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Keynote Speaker 
 

Dr. Nicola Fox 
 
Journey to The Sun 
 

The Woman –  
 
Dr. Nicola Fox is the Heliophysics Division 
Director in the Science Mission Directorate at 
NASA Headquarters in Washington, DC. Until 
August 2018, Fox worked at the Applied Physics 
Lab at the Johns Hopkins University where she 
was the chief scientist for Heliophysics and the 
project scientist for NASA’s Parker Solar Probe. 
Fox served as the deputy project scientist for the 
Van Allen Probes, and the operations scientist 
for the International Solar Terrestrial Physics 
program. Fox received her BS in Physics and 
PhD in Space and Atmospheric Physics from the 
Imperial College of Science, Technology and 
Medicine in London. She received an MS in 
Telematics and Satellite Communications from 
the University of Surrey. 
 

The Message –  
 
NASA Heliophysics research studies a vast system stretching from the Sun to Earth to far 
beyond the edge of the planets.  Studying this system – much of it driven by the Sun’s 
constant outpouring of solar wind -- not only helps us understand fundamental 
information about how the universe works, but also helps protect our technology and 
astronauts in space. NASA seeks knowledge of near-Earth space, because -- when extreme 
-- space weather can interfere with our communications, satellites and power grids. The 
study of the Sun and space can also teach us more about how stars contribute to the 
habitability of planets throughout the universe. 
  
Mapping out this interconnected system requires a holistic study of the Sun’s influence 
on space, Earth and other planets.  NASA has a fleet of spacecraft strategically placed 
throughout our heliosphere -- from Parker Solar Probe at the Sun observing the very start 
of the solar wind, to satellites around Earth, to the farthest human-made object, Voyager, 
which is sending back observations on interstellar space. Each mission is positioned at a 
critical, well-thought out vantage point to observe and understand the flow of energy and 
particles throughout the solar system -- all helping us untangle the effects of the star we 
live with.  
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The Financial Impact of COVID-19 on Nonprofit Organizations 
 

Dr. Charles Harrington 
Center for Interdisciplinary Studies 

University of South Carolina Upstate 
800 University Boulevard 

Spartanburg, South Carolina 29303 
charrington@uscupstate.edu 

 
Abstract — Scholars and practitioners have argued 
that effective financial management, particularly the 
development of operating reserves, can help nonprofits 
survive economic shocks. The COVID-19 pandemic, 
which has had a significant impact on the nonprofit 
sector, provides an opportunity to test whether 
nonprofits have followed that recommendation, and if 
so, whether nonprofits with operating reserves were 
better prepared for the pandemic. Using data from an 
original survey of more than 600 nonprofit human 
service and arts organizations, administered when most 
states had stay-at-home restrictions, we show that most 
nonprofits experienced an immediate impact on their 
programs and financing. Yet, those nonprofits with 
more reserves were less likely to reduce operating hours, 
lose staff, or experience difficulty acquiring supplies or 
vendor services. Our study provides rare empirical data 
on the benefits of operating reserves for nonprofits. Our 
results also confirm that arts and culture nonprofits 
were more severely affected than human service 
nonprofits. 
 
Keywords — Financial Management, Nonprofit 
Organizations, Economic Shock 
 

Introduction  
 

The COVID-19 pandemic has brought major 
disruptions to nonprofit activities. Within the first 
few weeks of the pandemic, many nonprofits had to 
suspend programs or quickly adapt their program 
delivery models, lost government contracts, or 
canceled fundraising events (Kim & Mason, 2020). 
Additional impacts are expected due to declining 
tax revenue, a portion of which is appropriated for 
nonprofits to deliver services (Mosley, 2020). In 
this paper, the author explores how nonprofits 
responded to the initial impact of COVID-19 and 
the resulting economic contraction. In the context 
of the COVID-19 pandemic, we explore whether 
organizations heeded past warnings to protect 
themselves through effective financial management 
(Hung & Hager, 2019; Park & Mosley, 2017). 
Specifically, did nonprofits develop operating 
reserves to help sustain operations, avoid layoffs, 
and protect their programs during economic 
uncertainty? We examine whether nonprofits with 
larger operating reserves were better able to absorb 
the initial impact of COVID-19. The impact of 
COVID-19 has not been monolithic, however. While 

it has forced many arts organizations to go dark 
(Fraser, 2020), some human service nonprofits 
such as food banks had a surge in demand (Kulish, 
2020). Given differences in their programs and 
funding market, we also examine the pandemic’s 
varying effects on human service and arts 
nonprofits. 
 

Preparing for the Storm  
 

Over the past decade, various financial 
management measures have been considered to 
estimate the financial vulnerability and resilience of 
nonprofits, with a special focus on operating 
reserves (Calabrese, 2013). The Nonprofit 
Operating Reserves Initiative Workgroup (2008) 
defines operating reserves as “the portion of 
unrestricted net assets that nonprofit boards 
designate for use in financial emergencies.” A 
growing number of studies (Calabrese, 2013) have 
discussed the factors associated with the size of 
nonprofit operating reserves. The normative idea of 
creating operating reserves (rainy day funds) is 
increasingly embraced in the field. However, little 
evidence exists on the actual benefits of having 
rainy day funds during economic downturns. One 
exception is Calabrese (2018) who showed that 
nonprofits with adequate reserves are better able to 
weather short-term disruptions in revenue or 
increased spending and are able to maintain 
budgetary stability. 

Different types of organizations experience 
economic shocks differently. Arts nonprofits often 
face additional pressure during economic 
downturns, given that they must compete for 
donations with human service organizations, whose 
needs are often perceived as more urgent (Kim, 
2017). Furthermore, human service nonprofits tend 
to experience increased demand for their services 
during recessions (Hasenfeld, 2010) and may 
benefit from emergency foundation support and 
donations, at least in the short term, as funders seek 
to fill immediate community needs (Walker, 2020). 
Arts and culture organizations, however, depend 
largely on consumer spending and leisure activities 
(e.g., ticket sales, admission fees, and sponsorship 
for events), making them vulnerable to shocks 
(Grodach & Seman, 2013). COVID-19 has presented 
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additional challenges for arts nonprofits whose 
programs rely upon community gatherings and 
shared experience. Still, Grizzle at al. (2015) found 
human service organizations to have smaller 
operating reserves than arts nonprofits on average 
and argued that could be because their relatively 
diversified revenue streams give them some sense 
of protection to weather financial storms. 

 
Facing the Storm 

 
Many state-level surveys and polls have been 

conducted, and in some cases, reports written, 
providing data from the field on how COVID-19 and 
the related economic crisis are affecting nonprofits. 
In addition, there are some nationwide and 
regional surveys and reports that provide 
insights.  More than 30 state associations of 
nonprofits and other groups have conducted 
surveys and pulse polls on how nonprofits and 
communities in their states are being affected. 

In general, these surveys provided clear 
evidence of a decline in revenue and individual 
giving that forced nonprofits to limit needed 
services and layoff, furlough, or reduce pay and 
benefits for their employees. Notably, nearly four 
fifths of organizations surveyed reported a decline 
in revenues, including a decline in earned revenue 
from events or other activities, and a reduction in 
individual giving and grants received. These events 
diminished both the organizations’ ability to fulfill 
their missions and their ability to retain employees. 
 
Impact on Fundraising and Operational Costs 

Due to canceled fundraising events, frozen 
state budgets, changes in priorities for funding on 
behalf of institutions and foundations, individual 
concerns to donate during uncertain times, and 
decreases in renewable grants, nonprofit 
organizations have experienced slight or significant 
decreases in their organization’s fundraising. 
However, a small percentage of organizations 
indicate that they have experienced a slight increase 
in fundraising, due to COVID-19 specific funding 
and grant opportunities, increased social media 
efforts, and emergency COVID-19 mutual aid 
programs. 

Operations have changed drastically over the 
past several months, and, in some cases, this has 
impacted associated costs. Although some 
organizations have seen no change to operational 
costs, many have seen either a slight or significant 
increase to costs. Increases are often related to 
increased demand in service, the need to rely on 
additional staff instead of volunteers, and paying 
overhead with no additional funding coming in. 
Organizations that have reported a decrease in 

operational costs associate it with receiving 
COVID-19 related support, operating virtually, the 
existence of emergency or contingency plans, and 
not needing to pay contractors due to operating 
virtually. 
 
Impact on Volunteer Events And Activities 

While responses in other categories are more 
diverse, two areas that have seen a consistent 
change are volunteer events and activities and 
service needs. Organizations reporte either a slight 
or significant decrease in volunteer events and 
activities, caused by closures of physical locations, 
adherence to CDC guidelines, and hosting of virtual 
events. However, some citie that individuals 
depend more on nonprofits, spike in domestic 
violence (for nonprofits in that space), demands for 
shelter, and needs to keep children occupied. 
 
Impact on Service Needs 

When asked what resources or information 
they need to navigate the COVID-19 pandemic, the 
majority of nonprofit organizations indicated 
financial assistance. Other resources needed 
include technical assistance for online training and 
volunteer recruitment and engagement, grant 
writing support, and personal protective 
equipment. Additionally, organizations would like 
access to trainings to support time management, 
virtual communications, database and data 
analytics, board member trainings, undoing 
racism, financial management for unusual times, 
and general support and mentoring for executive 
directors. 

Many organizations indicate that they have or 
will begin to relax their restrictions related to 
COVID-19, however, full re-opening will be 
dependent on guidance from city and state 
government officials, the CDC, and public school 
leadership. When the time comes to return to full 
in-person activities, responding organizations 
expressed a multitude of concerns, including the 
health of volunteers, staff, and service recipients, 
lack of reliability of others to take preventative 
measures, safely transporting youth, and a lack of 
resources and donations. 

 
 
 

Conclusions  
 

Findings from these surveys indicate that 
nonprofit organizations, across all sectors, have 
experienced profound challenges as a result of the 
COVID-19.  The fiscal and financial implications of 
the pandemic have been particularly difficult.  In 
general, nonprofits were not sufficiently prepared 
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for the financial implications of the crisis. It is 
important to note that organizations with greater 
fiscal reserves were less likely to report being forced 
to reduce staffing and operating ours.  They were 
also less likely to face difficulties in receiving 
supplies and services from vendors. Secondly, data 
indicate that arts organizations were more severely 
impacted by the pandemic and saw a greater 
reduction in programming and funding. 
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Abstract — Understanding what factors affect 
preventative behaviors during the COVID-19 pandemic 
is critical for containing the disease. This study surveys 
SC residents to analyze factors affecting preventative 
behaviors. Results of this study show that demographic 
differences (e.g., being older, female, and more 
educated) and psychological differences (e.g., more 
COVID-19 personal experiences, perceived susceptibility 
and severity) are all shown to be significantly correlated 
with preventative behaviors against COVID-19. 
 
Keywords — SARS-CoV-2, COVID-19, preventative 
behaviors, masks, demographics 
 

Introduction 
 

Understanding the impact of preventative 
behaviors on the epidemiology of coronavirus 
disease of 2019 (COVID-19) is very critical as there 
are about 27 million cases and 470,000 deaths in 
the United States as of February 21st of 2021 
(Centers for Disease Control, 2021). COVID-19 is a 
respiratory disease caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2). 
The symptoms range in severity and include fever, 
difficulty in breathing, cough, and fatigue 
(Wiersinga et al., 2020). Isolation of COVID-19 
symptomatic individuals alone will not control the 
spread of SARS-CoV-2 as up to 50% of disease 
transmission occurs from individuals with pre-
symptomatic or asymptomatic infections 
(Johansson et al., 2021). 

Containment of COVID-19 has been difficult as 
transmission of SARS-CoV-2 occurs easily through 
respiratory droplets from close contact. Evidence 
indicates that following preventative guidelines 
such as wearing masks and social distancing 
reduces transmission. Despite these guidelines 
public compliance is inconsistent, contributing to 
the spread of the disease (Howard et al., 2021).  In 
addition to these preventative behaviors, 
vaccination is key to ending the pandemic. It has 
been shown that approximately 70% of the general 
population in the US were willing to take the 
COVID-19 vaccine (Lazarus et al., 2020). 
Understanding variables that affect vaccination 
acceptance could increase effective COVID-19 
vaccine promotion strategies. Such dependence on 
public compliance to decrease transmission and 

contain the outbreak emphasizes the importance of 
studying the effects of human behavior on disease 
epidemiology. 

Studies have shown that there are several 
factors that can affect individuals’ compliance to 
preventative behaviors. For example, a recent study 
showed that general knowledge of COVID-19 
increases rates of mask wearing (Clements, 2020). 
As the state of South Carolina (SC) does not have a 
mask mandate and there have been high incidence 
rates of COVID-19, this study was conducted to 
examine how SC residents vary in preventative 
behaviors.  In this study, we explore variables such 
as demographics, trust in science, risk perception, 
firsthand impact of COVID-19 as well as awareness, 
for a better understanding of how such factors 
impact an individual's compliance with 
preventative behaviors and vaccine willingness.  

 
Methods 

 
Participants and Procedure  

We employed Qualtrics to solicit a stratified 
sample that drew from each county in South 
Carolina. Criteria for participation was that the 
individual was a resident of South Carolina and 18 
years of age or older. In 
total, 1695 residents provided viable data for 
the online survey.  

Following their agreement with Qualtrics, 
participants were provided with informed consent 
and then taken to the online survey that lasted 
approximately 25 minutes. Survey responses were 
collected from October 15th until November 8th. 
After the survey, participants were compensated by 
Qualtrics.  

Following conservative data screening, 
participants were mostly female (74.1%), white 
(75%), with some college education (25.5%), 
and averaged 43 years of age. The counties with the 
most participants, such as Greenville (11.3%), 
Charleston (9.6%), Horry (8.9%), and Richland 
(7.2%), are also the largest counties by 
population in South Carolina (South Carolina 
Association of Counties, 2021).  
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Measures 
First, participants were asked 11 questions 

regarding the transmission, symptoms, and 
treatment of COVID-19. Questions were adopted 
from previous research (Zhong et al., 2020, 
Clements, 2020) and were scored as correct (1) or 
incorrect (0), and a total score was created by 
aggregating the number of correct responses per 
case. Previously validated scales measuring trust in 
science and scientists (α = .94) and risk perception 
(α = .81) were done using a 7-point agreement scale. 
In addition to collecting demographic information 
(age, gender, education level, county of residence, 
pre-existing conditions, and occupational 
category), participants were asked about whether 
they had close contacts with individuals that had, a) 
a mild or asymptomatic case, b) a severe case, c) 
been hospitalized, and d) died from COVID-19.  

For our dependent variables, we chose to 
examine self-reported preventative behaviors 
linked to medical and governmental guidance for 
COVID-19. Specifically, we asked participants to 
report their frequency of handwashing/using 
sanitizer, wearing a mask indoors even when not 
mandatory, maintaining social distancing of 6 feet, 
limiting gatherings of 10+ people, limiting 
gatherings of 50+ people, and eating inside a 
restaurant in the past month using a 4-point scale 
anchored from “never” to “always.” Participants 
also answered how much they had limited face-to-
face contact with people outside of their home using 
a 4-point scale anchored from "I have had no face-
to-face contact” to “I have not limited my face-to-
face contact with people outside my home.” Finally, 
participants were also asked, yes or no, "Assuming 
approval by the FDA, do you plan to take a vaccine 
for COVID-19 if and when it becomes available?” 

