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From the Director

It is with honor that I present Volume 27 of the Journal of Research Reports, “Ignite Your Future
with McNair.” The articles featured in this journal represent the work of Program participants from
the 2021-2022 grant year. As one reads these articles, the breadth of research interests is as diverse
as the students served by our Program. The McNair staff and I could not be more pleased with the
efforts that went into producing this meaningful and scholarly body of work.

The Program can only achieve these accomplishments with the support of university faculty, staff,
and administrators. Through the guidance of research mentors who have been able to inspire our
Scholars to complete research projects despite any obstacles they may have encountered and reach
such great heights. We applaud their dedication to making undergraduate research a reality and
supporting the students from the McNair Scholar Program. It has been said, “it takes a village to
raise a child,” and you are our “village.” Thank You.

As we close the final year in a five-year grant cycle, 2017 - 2022, we are excited to continue the
tradition of promoting undergraduate research on the campus of Wichita State University since 1995.

Within this journal, you will find the work of eleven (11) undergraduate students whom we are
showcasing for the work they have done and their commitment to thinking outside of the box and
performing outside of the classroom. There are full manuscripts and summaries. These research
activities serve to cultivate and develop research skills, provide experience navigating the research
process and to create and develop relationships with faculty that could potentially assist students

in applying, being admitted, and enrolling into graduate programs. The high impact activity of
scholarly research is supported to assist our Scholars by leveling the playing field in their pursuit and
completion of doctoral studies.

A special thank you is given to the staff for their dedication to the Program and the students that we
serve. Mr. Abel Velasquez, research coordinator. Ms. Ashley Cervantes, assistant director and student
confidant. Ms. Carrie Hartzler, administrative specialist and all-around Program support. Lastly, Ms.
Deltha Q. Colvin, Associate Vice President for Special Programs who provides unending support for
me and the staff as a whole.

Finally, I congratulate the students on a job well done: their efforts do not go unnoticed. They have
taken this opportunity to share their brilliance with the academic community. These scholars are the
future of America and | thank them for the opportunity to serve as their director.
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Oral Material Hazard Risk Assessment

Ashley Bland and
Heidi VanRavenhorst-Bell, PhD, CPT

Human Performance Studies. Wichita State University

Abstract

The Towa Oral Performance Instrument (IOPI) was developed in 1988 and is a reliable. safe, and
user-friendly medical device with FDA clearance. Healthcare professionals often use the IOPI when
working with patients who present concerns of an orofacial myofunctional disorder (OMD) such as
dysphagia and obstructive sleep apnea. 10P] is a tool intended 10 gather objective tongue strength and
tongue endurance measures that assist with diagnosis and further guide and monitor a patient’s treat-
ment plan. It is also used by healthcare providers as a therapy tool to perform region-specific lingual
exercises (i.e., anterior, posterior). The 10PI is portable and convenient, but when the bulb encounters
saliva, it does not always remain in a fixed position, which may negatively alter the quality of the re-
sults. Due to this unintended movement of the bulb, an “anti-slip patch™ has been developed that can
be added to pre-existing medical devices (i.c., the IOPI bulb) to prevent slippage and deliver more
reliable region-specific lingual measures. A more stable IOPI bulb may further assist with the delivery
of a more concise diagnosis and targeted region-specific lingual treatment plan for cach patient. The
objective of this study was to administer FDA-regulated usability and hazard risk assessments of an
adhesive material “anti-slip patch” intended for use in the oral cavity in combination with known oral
medical devices.

Ignite Your Future with McNair 7 ‘
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Introduction
The lowa Oral
(IOPI) is a common device used to measure

Performance Instrument
tongue strength and endurance (Adams, et al.,
2013a; 10PI, 2021; VanRavenhorst-Bell et al.,
2017, 2018), and offers the ability to assess the
anterior and posterior regions of the oral tongue
separately (Adams, et al.,, 2013b; 10PI, 2020;
VanRavenhorst-Bell et al.,, 2017, 2018). The
IOPI does this by providing a “numeric display
of the pressure generated by pressing the tongue
against an air-filled bulb” (Adams, et al., 2013a;
Solomon et al., 2020). Originally created to mea-
sure the strength of the tongue in children (Lus-
chei et al., JOPI Medical 2022), it is now com-
monly used in patients with dysphagia, often
caused by neurogenic disorders such as stroke
or Parkinson’s disease, brain injury, and multiple
sclerosis (Park et al., 2015). Some doctors prefer
1o measure patient tongue function subjectively.
However, when creating rehabilitation programs,
they are left looking for novel solutions. Subjec-
tive methods used in the past make it virtually
impossible for health practitioners to maintain
consistency. The IOPI, however, can be used as
a consistent diagnostic device that also functions
well for rehabilitation. Therefore, it is becoming
more popular among medical providers. While
the use of this device has helped many people
since its creation in 1988, it has had one common
complaint. When the soft rubber bulb encoun-
ters saliva within the oral cavity, it tends to shift
and slip from its intended placement (Adams
et al., 2013a; Solomon et al., 2020; VanRaven-
horst-Bell et al., 2021). This concern about bulb
slippage has further called the reliability of the

X

IOPI device measurements into question (Adams
et al. 2013a).

Efforts to address the bulb slippage led to the
development of the anti-slip patch. This patch is
a device that can be applied directly to an existing
medical device, such as the IOPI bulb. The patch
has a latex-free textured fabric surface that is ad-
hered to the surface on one side of the bulb to pre-
vent the device from slipping. Some reports have
shown that slippage may cause inconsistent re-
sults, especially during tongue lateralization and
tongue protrusion. Applying an anti-slip surface
has been found to improve these tongue-strength
assessments (Adams, et al., 2013a: Solomon et
al., 2020;). In one study, participant perception
of the anti-slip patch was recorded, and it found
that persons perceived that the anti-slip patch
reduced the overall slippage of the bulb during
lingual functional testing (VanRavenhorst-Bell et
al,, 2021).

The patch is easy to manufacture and easy to
apply by simply peeling the cover off the adhe-
sive, applying the patch to the surface, and test-
ing as normal (shown in Figures | and 2). Itisa
technology that has tremendous potential in the
industry. However, despite promising results re-
garding the patch’s effectiveness, FDA-regulat-
ed usability and hazard risk assessments must
be administered before the patch can be widely
used and accepted. This study tested adherence
to FDA guidelines. For a device to be considered
safe the FDA states,

“There is reasonable assurance that a
device is safe when it can be determined,
based upon valid scientific evidence, that
the probable benefits to hezlth from the
use of the device for its intended uses. ..



outweigh any probable risks. Among the
types of evidence that may be required,
when appropriate, to determine that there
is reasonable assurance that a device is
safe are investigations using laboratory
animals, investigations involving human
subjects, and nonclinical investigations
including in vitro studies™ (Center for
Devices and Radiological Health, FDA
Medical devices, n.d.).

To adhere to this definition, the study design
simulated a patient-like environment. The study
aimed to examine microbiological content, adhe-

sive residue, and microbiological growth,

Figure 1. Images of IOPI Bulb without
and with Anti-slip Patch attached

Figure 2, Insertion of the IOPI bulb into the
Oral Cavity (IOPI Medical, 2021)

Ignite Your Future with McNair
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Methods

A 25 mL tube of saliva was first gathered and
tested negatively for COVID-19 for safety as-
surance. Twenty-seven (7=27) IOPI bulbs were
prepped across three conditions. Condition one
(n=9) presented the IOPI bulb in its natural state
and was labeled “No Patch-Wash”, Condition
two (n=9) presented the 10PI bulb with an an-
ti-slip patch and was labeled “Patch-Wash™, and
Condition three (#=9) presented the IOPI bulb
with an anti-slip patch and was labeled “Patch-
No Wash.” Each bulb was individually dipped
into the 25 mL tube of saliva, then placed into
their own tube rest for a predetermined amount
of time: 15 minutes, 30 minutes, or 1 hour. Three
trials per condition were completed across three
different time periods. Each trial was adminis-
tered concurrently, to keep conditions similar be-
tween trials.

As a bulb’s allotted time expired, the bulb
was removed from its tube. The bulbs labeled No
Patch-Wash, and Patch-Wash were then cleaned
with warm water and dawn dish soap for 30 sec-
onds (per I0PI cleaning instructions provided
with bulbs), then patted dry with a paper tow-
el. The bulbs labeled Patch-No Wash were not
cleaned and served as a control for comparison.

After the cleaning process was completed,
each bulb was rolled onto a new and labeled
sheep’s blood agar plate. These plates were
placed into a CO2 incubator at 37 degrees Celsius
for 48 hours, then removed. Bacterial colonies
were counted, recorded, and photographed, then
the plates were placed in a refrigerator to keep
them in their current growth state. This process is
referred to as Batch 1 in the results section.

The IOPI bulbs were then placed back in their
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labeled packaging and placed in a box for one week. On day seven the bulbs were removed from their
storage location and rolled onto new sheep blood agar plates to investigate any changes in growth state
from the prior week. This process is referred to as Batch 2 in the results section.

Analysis
To examine the difference in bacterial growth between each type of bulb, three separate repeated
measures - Analysis of Variance (ANOVA) were conducted for Batch 1, Batch 2, and a comparison of
Batch 1 to Batch 2. The significance level for each analysis was set to 0.05.

Results

A repeated measures-ANOVA analysis of Batch 1 colony count with Sphericity assumed found
a significant difference in bacterial count between Conditions main effect, F(2,4)= 7.247.73, p=
0.001%, n,’= 1.0, power= 1.0, while the main effect of Time, F(2,4)= 0.891, p= 0479, n .~ 0.31,
power= 0.12 and interaction (time x condition) F(4,8)= 0.385, p= 0.814, n“= 0.16, power= 0.10
were not found to be significant (see Figure 5). Post hoc comparisons of the main effect Con-
dition further showed that the Patch-No Wash had a significantly higher count of bacteria com-
pared to Patch-Wash and No Patch-Wash (p= 0.001, p= 0.001), respectively as shown in Ta-
ble 1. No significant difference was found between Patch-Wash and No Patch-Wash (p~ 1.000).

Figure 3: Microbiological count comparison following & 1S-minute, 30-minute, and I-hour saliva bat
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A repeated measures-ANOVA analysis of Batch 2 colony count with Sphericity not assumed and
a Greenhouse-Geisser administered found similar findings as Batch | analysis with a significant dif-
ference in bacterial count between Conditions main effect, F(1.2)= 59667.63, p< 0.001*, n= 1.0,
power= 1.00, while the main effect of Time, F(1,2)= 1.000, p= 0423, n,= 0.333, power= 0.095, and
interaction (time x condition) £(1,2)= 1.000, p=0.423, n,= 0.333, power= 1.00 were not found to be
significant. Post hoc comparisons of the main effect Condition further showed that the Patch-No Wash
had a significantly higher count of bacteria compared to Patch-Wash and No Patch-Wash (p=0.001,
p=0.001), respectively as shown in Table 2. No significant difference was found between Patch-Wash
and No Patch-Wash (p= 1.000).

Table 2. Batch 2 colony count post saliva bath for each condition across time

15 minutes
Trial Patch/No wash Patch/Wash No Patch/Wash
Tl 100 0 0
T2 100 0 0
T3 100 0 1
30 minutes
Trial Patch/No wash Patch/Wash No Patch/Wash
Tl 100 0 0
T2 100 0 0
T3 100 1 0
1 hour
Trial Patch/No wash Patch/Wash No Patch/Wash
Tl 100 0 0
¥ 100 0 0
T3 100 0 3

A third repeated measures-ANOVA was administered to evaluate changes in the colony from
Batch 1 to Batch 2. As shown in Figure 4, the Condition main effect, F(8,32)=3121.155, p< 0.001*,
n,’=0.999, power= 1.00, and the between main effect Barch were found to be significant, F(1.4)=
7.875, p=0.049, n,’= 0.663, power= (1.565. Post hoc comparison showed Batch 1 (m=35.074 +
0.392) presented with a significantly higher count of bacterial colonies than Batch 2 (m=33.519 +
0.392) (see Figure 5). The interaction (condition x batch) F(8.32)= 0.955, p= 0.487, n,=0.193,
power= (.363 was not significant. Post hoc comparisons of the main effect Condition showed Patch-
No Wash had a significantly higher count of bacteria compared to Patch-Wash and No Patch-Wash
(p=0.001, p= 0.001), respectively. No significant difference was found between Patch-Wash and No
Patch-Wash (p= 1.000).

Ignite Your Future with McNair 11 ‘



Figure 4. Microbiological count comparison following a

1 5-minute, 30-minute,

and 1-hour saliva bath between Batch 1 and Batch 2

ve Sath 1-br Salwe Bath

Figure 5. Microbiological Growth of Batch 1 and Batch 2 across Time and Condition by Trial.

