
Exploring the Density Bias in Preschoolers
Hayley Dettenmayer & Audrey Parrish

Department of Psychology, The Citadel

The Density Bias

Previous Comparative Work Food Density (Parrish et al., 2017)

References

Contact information –
Hayley Dettenmayer: hdettenm@citadel.edu
Audrey Parrish: aparrish@citadel.edu

o The density bias occurs from over- or under- estimation of 
numerosity based on stimulus spacing.

o Human infants1 and some primate species2-4 preferentially 
choose densely arranged food or inedible items of equal or 
lesser value than a comparison set (perceived as more 
numerous), but human adults5-6 show the opposite effect 
in non-foraging tasks.

o Sensitivity to density during foraging has proven to be an 
important variable in the balance between quantity 
discrimination and processing time (optimal foraging 
theory). A density bias can lead to more calorie intake 
obtained via less effort.

o Whether the density bias emerges across domains 
(computerized or edible stimuli) and age groups will shed 
light on factors impacting quantity discrimination abilities 
and foraging habits. 

o The current project will build off of previous comparative 
work with nonhuman primates and extend this research to 
the developmental domain.

o Parrish et al. (2017) reported the density bias among 
capuchin monkeys (Sapajus apella) and rhesus monkeys 
(Macaca mulatta) using a computerized relative quantity 
task. 

o Parrish et al. (2020) reported the density bias among 
capuchin monkeys using natural, edible stimuli using a 
two-choice discrimination task.

o In both studies, monkeys preferred denser to sparser sets 
of equal quantity in line with previous work on infants and 
callitrichids. 

o There also was a facilitative effect in choosing the larger 
food set in mixed trials (sparse vs. dense) if the larger set 
was dense and a disruptive effect on performance when 
the smaller set was dense. 

o These results suggest that the density bias emerges across 
multiple domains and presentation formats for some 
primate species. 
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Both species of monkey 
performed better in Dense 
Control vs. Sparse Control 
trials (density aids quantity 
discrimination).

Discrimination of true 
quantitative differences was 
enhanced when the larger set 
was densely arranged (Dense 
More).

Capuchin monkeys displayed a 
density bias in Equal trials, 
preferring dense arrays to 
sparse arrays. 

Rhesus macaques did not 
display the density bias at 
group level, but individual 
differences.

In control trials for both 
spatial layouts, monkeys 
performed above 
chance in selecting the 
larger set.

There also was a 
facilitative effect in 
choosing the larger food 
set in Dense More trials 
and a disruptive effect in 
Sparse More trials. 

Capuchin monkeys 
displayed a density bias 
in Equal trials, preferring 
dense arrays to sparse 
arrays. 

Project Description:
o The objective for SURE 2020 is to explore whether 

preschoolers also fall prey to the density bias similarly to 
infants and nonhuman primates or whether they are more 
likely to show the opposite bias as is seen among human 
adults.

o Preschoolers are in a unique place in their cognitive 
development because they are learning formal numerical 
systems and developing executive function processes 
(working memory, attention, inhibition, metacognition).

Methods:
o Similarly to Parrish et al. (2020), preschoolers will be 

presented with a two-choice discrimination task with the 
instruction to choose the larger set of coins. The goal of the 
task is for participants to fill up a piggy bank – this will help 
to mimic a state of maximization akin to monkeys.

o Children will be presented with the following trials
o Sparse Control   (4 v 6, 5 v 6)
o Dense Control   (4 v 6, 5 v 6)
o Sparse More      (4 v 6, 5 v 6)
o Dense More       (4 v 6, 5 v 6)
o Equal Quantity  (5 v 5, 6 v 6)

o Right/left placement will be randomized and coin 
placement will be randomized (feedback on correctness of 
a trial will not be provided)

Predictions: 
o We predict that the density bias will emerge among 

preschoolers as is shown in the previous research with 
infants and primates. Specifically, we predict that 
preschoolers will choose the dense sets over sparse sets in 
Equal trials and that density will facilitate performance in 
test trials. 
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Figure 2: Feynman diagram depicting a quark and antiquark 
colliding to produce two leptons (muon and antimuon).

Figure 1: Image of the CERN complex. (Image courtesy of 
CERNCourier)

The Large Hadron Collider (LHC) is the largest ring of the CERN complex (see Fig 
1). Here, beams of protons are smashed together at over 99.999% the speed of light 
with a center of mass energy of 8 TeV. When these beams collide, particles of 
different charge, mass, and momenta will be created. It is the job of the physicist to 
examine the data and determine what is happening during these complex collisions.

For theorists, simulating these collisions (using parton distribution functions [PDFs]) 
is an extremely useful method to undercover the what may be happening and what is 
significant at these higher energies. These PDF functions are based on experimental 
results, and they give the probability to find a quark in a hadron as a function of the 
fraction of the quarks momenta in the proton. 

Three Approaches to Photon Radiation

For our research, we are specifically interested in the different methods of generating 
photon radiation in hadron scattering simulations. As shown in Figure 2, we will be 
simulating the collision where a quark and an anti-quark annihilate each other to 
produce two leptons (specifically, two muons). For each simulation, we generated 
109 events where the center of mass energy (invariant mass) of the muons is between 
60 and 120 GeV/c2. Also depicted in Figure 2, one can see the initial state radiation 
(ISR) being emitted from the quarks before their collisions. We will test to see what 
effects ISR has on the muons. 

• no ISR: Traditionally, photon radiation from the quarks has been neglected because the effect is less than 1% of the 
force between quarks and gluons. This approach uses NNPDF parton distributions with no photonic corrections.

• LuxQED: A version of NNPDF now exists with “LuxQED” corrections to account for photon radiation from the 
quarks along the beam axis. This approach uses these distributions with no photons from KKMC. 

• KKMC-hh: This is a precision event generator for electro-weak and multi-photon radiation in Z production and 
decay. Standard NNPDF distributions are used, and photon radiation is simulated by KKMC-hh which, unlike LuxQED, 
is not limited to collinear radiation. 

In this study, we examined the effect of different methods of generating photon 
radiation in hadron scattering at Large Hadron Collider (LHC) energies for various 
types of quarks. We used two sets of parton (quarks and gluons) distribution 
functions (PDFs) to represent the momentum distribution of the quarks and 
antiquarks inside the colliding protons. The first PDF neglects any photon emission 
from the quarks, but the newer LuxQED accounts for the effect of photon emission 
on the quarks momenta. Lastly, we use a program called KKMC-hh which accounts 
for the photon radiation and is intended for high precision LHC studies. 

Integrated Cross-Section Comparison (for 60 GeV < Mll < 120 120 GeV)
Quark Type: No ISR (pb) Lux – No ISR (% diff) KKMC – No ISR (% diff)

All Quarks 486.416(8) -0.624(2)% -0.524(4)%
Down 181.670(2) -0.597(2)% -0.293(2)%
Up 208.692(3) -0.764(2)% -0.851(3)%
Strange 62.606(1) 0.084(2)% -0.209(2)%
Charm 21.418(0) -1.224(2)% -0.465(3)%
Bottom 12.024(0) -0.946(2)% -0.032(2)%

Average Mll Comparison 
Quark Type: No ISR (GeV) Lux – No ISR (GeV) KKMC – No ISR (GeV)

All Quarks 90.5106(2) -0.0004(3) -0.0001(3)
Down 90.7786(2) -0.0002(2) -0.0002(2)
Up 90.2694(2) -0.0012(3) -0.0019(3)
Strange 90.6766(2) -0.0010(2) 0.0000(2)
Charm 90.0111(2) -0.0047(3) -0.0025(3)
Bottom 90.6835(2) 0.0000(2) -0.0001(2)

Figure 3: Invariant mass of the lepton pair without any initial state 
radiation. All quarks is a sum of the contributions from the individual 

quarks.

Figure 6:Ratio of invariant mass of the lepton pair for Charm quark. Both 
photonic corrections are divided by no ISR. 

Figure 4:Ratio of invariant mass of the lepton pair for Up quark. Both 
photonic corrections are divided by no ISR. 

Figure 5:Ratio of invariant mass of the lepton pair for Down quark. Both 
photonic corrections are divided by no ISR. 

Figure 7:Ratio of invariant mass of the lepton pair for Strange quark. 
Both photonic corrections are divided by no ISR. 

Figure 8:Ratio of invariant mass of the lepton pair for Bottom quark. Both 
photonic corrections are divided by no ISR. 

We should first examine Table 1 as this clearly depicts the relative contributions and 
their shifts due to ISR. On average, there seems to be around a 0.5% shift due to ISR 
and there is an average 0.1% difference between LuxQED and KKMC-hh. From 
Table 1, we should also note how the up quark has the biggest contribution, and it 
has the highest average shift from photonic corrections. This makes sense as the up 
quark would be the most common quark during a proton-proton collision. Also, the 
up quark has twice as much charge as the down quark, so it should have a greater 
effect from photonic radiation. This same can be said for the charm quark. It displays 
a large effect from photonic radiation (approximately 0.8%) due to its higher charge. 
Lastly, we should notice how the strange quark has a positive shift for LuxQED (this 
can also be seen in Fig 7). For future work, we will investigate to see if the strange 
quark displays this behavior with other parton distribution functions.

Table 2 shows us that there is not a significant change in the invariant mass of the 
muon pair from the effects of initial state radiation. We have small, but negligible 
shifts. It should be noted that for most of these shifts, the error is comparable to the 
actual shift. 

Table 1: Integrated cross section comparison for the range when Mll is greater than 60 GeV and smaller 
than 120 GeV. 

Table 2: Mll comparison for each type of quark and all quarks together.