 
Results 

 
Table 1 shows that participants having family or 

friends that died from COVID-19 are more likely to 
comply with the preventative behaviors of mask 
wearing, social distancing, and limiting face to face 
contact with those outside of their household 
(p<.05). Individuals who had either no family or 
friends who have had COVID-19 or have family or 
friends who have had a mild or asymptomatic case 
were more likely to attend gatherings of 10 or 50+ 
people (p<.01). Individuals with close contacts with 
mild or asymptomatic disease were more likely to 
have face to face contact with individuals outside of 
their household (p<.05). In addition, people with 
no close contacts who have had COVID-19 were 
more likely to eat inside restaurants (p<.05). 

Table 2 shows correlational relationships 
between an individual’s risk factors and their 

practice of preventative behaviors. Age is directly 
correlated to mask wearing, social distancing, 
limiting gatherings, limiting eating inside a 
restaurant, and limiting face to face contact with 
individuals outside of their household (p<.01). An 
increase in risk perception was correlated with all 
preventative behaviors (p<.01). Individuals 
reporting preexisting conditions related to 
increased COVID-19 risk show an increase in mask 
wearing, social distancing, and having contact with 
individuals outside of their household and they are 
also less likely to attend gatherings of 10 or more or 
eat inside of restaurants (p<.01). 

Table 3 demonstrates that increases in age, 
knowledge score, risk perception, incidence of 
preexisting conditions, and trust in science were all 
directly correlated to an increased willingness to 
receive the COVID-19 vaccine (p<0.01). 

 
Conclusions 

 
Our study was able to successfully analyze how 

each variable can affect an individual’s willingness 
to practice preventative behaviors.  The results 
indicated that gender, education level, perceived 
risk, and having close contacts with COVID-19 were 
all associated with preventative behaviors. Our 
results also demonstrated that firsthand 
experiences with COVID-19 play a role in the 
practice of preventative behaviors and vaccine 
willingness. Data collected is critical in allowing us 
to understand the preventative factors with COVID-
19 and how to better reach the entire population 
with the appropriate public health messages.  

 Awareness of COVID-19 and its impact could 
be the result of personal experiences with COVID-
19. Study results show that individuals that had 
close contacts with mild COVID-19 were 
significantly more likely to attend gatherings of 10 
or 50+ people and less likely to limit contact with 
people outside of their household. This 
correlational relationship would imply that having 
close contacts with mild COVID-19 leads to 
willingness to not practice preventative behaviors 
because without seeing severe effects of the disease 
firsthand, the disease may be perceived as less of a 
threat and therefore preventative measures are 
seen as less important. Collected results also 
provide evidence that participants with close 
contacts that died from COVID-19 are more likely 
to comply with preventative behavior. This increase 
in behaviors may be explained by the fear and 
psychological stress caused by seeing the direct 
effects of COVID-19 (Raude et al., 2020). Such 
results are critical as voluntary adoption of 
preventative behaviors could be based on 
individuals’ personal perception of COVID-19 and 
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its risk (Kim & Crimmins, 2020). Public health 
educational strategies focused on sharing 
individual stories of COVID-19 may increase the 
practice of preventative behaviors. 

 In addition to personal experiences to COVID-
19, there are other factors such as age, gender, and 
perceived risk that all contribute to the practice of 
preventative behavior. With gender, research 
shows that women visit the doctor and follow 
recommendations for their lives more frequently 
than men (Karniol et al., 2003; Umberson, 1992). 
In addition, females are more aware of the health 
needs of themselves and others, and therefore may 
be more likely to wear a mask to protect not only 
themselves but those around them. In addition, risk 
levels play a role in an individual’s decision to 
actively try to prevent disease. Our study show that 
older age, pre-existing conditions, and increased 
risk perception all lead to an increase in 
preventative behaviors. Similar results have been 
reported previously (Yildrim et al., 2020). Results 
confirm that when an individual believes they are at 
great risk of severe disease, they are more willing to 
practice prevention measures. 

Understanding what factors affect COVID-19 
vaccine willingness is also significantly critical as 
the effort of pandemic containment could be 
hampered from vaccine hesitancy. Our study shows 
that individual willingness to have the COVID-19 
vaccine is highly correlated with increased age, 
COVID-19 knowledge, risk perception, pre-existing 
diseases, and trust in science. The results of our 
study emphasize the need for increasing COVID-19 
knowledge and trust in science as these factors will 
increase vaccine acceptance. Other studies also 
provide evidence that confirms that trust in science 
is important for vaccine acceptance (Palamenghi et 
al., 2020). Our study provides valuable information 
that public health experts could use to specifically 
tailor their educational efforts. 
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Tables 

 
Table 1. Impact of having close contacts with COVID-19 on the practice of preventative behaviors. Data 
presented as ‘correlation(p-value)’ calculated using Pearson’s correlation coefficient. *p<.05, **p<.01 

Have had family or 
friends with: 
 

Mask 
wearing 
 
 
 
 
 

Social 
distancing 

Attended 
gatherings 
with 10+  
people 

Attended 
gatherings 
with 50+  
people 

Eaten 
inside a  
restaurant 

Regularly 
wash  
hands 

Limit  
contact 
those 
outside 
household 

Mild/asymptomatic 
COVID-19 
 

.032(.205) -.027(.281) .09(<.01)** .074(<.01)** .05(.052) .022(.390) .058(<.05)* 

Severe COVID-19 
 

.047(.062) .048(.058) .018(.469) .04(.113) -.004(.859) .04(.114) -.038(.132) 

Hospitalized with 
COVID-19 
 

.043(.088) .044(.081) .008(.764) .031(.223) -.003(.916) .032(.212) -.037(.150) 

Died from COVID-19 .063(<.05)* .057(<.05)* .024(.334) .014(.579) -.041(.103) -.001(.975) -.054(<.05)* 

I have not had any 
friends or family with 
COVID-19 

.031 (.225) -.018(.484) .079 (<.01)** .068(<.01)** .056(<.05)* .004(.867) .043(.091) 

 
Table 2. The role of risk level in the practice of preventative behaviors. Data presented as ‘correlation(p-
value)’ calculated using Pearson’s correlation coefficient. **p<.01 

 Mask 
wearing 

Social 
distancing 

Attended 
gatherings 
with 10+ 
people 

Attended 
gatherings 
with 50+ 
people 

Eaten inside 
a restaurant 

Regularly 
wash hands 

Limit contact 
those outside 
household 
 

Age 
 

.147(<.01)** .206(<.01)** -.272(<.01)** -.205(<.01)** -.251(<.01)** .021(.397) -.116(<.01)** 

Preexisting 
conditions 
 

-.112(<.01)** -.108(<.01)** .113(<.01)** .024(.340) .118(<.01)** 0(.990) .106(<.01)** 

Risk 
perception 

.439(<.01)** .335(<.01)** -.259(<.01)** -.239(<.01)** -.271(<.01)** .190(<.01)** -.339(<.01)** 

 
Table 3. Variables affecting the willingness to get the COVID-19 vaccine. Data presented as 
‘correlation(p-value)’ calculated using Pearson’s correlation coefficient. **p<.01 

 Willingness to get the COVID-19 vaccine 
Age .141(<.01)** 
Knowledge Score .136(<.01)** 
Preexisting diseases .108(<.01)** 
Risk perception .307(<.01)** 
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Abstract — In South Carolina, one in seven adults have 
diabetes, a chronic illness that leads to premature 
mortality if uncontrolled (SC DHEC, 2020). 

Successful management of diabetes includes glycemic 
control, medication adherence, diet, and exercise 
(Schmittdiel et al, 2008). The COVID-19 pandemic may 
impact diabetes management by exacerbating 
existing care barriers and creating new ones, especially 
in disadvantaged populations. This study 
identified patient-reported barriers associated with 
disease management due to COVID-
19 for socioeconomically disadvantaged patients with 
diabetes. A 34-question survey was completed by 60 low 
SES, diabetic patients. 36.67% of patients believed 
their care routine and diabetes management changed 
due to the pandemic. 61.67% of patients reported 
increased worry and anxiety. Increases in financial 
strain (50%) and feelings of decreased provider 
accessibility (45%) were reported. The pandemic’s 
impact on self-management is evident in the 48.48% and 
56.41% of patients who experienced a change in diet 
and/or exercise, respectively. These results will help 
clinicians develop strategies to assist patients in 
mitigating risks associated with diabetes in addition 
to managing anxiety associated with the COVID-
19 pandemic.  
  
Keywords — Diabetes, COVID-19 Pandemic, Barriers 
to Care  
 

Introduction  
 

Diabetes is a growing chronic illness whose 
successful management can be achieved through 
precise glycemic control which depends on the 
patient’s adherence to medications and other self-
management actions such as diet and exercise 
(Schmittdiel et al, 2008). Sub-optimal diabetes 
therapy adherence and self-management is 
traditionally related to patient age, education, 
income, beliefs about medications, perceived 
barriers to obtaining and taking their medications 
as well as other external factors (Kretchy et al, 
2020). In 2019, the COVID-19 pandemic began 
making significant impacts on everyday life, 
changing the ways in which we interact with the 
world around us. Currently, the barriers to diabetic 
care and self-management that have arisen as a 

result of the COVID-19 pandemic are not well 
understood. Patients with diabetes face greater risk 
of experiencing more serious complications if they 
are infected with the coronavirus (SARS-CoV-
2) and poor diabetes management enhances 
disease complications heightening COVID-19 
morbidity and mortality (Critchley et al, 2018). 

Socioeconomically disadvantaged status has also 
been shown to put diabetic patients at a higher risk 
for diabetes related mortality (Saydah & Lochner, 
2010).  Given the heightened risk diabetes patients 
face, the objective of this study was to identify 
COVID-19 specific barriers to diabetic care and self-
management for a vulnerable, low SES patient 
population within the southeastern United States.    
 

Methodology  
  

This prospective, cross-sectional study 
employed a survey to solicit socio-economically 
disadvantaged patients with 
diabetes perspectives on specific barriers 
to disease  management and quality of care during 
the COVID-19 pandemic. The survey was 
designed in conjunction with a panel of diabetes 
patients who have lived experiences during the 
pandemic.  Surveys were conducted via phone and 
email over a three-month period (July 2020 – 
September 2020) in order to gain insight into how 
COVID-19 has impacted diabetic patients’ self-
management, mental health, and medication 
adherence.  This use of patients is becoming 
accepted as an important tenant of clinical research 
because of its ability to strengthen the 
data collection and interpretation of the findings.  

 Following institutional review board approval 
by the University of South Carolina, 60 
participants meeting inclusion criteria were 
recruited from an internal medicine clinic within a 
large health system in the southeastern United 
States. Patients in this clinic are characterized as 
being low income and uninsured or under-
insured. Inclusion criteria were:  1.) A patient must 
be at least 18 years of age, 2.) diagnosed with 
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diabetes, 3.) can read and speak English, and 4.) 
willing to provide informed consent.   

 For each participant, one 34 question survey 
was administered via either a secure email link 
using HIPPA compliant Redcap software or over 
the phone based on the participant’s preference. If 
the participant opted to complete the survey over 
the phone, a member of the research team entered 
the participant’s information into the survey form 
in Redcap. The survey included questions such as: 
1.) Since the beginning of the pandemic, has your 
routine for caring for yourself and managing your 
diabetes changed, 2.) Since the pandemic, has your 
diet significantly changed, 3.) Since the pandemic, 
do you feel like it is harder to access your healthcare 
provider when you have questions/are seeking 
information, and other questions assessing the 
impacts of COVID-19 on diabetes self-management 
and care. The survey also included a PHQ-2 
assessment to assess patient mental 
health. Participants were compensated for 
completing the survey with a $15 gift card. 
Demographic data was collected to describe the 
sample of patients. Survey results 
were compiled and descriptive statistics were 
performed.  
 

Results  
  

The participants recruited into the sample had 
an average age of approximately 58 years and were 
mostly male (n=39). 61.7% of the participants 
considered themselves as Caucasian while 36.6% 
identified as African American and 1.7% identified 
as Latino. The majority of participants were 
diagnosed with type 2 diabetes (96.67%) and 
patients with type 1 diabetes represented the other 
3.33% of the sample. Nearly half of the sample used 
Medicare (n= 28). Other insurance providers 
represented in the sample include Medicaid (n=13), 
Liability (n=3), Hospital Sponsored (n=3), and 
Private insurance (n=5). 13.33% of participants 
were uninsured (n=8). Major categories of 
barriers due to the COVID-19 pandemic reported 
by patients included self-management, mental 
health, clinical and pharmaceutical access and 
environmental. 

 Barriers identified by this study are reported 
above in Table 1, and are grouped into self-
management barriers, mental health barriers, 
clinical environmental barriers, and environment 
barriers. 36.67% of patients believed 
their care routine and diabetes management 
changed due to the pandemic. The pandemic’s 
impact on self-management is evident in the 
48.48% and 56.41% of patients who experienced a 
change in diet and/or exercise, respectively. 61.67% 

of patients reported increased worry and anxiety. 
28.33% of patients had a PHQ-2 score of 3 or 
higher. Increases in financial strain (50%) and 
feelings of decreased provider accessibility (45%) 
were also reported.  
 

Conclusions  
  

Challenges with self-management were 
associated with changes to patient diet and exercise 
brought on by the COVID-19 pandemic. Patient 
reported increases in worry and anxiety may be 
related to environmental barriers such as increased 
financial strain and job loss. In addition to 
environmental barriers, patients were worried 
about their ability to access care.  