Batch 1

Trial1  Trial 2 Trial 3

Patch-NoWash

Patch-Wash

No Patch-Wash

For a device to be considered safe according
to the FDA, there must be reasonable assurance,
based upon scientific evidence, that the probable
benefits to health from the use of the device out-
weigh any probable risks (Center for Devices and
Radiological Health, FDA Medical devices, n.d.)

I'herefore, this study is the first phase in an

ongoing study, with the priority to determine if
201N ) I :

the anti-slip patch adds unwanted risks to the
existing IOPI bulb biohazard risk procedures in
place. For example, the current study monitored
microbiological activity on the 10PI bulb after
being exposed to saliva and then washed or not

washed to ensure that microbe levels did not in-

12

Batch 2
Trial 2

Trial 1 ITial 3

crease with the addition of the anti-slip patch.
Overall, the findings showed that adding an
anti-slip patch to an IOPI bulb did not significant-
ly increase microbiological risk with saliva expo-
sure. More specifically, the findings were favor-
able for use of the anti-slip patch with the 10PI
bulb, displaying comparable microbial values as
the IOPI bulb with no patch. After exposure to
saliva and then being properly washed, each bulb
(No Patch-Washed, Patch-Washed) grew normal
amounts of oral flora, as shown in Figure 6. Inter-
estingly, the variability of the raw colony count
across trials 1-3 within a condition and time peri-
od was of concern. One possible explanation may

be due to potential inconsistencies in the washing
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process. Although a set washing protocol (e.g.,
clean with warm water and dawn dish soap for
30-seconds) was implemented, some bulbs may
have been more thoroughly cleaned than others.

In addition, the findings showed significantly
lower microbial colonies count on the I0PI bulb
washed and the IOPI bulb with a patch washed
compared to the bulb with a patch that was not
washed; further suggesting that the anti-slip
patch does not present as a biohazardous risk.
Rather the absence of washing the bulb (patch
or no patch) increases the risk of excessive mi-
crobial colonies. The test (Batch 1 )-retest (Batch
2) findings further indicated that when a bulb is
properly washed, the application of the anti-slip
patch on the bulb did not significantly increase
the risk of microbial growth even after the an-
ti-slip patch remained on the IOPI bulb for an
additional 7-days (see Figure 5).

The test-retest of bulb conditions across time
was important because it simulated an unfavor-
able practice that a clinician/doctor may allow.
For example, a bulb is commonly issued to “a
patient” and reused across multiple visits. Fol-
lowing the first office visit, the bulb with or with-
out the anti-slip patch may or may not be washed
and then placed in a drawer to sit until the patient
was to return for his’her next appointment. This
practice may invite an elevated presence of mi-
crobial colonies on the bulb when the anti-slip
patch is attached: therein, heightening one’s risk
of illness.

Unexpectedly, after removing the bulbs from
the simulated dark and isolated environment,
the follow-up (Batch 2, 7-day post) plating grew
significantly less flora (p=0.049) than during the
first plating (Batch 1). This was surprising, con-

Ignite Your Future with McNair

sidering most bacteria thrive in warm, moist, dark
environments. One hypothesis of this unexpect-
ed finding was that the anti-slip patch may have
contained antibiotics. To test this theory, a copy
of the anti-slip patch was made, and a lawn of
streptococcus aureus was grown with the patch
placed in the middle of the blood agar plate. As
expected, a zone of inhibition developed around
the anti-slip patch on the plate. This confirmed
that the anti-slip patch contained some form of
antibiotic. For a medical device designed to be
implemented orally, it should not contain anti-
biotics unintentionally. Due to this finding, this
study will be repeated with a non-antibiotic an-
ti-slip patch intended for use orally.

Conclusion

Overall, the objective of this study was to
test the generic FDA medical device definition,
which involved determining if the anti-slip patch
added any unnecessary risks or negative effects
when used on the 10PI bulb. When solely eval-
uating microbiological content as well as adhe-
sive residue, there was virtually no difference
between these groups. The anti-slip patch did not
aid in the growth of bacteria on the surface of the
IOPI bulb, nor did it add abrasive residue upon
removal. Due to these results, it appears that the
anti-slip patch may function well as a solution
to the IOPI bulb’s tendency to slip, contributing
only positive effects,

This version of the anti-slip patch, however,
did contain antibiotics and is most likely not the
best option for common use within the oral cav-
ity in patients with an Orofacial Myofunctional
Disorder. Further studies are required to evaluate
the anti-slip patch without antibiotics.
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Beam-line Study for
CueSat NIAC Phase III

Octavio Pacheco-Vazquez and
Nick Solomey, PhD

Department of Mathematics & Statistics, Wichita State University

Abstract

Neutrino detector development for space flight has been under NIAC phase 11l sponsorship
since August of 2021. The purpose of this phase is to build a test detector, i.e. CubeSat, which will be
placed into Earth's Orbit at some point in 2024. The purpose of the CubeSat is to test the shielding,
electronics, and GAGG crystal in space. A bigger detector will be built in the future to be launched
near the sun and detect neutrinos. This paper focuses on the study of the beam-line particle accelerator,
where protons and electrons have been shot at the device from various angles through simulations.
With the help of a platform (Geant4) that simulates particles going through a given volume and ROOT,
used for data analysis, both a visual and mathematical method has been developed. The mathematical
method implemented is called Bhattacharyya Distance Method. These tools help study the effects
and relationships of the particles going through the CubeSat, as well as help us identify what type of
particle interacted with the detector, what direction it came from, and its energy. Results show that it
is possible to find relationships with an error of less than 0.5%.

Ignite Your Puture with McNair 16 ‘
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Introduction

Neutrinos have been a subatomic particle of
interest to scientists since they were predicted
nearly 100 years ago. Scientists have created
models that explain natural phenomena by studying
neutrino interactions. Many other discoveries have
been possible thanks to the studying of neutrinos
including imaging the inside of the Sun. However,
the work is not fully complete. In the last 20 years,
it was discovered that neutrinos hold a very small
amount of mass, as opposed to being massless
as it was previously presumed. In the last 10
years, scientists discovered three flavors, or three
different Kinds, of neutrinos. Several laboratories
around the world are currently studying solar
neutrinos. However, scientists have yet to propose
a correct model for the ongoing fission processes
in our Sun. Understanding how our nearest star
works will help us understand other distant stars
in space.

Some neutrino detectors have been built
specifically to observe solar neutrinos. This
subatomic particle travels through space at
almost the speed of light. It only takes them
about cight minutes to travel from the Sun to the
Earth, much faster than other particles that may
take up to thousands of years to reach the Earth.
This makes neutrinos a good resource 1o study
the Sun, however, they seldom interact with the
detectors here on Earth, making research difficult.
The primary goal of this research is to inform the
construction of two devices that will be launched
near the Sun to observe solar neutrinos much
closer to the source.

The method to detect neutrinos chosen for this
research is called the Double Pulse method. This
project uses the Gallium-Germanium interaction

) 18

for the detector. When an electron neutrino
interacts with a particular Gallium isotope with
sufficient energy, the reaction causes a neutron to
become a proton, and it also produces an electron.
As a proton is produced., the Gallium (Ga)
becomes the next heavier element, Germanium
(Ge). Considering only the interactions with a
certain minimum energy threshold, Ge will be
left in an excited state with a couple of different
mean lifetimes, depending on the Ge isotope; Ge
will then go back to its ground state liberating
a gamma particle with it. The first pulse comes
from the production of the electron, the second
pulse comes from the Ge in the excited state
going back to its ground state.

Sending these types of detectors near the
Sun requires significant research. This project is
focused on building a smaller detector, about the
size of a loaf of bread, that will be launched into
a polar orbit around the Earth. The size of this
new detector will be significantly smaller than
the other detectors that currently exist on Earth.
Launching a neutrino detector to space can be
compared to the Hubble Telescope. The Hubble
telescope is much smaller when compared to
other telescopes in observatories on Earth, but,
as it is not being blocked by Earth's atmosphere,
it becomes the most powerful existing telescope.

This smaller detector is called a CubeSat. The
CubeSat is NASA's initiative that allows small
satellites to fly on scheduled rocket launches.
The launch is scheduled for 2024. This detector
will be a smaller version of the detectors that will
be launched near the Sun. The main purpose of
this smaller device is to check the functionality
of the detector’s equipment outside the magnetic
shielding of the Earth. Because of the size of the
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CubeSat, it is not expected to detect any neutrinos,
but by applying a “fake™ double pulse method, it
will be possible to observe similar interactions
with other particles and cosmic rays.

Literature Review

Nearly one hundred years ago, scientists
encountered a puzzling problem involving
beta decay as it appeared to break the Law of
Conservation of Energy. The law states that
the energy of a system, such as potential and
kinetic energy, must not change before or after
an interaction. The alpha decay was well defined
and had a nice peak of energy distribution,
whereas the beta decay had a broad energy
distribution with some missing energy. Some
scientists questioned the Law of Conservation
and suspected that the conservation of energy
was something statistical. Swedish professor
Wolfgang Pauli speculated about the existence
of yet another type of subatomic particle that
would account for this “missing” energy yet
not be detected. Pauli wasn’t very proud of
this speculation as suggesting the existence of
something that cannot be detected contradicted
his work and reputation as a theoretical physicist.
However, he was right, there was a missing
particle. This new particle was called neutrino
(Solomey 1997). The purpose of this paper is to
outline what is known about neutrinos and inform
a future research project to add to the body of
knowledge about this particle.

Neutrinos are an exciting and mysterious type
of subatomic particle. As it turns out, neutrinos
are one of the most common particles in our
universe. The existence of neutrinos was predicted
nearly 100 years ago, but they were not proven

Ignite Your Future with McNair

conceptually until 30 years later with the Cowen-
Reines experiment in 1956. It took another 30
years to detect neutrinos in experiments (Larson
2006). Since then, researchers have worked to
understand these particles. Even though neutrinos
are very abundant, we still don't fully understand
them. They are very small (nearly massless)
and have no charge, and therefore, hardly ever
interact with anything. They only interact via a
weak nuclear force.

It is theorized that neutrinos were created
less than a second after the creation of the
universe; also, neutrinos are still being created in
cataclysmic events such as supernovas and in the
interior of some stars. As such, our Sun is a focus
of research (Larson 2006). At the core of the stars,
the temperatures and pressures are so great that
fusion processes occur. The atoms of hydrogen
found in the core of stars fuse together to form
a heavier element, helium. During this process,
neutrinos are created. We know there has been
a neutrino interaction when a neutron converts
itself into a proton and emits an electron and a
neutrino. Enrico Fermi, with the collaboration
of Wolfgang Pauli, named this interaction the
“four-point™ theory. You begin with one particle,
and you get three different particles as a result
(Solomey 1997),

Experiments, such as Helios 1 and I, have
increased our understanding of solar processes at
the core and at the other various layers of the Sun
(Siddiqi, 2018). However, there are still some
unknowns. Neutrinos rarely interact with matter.
Therefore, neutrinos produced at the core of the
Sun escape unchanged, making them a powerful
tool to study the solar processes (Solomey
2017). Among other things, our project will also
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enable us to create a 3D map of the inner layer
of the Sun using the neutrino flux. In Figure 2
we see an image created by Neutrinos coming
from the Sun using the Japanese detector Super
Kamiokande. Neutrino detection is the preferred
method because it only takes these particles
about eight minutes to travel from the core of the

Sun to the Earth, whereas other particles can take

up to 10 years to get to us from the center of

the Sun (Larson 2006). Detecting neutrinos from
the center of our nearest star will increase our

understanding of other stars in the universe.

Figure 2: Image of the sun produced
using the Super Kamiokande
detector’s neutrino data
For this reason, several neutrino detectors

have been built or are being constructed currently
around the globe. Those detectors include the
Antarctic Impulsive Transient Antenna (ANITA),
IceCube, Super-Kamiokande, Deep Underground
Neutrino Experiment (DUNE), and Askaryan
Radio Array (ARA). Most of the detectors built
so far are large and heavy. IceCube, located at
the South Pole, is about one cubic kilometer
about 2500

in size and was drilled meters
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underground (lceCube Neutrino Observatory):

Super-Kamiokande requires 50,000 tons of
purified water surrounded by phototubes to detect
Radiation 2006): DUNE

has two underground facilities 1300-kilometer

Cherenkov (Larson
apparat that shoot particles from one to the
other, one at Fermilab in lllinois and the other in
Sanford Underground Research Facility in South
Dakota with detectors adding up to 70,000 tons,

Neutrinos rarely interact with anything,
making tremendously large detectors necessary
in order to detect them from Earth. Some
detectors are underground because that way
you isolate your detectors from cosmic ray
radiation and other types of background noise
here on Earth. Substantial resources are needed
to build the detector facilities to house them. Our
project will be innovative because the detector
will be smaller, and we will launch into space.
By launching our detector into space, we get at
least two advantages: 1) noise reduction from
other particles and signals here on Earth and
2) reduction of the size and mass required for
neutrino detectors here on Earth.