, 𝛾

(GeV/c2) (GeV/c2)

(GeV/c2)(GeV/c2)

(GeV/c2)(GeV/c2)



BARRIERS FOR UNDERREPRESENTED MINORITES IN STEM MAJORS
MYA DOLLARD AND AMELIA JOSEPH, PHD, RN

BACKGROUND

The shortage of minority health professionals in the United States is a 

long-standing problem. Because racial and ethnic minority youth are less 

likely to have college educated role adult models, they may have a 

disproportionate lack of access to the cultural capital that is required to 

develop and implement plans for achieving a college degree. Hispanic 

youth, especially, may experience the social and economic consequences 

of immigration and acculturation. Educational disparities across race and 

ethnicity and SES emerge as early as grade school and may have lasting 

effects. Insufficient preparation and low achievement before secondary 

school can hinder a student’s ability to complete higher level math and 

science courses necessary for science related degree programs. Under-

represented minorities (URM) and low-income students are more likely to 

have problems related to preparedness and less likely to have access to 

high quality science teaching and curricula than other students. Middle 

and high school students of color are more likely to rely on counselors and 

other school resources for information about colleges and careers. Yet 

these resources are likely to be inadequate or unavailable in Title I 

schools. There are a number of psychological barriers for URM to achieve 

STEM related degrees. These include self-efficacy, identity threat, values 

orientation, motivation and self-regulatory processes. Cognitive skills 

such as attention, concentration, goal awareness, self-monitoring toward 

goal progression, and problem solving are also barriers. Self-regulation 

above all others predicts academic performance and retention.

HYPOTHESIS

There are barriers that prevent underrepresented 

minorities from being accepted into STEM majors in 

college.

METHODS

A search of the literature was conducted using the 

databases of PubMed and PubMed Central using the 

key terms careers in health, minority groups and 

adolescents.  Thirty articles met the inclusion criteria.  

A review of abstracts narrowed the number to 18 final 

articles. Inclusion criteria included middle and high-

school students.  Articles that described studies done 

once the student had been admitted to college were 

excluded.

RESULTS

Barriers to STEM majors faced by URM included:

1. Financial burden

2. Family support

3. Quality of pre-college advisement

4. Self-sufficiency

DISCUSSION

A key finding across all studies was the lack of continuity of 

services.  Programs were implemented that provided a week 

long summer immersion on college life or time-limited 

tutoring programs.  However, the literature did not support  

ongoing and sustainable programs that provided support from 

early identification of minority students interested in STEM 

majors through to college acceptance.
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Abstract
Coccoloba uvifera (sea grape) is a tropical member of the Polygonaceae family 
and a significant component of coastal habitats along the Atlantic, Caribbean, 
and Pacific coasts of the neotropics. This native tree species occurs at the 
beach – forest transition where it provides important habitat and food for 
animals, stabilizes habitat during tropical storms, and has been shown to 
improve sea turtle nesting success relative to nesting on exposed beaches. We 
analyzed chloroplast DNA collected from C. uvifera leaves from mainland 
(Belize, Panama) and island (Aruba, Antigua, Trinidad, Tobago, and the 
Bahamas) locations across the neotropics. Five plastid DNA sequences (four 
intergenic regions and ndhA intron) were concatenated for each of 33 
individuals, yielding individual concatenated sequences approximately 4701 
base-pairs in length with 21 variable and potentially informative sites. Eleven 
insertions/deletions (INDELS) were assessed by the simple gap coding method. 
Network analysis identified 19 haplotypes from the 33 individuals sampled. 
Genetic relationships among haplotypes were complex, although plants from 
Belize and the Bahamas were generally different from Aruba, Antigua, 
Panama, Trinidad, and Tobago plants. Haplotype sequence one was shared by 
six plants (Aruba-1, Antigua-2, Trinidad-1, Panama-2), while sequence two 
(Trinidad-1, Tobago-3) and sequence three (Antigua, Trinidad, Tobago) were 
only shared among Lesser Antilles Islands. Bayesian Phylogeographic
Coalescent Analysis indicate two broad groups (Bahamas, North and Central 
America; Lesser Antilles and Aruba) approximately 1.2 mybp (million years 
before present), with significant island/source spatial structure within the last 
50,000 to 100,000 ybp. There was a negative relationships between sequence 
diversity and hurricane frequency.   

Phytogeography analyses of Coccoloba uvifera (L.) sampled across the Caribbean Basin
Benjamin K. Scott, Logan A. Dix, Derek P. Webster, Isabella Gustafson1, Dr. David M. Donnell, & Dr. Danny J. Gustafson, 

Department of Biology, The Citadel, Charleston, SC 29409. 1Marine Science, University of South Carolina, Columbia, SC 29208

Background
Coccoloba uvifera (L.) is a member of the Polygonaceae (buckwheat) family 
and is a significant vegetative component of coastal habitats along the 
Atlantic, Caribbean and Pacific coasts of the neotropics (Parrotta 1994). This 
dioecious tree grows in the harsh salt environment at the transition between 
beach and forest, it provides physical protection of beach habitats during 
tropical storms, and it is important habitat and food for animals (Little and 
Wadsworth 1964). The wood has been used for carvings (local art), limited 
artisan furniture, red sap to tan leather, and the edible fruits are consumed 
directly or made into jelly and wine (Little and Wadsworth 1964). Coccoloba 
uvifera is typically one of the first woody species to become established on 
sandy beaches. This species is moderately salt tolerant, with fungus reducing 
the salt uptake and enhancing nutrient uptake in seeding growth (Bandou et 
al. 2006). Coccoloba uvifera can select fungal associations depending on salt 
stress - an adaptive trait that could be important in the face of rising sea levels 
and increased tropical storm frequency and intensity.

Hypotheses
1. Hurricane will effect chloroplast genetic diversity.

2. Hurricane will effect Coccoloba uvifera L. genetic structure across the 
Caribbean.

Methods
The genetics of C. uvifera are complicated by unresolved phylogenetic 
relationships within the genus, the complex ploidy level (2n=132), and the 
potential for hybridization with closely related species (Graham and Wood 
1965). In angiosperms, the chloroplast and mitochondria are maternally 
inherited and the degree of genetic structure shaped by organelle DNA is a 
record of seed dispersal. In this study, we used five genes to characterize the 
genetic structure. Haploid network analyses were conducted on 49 
individuals from 11 sources, with 4780 base-pairs and 15 indels (Leigh and 
Bryant 2015). Bayesian phylogeographic coalescent analysis was performed 
using version BEAST 2.6. 
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Figure 2. The number of Hurricanes (Cat. 1-5) since 1900. Colored lines 
represent each hurricane’s path. https://coast.noaa.gov/hurricanes/

Antigua = 65 Hurricanes

Aruba = 5 Hurricanes

Hurricanes
Tropical hurricanes are unavoidable large-scale disturbances that significantly 
affect natural ecosystems. The frequency, size, and intensity has the potential 
to influence the spatial genetic structure of tropical tree species. Hurricanes 
can cause significant reductions in canopy cover, encourage higher 
regeneration and biomass turnover, and create opportunities for recruitment 
of sub-dominant tree species (Ibanez et al. 2018). Coccoloba uvifera naturally 
occurs at the beach-forest transition across the entire Caribbean Basin. If 
hurricanes affect C. uvifera population dynamics and some locations in the 
Caribbean Basin experience more frequent hurricanes, then it may be possible 
to identify differences in C. uvifera genetic structure as a function of site 
hurricane history.

Results
• Chloroplast nucleotide diversity was negatively correlated with total 

number of hurricanes passing within 300 km (1980-2019) (Table 1).

• Coalescent theory suggests that ancestral haplotypes will be 
broadly distributed and shared by multiple individuals relative to 
more derived haplotypes. Haplotypes from the island sources 
(Antigua (AG), Aruba (AW), Jamaica (JM), Trinidad (TR), Tobago 
(TO) account for 22 of the 26 individuals represented by 11 
haplotypes. Within this predominately island grouping, there is only 
1 mutation between haplotypes and 5 mutations between this group 
and the other haplotypes (Fig. 3).

• Haplotype network analysis indicates two broad genetic 
associations, with Yucatan peninsula samples (Mexico, Belize), 
Bahamas, and Florida samples segregating from the other sources 
(Fig. 4). 

• Bayesean Phylogeography Coalescent Analysis indicates two broad 
groupings dating back 1.2 mybp. Genetic structure at the island or 
source level occurred within the last 50,000 to 100,000 ybp (Fig. 5).

Table 1. Chloroplast genetic diversity measures based on 10 
sources and the number of hurricanes (cat.1-5) passing within 300 
km (1980-2019). There was a significant negative Spearman’s 
Correlation (r=-0.709, P<0.05) between nucleotide diversity and 
hurricanes.
Source Samples Haplotypes Polymorphic Nucleotide Diversity Hurricanes

Sites (Standard Deviation) (1980-2019)

AG 7 4 3 1.76E-04 (1.60E-04) 66

AW 5 5 32 3.81E-03 (2.39E-03) 29

BS 5 5 21 2.37E-03 (1.52E-03) 58

BZ 5 3 7 5.74E-04 (4.24E-04) 38

FL 4 4 29 3.24E-04 (2.20E-03) 80

JM 4 3 24 2.49E-03 (1.71E-03) 35

MX 5 2 29 2.38E-03 (1.52E-03) 56

PA 4 4 31 3.21E-03 (2.18E-03) 12

TR 5 5 5 6.15E04 (4.49E-04) 31

TO 4 3 2 2.05E-04 (2.03E-04) 40

Figure 3. The distribution of cpDNA haplotypes within and among 
Coccoloba uvifera populations sampled across the Caribbean 
Basin. Five non-coding chloroplast genes (4684 bps) and 15 
INDELs were used to haplotype 49 individuals sampled from 11 
locations across C. uvifera’s home range. Pie charts represent the 
number of haplotypes per source. 

Figure 1. Coccoloba uvifera (Tulum, Mexico) habitat (left). Ripe grapes on a female plant (right).

Figure 5. Phylogeography Coalescent Analysis indicates two broad groupings 
dating back 1.2 mybp. Genetic structure at the island or source level occurred 
within the last 50,000 to 100,000 ybp.

Figure 4. Haplotype analysis based on sequence and INDEL 
relationships. Each hash mark shows a mutation separating 
populations. The larger the circle means there are more individuals 
share that haplotype.

AG
AW
BS
BZ
CW
FL
JM
MX
PA
TR
TO

https://doi.org/10.1111/1365-2745.13039
https://coast.noaa.gov/hurricanes/


Bacteria in Charleston Floodwaters
Mentee: Malcolm Jackson 
Mentor: Dr. Claudia Rocha

Fecal Coliforms, Vibrio 
parahaemolyticus , V. vulnificus, V. 
cholerae, and Enterococci are all 
potentially harmful bacteria. 
Through sampling and monitoring the 
levels of these bacteria in the 
increasingly frequent floodwaters of the 
Charleston area. These bacteria are 
found in the waste of humans and 
animals and can live and multiply in 
brackish waters.