Providers should acknowledge that the COVID-
19 pandemic is affecting low SES diabetic patients 
in terms of their abilities to manage their disease 
and their mental health. Additionally, it is 
important that providers understand that self-
management barriers may be compounded by 
environmental barriers such as increased financial 
strain and other factors driven by the public health 
response to COVID-19. As providers continue to 
navigate the COVID-19 pandemic, discussions 
regarding how patients are coping are important in 
order to fully support their diabetes care. 
Additionally, providers and the healthcare system 
should work to better ensure that patients 
understand they still have access to care to reduce 
feelings of decreased access.  
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Table  

 

Table 1. COVID-19 Specific Barriers in Low SES Diabetic Patient Population     
 
Characteristic                                                                                      Value_______   
    
Self-Management Barriers, n (%)         
Decreased Medication Access                                                         7 (11.67%)   
Decreased Testing Supply Access                                                 8 (13.33%)   
Change in Care Routine                                                                      22 (36.67%)                               
Change in Diet                                                                                         16 (26.67%)   
Change in Exercise                                                                                22 (36.67%)   
Forgot to Take Medication                                                                  16 (26.67%)   
    
Mental Health Barriers, n (%)   
General Increase in Worry/Anxiety                                                37 (61.67%)   
PHQ-2 Score of 3 or Greater      17 (28.33%) 
New Challenges/Frustrations with Diabetes                              10 (16.67%)   
New Worries or Concerns about Diabetes                                   10 (16.67%)   
Increased Worry about Medication Access                                 13 (21.67%)   
Feelings of Decreased Support from Family/Friends           13 (21.67%)   
 
Clinical Environment Barriers, n (%)   
Closure/Limited Hours of pharmacies, doctors, etc.              28 (46.67%)   
Feelings of Decreased Access to Provider                                     27 (45.00%)   
Dislike of Telehealth Appointments                                                14 (23.33%)   
    
Environmental Barriers, n (%)   
Job Loss                                                                                                        5 (8.33%)   
Working From Home                                                                               4 (6.67%)   
Child Care Closures                                                                                  2 (3.33%)   
Increased Financial Strain                                                                   30 (50.00%)   
Closure/Limited Hours of businesses, banks, stores             30 (50.00%)   
School Closures                                                                                         14 (23.33%)   
Gym Closures                                                                                             10 (16.67%)   
Face Mask Policies                                                                                  40 (66.67%)   
Social Distancing Policies                                                                    41 (68.33%)   
COVID-19 Tests                                                                                      20 (33.33%)   
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Abstract — Coronavirus-induced disease (COVID) is a 
contagious and potentially fatal respiratory illness that 
precipitated a global pandemic resulting in 2.3 million 
deaths worldwide within about sixteen months of the 
outbreak. The severe acute respiratory syndrome 
coronavirus (SARS-CoV and SARS-CoV-2) is the 
causative agent that triggered the COVID outbreak. 
According to the Centers for Disease Control and the 
World Health Organization, this viral respiratory 
disease first appeared in China in 2002, resulting in a 
9.6% fatality rate. The current pandemic (2019), 
triggered by a similar virus (SARS-CoV-2), demands 
our understanding of the molecular mechanism of virus 
infection and propagation. To decipher the interplay 
between a key viral protein (nsp1) and host factors, we 
performed proximity-dependent chemical tagging and 
subsequent isolation of host proteins associated with 
nsp1. This method not only allows the labeling of 
proteins in live cells to capture events in its native 
environment but also allows the identification of 
proteins that are part of insoluble structures and 
interactions that do not endure typical purification 
techniques. Here we report the identification of proteins 
that interact with nsp1 either to facilitate or to inhibit its 
ability to suppress host gene expression.  
 
Keywords — SARS coronavirus, host gene expression, 
mRNA 
 

Introduction 
 

SARS Coronavirus (SARS-CoV) is an 
enveloped, positive-stranded RNA virus, and a 
member of a large viral genome order known as the 
Nidovirus (Sevajol et al., 2014). The family 
Coronaviridae is classified into four genera: α 
(alphacoronavirus), β (betacoronavirus), γ 
(gammacoronavirus), and δ (delta coronavirus). 
SARS-CoV and SARS-CoV-2 along with the Middle 
Eastern respiratory syndrome coronavirus (MERS-
CoV) are classified as β-coronavirus while human 
coronaviruses (HCoV-HKU1, HCoV-NL63, etc.) 
that cause mild cold-like symptoms are classified as 
α-coronavirus (Gorbalenya et al., 2004). The α-
CoVs and β-CoVs are predominantly found in 
mammals while the γ and δ CoVs are found mainly 
in birds. Interestingly, only mammalian 
coronaviruses (α and β CoVs) possess nsp1. Once 
the viral genome is released in host cells, the viral 
RNA undergoes translation to produce two 

separate polyproteins containing a total of sixteen 
nonstructural proteins (nsp). The nonstructural 
proteins enable viral replication and propagation 
(Sevajol et al., 2014; Yoshimoto, 2020). Nsp1 is the 
N-terminal cleavage product of the polyprotein and 
has no known viral or human homologs. 
Interestingly, nsp1 has a unique ability to stall host 
protein synthesis and disrupt gene expression, also 
known as host shutoff. During host shutoff, nsp1 
binds to the 40S ribosome (an RNA-protein 
complex that facilitates protein synthesis of 
messenger RNAs) and stalls further ribosome 
assembly, ultimately inhibiting host protein 
synthesis (Lapointe et al., 2021; Schubert et al., 
2020; Shi et al., 2020). Furthermore, nsp1 seizes an 
unknown cellular endonuclease to cleave 
messenger RNA (mRNA), facilitating rapid decay of 
the cleaved mRNA (Kamitani et al., 2006; Kamitani 
et al., 2009; Lokugamage et al., 2012). In the 
present study, we investigated the interaction of 
nsp1 with cellular proteins using a proximity-
dependent labeling assay to identify host proteins 
that communicate with nsp1. We identified several 
proteins associated with mRNA processing, 
transport, and stability. 
 

Methods and Results 
 
BioID2-mediated biotinylation of nsp1-associated 
proteins 

To identify proteins that interact with nsp1 in 
its native environment, we expressed nsp1 fused to 
BioID2, a bacterial biotin ligase that promiscuously 
adds biotin ligands to nearby proteins (within 10 
nm), in human epithelial kidney (HEK293) cells 
(Kim et al., 2016). Cells were incubated in the 
presence of 100 µM biotin for 16-20 hours allowing 
nsp1-associated proteins to be chemically tagged by 
the biotin group. Cells were lysed, and biotinylated 
proteins were isolated using streptavidin-coated 
magnetic beads under stringent conditions to 
remove weakly interacting proteins. These 
biotinylated nsp1-associated proteins were 
separated in a denaturing gel and were identified 
using LC-MS/MS in collaboration with the 
proteomics facility at the Medical University of 
South Carolina, Charleston. Proteins identified by 
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LC-MS/MS from two biological replicates were 
analyzed using Cytoscape (Figure 1) to identify 
protein-protein interaction networks present in 
nsp1-associated complexes. 
 
mRNA processing proteins interact with the C-
terminus of nsp1 

Nsp1 is a small structurally flexible protein. The 
protein folds into a barrel shape made of six β-
strands (β-barrel ) and an α-helix that covers one of 
the two faces of the β-barrel. Apart from this β-
barrel motif, nsp1 has structurally flexible regions, 
especially in the N-terminus and C-terminus of the 
protein. The C-terminus of the protein is 
structurally malleable and folds into a well-defined 
structure (helix-turn-helix) to bind in the mRNA 
binding pocket of the 40S ribosome, thereby 
preventing ribosome assembly and subsequent 
mRNA translation. We found mRNA processing 
proteins, responsible for pre-mRNA cleavage and 
polyadenylation, also bind to this region. In 
contrast, proteins associated with stress granule do 
not bind to the C-terminus of the protein. 
 

Conclusions 
 

Proximity-dependent biotinylation captured 
multiple dynamic interactions between nsp1 and 
host factors critical for RNA maturation and 
stability. Using this method, we isolated strong 
interacting partners of nsp1 and mapped their 
binding sites to specific amino acid residues of 
nsp1. Specifically, we captured the interaction 
between nsp1 and host proteins involved in the 
stress-granule assembly. The stress-granule is a 
macromolecular assembly of RNA and protein 
complexes that store stalled translation complexes 
when protein synthesis ceases due to cellular stress. 
Besides, we identified several members of the 
nuclear pre-mRNA processing proteins (cleavage, 
polyadenylation, splicing) that interact with nsp1. 
This observation opens up a possible new role of 
this viral protein in disrupting cellular pathways in 
addition to its disruption of protein synthesis in the 
host cell. 
 

Acknowledgment 
 

This work was supported by the Magellan 
award to Yevgeniy Gerassimovich, the Magellan 
mentor award to Dr. Anita Nag, and the COVID-19 
Research Initiative Award by the Office of the Vice 
President of Research (UofSC) to Drs. Nag and 
Valafar. We would also like to thank Dr. Lauren Ball 
and Ms. Jennifer Bethard (MUSC) for analyzing 
protein samples. 
 

References 
 

Gorbalenya, A. E., Snijder, E. J., & Spaan, W. J. 
(2004). Severe acute respiratory syndrome 
coronavirus phylogeny: toward consensus. J 
Virol, 78(15), 7863-7866. https://doi.org/ 
10.1128/JVI.78.15.7863-7866.2004  

Kamitani, W., Huang, C., Narayanan, K., 
Lokugamage, K. G., & Makino, S. (2009). A 
two-pronged strategy to suppress host protein 
synthesis by SARS coronavirus Nsp1 protein. 
Nat Struct Mol Biol, 16(11), 1134-1140. 
https://doi.org/10.1038/nsmb.1680  

Kamitani, W., Narayanan, K., Huang, C., 
Lokugamage, K., Ikegami, T., Ito, N., Kubo, H., 
& Makino, S. (2006). Severe acute respiratory 
syndrome coronavirus nsp1 protein suppresses 
host gene expression by promoting host mRNA 
degradation. Proc Natl Acad Sci U S A, 103(34), 
12885-12890. 
https://doi.org/10.1073/pnas.0603144103  

Kim, D. I., Jensen, S. C., Noble, K. A., Kc, B., Roux, 
K. H., Motamedchaboki, K., & Roux, K. J. 
(2016). An improved smaller biotin ligase for 
BioID proximity labeling. Mol Biol Cell, 27(8), 
1188-1196. https://doi.org/10.1091/mbc.E15-
12-0844  

Lapointe, C. P., Grosely, R., Johnson, A. G., Wang, 
J., Fernández, I. S., & Puglisi, J. D. (2021). 
Dynamic competition between SARS-CoV-2 
NSP1 and mRNA on the human ribosome 
inhibits translation initiation. Proc Natl Acad 
Sci U S A, 118(6). https://doi.org/10. 
1073/pnas.2017715118  

Lokugamage, K. G., Narayanan, K., Huang, C., & 
Makino, S. (2012). Severe acute respiratory 
syndrome coronavirus protein nsp1 is a novel 
eukaryotic translation inhibitor that represses 
multiple steps of translation initiation. J Virol, 
86(24), 13598-13608. https://doi.org/10. 
1128/JVI.01958-12  

Schubert, K., Karousis, E. D., Jomaa, A., Scaiola, A., 
Echeverria, B., Gurzeler, L. A., Leibundgut, M., 
Thiel, V., Mühlemann, O., & Ban, N. (2020). 
SARS-CoV-2 Nsp1 binds the ribosomal mRNA 
channel to inhibit translation. Nat Struct Mol 
Biol, 27(10), 959-966. https://doi.org/10. 
1038/s41594-020-0511-8  

Sevajol, M., Subissi, L., Decroly, E., Canard, B., & 
Imbert, I. (2014). Insights into RNA synthesis, 
capping, and proofreading mechanisms of 
SARS-coronavirus. Virus Res, 194, 90-99. 
https://doi.org/10.1016/j.virusres.2014.10.00
8  

 
 



April 9, 2021 

 25 

 

Shi, M., Wang, L., Fontana, P., Vora, S., Zhang, Y., 
Fu, T. M., Lieberman, J., & Wu, H. (2020). 
SARS-CoV-2 Nsp1 suppresses host but not viral 
translation through a bipartite mechanism. 
bioRxiv. https://doi.org/10.1101/2020.09 
.18.302901  

Yoshimoto, F. K. (2020). The Proteins of Severe 
Acute Respiratory Syndrome Coronavirus-2 
(SARS CoV-2 or n-COV19), the Cause of 
COVID-19. Protein J, 39(3), 198-216. 
https://doi.org/10.1007/s10930-020-09901-4  

 
 
 
 
 
 
 
 
 

 
Figure 

 
Figure 1. Proteins identified by LC-MS/MS were analyzed in Cytoscape using ClueGO and Reactome.  
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Abstract — SARS-CoV-2, a novel coronavirus, was first 
identified in December 2019 in Wuhan, China. The 
Coronavirus Disease 2019 (COVID-19) quickly spread 
worldwide infecting about a hundred million people and 
resulting in 2.4 million deaths. Before the current 
outbreak, there was another pandemic by a similar 
coronavirus called the SARS-CoV that caused severe 
acute respiratory syndrome (SARS). Reported first in 
2002 in the Guangdong province of China, this virus 
killed 774 individuals of the 8000 individuals that 
infected among 26 countries but was restrained. The 
coronaviruses produce nonstructural proteins including 
nsp1, which is the key viral protein implicated in the 
downregulation of host gene expression. In this study, 
we detected two pathways by which nsp1 potentially 
dampens the ability of the host to produce host proteins 
using cellular messenger RNAs (mRNAs). Using BioID2-
mediated labeling followed by mass spectrometry, we 
identified several cellular proteins that are associated 
with nsp1. Proteins were independently verified by 
western blot analyses. We showed that the expression of 
nsp1 in HEK cells has interactions with stress granule 
and RNA processing and terminating factors. 
Furthermore, using this method we can map the binding 
site of various host proteins on nsp1. 
 
Keywords — SARS coronavirus, host gene expression, 
stress response 
 

Introduction 
 

SARS Coronavirus (SARS-CoV) is an 
enveloped, positive-stranded RNA virus, and it is a 
member of a large viral genome order known as the 
Nidovirus (Hartenian et al., 2020; Sevajol et al., 
2014). Nonstructural protein 1 (nsp1) is one of the 
16 total nonstructural proteins that the SARS-CoV 
genome encodes. A 19-kDa protein, nsp1 possesses 
a unique mechanism to down-regulate host gene 
expression during viral infection. First, nsp1 binds 
to the 40S ribosome and stalls further ribosome 
assembly, ultimately inhibiting host protein 
synthesis. Second, nsp1 seizes an unknown cellular 
endonuclease to cleave mRNA at the 5′- 
untranslated region, facilitating rapid decay of the 
cleaved mRNA by exonucleases (Kamitani et al., 
2006, 2009; Lokugamage et al., 2012; Schubert et 
al., 2020). In the present study, we report that nsp1 
interacts with two pathways that are involved in 
shutting off host translation. We demonstrate that 

nsp1 is associated with stress granule and mRNA 
splicing and terminating proteins. These findings 
illustrate two new potential mechanisms by which 
nsp1 shuts off host protein expression. 
 

Methods and Results 
 

Human Epithelial Kidney (HEK293) cells were 
transfected with the corresponding plasmid 
expressing BioID2 (negative control) or nsp1 of 
SARS-CoV and SARS-CoV-2 fused to BioID2 (Kim 
et al., 2016). Cells expressing this fused protein 
were incubated in a final concentration of 50 𝜇𝜇M 
biotin for 20 hours. Cells were collected and lysed 
in lysis buffer, and the extract was collected from 
the supernatant following centrifugation at 15000 
rpm to remove cellular debris. Biotinylated proteins 
were isolated using affinity purification with 
streptavidin magnetic beads. Proteins were 
separated by running a denaturing gel followed by 
Western Blot analysis to verify host factors that 
were identified to interact with nsp1 by mass 
spectrometry (LC-MS/MS). This experiment was 
repeated with various nsp1 mutants (D33R, K58E, 
R99E, R124AK125A, and K164AH165A). We found 
binding by the stress granule protein was not 
disrupted by these mutations (Figure 1), but mRNA 
processing proteins were disrupted by mutations at 
the C-terminus of nsp1. 
 