This research will help support building at
least two detectors that will eventually go near
the Sun to about three and seven solar radii,
where the solar neutrino flux increases as shown
in Figure 3. The closest stage to the research
project is the construction of the CubeSat. The
CubeSat is a device of about 30 x 10 x 10 ¢m that
is planned to be launched into Earth’s orbit in
2024. The CubeSat will start at a height of about
450 kilometers above the Earth (Solomey 2021).
The dimensions of this detector are significantly
than other detectors.

smaller Launching a

neutrino detector into space can be compared



to the Hubble Telescope (or to the James Webb
telescope). The Hubble telescope is considerably
smaller than observatories on Earth, but since it
is not blocked by Earth’s atmosphere, it is the

most powerful telescope in existence.

Distance from Sun Flux relative to Earth

696342 km (R,) 46400
1500000 km (~ 3R,) 10000
4700000 km (~ 7R,) 1000
15000000 km 100
47434000 km 10
Mercury 6.7
Venus 1.9
Earth 1
Mars 0.4
Asteroid Belt 0.1 e
Jupiter 0.037
Saturn 0.011
Uranus 0.0027
Neptune 0.00111
Pluto 0.00064
KSP 0.0002
Voyager 1 (2015) 0.00006

Figure 3: Intensity of solar neutrinos at

various distances from the Sun

Figure 4: Sketch of CubeSat

in the simulations
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4. The large red rectangle represents the PMT,
the smaller red piece is a silicon PMT, and the
yellow rectangle represents the GAGG crystal,
Those structures will be housed within a tungsten
shield.

There are a few different methods of detecting
neutrinos: Scintillators, Radiochemical methods,
and Cherenkov detectors. Cherenkov detectors
are devices in which particles are made to 2o
through them at a higher speed than the speed
of light in that medium, but still slower than the
speed of light in a vacuum. Cherenkov detectors
require large volumes of a clear material, such
as water or ice, surrounded by light-sensitive
photomultiplier tubes. A sufficiently charged
lepton going through the detector creates a visible
“optical shockwave™ that the photomultiplier
tubes detect and then the energy, direction, and
sometimes the flavor of the neutrino are measured.
The radiochemical method is a process in which
beta decay is used. The preferred beta reactions
are the Chlorine-Argon and Gallium-Germanium
interactions. Our project will use the Gallium-
Germanium interaction for our detector.

This research will use simulations from
Geant4 to model the desired particle interactions
using a Monte Carlo method (Solomey 2021).
Large data sets will be analyzed to establish
if there has been a neutrino interaction. This
research will include real-life testing, in addition
to the simulations with the Geantd, which will
provide even more significant data. With this
data, the team will be able to make changes to

the detector components and sizes accordingly.

&
PSS
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Methods

The primary goal of this research is to inform
the design of two devices that will be launched
near the Sun to detect neutrinos, to three and
seven solar radii respectively. Getting that close
to the nearest star to Earth will increase the
neutrino flux by about a factor of 10000 and 1000
respectively. To detect solar neutrinos on Earth,
scientists have built detectors that are miles long
and weigh thousands of tons. The detectors on
this project will be no larger than 7-8 feet and
weigh much less than one ton. Such an ambitious
project requires a lot of data taking and time.
First, an even smaller detector will be built to
test that the components and electronics work
properly; this smaller detector is the CubeSat,
scheduled to launch into a polar orbit around the
Earth in 2024,

The CubeSat’s main components are the
detector itself, electronics, GPS. and power
system. The team at Wichita State University is
focused on the detector construction which will
be a third of the length of the CubeSat (10 x 10
x 10 ¢m). The people from NASA, JPL, Nano
Avionics, and other Universities are working on
the rest of the device. The detector will consist of
a mix of tungsten powder and epoxy working as
the main shield of the detector, inside the detector
will be a photomultiplier tube (PMT), a veto
array, a coat of reflective material, a silicon PMT,
and the Gadolinium Aluminum Gallium Gamet
Crystal (GAGG) doped with Cerium, where the
GAGG crystal is the actual detector.

GAGG crystals are fairly new material.
They were first developed by the Japanese and
put out on the market around 2014, After these
crystals are exposed to 70 MeV, for a period
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between six months to 10 years, the crystal starts
to glow. This is about the same energy level
that a satellite in Low Earth Orbit (LEO) in an
equatorial and Sun-synchronous orbit is exposed
to. This luminescence causes some noise to the
detections. The afterglow effect is caused by
defects within the crystal’s lattice.

The CubeSat has not been constructed yet.
Most of the work has been simulation-based.
One of the first tests before launching the satellite
into orbit will be to take the CubeSat to the
Fermilab National Laboratory and place it into
the beamline. This will allow the researchers
to rotate the CubeSat in any position and direct
particles toward it from different angles, similar
to how it would in space. This research has
focused on simulating the particles obtained in
the GAGG crystal when particles are shot at the
CubeSat in the beamline.

Simulations

The simulations were run using Geant4
(from GEometry ANd Tracking) which is a C++
extension library, widely used for medicine and
particle physics. Geant4 is very useful, as it shows
realistic particle interactions which use a Monte-
Carlo method through different functionalities
of C++. ROOT Data Analysis Framework was
used to analyze the data that was obtained from
the simulations in Geantd. ROOT is a very
powerful tool that is capable of using Python and
R to create and manipulate histograms from large
amounts of data. ROOT also provides accurate
means and standard deviations that are helpful in
obtaining more realistic results.

The code was programmed so every time a
simulation was run on Geant4, a ROOT file was
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created, which contained several histograms of
our interest, such as: energy deposited in the veto
array, energy deposited in the liquid scintillator,
time the first photoelectron is detected. number
of photoelectrons that reached a particular PMT,
and other data. One special interest for this study
was to look at the number of photoelectrons that
reached each PMT and its standard deviation
within and after the first 50ns to make sure the
primary signal matched the desired time window,
s0 neutrinos were analyzed properly.

At Fermilab, it will be easy to rotate the
detector to the desired position giving a known
angle from where the particle came from. This
study did not use Fermilab’s facilities, but
that is the next step. When the CubeSat is in
space, particles will enter the device from all
directions. To figure out the angle and energy
level at which the particle entered the detector,
both a visual and a mathematical method have
been implemented. The visual method consists
of superimposing two histograms on top of
cach other based on the closeness of their mean
standard deviation. Just by looking at the graphs,
it is easy to assess similarities. The mathematical
method implemented is called Bhattacharyya
Distance Method, where the distance between
two histograms is calculated first by using the
following formula,

BC(p.g) — Y Vri(n)
N
where BC(p, q) is the total sum of the product of
the probabilities, p(x) is the probability of a bin
from the first histogram to occur, and q(x) is the
probability of a bin from the second histogram
to occur. After figuring out BC(p, q) then the
following formula is applied,
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Dyplp.q) I BC (p.q))

where D,(p.q) is the distance between the two
plots. These formulas should return how close to
each other the histograms are.

Data Collection

Several histograms have been obtained.
Energy levels that ranged from 800MeV to
4000MeV were applied to the electrons and
protons shot at the CubeSat. At cach energy
level, the detector was given five different angle
rotations: 0.0, 22.5, 45.0, 67.5, and 90.0 degrees.
These simulations were run using Beoshock,
Wichita State’s supercomputer. Unfortunately,
the ROOT histograms obtained through Beoshock
cannot be easily manipulated. Therefore, a C
language file must be created to take the data in
and to do the desired manipulations/operations.

To simulate a particle in space entering the
detector from a random angle, a random number
generator was coded to give the particle gun a
random angle and location. The new histogram
is obtained and then analyzed using visual and
mathematical methods.

Analysis of Data

The first step, for both the electron and proton
case, was to visually compare the histogram with
the random angle to the histograms with the
defined angles. For some plots, it is clear to see
they hold no relationship. The second step was to
look at the means obtained directly from ROOT.
This allowed us to narrow down the potential
range of angles which the random angle could
have been generated from.

The nextstep was to create more plots between
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the ranges of the means, with angles of increments of 4.5, These new plots will be compared using
the BC method. For instance, in a case where both plots were the same, from the BC(p,q) equation, the
result would be equal to 1. Therefore, from the D, equation, the result would be 0, meaning that there
is no distance between the plots, they are the same exact plot.

Results
Plots were created to simulate interactions of electrons and protons at varying energy levels at
defined angles.
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Figure 8: High energy regime for proton
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Figure 9: Visual comparison of proton

kucrgy | Angle | BC(p.q) Dy

1507 | 0097625 | 000237753
1607 | 099776 | 000221272
SOOMeV [17.00 | 07712 | OO02Z2n0
IS0° | 0L Gad | OANZ36008
1900 | 0097657 | 000ZH5GIS
0 | DL s | 00235081
6.0r | 0007800 | 0021007 |
WOMeV [TT50F | OLRRGS | OONZHN,
AR | D Ta2 | DLn22T1
00 | 000619 | 00025582
15070 | 0947151 | 000255181
1600 | 0002106 | OO02Z5 1081
1500MeV [ 1008 | 0007110 | 00025136
ISAF | OF80.8 | D260
1907 ] OG0T | OLIGSnssa ]

Table 1: BC method for electron
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[ —
wx
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Encrgy | Angle | BC(p.q) 1y

LT | 0990757 | 0.00G2525]
AT | DRGRG | 00111102
SION eV BT | 0995776 | 00012241
TIr | DO0R15T | DO0181123
AT | D208 | 00270001

TLr | 01017 | DG 110
1200 | 009881 | 000157000 |
KOMeV LT | 0995913 | 000105801
1T | DLO0S116 | 0001000
5F | 000512 | 000219062

T | 0.OS10 | 000110000
1200 | 09085 | 0001508015
1500MeV | 1307 | 0.0080906 | 000109155
07 [ 0998581 [ 000811711
5 | 0076 | L2261

Table 2: BC method for proton

Plots with a random angle at 800, 900, and 1500MeV were created using a random number

generator in Geant4. These plots were compared to the plots with defined angles.

Discussion

Geantd is a very powerful tool that can be used to simulate countless processes within the realm of

high-energy physics. This project was able to simulate the interactions of electrons and protons going
through the detector portion of the CubeSat, but the interactions inside the GAGG crystal were the
focus of this study. Each run shot 100,000 electrons, or protons, to the detector. Histograms obtained
with ROOT revealed the number of events vs. the optical photons created in the crystal,

In the electron case, the mean of the plot with the random angle suggested that the unknown angle

) 24

was between the plots of 22.5% and 45.0°, but closer to the second angle. Then the BC method was
applied for the shorter increments of the defined angles in between the two original ones. The results
indicate that the unknown angle was between 41.0° and 45.0°. Finally, running increments of 1.0°,
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the 43.0° produced the shortest BC distance with
a percent error between the two plots of about
0.12%. In the proton case, the observation of
the mean suggested that the random angle was
between the 45.0° and 67.5° angle. Following a
similar process as in the electron case, the angle
was found at 46.0° with a corresponding 0.22%
error. In both cases, the percent error is so small
that one can be certain of the direction at which
the particle entered the detector to the nearest
degree, as well as the particle’s energy level.

Limitations

This project has been computational so far,
Geantd is an excellent simulation program, but it
may differ slightly from the results in the actual
beamline. Since the beamline is manmade there
is a margin of error that needs to be accounted for
with what energy levels were used in the testing.
This means that the CubeSat test results can be
slightly skewed if the most accurate energy levels
found in space are not used. Another potential
limitation is that the code for the Cube-Sat is
based on a Monte Carlo method, therefore even
if the same exact event were to be run twice, the
resulting plot would be slightly different.

Another limitation of this project was run-time
and memory usage for the simulations. In some
cases, it would take up to 24 hours to complete
with a 192GB memory usage to get one single
plot: this is a lot of time considering that more
than 50 plots were obtained. Part of the problem
with the time and memory was due to a memory
leak inside the code used to run the simulations.
There was an extra portion in the code that was
not relevant to this portion of the project that
slowed down the process. Unfortunately, this

Ignite Your Future with McNair

flaw was not discovered until near the end of
the project. Most national laboratories or bigger
universities have thousands of GB of memory at
their disposal. Having access to more memory
would allow us to run higher energy levels.

In the science and technology ficlds, there
is always room for improvement and change;
this project is no exception. The design used
for this project has alrcady been modified and
improvements will continue. However, there
was not enough time to have results from those
modifications included here.

Future Research

The study of the beamline will be one of
the major tests to know whether the CubeSat
is ready to go to space. Future research should
assess whether the predictions obtained with the
simulations are correct according to the model
and components of the satellite or if adjustments
are needed. The most important components of
the CubeSat are yet to be tested. Understanding
the effects of having very energetic particles
going through the detector will not only help
build the bigger neutrino detector this research
project aims toward in the future, but other
projects will also be able to use this technology
for their rescarch.