VIBRIO, ENTEROCOCCI, AND 
FECAL COLIFORMS REGULATIONS
 Vibrio have no government regulation for 

recreational bodies of water within the DHEC 
of South Carolina. Although there is a 
procedure in place to respond to illness 
outbreak.

 Enterococci and Fecal Coliforms are regulated 
through DHEC at a level of 104 MPN per 100 
ml of water for recreational safety.

> Vibrio
Are capable of inflicting serious harm onto the body by breaking 
down bodily tissues in open wounds, sepsis, gastroenteritis from 
ingesting infected shellfish.
> Enterococci
Indicators of fecal contamination, rarely cause illness in those 
exposed to this bacteria.
> Fecal Coliforms
Naturally found in the body in the intestines and other digestive 
tract locations but can cause illness if the body is unfavorable 
exposed, and some species can cause blood infections and wound 
infection, meningitis, diarrhea, UTI, etc.

Raw Oysters                                                                    Vibrio Skin Infection 

Nuisance Flooding
Occurs through out the city of Charleston, oftentimes 
completely engulfing roads and side walks, more importantly 
areas where the sewer systems run throughout the city.

> Charleston is approximately 19.6 feet above sea level on 
average. This low elevation allows storm and tide flooding to 
occur frequently in many areas throughout the city.

> King Tides and storms result in flooding and the 
inoculation of coastal waters that recede back into surround 
waterways with Vibrio, Enterococci, and Fecal Coliforms

> With climate change increasing the sea levels, nuisance 
flooding is 300 – 900 times more likely to occur now.

Resources

> Charleston Area Sea Level Rise, gis.charleston-sc.gov/interactive/slr/.

> “Climate Change: Global Sea Level: NOAA Climate.gov.” Climate Change: Global Sea 
Level | NOAA Climate.gov, 19 Nov. 2019, www.climate.gov/news-features/understanding-
climate/climate-change-global-sea-level.

> Baker-Austin, Craig & Oliver, James & Alam, Munirul & Ali, Afsar & Waldor, Matthew & 
Qadri, Firdausi & Martinez-Urtaza, Jaime. (2018). Vibrio spp. infections. Nature Reviews 
Disease Primers. 4. 10.1038/s41572-018-0005-8. 

> “9222 MEMBRANE FILTER TECHNIQUE FOR MEMBERS OF THE COLIFORM 
GROUP (2017) - Standard Methods For the Examination of Water and Wastewater.” 
Standard Methods, www.standardmethods.org/doi/10.2105/SMWW.2882.193.

> “SCDHEC.” DHEC News Release: DHEC Warns of Illness Connected to Raw 
Shellfish, www.scdhec.gov/news-releases/dhec-news-release-dhec-warns-illness-
connected-raw-shellfish.

> "Escherichia Coli (E Coli) Infections: Background, Pathophysiology, Epidemiology". 
Emedicine.Medscape.Com, 2020, https://emedicine.medscape.com/article/217485-
overview#:~:text=Escherichia%20coli%20is%20one%20of,as%20neonatal%20meningitis
%20and%20pneumonia.

> US Department of Commerce, National Oceanic and Atmospheric Administration. 
“What Is High Tide Flooding?” NOAA's National Ocean Service, 29 July 2014, 
oceanservice.noaa.gov/facts/nuisance-flooding.html.> Lorem

Methods
Methods for collecting samples, processing samples, and 
recording data are based on limitations directly decided on by 
Standard Methods For Examination of Water and Wastewater.

Vibrio                                        Fecal Coliforms

Climate Change contributes to rising sea levels, and we directly effect the rate of change.

Health Implications

View of Nuisance Flooding in 2020
+

With similar water levels, the result of the 
intermediate increase of sea levels to year 2050.

Current sea levels without 
nuisance flooding

Outcomes

Collect flood water into 
propylene containers.

Pipette the sample into 
the filter,  after wetting it 
with sterile water.

Flush sample with sterile 
water to ensure bacteria 
are in the filter. Then use 
the vacuum to pull the 
bacteria into the filter 
and the water through

Remove the filter with 
sterilized tweezers and 
place it onto the mEI 
agar plates, m-FC agar 
plates, or  CHROMagar.

Incubate the processed 
sample for the 
prescribed time and 
count colonies shown on 
the plates when ready.

Our main goal is to produce quantitative results on the 
findings of the various bacteria to produce a interval by 
which we can examine how contaminated water is 
surrounding Charleston

> The results can allow us to present this and raise 
awareness to the public health and water quality agencies 
governing. 

Or

> The results will reveal that we have safe levels of bacteria 
within our floodwaters and the levels do not pose a potential 
health hazard

Either of the results will lead to future research based on the 
implications of increasing sea levels and more potential for 
coastal water contamination.

http://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level
http://www.standardmethods.org/doi/10.2105/SMWW.2882.193
http://www.scdhec.gov/news-releases/dhec-news-release-dhec-warns-illness-connected-raw-shellfish
https://emedicine.medscape.com/article/217485-overview#:%7E:text=Escherichia%20coli%20is%20one%20of,as%20neonatal%20meningitis%20and%20pneumonia
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Abstract

The COVID-19 Pandemic has been felt across the world. The virus has left 
us with many questions regarding the effectiveness of social distancing and 
lockdown orders along with the growth of the virus. Through this project, 
we attempt to understand these questions in two parts:

(1) Develop periodic mathematical models using the data reported in the 
southeastern region: NC, SC, TN, GA, and FL to determine the effectiveness 
of social distancing protocols in these states.

(2) Create a dynamic mathematical model using the same data to predict 
the future trends of COVID-19.

Introduction

Results

Our project focuses on the states of North Carolina, South Carolina, 
Tennessee, Georgia, and Florida from March 4th to July 20th 2020. Our goal 
is:

• To determine the effectiveness of social distancing measures and 
lockdown orders

• To predict the behavior of the Coronavirus in these five states. 
Our project consists of two main steps.

• Develop the periodic linear, quadratic and exponential models using 
regression method with data reported by the COVID Tracking Project 
[12] for the five states and use the developed models to analyze the 
effectiveness of social distancing measures and lockdown orders.  

• Develop a dynamic mathematical model to predict the future growth of 
the Coronavirus in these five states. 

The data, (xi,yi), presented in our work is from the COVID Tracking Project [12] where xi is the ith day since the start of the earliest COVID-19 infection in the five states and yi 
is the number of cases per 100k population in the state on the ith day.

Periodic Models

The first type of model created for each state was a periodic mathematical model in three periods for the growth of the COVID-19 virus:

1. Before the lockdown and social distancing was implemented.
2. During lockdown
3. After lockdown and during protests

The goal is to seek answers to the efficacy of the lockdown orders and social distancing. We developed linear, quadratic and exponential models using the regression method for 
each period with the data. We chose the model for each period that best fits the data, in the sense its     value is the largest. Note that the     value for a regression f(x) using data 
(xi,yi), i=1, ... , n is defined as

R

where y is the average of all yi. The      value ranges from 0 to 1 and shows how well the regression model fits the data. If the  R value is 1, then the model fits the data perfectly.

In the results section, we show that our developed models fit well with the given data. However, each of these models could not give us a clear projection of the growth rate of 
the infection from one period to the next and the future. In order to have more accurate predictions, we created a dynamic model.

Dynamic Model:

The goal of the dynamic model is to closely predict the future trends of the coronavirus based on previous data. For this model, we developed an algorithm that was 
implemented in the software MatLab. The steps for the algorithm are as follows.

1. Create linear, quadratic, and exponential models using the regression method with ten consecutive data points (x_i, y.
2. Calculate      value for each regression.
3. One of these models f(x) is chosen for this period.

a. This model is exponential if the R  value of the exponential model is at least .02 greater than the     value for the linear model and .01 greater than the    value of the 
quadratic model.

b. This model is quadratic if the      value of the quadratic model is at least .01 greater than the     value for the linear model.
c. This model is linear if the exponential and quadratic models are not chosen in (a) and (b), respectively.

4. The chosen model is then tested with data from the days after this period and a relative error |y_i - and an absolute error  |y_i - f(x   are calculated. The model is continued for 

the next day if the relative error is less than 10% of y  or the absolute error is less than 6. Otherwise, a new model is generated starting at the current day.

In the results section, we show that the algorithm gives accurate predictions in line with the data.

The table to the left gives the mathematical model chosen for each state for each period where L is the linear model, Q 
is the quadratic model, and E is the exponential model. The graphs to the right are examples of three periods for a 
selection of the states and are representative of the models developed in the five states. The first graph showcases 
COVID-19’s exponential growth in NC before the lockdown was implemented. The graph below showcases the 
lockdown’s effect on the growth rate in SC during the lockdown; the growth shifted from an exponential increase to a 
constant increase, as seen in the linear model. The final graph shows how the growth of the virus’ infected population 
increased post-lockdown in Florida. Though the rate was not as great as before the lockdown, the rate is substantially 
more than during.

The effectiveness of the lockdown is highlighted by extending the linear models to the end of the test period on the 20th of July. In the table under 
Lockdown Efficacy, we see that the cases would have been substantially less than the total cases from after the lifting of the lockdown. We conclude that the 
lockdown is shown to be effective while in place.

Due to the changing conditions surrounding the virus, such as the imposing and lifting of the lockdown, the periodic models are not able to accurately 
predict the future behavior of the virus. Therefore, we created the dynamic model. The dynamic model was successful in predicting the COVID-19 trends. It 
had a percent error of less than 10% or an absolute error less than 6 cases per 100k population due to the parameters set in the model. On average, the 
dynamic models for the five states were able to accurately predict the next approximately 17 days given 10 previous consecutive days of data. The longevity 
of the dynamic models, when combined with its inherent accuracy, allows the future behaviors of the COVID-19 virus to be modeled successfully, giving us 
better understanding of how the virus will spread.

