & Smolensky. (2022). PIPS: A parallel planning model of sentence production. Cognitive Science. Haskell & MacDonald (2005). Constituent structure and linear order in language production: Evidence from
Eberhard, Cutting, & Bock. (2005). Making syntax of sense: Number agreement in sentence production. subject-verb agreement. JEP: LMC.
Psychological Review. Vigliocco & Nicol. (1998). Separating hierarchical relations and word order in language production: Is proximity

concord syntactic or linear? Cognition.
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