The simulations were completed with the
detector laying down on its side and rotating
only about the vertical axis. Future work for
this project includes taking into consideration
a second axis rotation. Including a second axis,
the rotation will allow the particles to enter the
detector from a diagonal position, as opposed
10 just coming in from the same plane. It is
planned that now for every angle rotation about
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one axis, the same five original angle rotations will be given to the second axis. These will give the

same number of plots as before times five.
New modifications of the design will be tested. Instead of having only one silicon PMT, four

PMTs that increase the size of the original will replace it. Also, a Quartz window will be added in
between the PMTs and the GAGG crystal. These updates are expected to provide better detections to

particles that otherwise would not interact at all with the detector.
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Sexual Assault and Domestic
Violence Prevention Education:
Delivery in COVID-19

Estella Armenta and
Rachael Goodman-Williams, PhD

Psychology Department, Wichita State University

Introduction

Teen dating violence (TDV) is a public health issue that often occurs alongside other victimization
experiences. According to a nationally representative Youth Risk Behavior Survey, of the students who
reported dating over the last 12 months, 10% experienced physical dating violence and 11% experienced
sexual dating violence (Kann, 2016). Forms of TDV are abuse from a caregiver, physical abuse, sexual
assault, and witnessing victimization (Cheung & Huang, 2022). TDV increases the likelihood of risky
behaviors like substance abuse and thoughts of suicide. In previous research, victimization of TDV is
primarily experienced by girls (87.6%), while boys experience less (12.4%) (Dosil et al., 2020). All
genders, ethnicities, and sexual orientations have reported instances of TDV. In the context of this
study, prevention is used to diminish the chances of sexual assault and domestic violence (SA/DV)
occurring.

Prevention education is the use of discussions and activities to prevent risky activities from
happening. Prevention programming includes teaching students about the differences between healthy
and unhealthy relationships, consent, inappropriate behavior, and how to report incidents (CDC, 2017).
TDV can occur in a public setting or even at a family member’s residence. Prevention educators are
individuals from community agencies who deliver prevention education,

Once the COVID-19 pandemic started, primary prevention in the education system was disrupted.
Prevention educators had to find different ways to reach their audiences. This study aims to find out
“How did COVID-19 affect the delivery of SA/DV prevention education in middle and high schools in
the Midwest?”
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Methods

To recruit study participants, the Community
Response to Sexual Assault (CRSA) lab team
emailed the study details to sexual assault and
domestic violence (SA/DV) state coalitions in a
dozen Midwest states (1A, IL, IN, KS, MI, MN,
MO, ND. NE, OH, SD. and WI). In the email, the
research team asked the coalitions to relay the
study details and information to the respective
SA/DV community organizations. The research
team relied on confirmation emails to secure
participants. If they did not get a response, they
sent out a second email. After the second round
of emails, eleven of the twelve states agreed to
share awareness of the study with community
organizations, The research team spoke to and
recruited participants from nine of the 12 states.
Twenty prevention educators from the Midwest
participated
These prevention educators are employed at

in  semi-structured interviews.
sexual assault (SA)., domestic violence (DV),
or dual SA/DV community agencies. Out of
20 participants, 17 worked at dual community
agencies and three were employed at a DV-only
community agency.

Participants were from Indiana (n=4),
Kansas (n=2), Michigan (n=2). Minnesota
(n=2), Missouri (n=1), Nebraska (n=1), Ohio
(n=2), South Dakota (n=1), and Wisconsin
(n=5). Prevention educators identified as white
(85%), African American/Black (10%), and
Latino/Hispanic (5%). Participants received S30
for participating in the study. The Institutional
Board (IRB) from Wichita State
University approved all research materials.

Review

The average interview time was 60 minutes
(M=57:53 minutes, SD=14:59 minutes).
These were semi-structured interviews that
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included six sections: opening questions,

curriculum  selection, implementation and
adaption of programs, reflections on prevention
programming, questions regarding COVID-19,
and demographic questions. Interviews were
conducted over Zoom: audio recordings were
made and imported to REV.com, a transcript
cleaning program. CRSA lab team created
several codes to organize the transcripts. During
the content analysis, two main themes emerged:

benefits and concerns.

Results

Twenty-eight benefits and 30 concern codes
were identified through content analysis. In this
study, “benefits” would be described as an aspect
of change that a prevention educator found to be
helpful while delivering prevention education.
“Concerns™ would be described as an aspect or
change that a prevention educator found to be
difficult while delivering prevention education,
Three participants did not report any benefits,
indicating that they had difficulty recognizing
the potential benefits of their SA/DV prevention
delivery methods.

While 28 benefits were reported, only six
were reported more than once. Ten percent of
participants found that making their programs
visually engaging, using polls, using whiteboards
including whiteboard apps, using pre-recorded
videos, and using a Mentimetler presentation
program benefited online instruction.

As for concerns, 30 were identified. There
was more consistency found within concerns.
Fourteen concerns were reported by prevention
educators: prevention educators had to change
everything, difficulty getting students engaged
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in the material, they experienced a limited
time to teach, they had fewer schools to teach.
made kids wear headphones for the safety of
themselves and others, past programs had a poor
impact, prevention educators found teaching on
the individual device to be difficult, online had
poor performance, did not know if students were
receiving material, had difficulty connecting
amongst the group, online burnout, no requests
from schools or counselors, students bullied
other students, and not being able to read body
language. These concerns reflect the difficulty
of online teaching and learning in the pandemic
environment. Half of the participants were
concerned about lack of student engagement,
35% reported that online teaching is difficult.
Twenty percent reported that they had to change
their entire teaching style. Lastly, 25% reported
that they had a limited time capacity to teach the
material.

Conclusion

Prevention educators found some aspects
of online delivery methods beneficial during
COVID-19, such as private communication,
accomplishing other projects, and working
alongside other community agencies. Prevention
educators were able to receive private messages
from students through Zoom. These students were
able 10 ask questions anonymously. Prevention
educators were able to check in with specific
students about uncomfortable situations they may
have been experiencing. Delivering prevention
education online provided students with more
privacy and a place to talk about issues that
they might not talk about in person. Prevention
educators had to create other platforms to reach

Igmite Your Future with McNair

the students. The lack of access through schools
gave prevention educators a chance to expand
their prevention education onto other platforms
like YouTube, podcasts, and TikTok. Students
need to see this content to familiarize themselves
with the concepts. The stigmatization of talking
about these issues can be lessened over time.
Students who receive this information can gain
confidence about the subject and will be able to
identify toxic behaviors that can lead to sexual
assaultand domestic violence. During COVID-19,
prevention educators had opportunities to connect
with other community agencies regarding SA/DV
prevention education. The pandemic provided
the opportunity for prevention educators and
community agencies to brainstorm strategies to
teach SA/DV prevention education effectively in
a new format.

While there were benefits to being forced to
use alternative delivery methods, there were also
concerns and consequences that were reported.
Some schools canceled prevention education
altogether, while others shifted to online or
remained in person with a shortened curriculum.
Prevention educators had to remove certain
topics due to time length and school preferences.
Consequently, there is a varied level of knowledge
within these Midwest states. Students did not all
receive the same information. This is a concern
because students who do not receive prevention
education may not be able to identify risk factors
within  relationships, consent implications,
and what to do in case of emergencies. These
students are more susceptible to TDV (Eleby,
2009). Another concern regarding delivery is
online burnout. Students attended their regular
classes online and prevention programming
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added another activity to their day. Prevention
educators also faced Zoom fatigue. According to
Williams (2021). reports show that professionals
have a reduced ability to read body language,
detect humor, and other social cues through
Zoom. Overall, professionals face occupational
distress because of new technology (Williams,
2021). This affects student
Another concern about teaching this curriculum
online was that other individuals could hear

engagement.

the materials. A sibling might listen, without
context, or more importantly, parents who
could be abusive might hear them. To avoid
bumout, a more exploratory online video
program might make content more interesting.

Interactive prevention education strategies could
engage students in more different, relevant, and
exciting ways than regular prevention education
materials. Prevention educators need up-to-date
and relatable programming that can be easily
adapted to different delivery methods.

This study is important because it identifies the
concerns and benefits that were experienced by
the prevention educators while delivering SA/
DV prevention education during the COVID-19
pandemic. Future researchers should conduct
a deeper analysis to fully understand how
prevention educators combated the lockdowns,
social distancing policies, and other concerns
regarding COVID-19,
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Augmented Omni-Surface for
Human-Robot Collaboration Through
Visualization and Touching
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Hongsheng He, PhD

School of Computing, Wichita State University

Introduction

The relevance of the human-robot interface, also referred 1o as human-robot teaming, grows as
robots operate in proximity to human workers more frequently. Compared to conventional industrial
robots that work alone, advanced industrial robots are expected to collaborate with human co-workers.
Previous research (Lasota & Shah, 2015) has indicated that with human-robot collaboration. the
manufacturing process becomes quicker, more efficient. and less costly.

For gesture-based human-robot teaming interfaces, gesture ambiguity increases as the tasks get
complicated, whereas touch interaction is unambiguous and comfortable to use for extended periods
(Xiao, Schwarz, Throm, Wilson, & Benko, 2018). The dev elopment of commercial RGB-D sensors
increase the prospect of converting these ordinary surfaces into touchable and interactive devices
(Ntelidakis, Zabulis, Grammenos, & Koutlemanis. 2015). Therefore, a human-robot teaming method
based on touching can benefit human-robot teaming. For this purpose, this paper proposes an augmented
Omni-surface that can directly interact with robots.

To enable surfaces with interactive touching feedback, previous work has focused on refurbishing
existing surfaces by adding other sensors such as acoustic sensors (Harrison & Hudson, 2008). Two
difficulties prevent human-robot collaboration with a touching method without refurbishing the
current environments: touch detection and surfacing fitting. A conventional image processing method
(Bhuyan, Neog, & Kar, 2012) can detect fingertips. However, this method is limited by the complexity
of the background (Xiao, Hudson, & Harrison, 2016). A touch detection method equipped with depth
cameras is (Xiao et al., 2016) suitable for flat surfaces, However, the working place for human-robot
teaming contains not only flat surfaces but also curvy surfaces such as the carbine of a plane.
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In this paper, we propose a method that
enhances human-robot teaming by directly
interacting with robots on the surface of the
working space. To adapt to different working
environments, the touch detection method can
enable humans to interact with robots by touch
in different human-robot teaming environments
such as flat, curvy, convex, and concave surfaces
with a single commercial RGB-D camera.
Fingertips are detected with a convolutional
neural network (CNN), and touch is detected
based on the RGB-D sensor.

Augmented Omni-Surface

Touch detection is essential to enable

augmented Omni-surface for human-robot

teaming. Augmented Omni-surfaces can
superimpose  mutual understanding  between
humans and robots on the surfaces of working
space. This study contains two parts: surface
fitting and touch detection. The RGB-D sensor
captures an image containing a user’s hand, which
will be the input for the fingertip's detection and

surface modeling module.

Arbitrary Surface Fitting

To fit the surface based on the collected
depth scans, we assume the targeted surface is
visible to the RGB-D camera. We then proceed
to collect random pixels from the targeted
surface. To fit the surface in a 3D space, we need
to transform 2D pixel coordinates to 3D world
coordinates by using the intrinsic parameters of
the image from the RGB-D sensor. With these
random pixel coordinates, we can perform
deprojection to calculate the depth of our random
pixel coordinates. In our proposed method, we

) 3¢

use global surface approximation to create an
approximation of the targeted surface. With our
approximate surface, we extract any curves that
may exist. This will return any curves that lic on
the control point’s surface.

Surface Touch Detection
Without
such as touch screens (Kim, Son, Lee, Kim, &

installing  additional hardware
Lee, 2013), it is challenging for the system to
get feedback from human users. The proposed
system is designed to detect touch by an RGB-D
Sensor.

To detect fingertips from input images, two
problems need to be solved: hand recognition
and determining the coordinate of the fingertips.
Earlier methods (Lai et al., 2016), isolated the
hand regions from the acquired images using
features such as color, depth, and contours. To
obtain the coordinates of fingertips, the previous
method (Liao, Zhou, Zhou, & Liang, 2012),
employed a convex model that can model the
endpoints of the extracted hand region, however,
this doesn’t always find optimal results and is
computationally costly.

In this study, we formulate the problem of
recognizing the hand and detecting the fingertips
as a unified problem that combines classification
and regression by implementing a deep learning
model. To detect fingertips, we first detect the
hand with 16 layers of visual geometry group
(VGG) structures (Simonyan & Zisserman,
2014). Then, we recognize fingertips with a
deep learning model that includes convolution
layers, flatten layers, and coordinate layers.
The fingertip detection model input is an image
containing a single hand. and the model's output
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is the recognized fingers and their respective
coordinates.

To detect whether the user touched the
surface or not, we compute the Euclidean
distance between the detected fingertip and
the approximated surface world coordinate
frame. We then find the distance between the
detected fingertips and approximated surface
points. Lastly, we find a minimum distance to
compare to the depth with the average thickness
of a human’s finger to determine if fingertips are
touching the surface.