There are still many unanswered questions about the behavior of this virus. We will continue our studies and seek to utilize a model using a system of 
differential equations to study the interactions of multiple variables on the COVID-19 virus in order to further enhance our understanding of this deadly 
disease.

[1] Alan Judd, David Wickert. “One Month after Warnings, Kemp Puts Georgia on Lockdown.” Ajc, The Atlanta Journal-Constitution, 3 
Apr. 2020, www.ajc.com/news/one-month-after-warnings-kemp-puts-georgia-lockdown/db6Aodv3LzftEV89WA1EOI/.

[2] Allen, Greg. “Florida Governor Orders Statewide Lockdown.” NPR, NPR, 1 Apr. 2020, www.npr.org/sections/coronavirus-live-
updates/2020/04/01/825383186/florida-governor-orders-statewide-lockdown.

[3] “Calculating Line Regression by Hand.” Science Fair - Calculating Line Regression, sciencefair.math.iit.edu/analysis/linereg/hand/.

[4] “CDC COVID Data Tracker.” Centers for Disease Control and Prevention, Centers for Disease Control and Prevention, 
covid.cdc.gov/covid-data-tracker/.

[5] Chute, Nate. “NC Stay at Home Order Explained.” The Asheville Citizen Times, Asheville Citizen Times, 29 Mar. 2020, www.citizen-
times.com/story/news/2020/03/27/nc-coronavirus-stay-home-order-essential-businesses-lockdown/2929942001/.

[6] Coronavirus Reopening Map of COVID-19 Case Trends, Reopening Status and Mobility.” USA Today, Gannett Satellite Information 
Network, 9 Sept. 2020, www.usatoday.com/storytelling/coronavirus-reopening-america-map/.

[7] Ebert, Joel. “Gov. Bill Lee Orders Tennesseans to Stay at Home as State Continues to Fight Spread of Coronavirus.” The 
Tennessean, Nashville Tennessean, 2 Apr. 2020, www.tennessean.com/story/news/politics/2020/04/02/gov-bill-lee-issues-stay-home-
mandate-tennessee-continues-fight-spread-coronavirus/5112202002/.

[8] Glen, Stephanie. “Quadratic Regression.” Statistics How To, 17 Sept. 2019, www.statisticshowto.com/quadratic-regression/.

[9] Hill, Evan, et al. “How George Floyd Was Killed in Police Custody.” The New York Times, The New York Times, 1 June 2020, 
www.nytimes.com/2020/05/31/us/george-floyd-investigation.html.

[10] Karimi, Faith, and Jamiel Lynch. “Young People Are Throwing Coronavirus Parties with a Payout When One Gets Infected, Official 
Says.” CNN, Cable News Network, 2 July 2020, www.cnn.com/2020/07/02/us/alabama-coronavirus-parties-trnd/index.html.

[11] Morris, Seren. “South Carolina Has Ordered a Statewide Stay-at-Home Order-These Are the Rules.” Newsweek, Newsweek, 7 
Apr. 2020, www.newsweek.com/south-carolina-stay-home-order-rules-explained-coronavirus-covid-19-1496550.

[12] “Our Data.” The COVID Tracking Project, covidtracking.com/data.

[13] Post and Courier. “COVID-19 Dashboard.” Post and Courier, www.postandcourier.com/health/covid19/. 
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Methods

Period/Model NC SC TN GA FL

Period 1 E Q E E E

Period 2 L L L L L

Period 3 E Q Q Q Q

Lockdown Efficacy
NC SC TN GA FL

Number of Cases (per 
100k Population) 963.26 1387.55 1,167.87 1370.76 1677.81
Expected by Linear Model 685.81 366.03 724.27 795.2 305.81
Percentage of Expected 
Cases/Actual Cases 71.20% 26.38% 62.02% 58.01% 18.23%

http://www.citizen-times.com/story/news/2020/03/27/nc-coronavirus-stay-home-order-essential-businesses-lockdown/2929942001/


Efficient Detection of Phishing Emails using Email DNA of a User 

ABSTRACT

BACKGROUND

METHODOLOGY

FUTURE WORK

IDENTIFIED FEATURES
Social Engineering Attacks are getting more common for
public and private domains. Spear Phishing is one type of
social engineering attack where an attacker poses as a
legitimate entity to influence the actions of a user in an
organization by sending phishing emails. Usually spear
phishing emails contain links that are intended to
compromise user information for malicious purposes.
Current tools detect phishing emails by scanning for
embedded links or attachments. But they fail to detect a
phishing email that does not contain any links or
attachments. In our research we propose to develop an
email-DNA for each user that will uniquely identify the
user through their writing features, habits, styles, and
composition. After we develop the email-DNA, we will
deploy our model on a real dataset to test its efficiency and
effectivity. We will use Python tools and Enron and
Monkey.org Phishing Datasets.

Everyone writes differently, while responding to collogues
or addressing their superiors. We seek to take advantage of
this fact to cut phishing and spearphishing attempts off at
the source: at the user’s end, before a phishing attempt has
the chance to do damage.

• Average Email Length

• Average Word Length

• Average Words per Sentence

• Average Sentences per Email

• Average Word Complexity with Stopwords

• Average Word Complexity w/o Stopwords

• Vocabular Richness

• Commonly Used Words by User

• Number of Line Breaks

• Number of Lines in Email

• Number of sentences

• Number of Characters in Words

• Number of Alphabetic Characters in Words

• Number of Upper-Case Characters in Words

• Number of Special Characters in Words

• Number of Digits in Words

• Number of Connective Clauses

• Number and Type of Writing Errors

LITERATURE REVIEW

Cadet Jared Johnson, Cadet Eric Lilling, Dr. Shankar Banik, Dr. Deepti Joshi
jjohns56@citadel.edu, elling@citadel.edu, baniks1@citadel.edu, djoshi@citadel.edu

Department of  Cyber and Computer Sciences, The Citadel, Charleston, SC

For our project, we first conducted literature review of
publications regarding authorship attribution and deriving
stylometric features from a user’s writing. Next, we located a
set of data that we could use to test any models that we
created with. The dataset that we used was the Enron Email
Database. Now, we are utilizing Python to generate a model
to extract stylometric features from the users in our dataset.

Most of the literature that was relevant to our research had
the focus of “authorship attribution”, which focuses on
being able to “attribute” a particular piece of writing to an
author. The most integral piece of literature to our research
was A Survey of Modern Authorship Attribution Methods
by Efstathios Stamatatos, which lead us to numerous other
documents regarding authorship attribution as well as
numerous breakthroughs in stylometric features and their
effectivity. This paper also detailed the tools that
Stamatatos used to create these features, which was
extremely helpful with the implementation of code.
Another author of note is Moshe Koppel, who is included
in multiple papers regarding authorship attribution. In
Exploiting Stylistic Idiosyncrasies for Authorship
Attribution, Koppel and Schler highlight something that
we had not considered before, utilizing common errors by
the user to better identify them. Our literature review is
still ongoing, as we continue to flesh out further
stylometric features that will help us grasp a better
understanding of how to identify who is and is not the
author of an email.

In the future, we seek to further the generation of Stylometric
features for each user in our dataset as well as collecting and
generating metadata for each user. These pieces will allow us
to generate a more robust and effective model for our
EmailDNA. After the model is created, we should be able to
deploy it on a more active scenario and be able to bring a
stop to the majority of phishing attempts in the cyberspace.

.
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Pioneering Geotechnical Properties of Pluff Mud in the Greater Charleston Area
Undergraduate Researchers: Brianna Rice and Colby Poplin   Faculty Advisor: Dr. Simon Ghanat, PE

Civil Engineering Department, The Citadel
Abstract

Charleston is known for its coastline and rivers. 
The banks of these rivers are blanketed in a 
uniquely sticky soil known as Pluff Mud. 
Sufficient research does not exist on the 
geotechnical properties of Pluff Mud. Further 
pioneering geotechnical data on this soil could 
allow the material to be considered for 
construction, environmental, geotechnical and 
other engineering and scientific applications. 
Six samples, shown in Figure 1, were collected 
to represent Charleston County, Dorchester 
County, and Berkeley County. Laboratory soil 
tests were conducted to estimate index 
properties, organic content, compaction 
properties, specific gravity, shear strength, 
consolidation, and shrinkage/swell potential.

Figure 1: Sample Locations

Sampling Methods
Potential sample locations in each county were 
identified by satellite imagery. Each site was 
investigated during low tide. All the samples 
were collected in the intertidal zone where the 
soil is above the water level at low tide but 
underwater at high tide. Care was taken to 
avoid collecting samples within the root mat of 
the Spartina grasses. Locations where the root 
mat had eroded to reveal the Pluff Mud 
beneath were ideal sites to sample as 
illustrated in Figure 2.

(Left) Brianna Rice
(Right) Colby Poplin

References
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Liquid Limit, Plastic Limit, and Plasticity 
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3. ASTM D7928 Standard Test Method for 
Particle-Size Distribution (Gradation) of 
Fine-Grained Soils Using the 
Sedimentation (Hydrometer) Analysis

4. ASTM D4943 Standard Test Method for 
Shrinkage Factors of Cohesive Soils by 
the Water Submersion Method

5. ASTM D2435 Standard Test Methods for 
One-Dimensional Consolidation 
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Loading

6. ASTM D2974 Standard Test Methods for 
Determining the Water (Moisture) Content, 
Ash Content, and Organic Material of Peat 
and Other Organic Soils

Figure 2: Sample 4 Collection and 
Illustration of Root Mat

Two buckets were collected at each site with 
a shovel for a bulk or disturbed sample. A 
Shelby tube was also driven by hand for an 
undisturbed sample. A Shelby tube is a 30” x 

3” hollow steel cylinder which is typically 

driven into the soil mechanically to extract 
an undisturbed sample. Without having this 
expensive equipment, we had to improvise. 
We drove the tube by hand, then used a 
rubber expanding wedge to create a vacuum 
in the top which prevented the soil from 
sliding out. Finally, we extracted the tube 
with rope. For Sample 6, the tube had to be 
dug out because it was so difficult to 
remove. An example of Shelby tube 
collection can be seen in Figure 3. 