Conclusion 
 

BioID2-mediated tagging of host proteins 
proximal to nsp1 allowed us to identify multiple 
pathways modified by nsp1 inside of the host and 
allows us to map host protein interactions on nsp1. 
The nsp1 protein was known to modulate 
translation pathways, but other cellular pathways 
are less explored (Kamitani et al., 2006, 2009; 
Lokugamage et al., 2012). Here we report at least 
two pathways (stress granule-related proteins and 
pre-messenger RNA cleavage and polyadenylation 
proteins) that were not identified before as a critical 
player of nsp1-dependent host shutoff. These new 
interactions may help to fully elucidate the 
molecular mechanism behind the ability of nsp1 to 
shutoff a host’s gene expression. Although the 
proteins involved are isolated, the exact mechanism 
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by which these proteins interact with the 
coronaviral proteins is unclear. In future works, the 
mechanisms of interaction of the proteins, 
especially the stress granule proteins, will be 
explored. 
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Figures 

 
Figure 1. Western blot analysis of proteins 
involved in the stress granule pathway (G3BP2) and 
mRNA splicing and terminating pathway (CPSF1) 
and translational initiation pathway (eIF4G) in 
HEK293 cell lines following a streptavidin-
mediated pulldown with the BioID2 method of 
biotin labeling of proximal proteins. HA served as 
the loading control. BioID2 served as the negative 
control, the nsp1 was the wild-type protein, 
nCOVnsp1 was the nsp1 of SARS-CoV-2, and the 
rest of the proteins were mutants of nsp1. 
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Abstract — Since the 1990s, preventing vehicular 
heatstroke has been the focus of many public health 
campaigns. Parents are implored to never leave their 
young children unattended in the car, and to check the 
backseat before getting out of the car. Despite the 
increase in awareness about child fatalities due to 
hyperthermia, children continue to be left or forgotten in 
vehicles with tragic consequences. Interestingly, the 
decision to charge the negligent caregiver in cases of 
vehicular heatstroke is not widely studied. While some 
evidence indicates that case factors (e.g., intentionality 
and caregiver intoxication) are relevant in the decision 
to charge defendants in vehicular heat stroke fatalities. 
Less is known about how extra-legal factors (e.g., race 
and socioeconomic status) impact legal decisions in 
these cases. The current study examined 425 cases of 
vehicular heatstroke that occurred in the United States 
between 2000 and 2016. The goal of the study was to 
examine how case factors impacted decisions to charge 
the caregiver.  
 
Keywords – Psychology, Vehicular Heatstroke, Legal 
Decisions, Extra-Legal Factors, Hyperthermia 
  

Introduction  
 

Each year approximately 35 children die 
because their caregivers forget them in vehicles 
(Breed, 2007). Between 1998 and 2021, 882 
children have died from hyperthermia because they 
were left in a vehicle (Null, 2021). While there has 
been a substantial push to educate the public about 
the dangers of leaving children unattended in 
vehicles, children continue to be left alone either 
intentionally or unintentionally with devastating 
consequences. Despite the dangers of heatstroke a 
survey found that 14% of parents reported 
intentionally leaving children under the age of 6 
alone in a car. Additionally, 11% of parents reported 
they had accidently left their children in a car (Safe 
Kids Worldwide, 2014).  When a vehicular 
heatstroke occurs, individual case factors will be 
used to determine if charges will be filed against the 
negligent caregiver. The associated press reported 
that chares are only filed in approximately 50% of 
vehicular heatstroke cases (Breed, 2007). When 
charges are filed there is often significant disparity 
between the severity of charges which can be 
attributed to the case factors (e.g., was the child left 

intentionally or unintentionally; Diamond, 2019). 
However, it is possible that extra-legal factors may 
also impact the decisions to charge and prosecute 
the caregiver. Extra-legal factors (e.g., sex, gender, 
race, and socioeconomic status) are considered to 
be irrelevant to the case, however, research has 
shown that they can inadvertently impact legal 
decisions.  The purpose of this research is to 
examine the role case factors and extra-legal factors 
impact the decision to charge and the type of 
charges given in vehicular heatstroke cases.  

 
Case Factors 

Intentionally leaving a child in the care is often 
associated with more severe charges than forgetting 
a child (Breitfeld, 2020). Additionally, use of drugs 
or alcohol at the time the child died was associated 
with a greater degree of punishment (Collins, 
2006).  
 
Extra-Legal Factors 

Relationship to the victim and the sex of the 
caregiver have been found to be associated with 
decisions to prosecute in hot car deaths (Breed, 
2007; Collins 2006). Collins (2006) found that 
unrelated caregivers were more likely to be 
prosecuted verses caregivers who were family 
members with the victim. The associated press also 
found that paid caregivers were more likely to be 
prosecuted, interestingly parents were less likely to 
be sentenced to jail. The findings regarding parent 
role found that mothers are more likely to be 
sentenced to jail (Breed, 2007).  

Other extra-legal factors like race and 
socioeconomic status have not be studied in cases 
of vehicular heatstroke. However, research suggests 
that defendants in other types of cases were more 
likely to be given deferred sentences if they had 
steady employment (Lotz & Hewitt, 1977). 
Additionally, Perez et al., (1993) found that 
defendant’s socioeconomic status can impact juror 
decisions, specifically lowered SES is associated 
with more guilty verdicts. Race has also been 
associates with sentencing disparities. Black 
defendants are more likely to be arrested than white 
defendants and account for more of the prison 
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population than would be expected based on their 
proportion in the population (Walker et al., 2012).  

Attorneys have raised the issue of possible 
racial bias in the prosecution of cases of child death 
by hyperthermia. For example, attorney Carlos 
Moore argued that his client, Joshua Lewis Blunt, a 
black man, was charged with second-degree 
murder in Mississippi after his toddler died of 
hyperthermia while he was at work when only a 
week earlier another parent in Mississippi, a white 
woman who also left her child in the car when she 
went to work was not charged. In both cases the 
parent forgot to drop the child off before they went 
to work and in both cases the child died of 
hyperthermia (Holley, 2016). The charges against 
Blunt were eventually reduced to manslaughter and 
he has pled not guilty (Pettus, 2016). 

 
Hypotheses 

Based on the literature review, we hypothesized 
that in cases of fatal hyperthermia that resulted 
from an adult leaving a child alone in a vehicle: (1) 
caregivers who used drugs or alcohol around the 
time they left the child unattended, would be 
charged with more serious crimes and receive 
longer sentences. (2) those who left the child in the 
car intentionally would be charged with more 
serious crimes and serve longer sentences, (3) paid 
caregivers would be more likely to be charged than 
family members, (4) mothers would be charged at a 
higher rate than fathers and that they would receive 
longer sentences, (5) caregivers will be treated 
more harshly if they have a low status occupation or 
if they have a low SES status than if they have high 
status occupation, (6) Black defendants would be 
more likely to be charged and receive longer 
sentences than White defendants. 

 
Methods  

 
We analyzed 425 cases of child fatality due to 

hyperthermia following being left in a vehicle that 
occurred in the United States between 2000 and 
2016. To locate cases, we used the website titled 
Heatstroke Deaths of Children in vehicles 
(http://noheatstroke.org/) that was created by Jan 
Null (2021), CCM of San Jose State University. For 
each case, the goal was to document the initial 
charge, the final case outcome, and relevant 
demographic factors including: the sex, occupation, 
race, and socio-economic status of the defendant; 
the relationship between the defendant and the 
victim; the location of the incident (state); and any 
other case relevant factors (EX: use of drugs or 
alcohol by the defendant).  We complied database 
of information gathered from newspaper articles, 
websites discussing the cases, and legal 

repositories. Currently, we are finalizing data 
collection on the charge type and the potential 
sentence associated with each charge by reviewing 
relevant state statutes.  
 

Results  
 

We found victim age information for 420 cases. 
The ages of the children ranged from just 5 days to 
5 years. Incidence decreased as child age increased. 
The sex of the child was found for 380 cases. There 
were slightly more male victims (53.9%) than there 
were female victims (46.1%). 

With regard to the sex of the responsible 
adult(s), there were more women (N = 182; 52%) 
than men (N = 136; 39%). In just 30 cases (9%), 
both a man and a woman were responsible (in 
almost all cases this was the parents of the child). 
While this represents a significant difference, it is 
not necessarily meaningful in that women provide 
the majority of caregiving in the United States. 

Most of the responsible adults who were 
identified by race were either Caucasian (N = 56; 
57%) or African American (N = 33; 33%). Ten 
adults were classified as another race (N = 10; 10%). 
Using the percentage of the U.S. population for 
each race for the expected value, a Chi-Square test 
indicated that this represented a significant 
difference, ꭓ2 (N = 99) = 38.79, p < .001, ϕ = .63. 
There were fewer Caucasian and Other responsible 
adults than expected and more African American 
adults than expected. 

Next, we looked at the relationship between the 
responsible adult and the child victim. As expected, 
the most common relationships were mother 
(42.2%) and father (30.3%). An additional 4.2% of 
cases involved both parents. Parents were followed 
by paid providers (8.3%) and then small numbers 
of other relatives, foster parents, and friends. 

Regression analyses will be conducted to test 
the hypotheses prior to the presentation.  

 
Conclusion  

  
The purpose of this study was to examine the 

effects relevant case factors and extra-legal factors 
had on charges brought in cases of vehicular 
heatstroke. While the research is ongoing, we 
expect data analysis to be complete by the end of 
March.  
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Abstract – Numerous studies have demonstrated that 
extra-legal factors often impact legal decisions in 
criminal cases, however, it is not always clear what role 
these factors play in cases involving children. This study 
examined how defendant attributes impact mock juror 
decisions of assigned blame and responsibility for a case 
of child vehicular abandonment and heatstroke death. 
Participants read one of four scenarios involving the 
death of an eight-months old girl who died in a vehicle 
because of prolonged exposure to elevated 
temperatures.  In the scenario, the sex of the parent 
(father or mother) and perceived moral character 
(perceived as a bad parent or good parent) was 
manipulated. It was hypothesized that participants 
would assign increasing amounts of blame, 
responsibility, and punishment when the perpetrator is 
perceived as a “bad” parent, regardless of their sex.  
Additionally, it was hypothesized that participants 
would assign increasing amounts of blame, 
responsibility, and punishment on the female 
perpetrator (i.e., mother), regardless of their perceived 
moral character.  
 
Keywords – Psychology, Legal Decisions, Juror 
Decision Making, Moral Blame and Responsibility, Hot 
Car Deaths  
 

Introduction 
 

 Every year, children who are left unattended in 
vehicles die of heatstroke, which is caused by 
prolonged exposure to extremely high 
temperatures. Previous research has examined the 
factors that may lead a parent to “forget” their 
child(ren) in the car. For example, Diamond (2019) 
suggested that cases of vehicular abandonment are 
likely caused by prospective memory (PM) failures, 
one of the most common memory errors in 
everyday life.  Failures of PM usually happen when 
an individual intends to do something in the future 
but fails to execute the action when the time comes.  
Diamond (2019) established that this loss of 
awareness of an intended action can be caused by 
sleep deprivation, acute or chronic stress, absence 
of a reminder (auditory or visual) cue, distractions 
or interruptions, and habitual behavior (“autopilot” 
mode).  

Although most memory failures are minor 
annoyances, sometimes they create potentially 

hazardous conditions, such as causing a parent to 
be certain they had taken their child to the target 
location, while instead the child is still in the rear 
seat.  Most parents and caretakers who have left 
their child in a car have been prosecuted, with juror 
decisions that range from acquittals to charges of 
child neglect or murder (Diamond, 2019).  
According to Breitfeld (2020), this wide disparity in 
criminal charges may be attributed to contextual 
factors, which usually fall within three categories: 
those who truly forget their child in the rear seat, 
those who take calculated risks because they are 
uneducated about the dangers of leaving children 
unattended in a vehicle, and those who 
intentionally leave their child in the vehicle, 
committing criminally negligent and intentional 
filicide. Breitfeld (2020) found that the second and 
third categories almost always result in criminal 
convictions because of the deliberateness of the act; 
the parent made a risk-benefit analysis, decided 
(mens rea) to leave the child in the car, and 
eventually did (actus reus). However, does the 
offender accountability change when such offender 
is a father rather than a mother, and vice versa?  

Previous research has looked at parental 
gender differences and division of tasks, and a 
study by Hoffman and Kloska (1995) found that 
people tend to perceive women as the main 
caregivers in the family. This leads to the 
assumption that women (or the mother) are 
primarily responsible for their child’s welfare. To 
date, it is unclear whether women would be held 
more accountable in judicial cases involving their 
children, especially when they are traditionally seen 
as the main caregivers.  On the other hand, it is 
unknown whether men would be judged as less 
responsible in these cases since they are usually 
viewed as bearers of responsibilities unrelated to 
childcare.  

Additionally, when defendants are being 
judged in a court of law, the jurors use their own 
moral values to determine the defendant’s morality 
and to assign blame, responsibility, and 
punishment.  Past research has indicated that the 
perceived moral character of the perpetrator of a 
crime influences how harshly they are punished 
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both socially, through blame by the community, 
and criminally, by a court of law (Hanson et al., 
2015).  Perpetrators who show “controllability” and 
“responsibility” in the criminal act are more likely 
to be charged and be assigned blame, while 
perpetrators who show empathy toward the victim 
and less control are more likely to obtain a reduced 
charge and be assigned less blame (Hanson et al., 
2015). Thus, it can be assumed that offenders who 
are perceived as “good people” are less likely to get 
convicted in court. It is unclear if the same concept 
applies to cases of child vehicular abandonment 
and heatstroke deaths.  

The body of research on child vehicular 
abandonment and heatstroke death does not 
address the role that the parent’s sex and perceived 
moral character play in the judicial decision-
making process. Thus, the main goal of this study 
was to examine how the sex of the parent and 
perceived moral character contribute to 
judgements of blame and responsibility. It was 
hypothesized that participants would assign 
increasing amounts of blame, responsibility, and 
punishment when the perpetrator is perceived as a 
“bad” parent, regardless of their sex.  Additionally, 
it was hypothesized that participants would assign 
increasing amounts of blame, responsibility, and 
punishment on the female perpetrators (i.e., 
mothers), regardless of their perceived moral 
character.  
 

Methods 
 
Participants   

A total of approximately 56 participants were 
recruited from Amazon Mechanical Turk.  To 
participate in the study, participants had to be: (1) 
18 years or older, (2) a U.S. citizen, and (3) not 
convicted of a felony. Participants were 
compensated $1.20 for participating in the study. 
Of the 56 the participants, 35 identified as male and 
21 as female, with a mean age of 43.77 years (range 
27-69). Participants were predominantly white (n = 
43), with nine identifying as Asian, two as Black, 
one as Hispanic, and one as "other”.  
  