Experiment

To evaluate the performance of the method
to augment Omni-surfaces, we executed the
proposed system in different scenarios to
investigate the generality of the method. To
investigate performance, we computed the
accuracy of our touch detection method. We also
evaluated user's satisfaction,

Performance of Finger Touching

We tested the augmented Omni-surfaces
method in different scenarios, such as smooth
and curved surfaces. These scenarios cover
different shapes and materials of the surface.
Our results conclude that the augmented Omni-
surfaces method is reliable in practical usage.
Two faults were detected in this experiment.
When the working surface is too small, depth
collections include more noise than desired
points. One solution would be to decrease the
arca of the points being collected and increase
the number of points collected.

Ignite Your Future with McNair

User Satisfaction

To evaluate user satisfaction with augmented
Omni-surface interaction, we designed and
distributed a questionnaire to 20 participants that
measured four evaluation criteria: correctness.
ambiguity, effectiveness, and complexity. We
also assigned the weight for each criterion to
compute the final score for each perspective. 1)
Correctness is defined as whether the user can
nstruct the robot with the proposed interaction
method; 2) Ambiguity is defined as whether the
user can precisely give the robot's instructions; 3)
Compared with other interaction methods such
as programming or physical interaction with
buttons, the designed interaction is effective; 4)
Compared with other interaction methods, the
designed interaction is complicated. Feedback
from the questionnaires indicate users are
satisfied with the proposed interaction method.

Conclusion

A method of touch detection for human-
robot teaming has been proposed based on
RGB-D sensing to detect a touch on arbitrary
surfaces to enhance human-robot teaming. The
proposed interface demonstrated improved user
acceptance of traditional interaction methods
according to the results of user satisfaction
questionnaires.
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Introduction

One major issue in current quantum computing research is the development of algorithms that
fully leverage quantum phenomena to produce a computational advantage'. Efficient and physically
attainable algorithms for quantum computing have proven difficult to design. Our approach to this
problem is to eliminate the need for humans to design the algorithm and allow a neural network. called
a quantum neural network (QNN), to construct the algorithm. Quantum neural networks are capable
of producing robust and scalable control algorithms for quantum computers™*, This project aims to
demonstrate that these properties transfer well to the control of a quantum repeater node, a linear oper-
ation consisting of swapping the states of a set of input qubits and a corresponding set of output qubits,
A quantum repeater can be constructed as a system that initializes output qubits and receives input
qubits “. The repeater then swaps each input state with its corresponding state, where is output from
the system and is stored in the repeater and remains entangled with. The repeater essentially functions
as a signal amplifier, however, because the incoming signal cannot be copied, the input and output
signals are swapped instead. When the outgoing qubit is measured, the input signal collapses with the
measurement. The output signal initialized inside the repeater can be arbitrary, and thus can generally
be initialized to a standard state that is easy to produce.
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The operations of a repeater are fully contained
in a swap gate. The swap gate of a repeater can
be represented as a single unitary operation. This
operation, or gate, is what is trained by the QNN,

Methodology

To construct the quantum repeater system,
we first construct the form of the Hamiltonian
acting on the system as where are the Pauli spin
matrices, and are the tunneling, bias, and cou-
pling coefficients for each qubit (or qubit pair
in the case of {). The qubits being acted on are
represented in their density matrix form . The
system then evolves in time according to the
Schridinger equation . This representation of the
system has proven complementary to the training
of a QNN'-? because of the similarities between
the quantum system and a neural network, The
parameters K, &, and { were broken apart into co-
cfficients of a Fourier sum at each timestep, and
these parameters were the weights trained by the
neural net. The Hamiltonian was then precom-
piled, and the system evolved through time. Er-
ror E was then calculated at the final time applied
to a Levenberg-Marquardt weight update rule for
each training epoch. To train and test the system,
we first trained the system in a noiseless envi-
ronment, and then added depolarizing noise® for
further training and testing.

Results
To first establish a baseline for training effec-
tiveness, a set of two qubits was trained to suffi-
cient error E, and those parameters were trans-
ferred to the four, six, and eight qubit cases. The
baseline results are summarized in Table 1 for a
standardized testing set consisting of different
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pairs of coupled qubits with a sweep of the rela-
tive phase between them.

D Trained rms ()
2 1.818
4 4454
6 4.235
8 5.286

Table 1 noiseless troined rms values

With a fidelity very close to unity, it is
clear that the QNN is able to reproduce the noise-
less SWAP gate effectively for any number of qu-
bits, While K and ¢ are similar functions of time
for all qubits, here it is important to note that in
the noiseless case, the non-pairwise terms —that
is coupling not between a pair of qubits being
swapped— are essentially trained to zero. With
the baseline established, we can now look at the
results for the noisy case. In each case, the noise-
less parameters were used as a starting point and
further trained with the noisy system, with the
major changes to the trained parameters being
made in the non-pairwise { terms. Investigation
is still ongoing and finalized results were not
available for inclusion in this report. However,
an overview of current progress is given. Using a
depolarizing noise model with a X on the order of
107-10%, the root mean square (rms) of the sys-
tem is initially rising to about — two orders of
magnitude larger than the noiseless values. This
is expected, however, after about 30 training ep-
ochs the error is lowering at least one order of
magnitude on average. The { values are again the
parameter changing the most, as the QNN builds
a way to use the non-pairwise terms to add ro-
bustness of the system. Current { values for the 4
qubit system are shown in Figure 1.




Quantum Neural Netwerk Training of 2 Repester Node

learning. Other control problems have run into
this issue with classical systems, and a common

10 Trained Coupling for<4 qubits at p =50.06
ol Iv:;;’f»'-?-\ - ,y-.f-'—:::..
Y e T W ';, approach is to construct a model of the system
{ \ for offline learning and perform all the training
o in simulation. Once the model is sufficiently
trained, the parameters can be transferred to the
online system and, if needed, further trained by

.,{
| e
:I" some potential method not needing access to the
[ , -~ o state of the system at intermediate times. To con-
R "4 2 e struct the best possible model of the system for
a ekt e - ¥ offline learning, many hardware-specific param-
Figure I- { for 4 quuhirs with p = Se-6 eters must be known. Examples would be inter-
nal biases, relaxation and decoherence times, and
actuation parameters. This was something we
chose not to do in this project to produce a more
general result. However, the logical progression
of this research would be the implementation of
this approach on actual hardware, ideally on a

Conclusion
and Further Discussion
The following conclusions of the project can
be drawn from partial results, and other trends
can be discussed. In short, through the noiseless
case, the QNN was able to demonstrate scalabil-
ity. However, the system has not yet demonstrat-
ed robustness through the introduction of noise.

Current progress is trending toward this result,
however, there is more work to be done to test the

large variety of hardware.
Even without hardware testing, these results
are promising for the problem of the quantum re-
peater. Quantum repeaters will be the backbone
of quantum networks and will need to be able to
process large numbers of qubits with high fidel-
ity. The QNN presented here allows the ability
to trivially copy itself ad infinitum to handle the
desired number of qubits. Additionally with this
scheme, it was also shown noise can be dealt
with purely by the coupling of the qubits, mean-
ing the QNN can be generalized by training of a
small number of qubits, and error correction can
be handled by training the coupling coefficients.'

limits of the robustness.
As previously discussed, this simulation is
offline learning. To be able to backpropagate the

error through time, we must know the state of the
system at each time step. This is clearly not pos-

sible as any measurement of the system would

cause it to collapse. Thus, real hardware imple-
mentation would not be able to use this type of
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Deflocculation: The Effects of Calgon
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Introduction

Extraction Techniques

While commonly accepted archaeobotanical extraction techniques have been established among
dedicated ancient starch researchers (Torrence and Therin 2006; Cuthrell and Murch 2016). studies
continue to test the efficiency, cost-effectiveness, and accuracy of extraction techniques (Horrocks
2005; Korstanje 2006; Louderback et al. 2015). In the process of deflocculation, sediments that
contain ancient starch residues are soaked in a strongly charged ion solution, such as Calgon (sodium
hexametaphosphate) or sodium polytungstate, to release microbotanical remains from clay particle
aggregates (Cuthrell and Murch 2016). Exposing clay-rich sediments to the process of chemical
deflocculation causes the clay particles to bond to the ions, neutralizing the electrical charges that
cause the particles to attract one another and form aggregates. In disaggregating the sediment particles,
microbotanical residues are released and separated from the sediment sample through size fractionation.

Chemical deflocculation is a common technique among ancient starch researchers and has been
well documented in numerous studies and experiments. Torrence and Therin (2006) examined multiple
chemical solutions used as deflocculants to find the ideal method for extracting starch from sediments.
The results showed that sodium polytungstate does not appear to have a corrosive effect on starch
at normal room temperature while caesium chloride and sodium hexametaphosphate both damaged
starch morphology and quantity. Given these results, Torrence and Therin suggest that the potentially
destructive effects of chemical deflocculation be balanced against the benefits of the process.
However, other studies, including that of Cuthrell and Murch (2016), have utilized deflocculation
with significantly less loss to starch samples and less damage to granule morphology. In the case
of Cuthrell and Murch, exposure to a 4% sodium hexametaphosphate solution for 24 hours did not
consistently cause detectable changes in the morphology of potato or wheat starches. Conflicting
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conclusions regarding the deleterious effects of
deflocculation widen the gap in ancient starch
literature and must be addressed further.

Use of Calgon

Calgon, or sodium hexametaphosphate, is a
rapid and inexpensive way to clean artifacts that
have recently been recovered from an extraction
site. Calgon baths have been used in the
deflocculation stage of starch analysis for decades,
most commonly with a 5% solution. While
Calgon is still commonly used in laboratory and
field settings, some research within the literature
suggests that the deflocculant causes granule
damage, changes in morphology, and reduction
in starch quantity. The commonly accepted 5%
solution of sodium hexametaphosphate has
caused “no noticeable™ damage in some studies
while also causing “detectable™ and “significant”
damage in others (Cuthrell and Murch 2016;
Neumann and Sanford 1998); the discrepancies
between these results will be further explored in
this study,

Methods

Note on Previous and Current Studies
The following study is the continuation of a
previous experiment (Gann and Dozier 2021).
The original Starch in Deflocculation produced
limited preliminary results because not all created
samples were counted due to time constraints;
only the rinse, 60-minute, and 24-hour samples
were iIncluded in the data collection and
subsequent results. Following initial publication,
the remaining 5-minute, 10-minute, 30-minute,
and 120-minute sample slides were counted but

produced inconclusive results due to incredibly
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high starch presence and uneven starch granule
distribution. As such, the experiment was
repeated with modified methods to limit starch
density and increase accuracy.

Methodology

Ten Lycopodium tracer spore tablets,
each containing 19,855 spores, were dissolved
in a 10% hydrochloric acid solution (%v/v).
The dissolved Lycopodium tablets were then
centrifuged at 3300 rpm for 3 minutes, decanted,
and vortexed. The
was prepared by mixing 0.2 g of commercial
cornstarch (Argo, Inc) with 100 ml of a 5%
Calgon solution (Yew/v). The Lycopodium tracer

Calgon-Starch  solution

spores were added to the Calgon-Starch solution,
signaling the start of the timed soakings. Six |
ml samples of the Calgon-Starch-Lycopodium
solution were then placed in six separate test
tubes and mixed with 4 ml of distilled water,
creating a solution of 0.0004 g of starch per 1 ml
of Calgon. Each test tube was centrifuged at 3300
rpm for 3 minutes at its respective timestamp —
rinse, 10-minute, 30-minute, 60-minute (1-hour),
120-minute  (2-hour), and 1440-minute (24-
hour) — then decanted and vortexed. Slides were
prepared following a 1-to-1 ratio of the sample
solution and glycerin.

Slides were analyzed under brightfield and
polarized light microscopy with an OMAX
Lab LED binocular 200-
600x magnification. Starch and Lycopodium

microscope  at

spores were counted simultaneously, with 100
Lycopodium spores counted in each sample, to
understand the ratio of starch to control spores
over-soaking time in Calgon. Data was collected
manually with the human eye and a mechanical
counter.
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Results
Results indicate that starch recovery can decrease by almost half when soaked in C algon for a
24-hour period. Table 1 summarizes the results from each of the samples with their respective starch,
Lycopodium, and ratio numbers. Figure | depicts the change in Starch-Lycopodium ratio over time.

Table 1
Time (min) | Starch Quantity | Lycopodium Quantity | Starch-Lycopodium Ratio
Rinse 8,320 100 83.2
10 7,739 100 77.39
30 10,538 100 105.38
60 7,342 100 73.42
120 5,186 100 51.86
1440 4,963 100 49.63
Figure 1
Ratios Over Time
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Discussion

The amount of time in which starch is left to soak in Calgon affects recovery. Results from the
experiment show that starch sample sizes may decrease by nearly half when left in Calgon for 24 hours,
an amount of time common for deflocculation in the field of archaeology. The significant decrease in
starch recovery from the rinse to the 60-minute samples suggests that ancient starch researchers who
hoped to extract as many starch granules as possible should soak source materials in Calgon for less
than 1 hour. The continual decrease from the 60-minute to the 1.440-minute further suggests that prior
deflocculation with Calgon for the standard 24-hour period has harmed starch recovery in previous
experiments and studies.

a3 {
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Starch density in this experiment was

moderately  high, with granules unevenly
dispersed across slides. Also, the study relied on a
human-based counting system. As such, granule
abundance and human error may have impacted
data collection. To further understand the effects
of Calgon on starch recovery, additional studies
should be conducted with more controlled
measures of starch distribution and more efficient

data collection methods.