Figure 3: Sample 2 Shelby Tube Collection

Testing
The first step in testing was to determine
index properties. Figure 4 shows samples
prepared by drying and sieving for
Atterberg limits, hydrometer, specific 
gravity, and organic content.

Figure 4: Processed Samples for Atterberg 
(top left), Hydrometer, Specific Gravity 
(middle), and Organic Content (lower right)

Additional samples were cast and slowly 
dried to create pucks which were then 
coated in wax for shrinkage testing by 
submersion as shown in Figure 5 below.

Figure 5: Wax Coated Samples

Work in Progress
We are continuing to perform compaction, 
shear strength, and consolidation testing. 
We are also preparing a paper with the 
goal of beginning the publication process 
at the end of the Fall 2020 semester. 



Co o lin g  Effe c t s  o f St re e t  Tre e s  in  t h e  Urb a n  He a t  
Is la n d  (UHI) o f Ch a r le s t o n , SC 

Sands, Anthony; Shetty, Nandan Ph.D.
Civil & En viron m en tal En gin eer in g, Th e Citadel 

Th e effects of th e UHI of Ch ar les ton com es
fr om its r ap id gr ow th in popu lation . Becau se of
th e r ap id gr ow th , th e city exper ien ces ch an ges
in clim ate th r ou gh its r is in g sea levels an d
in cr eased flood in g. Sen sor s ar e m ou n ted on
live oak an d cr ape m yr tle tr ees to qu an tify th e
ch an ges in air tem per atu re , r elative h u m id ity,
an d dew poin t. Th ey ar e equ ipped w ith
r ad iation sh ields to n egate th e im pact of
poss ible d ir ect su n ligh t to th e sen sor s . Ch an ges
in tem peratu r e an d r elative h u m id ity ar e p laced
in to th e Roth fu sz r egr ess ion to get a h eat in dex.
Th e h eat in dex gives a better in d icator of th e
body’s per ceived tem per atu re or th e “Feels
Like” tem per atu re . Th e h eat in dex for th e tr ees
ar e relatively s im ilar . Th e cr ape m yr tle h eat
in dex is 36.0 8°C an d th e live oak h eat in dex is
35.93°C. Str eet tr ee fin d in gs cou ld pr ove u sefu l
for city p lan n in g in cities exper ien cin g gr ow th .

Th e area of focu s is n ear Ham pton Par k, n ear
dow n tow n Ch ar les ton , SC. Th e selected tr ees
ar e located on th e sou th s ide of th e park, alon g
Mou ltr ie Str eet. Trees w ith m ou n ted sen sor s
ar e on th e r es iden tial s ide of th e r oad . Th e tw o
selected tr ees ar e th e Lager s tr oem ia, or th e
Cr ape Myr tle , an d th e Qu er cu s Vir gin ian a, or
th e Sou th er n Live Oak. Th ese tr ees ar e tw o of
th e m os t com m on s tr eet tr ees in Ch ar les ton .
Both tr ees h ave d is tin ctive featu r es , su ch as its
can opy s ize an d h eigh t, th at ar e h ypoth es ized
to cr eate var ian ces in th e data. Data is collected
th r ou gh m ou n tin g sen sor s on th e s tr eet tr ees
n ear th e sou th s ide of Ham pton Par k. Th e

For Ch ar les ton , th is in for m ation pr oves vital in
effor ts to m itigate h eat w aves in th e su m m er .
Im plem en tin g s tr eet tr ees cou ld be a
su s tain able , aes th etic, an d econ om ic solu tion to
clim ate ch an ge in th e city. As Ch ar les ton
con tin u es to in cr ease in popu lation s ize ,
ch an ges m u s t be m ade to com bat th e clim ate
ch an ge fr om its UHI. We plan to in s tall m or e
sen sor s on th e sou th s ide of Ham pton Par k on
cr ape m yr tle an d live oak tr ees w ith ligh t poles
for con tr ol var iables . Th is w ou ld m ake for a
better an alys is becau se it cou ld pr ove th e
r esu lts as s tatis tically s ign ifican t.

Data is collected daily th r ou gh ou t th e m on th of
Au gu s t at 3 P.M. Th is tim e w as ch osen becau se
it is deem ed as th e h ottes t par t of th e day.
Collected data is th en calcu lated in to a h eat
in dex to descr ibe th e relation sh ip betw een th e
r elative h u m id ity an d th e tem per atu re .
Tem per atu r es of th e cr ape m yr tle tr ee an d th e
live oak tr ee p r ove to be s tatis tically s im ilar .
Aver age tem per atu res for th e cr ape m yr tle an d
th e live oak tr ees are 30 .0 5 °C an d 29.97 °C, an d
th e h eat in dex is 36.0 8 °C an d 35.95 °C
r espectively. Th is data sh ow s th e effects of th e
tr ees an d th e con sequ en t evapotr an sp ir ation
fr om it. Both tr ees ar e s ign ifican t in r edu cin g
th e tem per atu res du e to th eir can op ies . Th e
cr ape m yr tle h as a den ser can opy th an th e live
oak, bu t th e oak tr ees are taller . Read in gs fr om
both tr ees cou ld be s im ilar becau se of th eir
p r oxim ity to on e an oth er .

Abstract Methodology Results/Discussion

Introduction Conclusion

Ch ar les ton , Sou th Car olin a is a popu lar tou r is t
location an d a popu lar r elocation des tin ation .
Th e Ch ar les ton Metr opolitan ar ea h as
in cr eased by n ear ly 20 % sin ce 20 10 [1] Ch an ges
in th e Ch ar les ton ar ea clim ate cau se adver se
effects u n iqu e to th e m ar sh sys tem
su r r ou n d in g th e local ar ea. Even ts su ch as
r is in g sea levels , beach er os ion , an d coas tal
flood in g ar e ph en om en a exacer bated by th e
ch an ge in clim ate [2]. Th is s tu dy is to
u n der s tan d th e effects of s tr eet tr ees an d aid in
city p lan n in g for gr ow th in fu tu r e cities . In th is
s tu dy, th e air tem per atu re , r e lative h u m id ity,
an d th e dew poin t ar e an alyzed at d iffer en t
par ts of th e day to qu an tify th e d iffer en ces
betw een th e effects of th e live oak an d th e
cr ape m yr tle tr ee. Trees ar e p red icted to
p r ovide a decr ease in th e air tem per atu re an d
in cr ease th e relative h u m id ity th r ou gh
evapotr an sp ir ation .

HOBOw are sen sor s m easu r e th e r elative
h u m id ity, air tem per atu r es an d th e dew poin ts of
th e ar ea. Selected sen sor s h ave a r ad iation sh ield
to collect r aw data, e lim in atin g d ir ect su n ligh t.
Sen sor s ar e m ou n ted w ith ar bor ties an d 2x4’s to
secu r e th em on to th e tr ee in a w ay th at m in im izes
h ar m to th e tr ee . Each sen sor is m ou n ted
ver tically on th e tr ee to p reven t an y alter ation s
fr om th e w in d factor . Sen sor s attach ed to th e tr ees
log data fr om th e HOBOw are app in 30 -m in u te
in ter vals daily. After extr actin g th e data fr om th e
app , it is th en u ploaded th r ou gh HOBOw ar e
softw ar e on a com pu ter . Plots of data ar e cr eated
in th e softw ar e an d u p loaded as a .csv file to
com par e p lots s ide by s ide in Excel.



By Alexander Stensland
Supervisors: Dr. Patt Briggs and Mr. Keith McElveen (President of Wave Sciences Inc.)

Detecting a drone's position and speed can be
very difficult to determine using traditional radar.
However, the motor noise outputted by the drone
can be used to determine its speed and relative
position. Analyzing the doppler shift of the motor
noise as a drone passes over a microphone array
allows for relative speed to be determined. With
further analysis, position can also be deciphered
through the data set. Developing new and accurate
means of drone detection is becoming more
prevalent than ever in todays society. This project
not only serves as a fantastic learning experience
but also can lead to future product development
for both civilian and government markets.

Abstract

• The purpose of this project is to gain a better
understanding of how we can use the Doppler
effect to determine the speed of an object.

• COVID-19 has had a significant impact on
our project. However, working around the
obstacles we still managed to obtain accurate
data that would support our hypothesis.

• Using a sophisticated microphone array
provided by Wave Sciences we were able to
run experimental trials using a car to
determine how the doppler effect could be
shown using the equipment provided.

• Theoretical data helps us to predict what the
doppler shift should look like when executing
our experiments.

Introduction

• Our results did show a correlation between
the theoretical data and our experimental
data.

• Our data shows that we can concentrate on
the range 0 - 2000 Hz, which will give us
more resolution.

Results

• We want to accurately predict the speed from
the shape of the spectrum and the size of the
Doppler shifts.

• We will model the rise and fall in intensity
as the car passes; removing this signal will
let us isolate the Doppler component of the
input.