Materials 

Four scenarios about a child vehicular 
abandonment and heatstroke death case were used. 
The four scenarios were presented in an online-
newspaper’s article form. Each article included two 
fictitious Facebook posts representing the child in 
the weeks prior to the incident (a photo of the child 
in her high-chair, and a portrait-mode photo of the 
child that was taken after having a bath). In the four 
scenarios, the parent’s gender (i.e., father or 
mother) and moral character (i.e., described as a 

good parent or bad parent) were the only factors 
manipulated.  All other characteristics and details 
of the case (i.e., the sex and age of the child, parent’s 
employment, cause of death, and photos posted on 
Facebook by the parent) were the same. The four 
scenarios included a good mother, a bad mother, a 
good father, or a bad father involved in the 
vehicular abandonment and heatstroke death of an 
eight-months old girl named Sarah, as a result of 
letting her in the car for more than six hours while 
working. In each scenario, the parent forgot to drop 
Sarah at daycare because of poor sleep the night 
before and stressful work calls in the car. In each 
scenario, the child was found by a person who 
immediately called 911. The arrival of the 
paramedics proved useless as Sarah was already 
dead. In each scenario, the parent was described as 
“distraught” after realizing what had happened. The 
sex of the parent involved was manipulated through 
names (Jane Smith vs. John Smith), while the 
perceived moral character was manipulated 
through the Facebook posts’ captions and the 
neighbors’ opinions. Regardless of the parent’s sex, 
the “good” parents had captions as “Take a look at 
that cute face. Such a little sweetheart. So blessed,” 
while the “bad” parents had captions as “Do not let 
the cute face fool you. Such a little terror. So 
stressed.” Additionally, each article reported the 
neighbor’s opinion on the involved parent’s 
parenting: “According to a neighbor, Mr./Ms. 
Smith was not a good father/mother. He/She rarely 
spent time playing with and caring for his/her 
daughter” versus “According to a neighbor, 
Mr./Ms. Smith was a good mother/father. She/He 
spent time playing with and caring for his/her 
daughter.”  

A multiple-choice test was used as a 
manipulation check. The participants were asked to 
answer a few questions about the scenario they just 
read. Some questions included: “What was the 
name of the child?,” “Did the neighbor believe Jane 
Smith or (John Smith) was a good mother (or 
father)?” Participants were required to correctly 
answer at least 3 of the 4 questions to be included 
in data analysis.  

A questionnaire asking to rate how the 
participants would judge the events was also used 
in this experiment. The participants were asked to 
rate each question on a scale from 1 to 10. The topics 
included blame, assigned responsibility, intention, 
appropriate charge and sentence for the convicted 
parent, crime rates, and how much the participant 
could identify themselves with the scenario’s 
character.  

Furthermore, a knowledge questionnaire about 
vehicular heat stroke and an Attitude Toward Child 
Rearing and Marital Roles Scale were used. The 
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Gender-based Attitudes Toward Martial Role and 
Child Rearing Scale (Hoffman & Kloska, 1995) 
asked the participants to rate how much they would 
agree with sentences on a scale from Strongly 
Disagree (SD) to Strongly Agree (SA). Lastly, 
participants were asked to complete a demographic 
survey asking for the participants’ age, gender, race, 
year in school, political affiliation, and parenting.   
 
Procedure  

Participants were presented with one of four 
scenarios about a child vehicular abandonment and 
heatstroke death case. In the scenario the parent’s 
sex (i.e., father or mother) and moral character (i.e., 
described as a good parent or bad parent) were 
manipulated. The four scenarios included: 1) good 
mother, 2) bad mother, 3) good father, and 4) bad 
father. After reading the scenario, participants were 
asked to complete a manipulation check to test the 
participants’ reading of the scenario. Next, 
participants were asked to complete questionnaires 
based on the scenario they read. Participants then 
completed a knowledge questionnaire about 
vehicular heat stroke and an Attitude Toward Child 
Rearing and Marital Roles scale (Hoffman & 
Kloska, 1995). Lastly, participants were asked to 
complete a demographic survey.    
  

Results 
  
Blame 

A 2(parent’s sex: mother, father) x 2(moral 
character: good parent, bad parent) x 2(participant 
gender: male, female) analysis of variance 
(ANOVA) was performed using blame as the 
dependent variable.  The results indicated that 
there was a significant main effect of moral 
character, F(1, 48) = 6.76, p = .01.  Participants 
assigned significantly more blame to the bad parent 
(M = 9.07, SD = 1.53) than the good parent (M = 
7.81, SD = 2.11).  There was also a marginally 
significant three-way interaction between the 
parent’s sex, moral character, and participant’s 
gender, F(1, 48) = 3.77, p = .06.  

For male participants there was a marginally 
significant interaction between parent’ sex and 
moral character, F(1, 31) = 3.54, p = .07.  Male 
participants assigned more blame to the bad 
mother than the good mother; however, the good 
father and bad father received equal blame.  For 
female participants there was no significant 
interaction between parent’ sex and moral 
character, F(1, 17) = .98, p = .37.    
 
Responsibility  

A 2(parent’s sex: mother, father) x 2(moral 
character: good parent, bad parent) x 2(participant 

gender: male, female) ANOVA was performed using 
responsibility as the dependent variable.  The 
results indicated that there was a significant main 
effect of moral character, F(1, 48) = 5.49, p = .02.  
Participants assigned significantly more 
responsibility to the bad parent (M = 9.38, SD = 
1.12) than the good parent (M = 8.48, SD = 2.11).  
All other effects were not significant (p’s > .05)  
 
Forgiveness 

A 2(parent’s sex: mother, father) x 2(moral 
character: good parent, bad parent) x 2(participant 
gender: male, female) analysis of variance ANOVA 
was performed using forgiveness as the dependent 
variable.  The results indicated that there was a 
marginally significant interaction between parent’s 
sex and moral character, F(1, 48) = 3.84, p = .06.  
Participants were more forgiving when the mother 
was described as a good parent rather than a bad 
parent.  However, participants were more forgiving 
when the father was described as a bad parent 
rather than a good parent.  All other effects were not 
significant (p’s > .05) 
 

Conclusion 
  

The purpose of this study was to examine the 
effects of the parents’ gender and perceived moral 
character on assigned blame and responsibility 
following child vehicular abandonment and 
heatstroke death. The results from this study 
revealed that the participant’s gender played a 
significant role in perceptions of blame. For male 
participants, the bad mother was assigned more 
blame than the good mother; however, this pattern 
was not replicated when the perpetrator was a 
father.  These results suggest that male participants 
may have showed a bias toward one’s own gender.  
In addition, the results suggest that the parent’s 
perceived moral character contributed most to 
perceptions of responsibility. When the perpetrator 
was described as a bad parent, they were seen as 
more responsible for the child’s death, irrespective 
of whether the perpetrator was a mother or father. 
Interestingly, participants were more forgiving 
when the mother was described as a good parent 
rather than a bad parent.  However, participants 
were more forgiving when the father was described 
as a bad parent rather than a good parent. Together, 
these findings could help us determine how the 
perpetrator’s characteristics impact jurors’ 
decisions when assigning blame and responsibility 
for cases involving child vehicular abandonment 
and heatstroke death.   
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Abstract — Numerous scientific studies have 
demonstrated that extra-legal factors often impact legal 
decisions in criminal cases, but this study examined how 
defendant attributes impact juridic decisions of blame, 
responsibility, and punishment in the cases of vehicular 
heatstroke. The current research examined the role of 
perceived moral character and participant beliefs on 
punishment decisions in vehicular heatstroke cases 
across two experiments. Experiment 1 examined how the 
mother’s moral character (Parenting: Good 
Mother/Bad Mother and Work History: Good 
worker/Bad worker) impacted punishment in the case. 
Experiment 2 replicated and extended Experiment 1 by 
examining moral character (Parenting: Good 
Mother/Bad Mother and Work location: Bar/Church). 
It was hypothesized that participants would assign 
increasing amounts of blame, responsibility, and 
punishment to the mother who was portrayed as having 
bad moral character than the mother who was 
portrayed as having good moral character. It was 
hypothesized that Republican/Conservative 
participants and religious participants would assign 
increased amounts of blame, responsibility, and 
punishment to the mother who was portrayed as having 
bad moral character than the mother who was 
portrayed as having good moral character, as well as 
the mother who was going to work as opposed to going 
to church. 
 
Keywords – Psychology, Legal Decisions, Juror 
Decision Making, Moral Blame and Responsibility, Hot 
Car Deaths. 

 
Introduction 

 
How we are perceived by others impacts how 

much we are liked or disliked by them. Perceptions 
of character and other defendant attributions can 
influence how harshly we are blamed and punished 
for norm violations like breaking the law. Past 
research has indicated that the perceived moral 
character of the perpetrator of a crime influences 
how harshly they are punished both socially 
through blame by the community and criminally by 
a court of law (Hanson et al., 2015). Controllability 
and responsibility proceed blame, and factors such 
as the amount of empathy the perpetrator can 
garner or seeing the perpetrator as a victim can 
reduce the punishment assigned. Additional 
research has demonstrated that intentionality can 
impact punishment (Guglielmo & Malle, 2010; 

Monroe & Malle, 2017; Pizarro & Tannenbaum, 
1996), additionally preventability can impact 
punishment (Monroe & Malle, 2017). The previous 
research has examined a variety of crime and the 
extra-legal factors that influence legal decision 
making in those cases.  

When defendants are being judged in a court of 
law, the jurors use their own moral values to 
determine the morality of that defendant and 
assign blame, responsibility, and punishment 
accordingly. The jurors’ values are often mirrored 
by their political and religious affiliations, 
and numerous studies have shown that these 
affiliations are predictive of their sentencing 
decisions (Miller et al., 2014; Ulmer et al., 2014; 
Vaughan et al., 2019). Not only do the jurors’ 
political affiliations impact their sentencing 
decisions, but the defendant’s 
affiliations impact them as well. A study by Miller 
and Bornstein (2006) has shown that jurors were 
more lenient with sentencing in death penalty trials 
if a defendant was religious. However, currently, to 
the authors’ knowledge there are no studies that 
examine the role of legal and extra-legal factors for 
attributions of blame, responsibility, and 
punishment decisions in cases of child vehicular 
heatstroke.  

Since 1998, there are have been 849 reported 
cases of children dying in hot cars (Null, 2018). 
Since 1999 there has been a push to educate parents 
and caregivers about the risks of leaving children 
unattended in a hot vehicle. Despite this, children 
continue to die when left unattended in vehicles. 
Although the tragic outcome is the same for the 
children who die, caregivers often receive different 
charges from the criminal justice system based on 
the factors of the case.  

In order to better explore the impact of extra-
legal factors, two experimental studies were 
designed. Experiment 1 focused 
on understanding the role of the mother’s 
perceived moral character on decisions regarding 
blame, responsibility, and punishment based on 
previous research in moral perception, 
intentionality, and blame. Experiment 2 examined 
moral character perceptions further by varying 
where the mother was going when she forgot the 



April 9, 2021 

 37 

 

child in the car (e.g., bar vs church) and the 
mother’s moral/parental character. The previous 
vignettes were modified to create four new 
conditions: mother’s moral/parental character 
(good/bad mother) and car location (work 
at church/bar). It also included measures of 
participant conservatism, social 
dominance orientation, and right-
wing authoritarianism, which have been previously 
shown to impact support for punishment (Vaughan 
et al., 2019).  

For experiment 1, it was hypothesized that 
participants would assign increasing amounts of 
blame and punishment on the mother who was 
portrayed to have bad moral character and was a 
bad worker, as opposed to a bad mother/good 
worker, good mother/bad worker, and good 
mother/good worker. For Experiment 2, it was 
hypothesized that Conservative participants would 
assign increased amounts of blame, responsibility, 
and punishment to the mother who was portrayed 
as having bad moral character than the mother who 
was portrayed as having good moral character, as 
well as the mother who was going to a bar as 
opposed to going to church.  

Experiment 1 was supported by a grant from Psi 
Chi and Experiment 2 was supported by a research 
assistantship from SARS at USC Upstate. 

 
Methods 

 
Participants 

A total of approximately 400 participants will 
be recruited online via Amazon mTurk. To 
participate in the study, participants have to be 18 
years or older, a U.S. citizen, and not be convicted 
of a felony. For Experiment 1 participants were 
compensated $3.00 for participating in the study, 
and for Experiment 2 participants were 
compensated $1.20. Data collection should be 
complete prior to the symposium.  
 
Materials 

Four scenarios about a child vehicular 
abandonment and heatstroke death case were 
created for the study.  For Experiment 1 the 
vignettes were presented in an online-newspaper’s 
article form. The four scenarios, the mother’s work 
character (good or bad) and moral character (good 
or bad) were the only factors manipulated (See 
Appendix A). In Experiment 2’s four scenarios, the 
mother’s workplace (bar or church) and moral 
character (good or bad) were the only factors 
manipulated; any other characteristic and detail of 
the case (gender and age of the child, cause of death, 
photos posted on Facebook by the parent...) 
were the same across both studies (See Appendix 

B).  The pictures used for the mother were taken 
from the website thispersondoesnotexist.com. This 
website uses an algorithm to generate pictures of 
people who do not exist. Therefore, no permission 
was needed to use the image. The picture for the 
baby, was one of the research’s children and 
permission was granted to use the images. The 
facebook posts were created using a website to 
generate them.  The mother’s work character 
(Experiment 1) was manipulated through her boss’ 
and coworkers’ opinions, and the mother’s 
workplace (Experiment 2) was manipulated as 
either being a bar or a church, while the perceived 
moral character was manipulated through the 
Facebook posts’ captions and the neighbors’ 
opinions. Regardless of the mother’s work 
character (Experiment 1) or workplace 
(Experiment 2), the “good” mothers had captions 
as “Take a look at that cute face. Such a little 
sweetheart. So blessed,” while the “bad” mothers 
had captions as “Do not let the cute face fool you. 
Such a little terror. So stressed.” Additionally, each 
article reported the neighbor’s opinion on the 
involved mother’s parenting: “According to a 
neighbor, Ms. Smith was not a good mother. 
She rarely spent time playing with and caring for 
her daughter” versus “According to a neighbor, Ms. 
Smith was a good mother. She spent time playing 
with and caring for her daughter.”   
 
Procedure 

 The participants were asked to answer a few 
questions about the scenario they just read. The 
questions included “What is the name of 
the child?” “Did the neighbor believe Jane Smith or 
was a good mother?” etcetera.   Participants were 
required to correctly answer at least 3 of the 4 
questions to be included in data analysis. 

A questionnaire asking to rate how the 
participants would judge the events was also used 
in this experiment. The participants were asked to 
rate each question on a scale from 1 to 10. The topics 
included blame, assigned responsibility, intention, 
appropriate charge and sentence for the convicted 
parent, crime rates, and how much the participant 
could identify themselves with the scenario’s 
character. Participants were also asked a 
knowledge questionnaire about vehicular heat 
stroke and were asked to complete a demographic 
survey asking for the participants’ age, gender, race, 
year in school, political affiliation, and parenting.  
 

Results 
 

When data collection is complete, the following 
analyses will be performed. A 2 (Work Character: 
Good or Bad) X 2 (Parenting Character: Good or 
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Bad) between subjects’ multivariate analysis of 
variance (MANOVA) and a 2 (Job: Bar or Church) 
X 2 (Parenting Character: Good or Bad) between 
subjects’ multivariate analysis of variance 
(MANOVA) will be used to examine the effects of 
the mother’s work character (Experiment 1), 
workplace (Experiment 2), and perceived moral 
character on blame, responsibility, and 
punishment.  
 

Conclusion 
 

The purpose of these studies was to examine 
the effects of the mother’s workplace character and 
perceived moral character, as well as participant 
political and religious affiliations, on assigned 
blame and responsibility following child vehicular 
abandonment and heatstroke death. If the results 
support our hypothesis, implications may help us to 
understand the factors that contribute to 
juror decisions for cases involving child vehicular 
abandonment.   
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Appendices 
 
Appendix A: Experiment 1 Newspaper Summary Bad Mom/Bad Worker Example  
 
Baby dies in car after being left in the heat 
 
July 20, 2007 
 
Raleigh, North Carolina 
 

An 8 month old girl was found dead yesterday. Jane Doe, a 34 year old Caucasian mother, forgot to 
drop her 8 month old daughter off at day care on her way work on Friday morning. 