Conclusion
Deflocculation with Calgon has previously
proven to be an inexpensive and efficient
way of cleaning specimens recovered from
experiment

sites, However,

results suggest that soaking artifacts or sediment

archaeological

samples in Calgon for 1 hour to 24 hours can
significantly reduce starch recovery, implying
a potential reduction of starch quantity in
previous ancient starch research. Ancient starch
researchers intending to extract starch granules
cfficiently and with minimal damage should soak
source materials in Calgon for less than | hour.
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Introduction

The human body has an abundance of endothelial cells that comprise a monolayer known as
the endothelium. This cell layer runs all over the body but is mostly focused and tethered to the
cardiovascular system. Its functions include moving cells and nutrients throughout the body and
maintaining good blood flow. The endothelium is highly active in terms of its functions and can be
thought of as an input/output system [1]. Endothelial cells communicate in an interesting way. The
stress or conditions that could activate one cell might not activate another, and thus it is crucial to study
endothelial cells as a whole rather than independently [1]. It is understood that there is a relationship
between cell shape or cell morphology and physiological responses [2]. Each endothelial cell has a
limited response to stimuli or force, and a greater response 1o the endothelium [3], but the mechanism
for cell communication and response is not yet certain. Altering the wall sheer stress for a prolonged
period of time can alter the cell’s gene and protein regulation, leading to vascular changes [4]. By
altering a part of the system and measuring its response, we can begin to understand how the altered
part affects the system. The purpose of this project is to develop a machine learning (ML) algorithm
that can predict the internal structures of a cell, (i.e., nucleus, focal adhesions. f-actin, etc.) with
only the shape of the membrane. By developing digital twins, both live-cell signaling dynamics and
subcellular morphology can be predicted.
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Methods

This study is an extension from a previous study and followed closely to methods indicated in
*A Machine Leaming Framework to Predict Subcellular Morphology of Endothelial Cells for Digital
Twin Generation™ [5]. Previous work included the staining, imaging, segmentation, and prediction of
the membrane, nucleus, and focal adhesions. The method will be extended to encompass f-actin which

will be stained and imaged using Phalloidin.

Cell Culture and Media
The process of cell culture and media was as follows:

“Human Microvascular Endothelial cells ( HMEC-1, #CRL-3243, ATCC, Manassas,
VA) were maintained in complete growth media. Complete growth media consisted
of MCDB 131 media (#10372019, Gibco, Grand Island, NY) supplemented with 2
mM L-glutamine (#25030081, Thermo Fisher Scientific), 10% (v/v) FBS (#15000044,
Thermo Fisher Scientific) and penicillin/streptomycin (100 U/ml and 100 pg/ml
concentration, respectively). Cells were seeded at a density of 10,000 cells/cm2 onto
fibronectin-coated glass coverslips (#CS-25R17. thickness 1.5, Wamner Instruments,
Hamden CT) (fibronectin, 20 ug/ml, #33016-015, Thermo Fisher Scientific) mounted
in 6-well plates. The cells were grown to confluence in a humidified environment at
37°C with 5% CO2." [5)

Immunofiuorescence Labeling

Three stains were used to label three different structures. Wheat Germ Agglutinin (WGA) was
used for the plasma membrane of live cells. Hoescht 33258 was used for the nucleus. F-actin will be
stained as well using Phalloidin according to manufacture protocol. The immunofiuorescent labeling

done on the cells was as follows for the nucleus and membrane:

“Once the cells reached confluence, the plasma membrane of live cells were stained
with Wheat Germ Agglutinin (WGA) (CF633, Biotium, Fremont, CA). Cells were
washed twice in Hank’s Balanced Salt Solution (HBSS, #14025076, Thermo Fisher
Scientific), then incubated with WGA (5 pg/ml) for 30 minutes at 37°C, then washed
twice in HBSS. Next, the cells were simultaneously fixed (4% (w/v) paraformaldehyde
(PFA) in PBS) and permeabilized in Triton X-100 (0.5% (v/v), 5 min, #T9284, Sigma-
Aldrich). Then post-fixed in 4% (w/v) PFA in PBS, followed by PBS wash (3 x 5 min).
To image the nucleus, cells were stained with Hoechst 33258 (1:1000, #116M4139V,
Sigma-Aldrich). A blocking solution comprised of goat serum (1:20, #G9023, Sigma-
Aldrich), 0.1% Triton X-100, and 0.3M glycine in 0.1% (w/v) BSA was added to cells
for 30 minutes.” [§]



Creating Digital Twins of Cells using Computational Machine Leamning

Microscopy and Imaging
It is important to acquire images with the same properties (i.¢ stacks with certain number of slices.

size, etc) so the computational segmenting is simpler. The cells were imaged using the following
method and settings:

“A Leica TCS SP5 confocal microscope with a 63%/1.40 NA oil immersion lens
was used to image the monolayer. UV 405 nm (nucleus), UV 488 nm (FA sites), and
a HeNe 633 nm (membrane) lasers were used to sequentially excite samples. Images
were acquired at 2048 pixels * 2048 pixels, with an x-y spatial resolution of 0.087
um/pixel and z spatial resolution within the range of 0.1-0.15 um/slice for different
imaging sessions. A total of 8 fields of view (i.c., 8 image stacks) were acquired from
cells belonging to all well plates.™ [5]

Image Processing

The image processing was done through napari, a fast, interactive, multi-dimensional image view-
er for Python. It is designed for browsing, annotating, and analyzing large multi-dimensional images.
The original “raw™ image and the annotated “ground truth™ image 2048 x 2048 pixels were spilt into
images of size 256 x 256 pixels. This was done to decrease the training time. For each stack, a slice
with max projection of each pixel in the 3D stack was found using code passed down from a collab-
oration with Dr. Chen, a data scientist at the Leibniz Institute for Analytical Sciences — ISAS. Once
the max projection has been determined, a new 2D image is generated and split into 256 x 256 pixels
and annotated with a mask created using napari and then incorporated into the training algorithm.
These split images were then incorporated into the "training algorithm.” After completion of the
training algorithm, an image that had not been seen by the training algorithm was used to “test™ the
accuracy of the training. This process continued until minimal manual annotation was needed.

Machine Learning Training

Training a machine learning (ML) algorithm to automate cell segmentation is done to ensure
consistent results of cell segmentation for each input and to minimize discrepancies between manual
segmentation. From the automated cell segmentation, these are then fed into train another ML that
will predict the actual digital twin.
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Figure 4.1: The general process of the ML training to automate the cell segmentation process.
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Figure 4.2: Representative process for ML of digital twin. Only the nucleus is labeled for
representative purposes. All structures will be be stained and imaged to train the ML which are
nucleus, membrane, f-actin, etc.
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Figure 4.3: Multicell image with only the membrane stained imaged and automatically
segmented are then tumned into single cells images. Cell images are fed into the ML that has been
trained to predict the ML digital twin. A prediction is generated with the structures (f-actin, focal

adhesion, nucleus...etc) an a digital twin of the cell is produced.

Prediction Validation

When a digital twin prediction has been made, the results will need to be compared to the ground
truth to determine how accurate the prediction is,
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Figure 5.1: Raw image of Figure 5.2: Automatic Figure 5.3: Manual

endothelial monolaver. segmentation segmentation produced from
produced form the Ml the raw image with differences
of the raw image. highlighted in vellow boxes
from the ML segmentation

Results tor the prediction of f-actin have not been gathered yet due to the unanticipated heavy
focus on the segmentation portion of the project. Manual segmentation can vary between researchers
and requires extra time, highlighting the need for automatic segmentation. The ML network has been
set up and 1s currently being trained to produce better-quality automatic segmentation. Overall, the
mportance of this digital twin 1s that detailed morphology can be acquired from the cell without
having to physically label all the structures of a cell. Although, it is possible to manually stain an
image the structures needed, a digital twin would save time and resources. As seen in images 3.1 to

5.3, the differences are highlighted between the segmentation produced from the ML and the manual

segmentation. As the ML 1s more heavily trained, the ML segmentations should improve.

Limitations

The prediction of f-actin for the cells has not been completed due to unanticipated heavy focus
on the segmentation portion. The heavy focus for automated segmentation resulted from issuces
with manual segmentation, namely differences between each manual segmentation, time cost-
liness and less quality predictions. For this reason, we are partnering with Dr. Jianxu Chen and
Justin Sonneck from the Leibniz Institute for Analytical Sciences. They have developed the code
that will produce the automatic segmentation. The time costliness to train the ML for the segmen-
tation predictions and the digital twin will in the long run be more resource friendly. Automatic
segmentation 1s a crucial step that will produce better quality predictions. Another limitation is
determining the threshold for when the ML for both the segmentation and digital twin have been

trained enough to be able to predict accurately.
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Future Research

Future research might identify and extend these methods to new structures so they can be predicted
accurately. Once the digital twin model has been established and trained, it can then be used for
a variety of things including looking at live cell signaling dynamics and morphology with limited

resources.
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Introduction

The Great Bend aspect is an archeological classification of sites that includes artifacts from the
Wichita People. an indigenous group that lived in the Great Bend area. The sites of the Great Bend
aspect are located in McPherson, Cowley, Marion, and Rice Counties in the state of Kansas. Little is
known regarding the Wichita People or the time that they lived in the Great Bend area. Present-day
research is built largely on the work of archaeologist, Waldo Wedel. who conducted excavations on
two of three known village clusters in the area. Through that work, Wedel characterized the Great
Bend aspect into two foci: the Little River focus and the Lower Walnut focus. Using McKern's (1939)
Midwestern Taxonomic Classification, Wedel defined sites located in McPherson and Rice counties as
the Little River Focus and sites located along the Kansas-Oklahoma border as the Lower Walnut Focus
(Blakeslee and Hawley 2006; Wedel and Stewart 1959). A third village cluster found in Marion County
has produced artifacts that are indicative of migration from McPherson (Zehnder 1998; Rohn and
Emerson 1986:51). Wedel affiliated the sites with the Wichita People and estimated the approximate
age of the sites. His description of material traits set a baseline for future research in the region (Hoard
2012; Blakeslee and Hawley 2006). Most ethnohistoric discussions surrounding the Wichita People
have focused on the Tawakoni, Wichita, Waco, Iscani, and Taovaya bands (Hoard 2012:54).

There is little recorded history of encounters with the Wichita People. The first European to
encounter the Wichita People was Francisco Vasquez de Coronado in 1541. (Flint and Flint 2005).
While in New Mexico, Coronado was informed of a place named "Quivira” (Flint and Flint 2003). A
second, unauthorized expedition by Antonio Gutierrez de Humafa and Francisco Leyba de Bonilla
in the 1590s, unfortunately, resulted in the death of almost all in the party. A survivor noted that the
party had found a large settlement that extended along a river for several miles with grass thatched
houses that were closely spaced together and surrounded by agricultural fields (Craddock and Polt
2013). In 1601, Juan de Onate led a third expedition to Quivira. Ofate reported finding a “Great
Settlement™ which was noted to contain between 1,200-2000 houses above the junction of two rivers.
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Onate’s soldiers reported that each house held
between eight and ten individuals. Reports from
one captured native named Miguel suggested that
the name of this Great Settlement was “Etzanoa™
(Craddock and Polt 2013).

Radiocarbon Dates

Radiocarbon dating is a method that provides
objective age estimates for carbon-based materials
that originated from living organisms. An age
could be estimated by measuring the amount of
carbon-14 present in the sample and comparing
this against an internationally used reference
standard. A team from the Kansas State Historical
Society tried to establish a ceramic sequence
using vessels associated with radiocarbon
samples from cache pits at Etzanoa (Hoard
2012). This proved unsuccessful due to several
factors. First, dates were used from scintillation
counting which vyields large uncertainties.
Second, they dated wood charcoal which is
problematic because the date will reflect the age
of the tree rings in the sample rather than the age
of the fire, the age of the fire is important because
it helps create an approximate date of when the
fire occurred which can create a chronology. This
is especially critical because historical evidence
shows that the Wichita People used juniper wood
for their houses, which have very narrow rings
so that a small piece of charcoal is apt to have
many rings. The tree rings are important because
it is used to compare to an established reference
to determine an approximate date as well. If
there are a limited number of tree rings it can
make it harder, due to environmental factors,
to use it reliably as a reference. This adds to the

uncertainty regarding how well the radiocarbon
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date reflects the age of the event. Finally,
subsequent work by Wichita State University has
shown that many pits contain reverse stratigraphy
(Blakeslee 2022). The implication of this is that
radiocarbon dates cannot be used to determine
the sequences of events during the occupation of
Great Bend sites. Since radiocarbon dating has
shown to not be an adequate method to create
a chronology. Therefore, for this project, I am
proposing a method that involves identifying
changes through time in the ceramic assemblage
by analyzing morphology, handle form, clay
properties, manufacturing methods, sooting,
carbon patterns, and decoration as a means for
determining relative ages.