Future Plans

Methodology

Analyzing the Speed and Position of Drones

xo = 6.0  m
c = 341.0  m/s

Vs (m/s) = 4.47 6.7 8.94 11.17 13.41 15.64
MPH = 10 15 20 25 30 35

β = Vs/c = 0.0131 0.0196 0.0262 0.0328 0.0393 0.0459
max ƒ'/ƒ 1.013 1.020 1.027 1.034 1.041 1.048
min ƒ'/ƒ 0.987 0.981 0.974 0.968 0.962 0.956
max/min 1.03 1.04 1.05 1.07 1.08 1.10

t (s) ƒ'/ƒ ƒ'/ƒ ƒ'/ƒ ƒ'/ƒ ƒ'/ƒ ƒ'/ƒ
-5.000 1.01282 1.01972 1.02668 1.03367 1.04077 1.04792
-4.000 1.01258 1.01955 1.02654 1.03355 1.04067 1.04784
-3.000 1.01211 1.01919 1.02626 1.03332 1.04047 1.04766
-2.000 1.01100 1.01826 1.02549 1.03267 1.03991 1.04717
-1.750 1.01051 1.01780 1.02509 1.03233 1.03961 1.04690
-1.500 1.00986 1.01716 1.02452 1.03182 1.03916 1.04650
-1.250 1.00901 1.01623 1.02364 1.03103 1.03845 1.04586
-1.000 1.00789 1.01485 1.02225 1.02971 1.03723 1.04474
-0.950 1.00763 1.01450 1.02188 1.02935 1.03689 1.04442
-0.900 1.00735 1.01412 1.02147 1.02894 1.03650 1.04405
-0.850 1.00706 1.01371 1.02101 1.02848 1.03605 1.04363
-0.800 1.00676 1.01326 1.02050 1.02796 1.03554 1.04314
-0.750 1.00644 1.01278 1.01993 1.02736 1.03495 1.04257
-0.700 1.00610 1.01225 1.01929 1.02668 1.03427 1.04191
-0.650 1.00575 1.01168 1.01858 1.02590 1.03348 1.04112
-0.600 1.00538 1.01106 1.01778 1.02502 1.03255 1.04019
-0.550 1.00499 1.01039 1.01690 1.02400 1.03147 1.03909
-0.500 1.00460 1.00967 1.01591 1.02283 1.03019 1.03776
-0.450 1.00418 1.00890 1.01482 1.02149 1.02869 1.03617
-0.400 1.00376 1.00808 1.01360 1.01995 1.02692 1.03423
-0.350 1.00332 1.00720 1.01227 1.01821 1.02483 1.03190
-0.300 1.00287 1.00628 1.01081 1.01623 1.02239 1.02907
-0.250 1.00241 1.00531 1.00924 1.01402 1.01956 1.02568
-0.200 1.00194 1.00430 1.00754 1.01156 1.01631 1.02166
-0.150 1.00146 1.00326 1.00575 1.00889 1.01266 1.01699
-0.100 1.00097 1.00219 1.00388 1.00603 1.00865 1.01170
-0.050 1.00049 1.00110 1.00195 1.00305 1.00439 1.00596
0.000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
0.050 0.99951 0.99891 0.99806 0.99697 0.99565 0.99411
0.100 0.99903 0.99782 0.99615 0.99404 0.99150 0.98856
0.150 0.99855 0.99676 0.99431 0.99127 0.98765 0.98357
0.200 0.99807 0.99574 0.99257 0.98870 0.98421 0.97924
0.250 0.99761 0.99474 0.99093 0.98637 0.98118 0.97557
0.300 0.99715 0.99380 0.98941 0.98428 0.97857 0.97252
0.350 0.99670 0.99290 0.98802 0.98243 0.97634 0.97001
0.400 0.99627 0.99205 0.98676 0.98081 0.97446 0.96796
0.450 0.99585 0.99126 0.98561 0.97940 0.97287 0.96627
0.500 0.99545 0.99051 0.98458 0.97817 0.97153 0.96489
0.550 0.99505 0.98982 0.98365 0.97710 0.97040 0.96375
0.600 0.99468 0.98918 0.98283 0.97618 0.96944 0.96280
0 650 0 99432 0 98859 0 98209 0 97537 0 96862 0 96200
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• In ideal conditions our 
theoretical data proved 
to be a great reference 
for what we could expect 
our experimental data 
would look like.

• Our car trials proved that 
the doppler shift was 
detectable and coincides 
with the theoretical data.

• Using an app called 
SpectrumView we were 
able to visualize the 
doppler shift. (Fig 2.)

Fig 1. 

Fig 2. 

• As shown in the 
spectrogram the 
doppler shift is 
detectable in the 
lower frequencies 
as shown by the 
trend line. 

2m at 20 mph 4m at 30 mph 6m at 35 mph

• Newman M., Computational Physics, 
CreateSpace (2012) 

• Steiglitz, K. A digital signal processing primer.
• Nagar, Introduction to Python for Engineers 

and Scientists



Commercial Sex – A Commodity for Sale at America’s Truck Stops?

Ashley Towers, Dr. Jordana Navarro, Dr. Thomas Holt

Methodology

Secondary data of  online chatter from web forums dedicated to truck 

drivers and motorists seeking sex workers and communicating subcultural 

norms, obtained with permission of  Dr. Thomas Holt and MSU School of  

Criminal Justice, will be mapped using ArcGIS – a geographic information 

system (GIS) – in order to conduct a geospatial investigation that models 

the spread of  sex work at truck stops. Hot spot analysis will be conducted 

to model hot spots of  sex work activity, which can then be investigated to 

identify any correlation between hubs of  sex work and ecological factors, 

socioeconomic factors, or social service resource availability. 

Overview

With the advent of  the Interstate Highway System in the 1950s, truck stops expanded from small 

gas stations providing diesel fuel to major service areas with fuel, food, rest areas, personal hygiene 

facilities, recreational activities, and sometimes even medical and religious services – all intended to 

meet basic needs of  motorists and truck drivers relegated to a life on the road. However, 24-hour 

operations, typically located in sparsely populated areas with quick access and egress routes, the 

transient nature of  truck stops, and general air of  anonymity create an environment that can be 

conducive to illicit activity. Commercial sex work at truck stops combines a vulnerable population 

with the opportunity to engage in sexual acts for profit, and a population willing to pay for 

commercial sex despite associated risks.

By identifying hot spots of  sex work activity at truck stops, analysis to identify socioeconomic 

factors, outreach program accessibility, and the availability of  other social services can aid local 

stakeholders in addressing risk factors that exploit vulnerable populations and necessitate 

intervention. Hot spot identification of  sex work activity can also aid law enforcement in 

highlighting areas with a need of  greater police presence, serving as a deterrent to purchasers of  

sex workers and controllers (“pimps” or traffickers) in exploiting vulnerable populations.  

Literature Review

In reviewing related literature, a lack of  perspective from truck drivers self  reporting deviant sexual 

activity exists.  Many studies and research include acknowledged first person accounts by sex 

workers as participants in the commercial sex industry, yet reporting from truck drivers typically 

involves secondhand accounts of  things they’ve “seen” or “heard”; often this is due to fear of  job 

loss, as many companies that employ long-distance truck drivers (LDTD) have policies against 

purchasing commercial sex. This research project aims fill a gap in the literature, using chatter 

posted directly by truck drivers and motorists soliciting commercial sex. 

Geographic information systems (GIS) have proven to be useful and effective when applied to 

criminal justice and security studies, yet GIS is rarely used in social science investigations despite 

being well suited to aid in understanding and visualizing social problems. This research aims to 

illustrate the utility of  GIS in addressing commercial sex work at truck stops as a social problem.   

Hypothesis

Hot spots of  truck stop commercial sex work 
activity will appear in areas with socioeconomic 
risk factors and few social services.

Subcultures are defined 
by shared norms, 
values, and argot. 
Within the trucking 
industry, drivers who 
engage in sexually 
deviant activity in 
online forums and at 
truck stops likely 
display common 
normative behaviors 
and language.

At truck stops, sex workers and truck drivers 
often communicate over citizens band (CB) 
radio; truck drivers can inquire about the 
availability of  commercial sex, or sex workers 
can put out a net call advertising services and 
truck drivers respond. CB can also be used to 
alert one another about the presence of  
security or law enforcement. Sex workers can 
also roam truck stop lots knocking on cab 
doors to solicit commercial sex services. Sex 
workers who frequent truck stops are 
sometimes referred to as “lot lizards”.

It is important to acknowledge that not all sex workers enter the 
commercial sex industry by their own agency. Sex trafficking is a problem 
that deserves concentrated attention and effort. This research aims to 
identify risk factors that influence agency where vulnerable populations 
may view sex work as the only viable option for employment. 



The detection of Mitryganine Speciosa in screening tests 

Bereasha Washington and Michael Dorko

Mitragyna speciosa, commonly 
known as Kratom, is a plant that 
originates in Southeast Asia and is 
part of the Rubiaceaefamily. The 
consumption of Kratom ranges from 
chewing and smoking the leaves to 
making a powder for tea or putting 
it in capsule form.  

Traditionally, Kratom has cultural 
uses in countries like Thailand and 
Malaysia. Medically speaking the 
Thai and Malay people used 
mitragyna speciosa to treat 
digestive issues, muscle pain and as 
a cough suppressant.  These users 
say that the consumption of Kratom 
in its many forms contributed to a 
better appetite, higher work output, 
better tolerance of the sunlight and 
even aiding in the reduction of 
addiction to other drugs.  In small 
amounts, Kratom can give cocaine 
like effects. In large amounts, 
Kratom can give morphine like 
effects.

Introduction Legality

Kratom is illegal in Thailand in 
all forms of possession and 
distribution while in Indonesia, it’s 
completely legal to grow and 
distribute Kratom all over the 
world. 

In many countries that are 
part of the EU such as Denmark, 
Sweden, and Poland it is banned 
becauseit is considered to be a 
controlled drug. 

In the United States, Kratom
is under surveillance by the DEA 
and is on a list of concern in hopes 
that it will be banned in the future 
once all of the hazards of it 
become known. However, kratom 
is illegal to buy, sell, use or 
possess in Alabama, Arkansas, 
Indiana, Rhode Island, Vermont 
and Wisconsin.

Screening Tests

Kratom Alkaloids predominately 
being tested for detection are: 
speciogynine, speciociliatine, 
paynantheine, 7-
hydroxymitragynine and 
mitragynine.

Duquesnois-Levine test: a purple 
product in a chloroform layer is 
achieved when the Kratom 
alkaloids are exposed.

High Performance Liquid 
Chromatography  Ultraviolet 
Detection (HPLC-UV): can 
determine minute amounts of 
Kratom in urine.

Solid Phase Extraction & Liquid 
Chromatography-
quadrupole/time of flight Mass 
spectrometry: identified 5 
alkaloids in urine using 
deuterated internal standards; 
fully validated for forensic use

Methodology

Our goal is to design a screening 
test  whereby a chromophore or 
fluorophore reacts with the 
alkaloids in Kratom, so that when 
a spot test is run, the alkaloids 
related to Kratom  can be 
identified. We would like to 
discover various functional groups 
and fluorescent probes that can 
interact with the Kratom
alkaloids to produce  ultraviolet 
and visible spectra that would 
distinctly identify the presence of 
Kratom metabolites. We would 
like to be able to make a readily 
available test for law 
enforcement to be used in a 
forensic environment such that 
rapid and definitive results would 
be obtained without the need for 
advanced and costly 
instrumentation 





THE UNTOLD STORY OF 
ARTHUR B. MITCHELL, 
THE CITADEL FIFER

STUDENT:  TAYLOR DIGGS

ADVISOR: DR. FELICE 
KNIGHT



INTRODUCTION

In recent years, The Citadel has increased its commitment to
gaining a deeper understanding of its intricate relationship with
the black community. In Oliver J. Bond’s, The Story of The Citadel,
he alludes to a black employee. This employee is described as
the “colored fifer” for the Corps of Cadets and is named
Mitchell (Bond 1936, 136). Bond also stated that Citadel cadets
attended Mitchell’s funeral. This research project sets out to
learn more about one of the earliest known black employees of
The Citadel, who worked during a period of tenuous race
relations.