A person walking by the car noticed the infant about 6 hours after Jane had arrived at work. the witness 
immediately called 911, but by the time the paramedics reached the car the girl had been dead for at least 4 
hours. Her body temperature had reached over 100 degrees. 

The mother currently works as an office temp at the local bank. She has worked in this position for two 
months.  She is not well liked by her coworkers because she often shows up late and makes careless 
mistakes. The mother, who seemed very distraught, told press that she usually drops her daughter off at 
day care before she goes in to work, but that something went wrong that day. She hadn’t gotten much sleep 
the night before and was on her cell phone with her boss the next morning while driving to work. “I wasn’t 
thinking, I was distracted. I guess she fell asleep and I forgot to drop her off at day care… how could I do 
this?” 

According to a neighbor, Ms. Does was not a good mother. She rarely spent time playing with and caring 
for her daughter.  

The temperatures reached 91 degrees that day according to the National weather report. In a study done 
by McLaren, Null, and Quinn, it was found that the temperature in a car can rise 80% within 30 minutes 
when it is hot outside. They also noted that children are much more susceptible to heat fatalities because 
they are not able to regulate their body temperature as well as adults can. Unfortunately, stories like this 
one are all too common. According to Kids and Cars, 232 children died from exposure to heat in 2007. 
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Appendix B: Experiment 2 Newspaper Summary Good Mom/Church Example  
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Abstract – Most have heeded this phrase before—you 
cannot fight fire with fire. Dr. Martin Luther King Jr. 
famously stated, “darkness cannot drive out darkness; 
only light can do that. Hate cannot drive out hate; only 
love can do that.” But when faced with a feeling of 
powerlessness, oppression, and dismay, one might 
begin to question the effectiveness of nonviolent protest, 
especially if justice does not come sooner rather than 
later. This might be a natural and universal feeling, but 
exactly how effective is nonviolent protest when 
compared to violent displays of protest seeking to 
address racial injustices, remove incumbent national 
leaders, or gain territorial independence? This paper 
analyzes recent research on social justice movements 
and seeks to demonstrate why in fact nonviolent protest 
is the best way to address societal injustices and 
government oppression. I.e., why fighting fire with 
water is a more effective method to extinguishing the 
fires of injustice. 
 
Keywords – nonviolence, injustice, movement, protest, 
politics 
 

Introduction 
 

Throughout history, individuals have worked 
together to advance their shared political, social, or 
artistic ideas—this is commonly known as a 
movement. At the very heart of American 
democracy is the liberty to peaceably assemble in 
protest. Recent movements in American politics 
have addressed racial injustices in society as well as 
problems in the American justice system. These 
movements have reignited a conversation about the 
effectiveness of violence in protest in order to 
achieve systemic change. It might seem 
counterintuitive, or even naïve to some, but recent 
research points to a surprising claim: nonviolent 
movements succeed “more than twice as often as 
their violent counterparts when seeking to remove 
incumbent national leaders or gain territorial 
independence” (Chenoweth & Stephan, 2016). This 
paper analyzes this research on the success of 
nonviolent protest to demonstrate why in fact mass 
nonviolent protest is the best way to address issues 
of statist injustice. 
 
 
 
 

Nonviolence Welcomes Mass Participation 
 

The teachings of Mohandas Gandhi and Dr. 
Martin Luther King Jr articulate the value of 
nonviolence. Dr. King was convinced that 
“nonviolent resistance was the most potent weapon 
available to appressed people in their struggle for 
freedom” (Carson, 2001). He was right. Data shows 
that in the grand scheme of history, nonviolent 
movements have generally been more successful 
than violent movements, but how is that success 
achieved? Researchers have suggested that 
“nonviolent resistance campaigns don’t succeed by 
melting the hearts of their opponents. Instead, they 
tend to succeed because nonviolent methods have a 
greater potential for eliciting mass participation” 
(Chenoweth & Stephan, 2016).  

Along these lines, Chenoweth and Stephan 
explain in their 2011 book, Why Civil Resistance 
Works: The Strategic Logic of Nonviolent Conflict, 
that “relative to violent campaigns, nonviolent 
campaigns remain effective while controlling 
variable such as geographical region, time, regime 
type, government capacity, and the use of violent 
repression” (Smithey, 2014). So not only does 
nonviolence allow for mass participation, but it also 
allows the movement to better control other 
variables that could affect the movement’s success. 
 

Gandhi and King Were Right 
 

In addition to their findings on mass 
participation, Chenoweth and Stephan add that, 
“not all nonviolent campaigns succeed. But in cases 
where they failed, there was no good systematic 
evidence to suggest that violent uprisings would 
have performed any better” (Chenoweth & Stephan, 
2016). In fact, their data shows that in terms of 
absolute rates of success, violent movements have 
failed more often than nonviolent ones—especially 
in the past decade.  

From 1900 to 2015, the percentage gap 
between overall success of violent campaigns and 
nonviolent campaigns was 24% in favor of 
nonviolent campaigns. So far this decade, the 
percentage gap of overall success has increased to 
28% in favor of nonviolent campaigns (Chenoweth 
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& Stephan, 2016). This research demonstrates that, 
not only was Gandhi and Dr. King right about 
nonviolence in the ninetieth and twentieth 
centuries, but that their methods continue to 
succeed in the twenty-first century. This provides 
hope for those that seek to follow their teachings 
and build upon their legacies; moreover, it confirms 
the emerging social science research on the topic. 
 

The Methodological Superpower of 
Nonviolence 

 
Building upon literatures on social movements 

and collective action, mentalization, and morality, 
Orazani and Leidner enhance and updated previous 
research in their article, “The power of nonviolence: 
Confirming and explaining the success of 
nonviolent (rather than violent) political 
movements.” In their research, “four studies 
examined the effect of movements strategy on 
people’s willingness to support and join the 
movement.” Following a nested design and using 
23 social movements in the United States, their first 
study showed that “the more nonviolent people 
perceived the movement to be, the more they liked 
it, supported it, were willing to join it, and the less 
tolerant they were of its repression by a 
government” (Orazani & Leidner, 2018). Their 
study looked at different affectations such as 
likability, support, willingness to join, and attitudes 
toward repression, all of which reported a p value of 
less than 0.001. Their findings not only show that 
perception of morality plays a key role in different 
affectations about a movement, but it also shows 
that the effects of their findings are not limited to 
any particular movement.  

In their study, Orazani and Leidner included an 
array of different movements including The Tea-
Party Movement, Labor Movement, LGBT 
Movement, Anti-War Movement, U.S. Civil Rights 
Movement, and many more. This demonstrates 
that, regardless of the issues, the real reason behind 
movement’s success is its perceived notion of 
nonviolence. Their key conclusion states: 
“nonviolence can benefit social movements in 
terms of support and mobilization potential, and 
that these benefits are rooted in perceptions of 
metal capacity, humanness, and morality” (Orazani 
& Leidner, 2018). This reaffirms and builds upon 
the idea of nonviolence being a critical ingredient 
for a movements’ success rate. 
 
Nonviolence Resistance Leads to Healthier 

Democracies 
 

Research has concluded that nonviolent 
movements are nearly twice as likely to succeed as 

their violent counterparts; however, recent 
research has discovered a new element to 
nonviolent reform. In their article, “Non-violent 
resistance and the quality of democracy,” Bethke 
and Pinckney emphasize the overall importance 
and effectiveness of nonviolence. “Using the 
Polyarchy index from the Varieties of Democracies 
project and its sub-components: elected executive, 
fee and fair elections, freedom of express, 
associational autonomy, and inclusive citizenship”, 
Bethke and Pinckney analyze the effect of 
nonviolent resistance on the quality of democracies 
thereafter. The findings are supportive of 
nonviolent resistance and they conclude: “initiating 
a democratic transition through nonviolent 
resistance increases democratic quality after 
transition relative to transitions without 
nonviolence” (Bethke & Pinckney, 2019).  

The authors show that these effects are 
“substantial” and “robust” for at least five years 
after the transition. Thus, Bethke and Pinckney’s 
findings support those of Chenoweth and Stephan. 
In terms of the overarching question presented in 
this paper, whether nonviolent movements are 
successful, this recent data solidifies claims that 
nonviolence not only promotes the success of a 
movement, but it also sows the seeds of a more 
healthy and robust democratic form of government 
thereafter. These recent findings drive home the 
idea that nonviolent protest is the bedrock of a 
democratic system where even through systemic 
governmental transitions, nonviolence yields 
positive results. 
 

Conclusions 
 

Research affirms the usefulness, effectiveness, 
and reliability of nonviolent movements. However, 
there are still further lines of inquiry needed to 
more firmly ground this promising line of research. 
Nonviolence requires restraint, patience, and a goal 
of peaceful reform, but what happens when 
nonviolence does not work? Further research 
should address issues of government repression of 
nonviolent movements, and how oppressed 
populations achieve social justice when 
nonviolence doesn’t lead to reform. The existing 
data and research does not support the claim that 
nonviolent movements are universally successful; 
instead, it concludes that nonviolence is a better 
strategy than violence. This research concludes 
that, in fact, using water to put out a fire is a better 
strategy than adding to the fire. As the world 
continues to fight the fires of injustice, one can only 
hope that a strategy of nonviolence can extinguish 
the flames. 
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Abstract — Sadly, police continue to kill civilians and 
are not held accountable. How have policies within our 
criminal justice system fostered this lack of 
accountability? By examining three recent prominent 
examples of police officer killings and the lack of 
accountability for these officers through the grand jury 
system, by the Department of Justice, and by the police 
departments these officers belonged to, I will expose the 
“holes” in our criminal justice system.  We need to fill 
these “holes” and focus on making two significant 
changes to our grand jury system: bring in a Special 
Prosecutor; end the grand jury system when it comes to 
police killings. These are the legal approaches which 
could be implemented immediately to increase police 
accountability and to improve community-police 
relations.   
 
Keywords – police misconduct; grand jury system 
 

Introduction 
 

We have seen widespread demonstrations 
expressing civil rights issues that we have not seen 
since the 1960’s. More and more of these 
demonstrations are about shootings and killings by 
police who ultimately are not held accountable for 
their actions. How have policies within our criminal 
justice system fostered this lack of accountability? 
First, the police could be held accountable through 
an indictment by a state grand jury. However, state 
grand juries are more likely to excuse a police 
officer for the death of a civilian (Columbia Law 
School, 2014). Second, police who kill under 
questionable circumstances could be held 
accountable by the Department of Justice. The 
difficulty, however, is the Department’s meeting its 
high legal standard of showing that the police did 
not act just recklessly, but intentionally (Panwala, 
2003). Third, police accountability could rest with 
the local police department. Actions taken against a 
police officer, however, will likely be met by a civil 
service appeal and resistance by the police union 
(Harmon, 2012). In this presentation, I am going to 
offer reasons for the lack of accountability which 
represent “holes” in our criminal justice system. 
There are ways to fill these “holes” by making 
changes to the grand jury system (Fairfax, 2017). 
 

 
 

Methods 
 
Examination of Three Case Studies 

Three recent prominent examples of police 
officer killings of civilians were selected, based on 
the criteria of lack of conviction of the involved 
police officers by our criminal justice system. The 
background of the victims, the circumstances of the 
killings, and the failed subsequent process of 
accountability were examined.  
 
Identification of Failed Patterns (“Holes”) of 
Accountability 

Policies in the criminal justice system resulting 
in a lack of conviction of involved police officers 
were identified, and relevant statistics for these 
trends were reviewed. 
 
Proposal of Solutions for Filling “Holes” of 
Accountability  

The current criminal justice system and its 
vulnerability to “holes” is investigated, and 
practicable solutions for these vulnerabilities are 
proposed based on legal approaches which could be 
implemented immediately. 
 

Results 
 
Breonna Taylor 

Breonna Taylor worked as a First Responder. 
Taylor's address was on a search warrant based on 
the belief that her ex-boyfriend had used her home 
to keep drugs and stash money. Somehow in the 
service of that warrant by three officers, Taylor was 
shot and killed. Officer Mattingly, who led the late-
night raid, insisted that officers knocked and 
announced themselves. The boyfriend of Taylor, 
Kenneth Walker, said that there was banging on the 
door, he and Taylor asked who was at the door, and 
when they got no response, Walker reached for his 
firearm. A battering ram was used to break open the 
apartment door. Walker shot his firearm. Officers 
Mattingly and Cosgrove returned fire and shot and 
killed Taylor.  

Kentucky Attorney General Cameron presented 
evidence of the killing to a grand jury, in secret. The 
grand jury did not indict Officers Mattingly and 
Cosgrove, although they did indict a third officer for 



April 9, 2021 

 45 

 

wanton endangerment for firing towards Taylor’s 
neighbors. 

The Department of Justice never looked into 
the killing. 

The local police department did not hold the 
officers accountable (NBC, 2020). 
 
Linwood Lambert 

Linwood Lambert died in police custody after 
the officers tased him at least 20 times. Three South 
Boston Police Officers responded to a call of a 
disturbance at a motel. They met Lambert who had 
incoherent speech and apparent hallucinations. 
The officers decided not to arrest Lambert but, 
instead, to take him to the hospital in handcuffs. 
Upon arrival at the hospital’s emergency room 
entrance, Lambert kicked out the glass of the police 
car window and ran from the vehicle, with his 
hands cuffed behind his back. Officers followed him 
and tased him. When Lambert resisted, they 
applied arm and leg restraints and when Lambert 
again resisted, they tased him more. The officers got 
him in the arm and leg restraints, and then took 
him to the patrol to take him to jail. They belted him 
to the seat. They tased him more while he was 
restrained and belted. When they arrived at the jail, 
Lambert was unresponsive. He was pronounced 
dead shortly thereafter. 

The officers’ conduct was never presented to a 
grand jury for an indictment. 

The Department of Justice did not indict the 
officers.  

The local police department did not hold the 
officers accountable (U.S. News, 2016). 
 
Eric Garner 

Police officers approached Eric Garner on a 
suspicion of selling single cigarettes from packs 
without tax stamps. When Garner complained of 
harassment, the police officers arrested him. One 
Officer, Officer Pantaleo, placed his arm around 
Garner's neck and wrestled him to the ground. 
Garner was then pinned to the ground, where he 
yelled "I can't breathe" 11 times. Garner lost 
consciousness, and then was pronounced dead. 

The officers’ conduct was presented to a grand 
jury but there was no indictment.  

The Department of Justice did investigate the 
officers’ conduct but did not indict. 

The local police did hold a hearing on the 
conduct of the officers under the orders of 
Commissioner O’Neill. The Commissioner did 
terminate Officer Pantaleo for using a banned 
chokehold. The Police Department union then 
voted unanimously for the firing or resignation of 
Commissioner O’Neill (U.S. News, 2016). 
 