Methods

Collections

[ intend to examine complete and restored
cooking vessels from four museums or privately
held collections. The Coronado Quivira Museum
collection, located in Rice County, holds eight
vessels that will be included in this study. Three
additional collections contain between one and
five vessels, each that 1 hope to include in our
analysis. These include the McPherson Museum
collection, a Cowley County Private collection.,
and the Kansas State Historical Society collection.
These collections were chosen based on locality
and accessibility.

The pottery will be examined by looking
at morphology, handle form, clay properties,
manufacturing  methods,
patterns,
determining relative ages. These features will

sooting,  carbon

and decoration as a means for

help document variability within and between
sites to establish a baseline for examining
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change through time. Furthermore, standard
measurements will be taken for each vessel.
Applicable vessels include complete or restored
vessels that retain the profile, base, shoulder,
neck, and rim. Temper types, surface treatments,
and vessel forms will be recorded. Measurements
will be taken for wall thickness and base thickness
to identify homogeneity in the technique. Some
shape variations may correlate with vessel size
rather than time, while other variations will
differentiate sites. Stylistic choices such as node
placement on handles and rims, punctuates or line
and punctate combinations may reflect origins
rather than chronology.

Analysis

Variation does not occur solely temporally but
may also reflect other factors such as differences
between bands and modes of cooking being
used. It is important to identify contemporaneous
cultural differences to remove them from
consideration. Therefore, | propose analyzing
the following cultural features: style, shape,
iconography, clay properties, manufacturing
methods, along with sooting, and carbon patterns.

Discussion

Due to the difficulties dating the Great Bend
aspect, reassessing the ceramic assemblage using
complete and restored vessels and incorporating
seriation techniques may allow us to determine
the chronological sequence. These methods are
typically used when absolute dating methods
like radiocarbon cannot be applied. Using
collections from the Coronado Quivira Museum,
the McPherson Museum, The Kansas State

Ignite Your Future with McNair

Historical Society Collection, and a Cowley
County Private Collection will be beneficial
because the collections derive from separate but
contemporaneous communities. One potential
limitation to this study is gaining access to an
adequate number of vessels. Artifacts from these
sites are located throughout the state of Kansas
in both private and public collections. Therefore,
data collection will involve a significant amount
of travel and will require being granted permission
to access and document these vessels.

Conclusion

The collections from the Coronado Quivira
Museum, the McPherson Museum, the Kansas
State Historical Society Collections, and a Cowley
County Private Collection require analysis to
determine a sequential order of events in the Great
Bend aspect. The Great Bend aspect is currently
estimated to range between 1425 CE to 1700 CE,
which is more than enough time for measurable
ceramic change to have occurred. Seriation based
on differences in shape, style, iconography, and
manufacturing methods will be used. Measurements
of the wall, trim, and base thickness will also be
used. Stylistic choices that differ between but not
within localities will not be used.
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Introduction

Recent advances in additive manufacturing (AM) allow the fabrication of previously infeasible
complex geometries [1]. These improvements have opened new possibilities in the design of open-
celled porous sound absorbers for noise reduction applications [2, 3, 4, 5, 6]. Ceramics provide the
unique ability to withstand high temperatures and pressures, critical features for engineering structures
subjected to extreme environments [7].

Here. our focus is on the AM of ceramic porous absorbers for noise reduction applications.
Specifically, our focus is on the use of low-cost, scalable fabrication of ceramic structures with
complex internal geometries that provide requisite sound absorption performance. Ceramics are
complex bodies, and there are multiple variables to record like material, pressure, and extrusion rate.
This indirect process results in dimensional shrinkage and unpredictable mechanical and functional
properties due to shrinkage-induced warping and internal flaws [8].

In this paper, we present preliminary results from our efforts on the AM of ceramic porous
absorbers. We describe the AM process conducted using a commercially available low-cost clay
extrusion printer. We explain the various modifications required to enable the printing of samples with
pore sizes necessary for obtaining high sound absorption. The quality of the printed samples is studied
using image microscopy, and the effect of the sintering process on the end-part dimensionality is
investigated. Then, the sound absorption performance of successful ceramics AM samples is presented.
Our results demonstrate the feasibility of using AM to fabricate ceramic absorbers with performance-
tailored acoustical properties.
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Methods

Materials and Sample Fabrication

In this study, we use an extrusion-based
additive method to fabricate acoustic test samples.
For this rescarch, we used a commercially
available clay printer, Delta WASP 2040 Clay,
which comprises three major components: a
compressed air tank, a clay tank, and an extruder
mechanism controlled via a delta mechanism.
The compressed air tank connects to a clay
tank and is controlled by a pressure gauge. The
compressed air moves a piston within the clay
tank and pushes the clay into the extruder: the
required pressure magnitude is dependent on the
clay pliability. A motor spins the auger within the
extruder system and drives the clay down 1o the
nozzle. We modified the extrusion mechanism by
replacing the provided auger with a longer auger
that allows a layer height of 0.25 mm. Further. the
nozzle was replaced by a stainless-steel nozzle
with a smaller tip diameter of 0.4 mm.

As part of this work, initial print trials were
conducted using porcelain clay provided by the
printer manufacturer. The clay was prepared
by mixing 1 kg of the clay with water until the
desired consistency was achieved. The clay was
then wrapped in plastic and allowed to sit for one
hour before being placed inside the clay tank.

The printability of the clay is highly
dependent on the consistency of the clay mixture;
the fabrication of samples with repeatable
thus
consistency. To this end, a spike test apparatus

dimensionality requires a repeatable

was designed and used to estimate the clay
pliability. The apparatus consists of a 3D printed

spike with marked distances and a sleeve within
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which we place a 10 mm diameter stainless steel
rod. The total setup weighs 210 grams and is
dropped onto the mixed clay from a height of 100
mm; the clay pliability is then quantified based
on the penetration depth. For the clays used here,
penetrations above 50 mm were classified as soft
clay, between 40 mm and 50 mm were classified
as fair clay, and values below 40 mm were
classified as hard clay. For the samples printed
in this study. the porcelain clay was mixed to
achieve a spike penetration depth of 38 mm and
extruded at an average pressure of 3.3 bar with
a flow rate of 35%. After printing, the samples
were allowed to dry for 12 hours before being
fired in a Blaauw Products natural gas kiln.

The test samples were modeled using
OpenSCAD to a 12.5mm height and 25.4mm
width and sliced using Ultimaker Cura. For the
acoustic tests, cylindrical samples of 30 mm
diameter and 25.4 mm height were designed by
modifying the zig-zag infill density in Ultimaker
Cura. For the simple cubic design, seven different
relative densities were considered: 25.0%, 27.5%.
30.0%, 32.5%, 35.0%, 37.5%, and 40.0%.

In addition to the acoustic test samples,
a cube sample with line separations of 2 mm
was printed to investigate the effect of print
parameters on the dimensional accuracy of the
samples. For all samples tested, the following
main settings were used in the slicer software:
layer height of 0.25 mm, nozzle size of 0.40
mm, print speed of 20 mm/s, retraction enabled,
initial distance from plate board of 0.2 mm, and
z-hop when retracted.



\coustic Absorption Testing

I'he normal incidence sound absorption

coefficient for the cylindrical samples was
measured using the two-microphone impedance
tube method, as described in the ASTM E1050-
I9. The test samples were placed in the sample
holder section with a rigid background. The
incident sound pressure level, as measured at
the reference microphone, was maintained at 90
dB. The tube diameter and microphone spacing
provide a plane wave test frequency range of 600

6100 Hz.

Sample Print Quality Microscope
Microscope images of the printed samples
before and after firing were taken. All samples
are printed using a nozzle diameter of 0.4 mm,
while the spacings between the neighboring
lines are 2 mm. For all samples, the horizontal
spacing and the line thicknesses differ from the

as-modeled dimensions. The line thicknesses.

nominally 0.4 mm, are closer to an average of
0.53 mm for all samples before firing, indicating
an over extrusion of the clay. This over extrusion
results in lower than intended spacings in the
extruded samples. As expected, post-firing,
the samples shrink and result in reduced line
While

thicknesses than the pre-firing samples

shrinkage 1s typically undesirable, for acoustic
applications requiring smaller pore sizes, this
shrinkage could be advantageous and could
allow the printing of samples with pore sizes less
than those otherwise achievable using typical
nozzle dimensions. Further work quantifying the
relationship between the material, print process,

and dimensional parameters is ongoing

3.2. Sound A\bsorption Behavior

I'he measured sound absorption curves for
the 3D printed samples are shown in Figure
Overall, the dimensionality of the printed samples
Is less than desirable. All samples were printed to
fit the 30 mm, sample holders by appropriately
adjusting the as-designed outer diameter to

compensate for the shrinkage occurring during

the firing stage

oo Conll ks

"

Figure 1. Measured normal incidence sound

absorption coeflicients for simple cubic sa

W 25.( 27 § 0.0 2.5 35.0°
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lhe inset pictures show the printed test

samples. The absorption coefficients for all

the tested samples show a behavior typical of
rigid porous absorbers: the absorption initially
achieving a maximum

INCreases absorption

value at a frequency corresponding to the

quarter-wavelength resonance, before decreasing

to a trough and then gradually increasing again.
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It should be noted that these absorption values
are significantly higher than those observed for
equivalent samples printed using polymeric
additive techniques.  This
discrepancy is possibly due to the reduction in

manufacturing

pore size from the post-sintering shrinkage and
the overall poor quality of the printed samples.

Conclusion
In this paper, we presented the preliminary
results from our efforts to fabricate ceramic sound
absorbers with complex internal pore geometries
using AM. A low-cost, commercially available
clay extrusion printer was modified to enable

the printing of ceramic structures with high
dimensional resolutions. While the modifications
improved the quality of the samples, issues
stemming from over-extrusion and post-sintering
material shrinkage remain. Normal incidence
impedance tube tests carried out on successful
prints show that ceramic AM porous absorbers
can provide significantly high sound absorption
coefficients at frequencies below 3000 Hz.
Current work is focused on further improving
the print quality by systematically quantifying
the effect of a clay composition, print process
settings, and firing schedule on the end-part
quality and dimensionality.
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Introduction

Exoskeletons and other robotic devices have been used to assist and automate rehabilitation
exercises. As new exoskeleton designs arise, so does the need to assess these devices to ensure patient
safety and efficiency. Common challenges in the design process include achieving proper alignment
and fitting the robotic device to the human body. An important aspect of the design is to avoid further
injury development and permanent damage through long-term use [1]. Previous attempts to target this
issue, tend to disregard aspects such as subject variability, simplification of complex human joints, and
generalization of the human body's range of motion.

The challenges of alignment and fitting often dictate the exoskeleton design approaches. The joint-
based design approach focuses on mimicking the human joints. Other designs focus on generating a
specific task without having to align the exoskeleton to the corresponding human limb and joints. This
is often referred to as the task-based design approach. In this study, both mechanisms are assessed
and compared on their kinematic match and alignment to the human elbow joint with the use of
musculoskeletal modeling and simulation software-OpenSim. The misalignment present in the designs,
if any. will be quantified and used to evaluate and quantify the effects on the muscle-tendon length of

the main flexor and extensor muscles while the elbow flexion-extension motion is simulated [2].
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Exoskeleton Descriptions

Joint-Based Exoskeleton

The joint-based exoskeleton is a 5-Degree-of-Freedom (DOF) mechanism designed to assist
with upper limb rehabilitation for patients who suffer from partial or full motor control impairments
[15]. The mechanism (figure 1a) is composed of five links, where link 1, 4, and 5 are adjustable to
account for anthropometric variability between users. The design also includes an adjustable stand to
account for user height variability. The overall mechanism is composed of five joints that can generate
different rehabilitation motion tasks such as shoulder flexion-extension, shoulder adduction-abduction.
shoulder elevation-depression, and elbow flexion-extension. Moreover, a total of five motors drive
the exoskeleton to generate the desired motion. Since the OpenSim software was utilized to perform
the assessment, its Upper Extremity Dynamic Model was used to model the exoskeleton. Figure 1b
demonstrates the exoskeleton with the human model.