HYPOTHESIS

The brief historical accounts of Arthur B. Mitchell do not fully articulate the mental, 
social, and economic challenges a black individual faced during the tenuous period prior 
and after the American Civil War. This research seeks to give a deeper understanding of 
the life of Arthur B. Mitchell by correlating social history with the events of his life.



LITERATURE 
REVIEW



BLACK CHARLESTONIANS BY BERNARD POWERS JR.

Synopsis

This text details the social circumstance of the black
population of Charleston, South Carolina during the
antebellum and postbellum period. Charleston society
was unique due to the size of its free and enslaved black
population which dwarfed the size of its white
population until the year 1860. Powers describes how
the road to freedom was marked with difficulty for
members of the black community. The post-war reality
was stark for many black citizens of Charleston, as they
struggled to gain financial stability. Powers’ work
expertly details the trials and obstacles of the
individuals within the black community both before and
after the Civil War.

Bernard E. Powers, Black Charlestonians: A Social History, 1822-
1885 (Fayetteville: University of Arkansas Press, 1994), 267.



RACE 
RELATIONS IN 
CHARLESTON

Charleston’s black population also
included a significant number of free
blacks. The close proximity between
enslaved and free blacks became a
concern for those that wanted to
maintain social order. As the Civil War
approached, the opportunity of freedom
became less and less common. New
laws made it more difficult to
emancipate a slave and the freedom of
non-enslaved-black-Charlestonians’
more precarious.

Bernard E. Powers, Black Charlestonians: A Social History, 1822-
1885 (Fayetteville: University of Arkansas Press, 1994), 10, 33, 
39.

“In the year 1848, Charleston slaves were involved in at least 38 different
occupations…[which] included the needlecraft trade for women and brick
layers, blacksmiths, carpenters, tailors, bakers, plasterers, coopers, shoemakers,
and miscellaneous trades for men.” (p.10)

“In 1842 the newly chartered South Carolina Military Academy, also known as
the Citadel, was established her. Charlestonians understood that the nature of
a society predicated on slavery made a well-trained military cadre essential for
survival.” (p. 33)

“After that year [1820], slaves could only be emancipated by the state
legislature, free blacks were prohibited from immigrating to the state, and
those already there had their egress and ingress severely restricted.” (p. 39)



ECONOMIC STRUGGLES

Black Charlestonians struggled to obtain 
autonomy and become full citizens of the 

United States. Prior to the Civil War, a select 
group of free blacks experienced economic 

success. However, newly freed slaves struggled 
to obtain economic stability. 

“The Charleston City Council attempted to freeze the
wages of free blacks. According to its regulations, the
maximum amount that they could be paid for a full day’s
work was one dollar.” (p. 44)

After the Civil War, “[n]orthern Radical Republicans
promoted the freedmen’s right to vote, extending the
franchise to them…[but] the governor reminded the
audience that highest court in land had excluded the
Negro from the rights of the citizenship under the
Constitution.” (p. 80)

“When writing about Reconstruction in the 1930s, W.E.B
Dubois observed that blacks desired “economic
enfranchisement” and “real abolition of slavery.” (p. 100)

Bernard E. Powers, Black Charlestonians: A Social History, 1822-1885
(Fayetteville: University of Arkansas Press, 1994), 44, 80, 100.



SEARCHING FOR BLACK CONFEDERATES: THE CIVIL WAR’S MOST 
PERSISTENT MYTH  BY KEVIN M. LEVIN

Synopsis

In this text, Kevin Levin refutes the argument that black people
served as soldiers in the Confederate Army. He uses primary
sources and the context of the antebellum and postbellum period
to support his claims. Through extensive research, Levin proves
that black individuals did not serve as soldiers despite the
emergence of this myth through the propagation of the Lost
Cause narrative in the 20th century. Equally important is Levin’s
explanation for post-Civil War behavior of black individuals that
served the Confederacy. Kevin M. Levin, Searching

for Black Confederates: the
Civil War's Most Persistent
Myth (Chapel Hill: The
University of North
Carolina Press, 2019), 31.



LOST CAUSE NARRATIVE

The Lost Cause Narrative was a leading cause of 
the false narrative about the Civil War and the role 
African Americans played. Due to misremembering, 

race relations continued to be strained after the 
war. 

“The Lost Cause narrative certainly made it
easier for ex-Confederates to approach the
war as something other than a complete and
humiliating defeat, but it did so at the price of
distorting the violent nature of
slavery...Stories of loyal camp slaves served
both as a reminder of what white
Southerners chose to believe about race
relations before the war and as a lesson to
newly freed people that they were expected
to conform to a society still defined by white
supremacy.”
Kevin M. Levin, Searching for Black Confederates: the Civil War's Most
Persistent Myth (Chapel Hill: The University of North Carolina Press,
2019), 79.



THE MYTH OF BLACK CONFEDERATES REFUTED
“MANY PEOPLE TODAY WHO ACCEPT THE EXISTENCE OF BLACK MEN IN CONFEDERATE RANKS ARE UNAWARE THAT THIS MYTHICAL NARRATIVE DOES NOT DATE TO THE WAR YEARS OR EVEN TO THE POSTWAR PERIOD EXTENDING WELL INTO THE TWENTIETH CENTURY.” (P. 4)

“AFTER RECEIVING TWO PROMOTIONS, LIEUTENANT COLONEL EDWARD PORTER ALEXANDER ‘ACQUIRED TWO APPENDAGES’: A ‘VERY PRETTY BAY MARE WITH A ROAN SPOT ON ONE HIP’ AND ‘A 15 YEAR OLD DARKEYAMED CHARLEY--A ME TALL & SLENDER, GINGER-CAKE COLORED, & WELL BEHAVED & GOOD DISPOSITIONED BOY.” (P. 20)

“FOR MANY CONFEDERATES, THE PROPOSAL TO ENLIST SLAVES ACCOMPANIED BY LIMITED EMANCIPATION UNDERCUT THE VERY RATIONALE FOR WAGING WAR, NAMELY THE PROTECTION OF SLAVERY AND WHITE SUPREMACY. ‘IF WE OFFER THE SLAVES FREEDOM AS A BOON,’ SAID ONE VIRGINIA CONGRESSMAN, ‘WE CONFESS THAT WE ARE INSINCERE AND HYPOCRITICAL IN SAYING THAT SLAVERY WAS THE BEST STATE FOR NEGROES THEMSELVES’.” (P. 39)

Kevin M. Levin, Searching for Black Confederates: the Civil
War's Most Persistent Myth (Chapel Hill: The University of
North Carolina Press, 2019), 4, 20, 39.

The belief that black 
Americans fought for the 

Confederacy arose decades after 
the war however, information from 

Confederate soldiers’ journals, 
proves that enslaved African 

Americans did not serve as soldiers.  
Likewise even when faced with the 

opportunity to enlist enslaved 
African Americans, Confederate 

leaders rejected it due to a 
commitment to white supremacy.

“Many people today who accept the existence of black men in Confederate ranks are
unaware that this mythical narrative does not date to the war years or even to the
postwar period extending well into the twentieth century.” (p. 4)

“After receiving two promotions, Lieutenant Colonel Edward Porter Alexander
‘acquired two appendages’: a ‘very pretty bay mare with a roan spot on one hip’ and
‘a 15 year old darkey named Charley--a medium tall & slender, ginger-cake colored, &
well behaved & good dispositioned boy.” (p. 20)

“For many Confederates, the proposal to enlist slaves accompanied by limited
emancipation undercut the very rationale for waging war, namely the protection of
slavery and white supremacy. ‘If we offer the slaves freedom as a boon,’ said one
Virginia congressman, ‘we confess that we are insincere and hypocritical in saying that
slavery was the best state for negroes themselves’.” (p. 39)



METHODOLOGY: PRIMARY SOURCE ANALYSIS

Newspaper Articles

Census Records

Death Records

Public Records

Freedmen's’ Bureau Records



POST AND COURIER 
NOVEMBER 3, 1893

Mitchell began 
working at The 
Citadel in 1844 
until the start of 
the war. He took 
up his post once 

more in 1882

From his funeral 
announcement we learn that 

he was Major and belonged to 
1st Regiment N.G. of S.C.

“His Last Tattoo,” The News and.
Courier, November 4, 1893, pp. 8

Funeral Notices, The News and. Courier, November 4, 
1893, pp. 8



1860 CENSUS 
(CHARLESTON  

COUNTY)

 Arthur Mitchell is listed as a musician

 He is head of household

 He lives with his wife, daughter and another woman that may be a renter or relative 

 Him and his family are designated as “B” for black which suggests he is not a member of the free 
black upper class

 His family lives in the 8th Ward of the city

 Arthur is listed as being 36 years old and his wife is listed as being 28 years old

South Carolina. Charleston County. 1860 U.S.  
census, population schedule. Digital images.



Arthur is listed as a Cooper and a
member of Engine No. 7. This list
is recorded in 1864, the following
year after Mitchell abandoned his
post as a military musician. There
could be several possible reasons
for his departure from the military:
more job stability in Charleston,
higher wages, turning tides of the
war.

LIST OF FREE NEGROES 
BELONGING TO CITY 
ENGINE NO. 7, THE 
CHARLESTON MUSEUM 
ARCHIVES, 1864.

Descriptive List of Free Negroes Belonging to City
Engine No. 7 [Copy 1]” Lowcountry Digital Library,
The Charleston Museum Archives, 1864; Charleston
Museum Fire Records, 25067j.