What are the Holes? 
What is the percentage of cases which result in 

an indictment when brought to a grand jury which 
do not involve the police? 99%. What is the 
percentage of cases which result in an indictment 
when brought to a grand jury which do involve the 
police? 1%. How can the same legal proceedings 
bring about an indictment of 99% of the time in one 
scenario and 1% of the time in another? Clearly 
because there are “holes” in the grand jury system 
(FiveThirtyEight, 2014). 

The first “hole” is that the system depends upon 
a prosecutor bringing a case against a police officer 
when the prosecutor must have a close working 
relationship with police officers. 

The second “hole” is that the prosecutor 
presents all evidence in secret by himself, without a 
defense attorney or judge being there to question 
the evidence presented as is done during the 
preliminary hearings held in thousands of 
courtrooms across the country each day. 
 
How can the “Holes” Be Filled? 

Bring in a Special Prosecutor. 
End the grand jury system when it comes to 

police officers’ killings (Fairfax, 2017). 
 

Conclusion 
 

Since 2013, police officers have killed over 1000 
civilians each year (Fagan & Campbell, 2020). Yet, 
we know that they are rarely held accountable by 
the grand jury system in comparison to civilians 
who kill. 

Some writers have suggested that we use 
alternatives to the grand jury system to hold police 
accountable for their misconduct, such as an 
administrative agency (Restoring Legitimacy, 
2017). But are those alternatives adequate? Clearly 
not. Administrative agencies lack transparency. 
The alternative of instituting a Federal Case based 
upon a civil rights violation is not a good one, which 
we know from the cases of Linwood Lambert and 
Eric Garner. The alternative of leaving it to the 
Police Department itself is inadequate also; when 
Commissioner O’Neill fired Officer Pantaleo for 
choking and killing Eric Garner, he was 
immediately renounced by the New York Police 
Department who asked for his firing or resignation.  

Therefore, we must change the grand jury 
system, and do so quickly. The suggestions I offer 
may be swiftly implemented on the local level: 
assign a Special Prosecutor who is not required to 
have a close working relationship with the police to 
investigate an officer’s conduct; and, do not use a 
grand jury for presenting evidence as to whether the 
police officer should be indicted (Fairfax, 2017). 



Seventeenth Annual SC Upstate Research Symposium 

46  

 

With these changes, we will hold the police 
accountable for their actions, leading to civilians 
knowing there is more oversight and to an 
improvement in community-police relations (U.S. 
Department of Justice, 2015). 
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Abstract — By identifying stylistic elements found in 
blues, heavy metal, pop music, and progressive rock 
present in Black Sabbath’s music from 1969 to 1971, this 
paper examines how the band’s musical idiolect 
developed over these three years. This study considers 
recordings of live performances from 1968 to 1971, the 
four studio albums released between 1970 and 1972, and 
quotes from the band members in the music press at the 
time. I illustrate how Sabbath’s roots as a blues band 
become overshadowed by heavy metal and how they 
gradually incorporated elements of progressive rock into 
their music. The methodologies employed in this paper 
come from topic theory, heavy metal scholarship, 
progressive rock scholarship, and popular music studies 
more generally. A brief history of the terms “heavy 
metal” and “progressive rock” is provided to 
acknowledge that these genre labels were not used 
during the years in question.  
 
Keywords — Black Sabbath, blues, heavy metal, popular 
music, progressive rock 
 

Introduction 
 

Black Sabbath was arguably the first and most 
influential heavy metal band. The heavy metal style 
emerged in the late 1960s and was codified by 1971, 
and this paper examines how it was present in the 
evolution of Sabbath’s individual style, or idiolect, 
during this time. 1969–71 was also the period when 
Sabbath developed their idiolect through an 
increased use of progressive rock elements, with 
their 1972 album Vol. 4 being a marked change in 
this respect (Stolz 2016 and 2017). Sabbath is widely 
present in heavy metal scholarship, but they are 
nearly absent from the discourse – scholarly and 
otherwise – on progressive rock. They began as a 
blues band, but their use of blues elements became 
subtler and less frequent over the course of these 
three years as elements of heavy metal and 
progressive rock became more pronounced. Using 
an approach based on topic theory, I will identify 
style indicators that signify heavy metal, 
progressive rock, and blues in Sabbath’s music. 
When a style indicator operates outside of the 
normative expectations of the prevailing style, it acts 
a genre synecdoche. 

 
 
 

Early Heavy Metal and Black Sabbath 
 

It is important to note that “heavy metal” as a 
genre label did not exist during the years in question 
(1969–71) and was not commonplace until 1974. 
The term “heavy metal” was certainly in use before 
the music we now call “heavy metal” existed, and 
that music was created before the term “heavy 
metal” was used to describe it as a genre (Poole 
2016). The first use of “heavy metal” to describe 
Black Sabbath in print was most likely the August 
1972 issue of Phonograph Record. Rather than 
relying on this timeline whether to consider 
Sabbath’s early music to be heavy metal (henceforth, 
“metal”), this paper uses a stylistic definition 
following scholarship such as Lilja (2009), Cope 
(2010), and Elflein (2010) to identify such elements 
in Sabbath’s music. Not all songs in a band’s 
repertoire would necessarily be in the same style. 
For example, “Children of the Grave” (1971) is a 
metal song, but “Planet Caravan” (1970/1) is not, 
and yet they were both by a metal band. This concept 
also applies to passages of songs; for example, some 
passages in “After Forever” (1971) sound Beatles-
esque and others like metal. The blues was Sabbath’s 
prevailing musical style from 1968 to mid-1969, 
when they were known as Earth. Metal elements 
found in their music in 1969–71 began as genre 
synecdoches to the blues, but as they became more 
prominent and frequent, metal became Sabbath’s 
prevailing musical style. 

Heavy, power chord riffs played with distortion 
are essentially ubiquitous in metal. Although these 
are found on their first album, songs such as “Iron 
Man” and “War Pigs” from their second album 
(1970/1) and “After Forever,” “Children of the 
Grave,” and “Sweet Leaf” from their third album 
(1971) feature them prominently. The riffs that are 
arguably the most metal-sounding come from 
“Children of the Grave” and “Into the Void” (1971), 
and this is because of their heaviness and crunch due 
the palm-muting on the lowest string, which is 
detuned three half-steps. Sabbath’s emphasis of ^♭5 
in songs such as “Black Sabbath” (1970) and 
“Electric Funeral” (1970/1) and use of the ♭II chord 
in “The Wizard” (1970) and “War Pigs” provide a 
darkness that signify metal. Although ♭II is 
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sometimes understood as having come from 
Phrygian mode, I believe that Sabbath’s use of the 
♭II in “The Wizard” is instead a recontextualization 
of the common ♭II–I blues ending. The use of two 
bass drums is also very common to metal, and 
although Bill Ward did not employ them until Vol. 4 
(1972), the overdubbed low drums in “Into the Void” 
are a precursor to that. Extremes in tempo is a 
hallmark in some metal styles, with “Into the Void” 
representing the fastest (252 beats per minute) and 
“Black Sabbath,” written in 1969, the slowest (at ca. 
33 bpm considering Ward’s backbeat). Lyrical topics 
such as the occult and war —especially when 
depicted graphically — are also important style 
indicators for metal, but only when paired with a 
musical accompaniment that also signifies metal. 

 
Black Sabbath and Progressive Rock 

 
Like “heavy metal,” “progressive rock” was not a 

genre label used in 1969–71 for bands now 
considered to be progressive rock (King Crimson, 
Yes, etc.). Although Sabbath was sometimes 
described and marketed as “progressive,” that 
descriptor had a different meaning than what is 
implied by the modern use of the term. Anderton 
and Atton (2020) found that there was little 
consensus among the British music press in 1968–
74 for the term “progressive” and that “progressive 
rock” was rarely used to describe bands that are now 
considered to be progressive rock. I have found that 
the term “progressive rock” was largely absent in the 
U.S. music publications as well. For example, nearly 
all of the 117 mentions of the term “progressive rock” 
in issues of Variety from 1968 to 1974 refer to the 
FM radio format, not bands such as King Crimson, 
Yes, etc. As above with the similar absent presence 
of metal, this paper uses scholarship such as Holm-
Hudson (2002), Pirenne (2005), and Fabbri (2016) 
to define progressive rock (henceforth, “prog”) in 
order to identify its presence in Sabbath’s music in 
1969–71. Although some scholars use a much wider 
definition of prog to include bands such as the 
Moody Blues, this paper uses a narrower definition. 
I do not wish to make the claim that Sabbath was a 
prog band but rather to illustrate that the elements 
of prog became more prominent in their idiolect 
during these years. 

Prog bands often explore a variety of timbres, 
especially keyboards (although synthesizers were 
not yet commonplace in 1969–71). “Planet Caravan” 
includes piano and a synthesizer (likely an EMS 
VCS3), “Solitude” (1971) includes flute and piano, 
and “Children of the Grave” includes what sounds 
like a harmonium or a Mellotron with accordion 
samples. Although none of these examples are 
played in a prog manner, their existence signifies 

prog because they function as a genre synecdoche to 
the prevailing – yet still emerging – style of metal. 
The ring modulator on Ozzy Osbourne’s voice in the 
beginning of “Iron Man” evokes science fiction 
(namely the Daleks from Doctor Who) and thus 
prog. The evocation of classical music is another 
signifier of prog, and only a few examples occur in 
these early years: the fingerstyle guitar in “Warning” 
(1970), “Wicked World” (1970), “Orchid” (1971), and 
the introduction section of live performances of 
“Black Sabbath”; the quasi-Medieval “Embryo” 
(1971); and the use of the diminished supertonic 
chord in “Orchid.” Songs with complex forms (i.e., 
multiple sections) are common in prog, and 
although it may be argued this is also found in metal, 
I argue that metal songs with complex forms are a 
result of Sabbath’s use of prog elements, as 
Sabbath’s multi-sectional songs became the model 
for many metal songs. Chromatic density, another 
aspect of prog, was rare in early Sabbath: a riff 
typically would include only five different pitches. 
The most notable exception from 1969–71 occurs in 
the opening riff of “Into the Void,” which uses seven 
different pitches. 

 
A Pop/Not Pop Dichotomy and the 

Diminishing of the Blues 
 

There are stylistic qualities common to metal 
and prog, and these may be defined by what they are 
not, and that is pop music. For instance, pop songs 
often rely on verse-chorus structures, but that is not 
the case for metal nor prog, especially. Lyrics found 
in pop music are sometimes trite and often love-
based, but lyrics in metal and prog usually explore 
other topics and have deeper meanings. Sabbath 
almost always actively avoided love songs, and if 
love-related, there was a twist (e.g., Lucifer falls in 
love in “N.I.B.,” “Sweet Leaf” as a love-letter to 
cannabis, etc.). One could consider the science 
fiction-inspired lyrics of “Iron Man” and “Planet 
Caravan” to signify prog, but the anger in the “Iron 
Man” lyrics signify metal. The Lord of the Rings-
inspired “The Wizard” could also signify prog, but 
mythology-based lyrics may also be found in metal. 
More importantly, though, both topics are mostly 
absent from pop lyrics. In 1969, Sabbath recorded 
“cover” songs such as “Evil Woman,” “The Rebel,” 
and “When I Came Down,” all of which are 
essentially pop songs. These never became a part of 
their live repertoire, so a non-pop aesthetic was 
clearly established by 1970, allowing both metal and 
prog to become a part of their idiolect. 

Blues elements are present in much of pop 
music, but they are largely absent from prog. And 
although metal has its roots in the blues, the 
recontextualization of blues elements is so prevalent 
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that any occurrence of authentic blues may be 
perceived as a genre synecdoche. Thus, the 
diminishing of blues in Sabbath’s music during 
these years also allowed for both metal and prog to 
emerge. The most important blues diminishment 
was the change in the band’s live repertoire. They 
formed as a band in 1968 playing mostly blues 
songs, but these were gradually removed from the 
set list. A live recording from November 1969 
includes only three blues covers, and a recording 
from April 1970 (the last known Sabbath recording 
to include a blues song) includes only one. It is also 
notable that “The Wizard” was likely removed from 
the set list some time in 1969. It features harmonica, 
an instrument that signifies blues or folk. Osbourne 
told a French music magazine in December 1970 
that he used to play harmonica onstage, but not 
anymore. He added that he is considering playing it 
on their next album (Master of Reality), but the fact 
that harmonica was not used on that next album nor 
in live performances illustrates that it was probably 
deemed too bluesy for the band at this stage of their 
stylistic development. 

Although the blues remained a clear influence 
on Sabbath’s music, its use became subtle, 
infrequent, and less authentic by 1971. In addition to 
“The Wizard,” passages from the first album that 
have the clearest blues connection include the chord 
progression for the verses of “Behind the Wall of 
Sleep” and the blues shuffle in “Warning” (10:46). 
“Fairies Wear Boots” from the second album 
certainly has a strong blues connection, but it was 
performed live before the album was recorded. 
Moreover, the passage at 2:42 greatly resembles a 
passage from “Warning” (8:57), and, notably, the 
title “Fairies” appears on the session log sheet for the 
first album beneath “Warning.” I consider these four 
songs to be a part of their earlier, more overtly blues-
based style. For comparison, a live performance of 
an earlier version of “Into the Void” on January 14, 
1971 reveals an extra verse with several blues 
inflections in Osbourne’s vocal melody. It is notable 
that this verse was removed by the April 18 
performance and that those blues inflections were 
not included in the other verses for the studio 
version. In performances of “Wicked World” that 
summer, guitarist Tony Iommi would play a blues 
shuffle riff similar to ZZ Top’s “La Grange” (1973); 
some of the material in this part of the song ended 
up in “Cornucopia” and “Tomorrow’s Dream” on 
Vol. 4, but it is notable that the blues shuffle portion 
was significantly reworked to the point that its 
connection to the blues was lost. 

 

Conclusions 
 

From 1969 to 1971, Black Sabbath gradually 
increased the regularity and prominence of stylistic 
elements of heavy metal and progressive rock whilst 
diminishing their roots as a blues band. Although 
the terms “heavy metal” and “progressive rock” were 
not used as genre labels at the time, we can 
retroactively recognize that Sabbath’s musical 
idiolect exhibited qualities of both, with heavy metal 
emerging as their prevailing musical style. 
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Abstract —The popular musician Prince rose to fame 
in the 1980s with a virtuosic blend of musical genres that 
appealed to multiple audiences and made space for a 
diversity of fans. This multiplicity and diversity can also 
be seen in the scholarly literature devoted to the study of 
Prince’s music, which encompasses not only musicology 
and music theory but also feminist and queer studies, 
critical race theory, communication studies, and legal 
scholarship. This creates a challenge for any scholar 
approaching the study of Prince’s work, and in this 
paper I propose an analytical methodology based on the 
concept of “intersectionality.” Coined by legal scholar 
Kimberlé Crenshaw, intersectionality is an approach 
that recognizes the overlap between hierarchies of 
power and seeks to avoid reproducing the 
marginalization of one identity group while fighting for 
the liberation of another. In this paper, I survey the work 
of four intersectional scholars—Daphne Brooks, Emily 
Lordi, Shana Redmond, and Gayle Wald—and identify 
four areas of commonality in their approach, discussing 
how each is relevant to the study of Prince’s music. 
 