FIGURE 1:

(a) Joint-based exoskeleton design (b) OpenSim model, exoskeleton with human model

Task-Based Exoskeleton

The task-based exoskeleton is a 1-DOF parallel mechanism that was developed to generate the
desired limb trajectory— elbow flexion-extension—for upper limb physical rehabilitation purposes [16].
The mechanism is composed of four links where one is fixed. and another is an end-effector. The fixed
link is represented as the blue link and the end-effector is represented as the green link (Figure 2a). The
mechanism is driven by a single motor located at the attachment point between links 1 and 3. All joints
composing the task-based mechanism are modeled as revolute joints, which allow the driven clbow

flexion-extension motion. Figure 2b demonstrates the exoskeleton with the Upper Extremity Dynamic
Model in OpenSim.
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FIGURE 2:

(a) Task-based exoskeleton design (b) OpenSim model, exoskeleton with human model

An Assessment of the Elbow Joint

Once the exoskeletons were assembled and functional, the elbow flexion-extension motion was
simulated from 44.079° to 125.634° using previously recorded motion capture data and the Inverse
Kinematics toolbox in OpenSim. When the elbow flexion-extension simulation was acquired, the Body
Kinematics toolbox by OpenSim was used to acquire information on the position of each part’s origin
throughout the generated motion. This enabled comparison of the position of the ulna’s origin, located
at the elbow joint, and its respective exoskeleton part—Link 5 and Link 3 for the joint-based and task-
based exoskeletons, respectively. The maximum displacement values in the x, v, and z directions were
then used to create a new human model where the position of the ulna was displaced with those values
to observe the effects that the presented misalignment of each exoskeleton has on the tendon lengths
of the main flexor and extensor muscles. The displaced human model is referred to as the misaligned
human model, while the original human model is referred to as the healthy human model. Table |
demonstrates the maximum position displacements for the joint-based and task-based exoskeletons.

Table 1: Maximum Position Displacement Values
Joint-Based Exoskeleton Task-Based Exoskeleton
X y z X v z
-4.119mm -14.227mm 4.883mm 11.4648mm -4.5805mm 1.8640mm

The misaligned human model from each exoskeleton and the healthy human model were then
simulated with the elbow flexion-extension motion and the Muscle Analysis toolbox by OpenSim was
used to obtain information on the tendon lengths of the main flexor and extensor muscles throughout
the motion. Out of the eight muscles observed, four muscles (brachialis, triceps medial, triceps
lateral, and anconeus muscles) exceeded their elongation limit (Table 2). When the misalignments
from the joint-based and task-based exoskeletons were simulated. On average, a muscle can elongate
a maximum of 10% of its initial length prior to injury, hence, those values were found to further
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assess the safety of the misalignments presented.
The brachialis, triceps medial, triceps lateral,
and anconeus had a maximum tendon length
variation of 1.2717mm, 1.6091mm, 1.6091mm,
and 1.2551mm, respectively. While the task-
based exoskeleton demonstrated a maximum
tendon length variation of 0.8717mm, 1.3272mm,
1.3272mm, and 1.1133mm for the same muscles,

respectively.
Table 2: Muscle Elongation Limit to
Avoid Serious Injuries to the Ten-
dons

Muscle | Initial Ten- 10%
don Length | (mm)

(mm)
BRA 3.86 0.386
TRIlat 8.62 0.862
TRImed 7.38 0.738
ANC 6.98 0.698

Further assessments were completed to find
a range of motion in which all muscle tendons
performed safely. All muscles satisfied their
tendon length limits when the elbow flexion-
extension motion was generated from 44 to 70°
and 44° to 100° for the joint-based and task-
based exoskeleton, respectively. After the new
range of motion was simulated, the brachialis,
triceps medial, triceps lateral, and anconeus
demonstrated a maximum tendon length
variation of 0.295mm, 0.5478mm, 0.5478mm,
and 0.4911mm, respectively for the joint-based
exoskeleton, while the task-based exoskeleton
demonstrated a maximum tendon length
variation of 0.333mm, 0.8910mm, 0.8910mm.
and 0.6925mm for the same muscles. Figure
3 demonstrates the variation in tendon length
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and pattern for the brachialis muscle of both
exoskeletons, where the figure corresponding to
the joint-based cxoskeleton is labeled as “JB™
and the one corresponding to the task-based
exoskeleton is labeled as “TB™,

FIGURE 3:
- — ",
: S
\‘4-
9
tow Flemion Extenuon Anghe |
(a) JB brachialis
® ZAA Mashgned Humas Model ¥ BAA Heathy Humaen Model
a5
- 3 -
£1s
c
- 3
l 10 20 0 a0 S0 o0 70 aC
Elbow Flexon Extension Angle ()
(b) TB brachialis
Conclusion

This study presented the assessment of joint-
based and task-based exoskeletons for upper
limb rehabilitation on their alignment to the
human elbow joint using the OpenSim software.
The observation throughout the assessment was
focused on quantifying the misalignment present
in the exoskeleton designs and the effects that
the identified exoskeleton misalignments had on
the muscle-tendon lengths within the main flexor
and extensor muscles during the elbow flexion-
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extension motion task. The results demonstrated
that both exoskeletons had misalignments in the
X, ¥, and z axes when compared to the human
body. The task-based exoskeleton had less
variation in tendon length overall when compared
to the joint-based exoskeleton. However, both
exoskeletons demonstrated a tendon length
variation greater than the appropriate variation
limit for the brachialis, triceps lateral, triceps
medial, and anconeus muscles when the elbow

flexion-extension motion was generated from 44°
to 125° It was later found that a smaller motion
range of 44" to 70 and 44 to 100" would satisfy
the elongation limit of all muscles observed for
the joint-based and task-based exoskeletons,
respectively. Nonetheless, based on the overall
results, the task-based exoskeleton performed
better than the joint-based exoskeleton during the
assessment at the elbow joint.
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Introduction

In the central nervous system (CNS), specialized stem cells called radial glia progenitors (RGPs)
give rise to neurons that receive and transmit electrochemical signals, as well as gha that provides
insulation and structural support to neurons (Merkle et al., 2004). Primary tumor cells in the CNS most
commonly progenate from these two cell classes, glial cells especially, resulting in a wide range of
histological subtypes as well as variances in patient prognosis and treatment plans (Rasband, 2016).
While less prevalent, malignancies offer little over a 35% five-year survival rate due to their low
chemotherapeutic responsiveness and difficulty in full surgical resection (Miller et al., 2021). The lack
of treatment advancement warrants further investigation into the factors that may be responsible for
CNS cancer invasion and metastasis.

Cell membranes mediate interactions and potentials between cells and their surrounding
environments, and therefore play an important part in cell migration and cancer metastasis. This
study aims to replicate factors that contribute to cell migration by exploring monolayer culture coating
methods that mimic cell membrane microenvironments in a two-dimensional setting via adhesion-
like sites on collagen and poly-D-lysine coated plates. Additionally, cell migration was observed and
quantified in an applied electric field study as it has been reported that various cells exhibit endogenous
electric fields as a result of changing ionic concentrations and membrane potentials, as seen in site-
directed wound repair, and has now been linked to cancer growth (Nuccitelli, 2003, Xing et al., 2021).
Studying the migratory behaviors of CNS tumors in these environments may help to elucidate some of
the effectors of cancer metastasis within the central nervous system.
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Methods

Migration of Tumor Cells in Electric
Fields with Time-Lapse Imaging

To investigate the potential migration of
neural cells in an endogenous electric field, US7
cells were cultured routinely in cell culture flasks
and fed with Dulbecco’s Modified Eagle Medium
(DMEM) containing 1% penicillin/streptomyecin,
10% horse serum, and 5% fetal bovine serum.
Cell passages two through four were used for
this experiment, and cells were cultured in a
37° C incubator with 5% CO,. Once sufficiently
passaged, cells were then cultured into non-
coated culture dishes modified according to the
following procedures.

Specialized culture chambers are necessary
for electric stimuli to be applied. Therefore, to
create these chambers, microscope slides were
cut into fourths for a final size of 3 cm x |
cm. Two of these cut slides were subsequently
greased along one long edge and placed parallel
to one another in the center of the dish, 1 cm
apart to create a trough. A small plastic ladder
is then placed inside the center, which creates a
barrier for the cells to grow inside the trough and
subsequently form adherence. The cells placed
inside the chamber were then incubated at 37°C
for 24 hours,

After cells were allowed to grow and adhere,
the plastic ladder was removed, and a third
coverslip was greased and added over the lop to
create a thin semi-enclosed channel only 0.5 mm
deep. Additional grease was then applied thickly
in lines perpendicular to the channel, covering
the top and bottom, while leaving the channel
mouth accessible, and extending to the edge of

) s

the dish to prevent further spread of cells and
create a preliminary galvanic pool environment.
Fresh medium was used to fill the top and bottom
channel pools. The prepared culture dish was
then placed inside a plastic incubator connected
1o a ime-lapse microscope (Zeiss Axio Observer
microscope) with 5% CO, at 37° C and with
sterile conditions maintained throughout. NIH
Image J software was used to analyze imaging in
this experiment. With respect to the electric field,
quantification of cell migration was used by a
previously reported method (Yao et al., 2008).

To apply a stimulus from a direct current
power source to the culured cells, agar-salt
bridges were created from Steinberg's solution
and gelled with 1% agar. These bridges were used
to connect silver-silver chloride electrodes in two
beakers of Steinberg’s solution to the galvanic
chamber pools of the culture dish. Steady currents
of 50mV were applied to the cells, images were
taken by a digital camera (AxioCam MRm
Rev.3 with FireWire) in five-minute intervals,
and Zen2011 imaging microscope software was
used to record the time-lapse image of the cell's
migration. The migration was recorded for 1 hour
with no current as a control, and then the stimulus
was switched on and cells were recorded for an
additional hour.

Well Plate Coating Conditions

To test favorable culture plate coatings as a
migration study, PC12 cells were grown in two
different conditions; cell culture plates coated
with poly-D-lysine (100 ug/ml, Sigma-Aldrich,
St. Louis, MO) and collagen-coated cell culture
plates (20 mg/ml, Sigma-Aldrich, St. Louis.
MO). All cells were then fed with a modified
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concentration of DMEM and an additional 0.5%
neural growth factor. Cell passages two through
four were used for this experiment, and cells
were cultured in the same conditions as the U87
line and recorded for two hours each using the
software mentioned previously.

Results

Electric Stimulation Migratory Trends

The USB7 cells used in this investigation
showed tentative trends of migration. Figures 1A
and 1B display migration tracks that have been
superimposed over one another and coordinated
with a four-quadrant X, Y axis. When time is
equal to zero, it signifies the origin on the axis
coordinate. Cells were tracked and quantified,
each line representing a cell’s displacement over
a given timeframe. In a controlled environment
with no stimulus, Figure 1A displays a migration
grid indicating cells have a larger displacement
along the =Y axis. Figure 1B displays the
migration patterns of cells in an environment
with an electric stimulus applied and indicates a
slight trend of the larger £Y axis displacements
skewing towards the =X axis. Non-stimulated
cells have a net migratory direction of -0.18, and
stimulated cells have a net migratory direction
of —0.02. Additionally, non-stimulated cells have
a slightly higher net speed of 0.56 pm/min in
comparison to stimulated cells with a net speed
of 0.47um/min.
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Collagen Coated Plates Display
Greater Migratory Behavior

PC12 cells display greater migratory behavior
on collagen-coated well plates compared to poly-
D-lysine coated plates, Cells were tracked for
two hours per condition and were quantified and
displayed using the superimposed image grid
methods mentioned previously. The cells on the
collagen-coated plate showed a net displacement of
42um, while cells on the poly-D-lysine plate showed
a net displacement of 13um. Additionally, cells on
the collagen-coated plate had a higher migration
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speed of 0.25pm/min compared to 0.18um/min for
cells on a poly-D-lysine coated plate.

Figures 2A, 2B Poly-D-lysine vs collagen
coating, Figures 2C, 2D not pictured, available
on request.

Discussion

In this study, the migration patterns of CNS
tumor cells were investigated by mimicking a
cellular membrane associated environment via
applied clectric fields and culture plate coatings.
While certain migratory trends can be observed in
the electric stimulation study between the control
group and the stimulus group, there is not enough
evidence to suggest cither cathode or anode
directedness at this time. Further exploration of
stimulus strength and duration variances as well as
additional experimental replications would yield a
more complete data set to examine for migratory
behaviors. Supply chain of resources was a

limitation for this project and prevented results
from replication studies to be included here.
Regarding coated plate migratory behaviors,
cells cultured on collagen coated plates display
increased methods of motility in all tested
arcas when compared to poly-D-lysine coated
plates. However, the poly-D-lysine coating
method is still a suitable candidate for studying
cell migratory behaviors as the cells display
motility due to the increased attraction between
electrostatic forces, similar to a cell membrane’s
ionic interactions. Furthermore, using this
chemical as a coating method would not interfere
with further downstream research applications
such as protein extraction and subsequent
RNA sequencing, which would be a potential
drawback of the collagen protein method. These
applications would then be a further research goal
in terms of understanding the genes and signaling

pathways that contribute to a cell’s motility.
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