Coytr W. White, “A Century of
Firefighting Represented by 3 Men,”
The News. and Courier, June 1956.



Bernard E. Powers, Black Charlestonians: A Social History,
1822-1885 (Fayetteville: University of Arkansas Press,
1994), 150-151.



MILITARY EMPLOYMENT

Like many black men of 
the south, free or 

enslaved, involvement 
in the Confederate 

War effort was 
dictated by force or 
economic necessity. 

A. S. Salley, South Carolina Troops in Confederate 
Service: Vol. 1-, vol. 1 (Columbia, SC: R.L. Bryan 
Co., 1913), 218, 353.



Freedmen’s Bureau Deposit 
Record 1866

• In 1866, Mitchell states that his 
age is 40

• The Freedmen’s Bureau considers 
Mitchell’s complexion to be 
“Brown” not “Black” like in other 
records

• His residence is located on 
Calhoun St.

• Mitchell’s parents names were 
Elizabeth and John. In 1866, only 
his mother survives

South Carolina, Charleston, 
1866 Freedmen’s Bureau 
Deposit Record. Ancestry.com.



1870 CENSUS 
(CITY OF 

CHARLESTON)

• Arthur’s profession has changed to Cooper. This coincides with the 
period in which The Citadel remained closed after the war

• His age is listed as 40

1870 South Carolina state census, County of Charleston
population schedule, City of Charleston, p. 79, dwelling
477, family 494, for Mitchell,Arthur;Ancestry Database.



1880 CENSUS (COUNTY OF CHARLESTON)

 Arthur is still working as a Cooper

 His wife is the only person in the household that remains illiterate

 His family has moved to the 5th Ward of the city (legible street number, 
illegible street name)

 Arthur’s age is listed as 45, his wife’s age is listed as 44. Their changing 
ages suggest both do not know their birthdates. 

1880 South Carolina state census, Charleston County,
population schedule, City of Charleston, p. 29, dwelling
246, family 292, for Mitchell, Arthur.



CERTIFICATE OF DEATH

 Upon his death, Mitchell’s age is recorded as 67 years old

 His last home was located at 43 Reed St in the 9th Ward of Charleston

 His death occurred on November 2nd 1893

Certificate of Death: Arthur Boone Mitchell. State of South Carolina, Health 
Department of the City of Charleston. Informant: F. Livingston, Charleston, S.C.



WHERE DID 
ARTHUR 
MITCHELL LIVE?

Throughout adulthood, it seems that 
Mitchell moved several times. In the 
1860 Census, his home is listed as 
being in the 8th Ward. In 1866, his 
home was located on Calhoun 

Street, in the 6th Ward.  In the 1880 
Census, his residence has moved to 

the 5th Ward. His final home is 
located on Reed Street in the 9th

Ward.

Kevin M. Levin, Searching for Black Confederates: 
the Civil War's Most Persistent Myth (Chapel Hill: 
The University of North Carolina Press, 2019), 
249, 253.



CONCLUSIONS

 Mitchell was Free prior to Civil War.

 He had one daughter, Mary and a wife, Martha.

 He was literate throughout his adulthood.

 He worked at the Citadel before and after the War.

 He worked for the Confederate Army (he was not a 
soldier).

 He had other jobs while the Citadel remained closed.

 He died from a typhoid related illness.



IMPLICATIONS: POST AND COURIER

• In the article, “His Last Tattoo”, Mitchell is called “faithful” and held in high esteem by his “white friends”. This
language coincides with Kevin Levin’s argument that many white Southerners assumed that African Americans
were loyal to their cause. However, the documentary evidence indicates that many were not and in the case of
Mitchell shed little light he really was. Such words it simply describe how he was perceived by others.

• The funeral announcement, does not describe Mitchell in a subservient position, instead it refers to him as a
Major in a military regiment. This announcement was likely written by family or personal friends who chose to
depict Mitchell in a different light than the author of “His Last Tattoo”.



IMPLICATIONS: CENSUS

 Census records provide an understanding of how Mitchell was categorized by Charleston Society. He is labeled
Black not Mulatto which most likely disqualified him from being a member of the black aristocracy of Charleston.

 We learn that Mitchell is literate but his wife is not. This suggests she experienced a different upbringing, possibly
Mitchell was born free and she was not.

 There is no mention of another child, unlike the Freedmen’s Bureau records. This suggests that his son died during
his infancy before his life could be recorded on a census record.



IMPLICATIONS: FREEDMEN’S BUREAU DEPOSIT RECORD 1866

 He does not list any previous master which could suggest he was born free, however, the last location of
enslavement is Charleston S.C.

 Mitchell’s description is “Brown” which could speak to the way different races addressed color. If Mitchell is
considered brown by other black individuals he may actually have been a lighter complexion than other black
people in Charleston. However, he may not classify as mulatto due to societal standards of the time.

 In the 1860 Census, Mitchell’s residence is listed in the 8th Ward, by 1866, his address has been moved to Calhoun
St. which runs perpendicular between Ward 6,5, 4, and 3. Mitchell and his family changed residences several times
as shown by this deposit record and census records.



IMPLICATION:  DESCRIPTIVE LIST OF FREE NEGROES BELONGING 
TO CITY ENGINE NO. 7 

 In the following year after Mitchell departed from military duty, he is listed as a member of Engine No. 7 in 1864

 It is likely that Mitchell returned to Charleston for better employment opportunities. As the war effort ramped
up, more positions that were previously not available to black people began to open, including positions on fire
departments.

 Newspaper Article from 1956 states that black individuals were able to join the department in 1882. However, the
list Mitchell appears on, is dated 1864. It is possible the department was disbanded and reinstituted in 1882 or the
article is a result of poor investigative journalism.

 The caption for images of black firemen, designate the group as “black fire engine” and “black hook and ladder”.
This could suggest that black firemen organizations were completely separate from white organizations. The
article from 1956, states that the fire departments remain segregated but all firemen receive equal benefits.



REFERENCES

 Descriptive List of Free Negroes Belonging to City Engine No. 7 [Copy 1]” Lowcountry Digital Library,The Charleston Museum Archives, 1864.

 Certificate of Death:Arthur Boone Mitchell. State of South Carolina, Health Department of the City of Charleston. Informant: F. Livingston, Charleston, S.C.

 Funeral Notices,The News and. Courier, November 4, 1893.

 “His Last Tattoo,” The News and. Courier, November 4, 1893.

 Levin, Kevin M. Searching for Black Confederates: the Civil War's Most Persistent Myth. Chapel Hill:The University of North Carolina Press, 2019.

 Powers, Bernard Edward. Black Charlestonians:: A Social History, 1822-1885. Fayetteville: University of Arkansas Press, 1994.

 Salley,A. S. South Carolina Troops in Confederate Service:Vol. 1-. 1.Vol. 1. 3 vols. Columbia, SC: R.L. Bryan Co., 1913.

 South Carolina, Charleston, 1866 Freedmen’s Bureau Deposit Record. Digital Image. Ancestry.com.

 South Carolina. Charleston County. 1860 U.S. census, population schedule. Digital images.

 South Carolina. Charleston County. 1870 U.S. census, population schedule. Digital images.

 South Carolina. Charleston County. 1880 U.S. census, population schedule. Digital images.

 White, Coytr W. “A Century of Firefighting Represented by 3 Men.” The News. and Courier. June 1956. 





Melanie N. Mikoy
Faculty Mentor : Christopher J. Sole

Department of  Health & Human Performance
The Citadel –The Military College of  South Carolina

Deterministic Model of  Reactive 
Strength Index-Modified



• Popular assessment of human muscular performance.

• Reliable measure of power, reactive strength, fatigue, 

and explosiveness.

• Important performance component in many sports.

The Vertical Jump

Moir, et al. (2008)
Sole et al. (2018)
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* Jump Height : max 
vertica l d isp lacem ent
----------------------------
* Tim e  to  Takeoff : 
in te rva l be tween  
in itia tion  of jum p 
and  m om ent of 
takeoff
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• A modeling paradigm that determines the 
relationships between a movement outcome 
measure and the biomechanical factors that 
produce such a measure.

• Clarifies key performance parameters.

• Explains relative importance of factors that 
influence the outcome of a movement task.

What is a Deterministic Model?

Chow e t a l. (2011)



• Narrow down the factors that are directly responsible for reactive 
strength and stretch shortening cycle characteristics.

• Shows the relationship between the result of the performance and the 
factors that affect them.

• The purpose of this analysis was to use a deterministic model 
approach to illustrate the mechanical factors that contribute to 
RSImod . 

What can a Deterministic Model tell us about 
RSImod?



𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =
𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐽𝐽𝑅𝑅𝐽𝐽 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 (𝑅𝑅)
𝑇𝑇𝐻𝐻𝑅𝑅𝐻𝐻 𝐻𝐻𝑅𝑅 𝑇𝑇𝑇𝑇𝑇𝑇𝐻𝐻𝑅𝑅𝑇𝑇𝑇𝑇 (𝑠𝑠)
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𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =
𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐽𝐽𝑅𝑅𝐽𝐽 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 (𝑅𝑅)
𝑇𝑇𝐻𝐻𝑅𝑅𝐻𝐻 𝐻𝐻𝑅𝑅 𝑇𝑇𝑇𝑇𝑇𝑇𝐻𝐻𝑅𝑅𝑇𝑇𝑇𝑇 (𝑠𝑠)
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• Technique
• Instructions
• Physique
• Flexibility
• Stability
• Balance

What Might Influence the Determinants ?
CM Depth
UW Impulse

• Instructions
• Tra in ing
• Strength

• Concentric
• Reactive

• Body Mass
• Squat Depth

Braking Force
Time

Prop. Force
Time

Net Impulse

• Instructions
• Tra in ing
• Strength

• Eccentric
• Reactive



• Deterministic Models can be used to break down movements 
into their biomechanical factors.

• By breaking down and reviewing the determinants of RSImod, 
practitioners can improve an athlete’s overall performance 

Conclusion



• Conduct research that :

• Compare how eccentric, isometric, and reactive strength affect the 
RSImod score.

• Focus on specific phases (unweighting, braking, and propulsion) of 
the vertical jump.

Next Steps
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