Keywords — Prince, identity, intersectionality, race, 
gender 
 

Introduction 
 

When Prince officially joined the social media 
platform Twitter in 2013, the first “selfie” he posted 
was a picture of purple smoke, a sly admission of his 
feint-and-dodge approach to self-revelation 

(Seifert, 2013). During his lifetime, Prince always 
presented a moving target to journalists and 
scholars, changing his sound and image from 
project to project and making the job of writing 
about him rather like catching smoke. In one 
infamous profile, British journalist Barney 
Hoskyns, frustrated with Prince’s refusal to grant 
him a sit-down interview, claimed that there was no 
real Prince: “I did not seriously expect to make 
Prince’s acquaintance for the very good reason that 
Prince does not exist. He avoids me because he is a 
void… We project him like a holograph” (Hoskyns, 
1988, p. 82). The breadth and diversity of Prince’s 
work have attracted scholars from numerous fields, 
creating a body of Prince scholarship rich in 
analytical approaches, from music theory and 
musicology to critical race theory, queer theory, 
communication studies and even legal scholarship, 
which creates a pressing question for scholars: how 
should we study Prince, and more generally how 

can we best approach the diverse work being done 
by artists from marginalized groups? In this study, 
I want to outline the utility of an “intersectional” 
approach to the study of Prince’s music, one that 
places African American identity at the center of the 
analytical lens while retaining a wide enough lens 
to capture the interrelated issues of power and 
oppression related to other areas of identity such as 
gender, sexuality, religion, and economic class. 

 
Intersectionality and Prince 

 
In the 2000’s, scholars working in the 

overlapping fields of critical race theory, gender 
theory, American studies, and performance studies 
created a body of scholarship that addresses the 
intersecting hierarchies of power that artists from 
marginalized groups have faced in the American 
entertainment industry, and I will refer to this body 
of scholarship generally as “intersectional” in 
approach. First proposed by legal scholar Kimberlé 
Crenshaw, the concept of intersectionality grew out 
of her attempt to bring feminist theory and critical 
race theory together, providing a corrective to what 
she called “single-axis” conceptions of 
discrimination that were based on one or the other 
aspect of identity—gender or race—an approach 
that often reproduced marginalization of one group 
even as it was used to fight against marginalization 
for another (Crenshaw, 1989, pp. 139-40). In the 
years since this term was coined, scholars have 
expanded intersectionality to include other vectors 
of identity and applied the concept to analyzing 
many types of cultural texts, including music, and I 
want to spend my time with you today discussing 
common methodologies among four specific 
intersectional scholars and how these 
methodologies relate to Prince (Carbado et al., 
2013, p.304). 
 
Expanding the Rock Canon 

Surveying the work of scholars Daphne Brooks, 
Emily Lordi, Shana Redmond, and Gayle Wald, we 
can see that these intersectional scholars have a 
number of analytical methods and theoretical 
concepts in common which are highly relevant to 
the study of Prince. The first thing that these 
scholars share is the goal of expanding the scope of 
“rock history” to include more women while 



Seventeenth Annual SC Upstate Research Symposium 

52  

 

challenging the implicit biases that tend to 
prioritize the work of white heterosexual male 
artists over all others. Gayle Wald’s study of the 
pioneering but “egregiously overlooked” guitarist 
“Sister” Rosetta Tharpe (Wald, From Spirituals to 
Swing: Sister Rosetta Tharpe and Gospel Crossover, 
2003, p. 391); Daphne Brooks’ studies of Beyoncé 
Knowles and of Amy Winehouse (Brooks, 'This 
Voice which is Not One': Amy Winehouse Sings the 
Ballad of Sonic Blue(s)face Culture., 2010); Emily 
Lordi’s study of Aretha Franklin and Nina Simone 
(Lordi, 2016); and Shana Redmond’s analysis of 
Janelle Monáe (Redmond, 2011), among other 
studies, serve as correctives to what Brooks 
described as the “…sexed up, necrophilic dalliances 
of white (musical) masters and the (always) black, 
(most often) men that they admire and desire, 
consume and cannibalize,” and who “continue to 
hold center stage in the critical imaginaries of 
performance studies and rock music histories 
alike.” (Brooks, 2008, p. 55) 

This challenge that Wald, Brooks, and others 
have posed to rock history’s (cis, het) white male 
bias is a challenge that Prince took on. Early in his 
career, Prince fought against the racial bias of the 
American music industry in which African 
American artists were structurally excluded from 
the rock genre (Mahon, 2004, pp. 146-7). 
Throughout his career he promoted the work of 
female collaborators and forebears: this includes 
bandmates like Wendy Melvoin and Lisa Coleman; 
studio engineers like Susan Rogers; artists that he 
produced such as Apollonia Kotero, Carmen 
Electra, and Támar Davis; and older female artists 
who influenced him such as Joni Mitchell and 
Chaka Khan. In the analyses of Prince’s music 
included in my larger study, I unpack how Prince’s 
manipulations of musical genre worked against the 
systemic racial and gender biases within the 
American music industry and society at large. 

 
Work, Ownership, and Performative Agency 

The second thing that these intersectional 
scholars have in common is a tendency to 
foreground the issue of work and its ownership, 
focusing on the performative agency that their 
subjects display—the specific expressive decisions 
as well as the sheer labor—as a way of uncovering 
how black and female artists have resisted the 
stereotypes and corporate structures that would 
limit and exploit that work. Lordi, for example, 
discusses how Beyoncé Knowles, like Prince, 
defined her early public persona in terms of a 
“spectacular work ethic,” and that this image was 
both a comment on the historical inequities faced 
by black women in the American workplace and a 
corrective to stereotypes of black women’s 

“essential” or “natural” talent by “...recentering her 
own agency and therefore encouraging us to locate 
her genius in her performative choices.” (Lordi, 
Emily, 2017, pp. 132, 136) Work and ownership 
were central themes in Prince’s career, both in his 
songs—examples include “Let’s Work” from 1981’s 
Controversy album and “The Work, pt. 1” from 
2001’s The Rainbow Children—and also in his 
public statements to the press. In the 1990s, for 
example, when Prince fell out with his Warner 
Brothers record label over what he perceived as the 
limitations they were imposing on his creativity, 
Prince appeared with the word “slave” written on 
his face, framing his fight for artistic independence 
in racialized terms as a matter of freedom from 
corporate slavery (Perry, 2019, p. 203). While my 
larger study does not delve into Prince’s business 
dealings, I do center my analyses of Prince’s music 
on the question of how he used his performative 
agency. This includes his decisions about what 
musical idioms to deploy at what times, his fashion 
statements, and the way he used his own body as a 
canvas, and I argue that he made specific 
performative decisions relating to all of these things 
as part of his larger struggle for creative and 
financial autonomy within an industry seemingly 
designed to limit the autonomy of artists of color 
and take ownership of their labor. 
 
Code-Switching and Multi-Genre Mixing 

A third commonality that emerges in the 
intersectional analyses of Brooks, Lordi, Redmond, 
and Wald is how marginalized artists mix and move 
between multiple genres, idioms, and even media 
forms as a method of preserving their agency and 
carving out space for themselves and their listeners 
in a hostile world, a strategy that rests upon the 
code-switching multi-genre virtuosity of these 
performers (Lordi, 2016, p. 60; Redmond, 2011, p. 
400; Brooks, 2006, p. 7). This theme of multiplicity 
and mobility is highly relevant to the study of 
Prince’s work and is at the very center of my 
analytical methodology. When Emily Lordi argues 
that Black female artists like Aretha Franklin and 
Nina Simone “...use multi-generic virtuosity to turn 
the condition of lacking any hospitable expressive 
system into a performative claim to multiple 
expressive homes,” she could just as easily have 
been describing Prince (Lordi, 2016, p. 57). Brooks 
herself points out this quality of multiplicity in her 
liner notes to the posthumous reissue of Prince’s 
Sign O’ The Times as she catalogues the many 
musical idioms that it mixes, including “crushing 
guitar chords...majestic gospel flourishes...synth-
pop futurity...and Beatles-esque pop,” not to 
mention “jazz sensibilities” and “sweet folk and soul 
turns.” (Brooks, 2020, p. 10) This tactic of using 
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stylistic mobility, multiplicity, and fusion is one of 
Prince’s chief performative tools, and as such it is 
the centerpiece of the musical analyses in my larger 
study. By exploring how Prince mixed and moved 
between multiple musical genres or idioms, we can 
understand how Prince both created space for 
himself in the music industry and also gave his 
listeners space to experience subjectivity free from 
Western hierarchies of power by constructing 
alternative models of racial, gender, sexual, and 
religious identity within his work. 
 
Outsider Identity and “Afro-alienation” 

Fourth and lastly, the intersectional scholars 
that I am citing often use the concept of outsider 
identity or difference, discussing how their subjects 
turn marginalization into a critical tool. Gayle Wald 
begins her 2011 article quoting the Afrofuturist jazz 
artist Sun Ra, who took the ultimate “outsider” 
position by claiming to hail from another planet, 
and used that position to critique racism and 
violence in American society (Wald, 2011, p. 673). 
Emily Lordi also discusses the critical power that 
black artists have historically derived from 
marginal status: writing about James Baldwin, she 
says “…whereas other African American writers 
recuperate marginalization as the source of 
superior insight (what Du Bois called ‘second-
sight’),” Baldwin “…additionally figures black 
exclusion as the source of superior expressive skill, 
or what we might call performative swagger.” 
(Lordi, 2016, p. 65) Daphne Brooks’ goes further, 
condensing this discourse of reclaiming the trauma 
of social abjection as a critical tool into a concept 
she labels “Afro-alienation”: “In what I call ‘Afro-
alienation acts,’ the condition of alterity converts 
into cultural expressiveness and a specific strategy 
of cultural performance. Afro-alienation recurs as a 
trope that reflects and characterizes marginal 
cultural positions as well as a tactic that the 
marginalized seized on and reordered in the self-
making process.” (Brooks, 2006, p. 5) 

This concept is highly relevant to the study of 
Prince, who grew up black and poor on the North 
side of Minneapolis and experienced racial taunts 
and physical bullying at a young age during a period 
when he was bussed to a majority-white elementary 
school (Ro, 2011, p. 4). Prince had other 
experiences growing up that marked him as 
“different” even within his own community: he was 
physically small, temperamentally shy, and 
suffered from childhood epilepsy, experiences that 
likely left psychological marks into adulthood 
(Nilsen, 1999, p. 19). In his autobiography, Prince 
touched upon the topic of “difference” and how 
important he felt that it was to his creativity, writing 
“Those considered ‘different’ R the ones most 

interesting 2 us,” and later, “Hidden Places, Secret 
Abilities. A part of oneself that is never shown. 
These r the necessary tools 4 a vibrant imagination 
& the main ingredients of a good song.” (Prince, 
2019, pp. 80, 83) Themes of difference and 
alienation loom large in Prince’s work as well as his 
biography, and Prince’s use of alienation effects 
factor into several of my musical analyses. From his 
reclusive and misunderstood character “The Kid” in 
Purple Rain and its sequel Graffiti Bridge, to his 
musical explorations of ambivalence and alienation 
in songs like “Controversy,” “Lady Cab Driver,” “I 
Would Die 4 U,” or “Strange Relationship,” Prince 
repeatedly constructed and occupied subject 
positions that stood at a critical distance outside of 
the typical—or stereotypical—constructions of 
black and male and heterosexual identity in 
American society. 

 
Conclusions 

 
Examining Prince’s work from an 

intersectional perspective means following the 
ways that he mobilized the expressive tools of 
African American music for the purpose of escaping 
the repressive modes of representation that have 
clung to African American identity as that identity 
is lived in terms not only of skin color but also of 
gender, sexuality, religion, and economic class. By 
focusing my musical analyses on Prince’s 
performative decisions, my goal is to show how he 
worked to create a more hospitable space for 
marginalized artists within the music industry. In 
particular, analyzing music from this intersectional 
perspective allows us to focus on how Prince’s 
virtuosic, code-switching fluency in multiple genre-
idioms placed stereotypes of black, male, 
heterosexual identity at a critical, alienating 
distance and constructed new, liberating models. 
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Abstract — The purpose of this essay is to introduce a 
framework for the study of happiness. This framework 
is based on paradigms like pragmatism, philosophy of 
science, psychological egoism, and hedonism. The 
purpose of the framework is to better learn the facts 
about happiness, and to see if there are ways for us to 
achieve well-beings. 
 
Keywords — Happiness, pragmatism, philosophy of 
science, psychology 
 

Introduction  
 

Happiness has long been an important subject 
for human beings. Even though people in the world 
do not have a clear common agreement on the 
definition of happiness, it could still be the most 
important topic in the world. Because when people 
are talking about “happiness”, it’s always about the 
ultimate purpose of our whole life, the most basic 
motivation of our behaviors, and how we should 
evaluate our life condition. We can say that 
everything we have done and everything we are 
going to do is for our happiness. In other word, our 
belief in “happiness” could be the foundation of our 
life process and all our behaviors. To seriously dive 
into the study of happiness, I will first briefly 
introduce meta-philosophical paradigms my study 
will be based on, and then try to explain my 
viewpoints about the definition of “happiness”. 
Only when we have ideas about the characteristics 
of happiness, will it be possible for us to build 
further theories. 
 

Theoretical Basis 
 

Stephen Hawking (1988) said “Any physical 
theory is always provisional, in the sense that it is 
only a hypothesis: you can never prove it. No matter 
how many times the results of experiments agree 
with some theory, you can never be sure that the 
next time the result will not contradict the theory.” 
We can never find infinite evidences to prove any of 
our observations. Thus, there’s no fundamental 
truth, but only common beliefs, which can also be 
called paradigms.  

Thus, our knowledge can never be based on 
“truths” but only on our own life experiences. “A 
claim is true if and only if it is useful” (Catherine 
Legg Christopher Hookway, 2008). The only 
criterion of theories is whether it could be 

pragmatic. In other words, the standard is whether 
if the theory could be useful to us. (Although 
different people with different life experience could 
have different opinions about “what could be 
pragmatic”) Thus, an acceptable paradigm must be 
pragmatic. It should at least bring people 
psychological massage and relaxation (for instance, 
religion theories). If one theory or paradigm gives 
no bonus to those who believe in it, then it will be 
less and less popular till no one believe in it 
anymore. 
 

The Essence of Happiness 
 

There are two popular viewpoints about 
happiness. For instance, some might define 
happiness as "what I experience here and now". I’d 
like to call this “a state of mind”. Others might think 
that the true worthy happiness should be a long 
continuous process. I will call this “well-being”.  

An alcoholic, according to “a state of mind” 
theory, can surely be a happy person. As long as he 
is drunk but happy, he surely has “happiness”. 
From the “well-being” perspective, things are 
different. When an alcoholic is drinking excessively, 
many other people would not say he really has 
“happiness”, because he is ruining his own future 
life condition.  

According to our common senses, Happiness 
should be what we really want in life. That’s also 
why it’s the most important and why we should take 
it so seriously. In other words, most people believe 
that Happiness should be our ultimate desire. 

Ultimate desire should not depend on one’s 
extrinsic and instrumental desires, interests, or 
opinions. Extrinsic and instrumental desires are 
desires one has for something as a means for 
something else. Ultimate desires are those desires 
one has for something as an end in itself, not as a 
means to something else. 

Thus, it seems that "what I experience here and 
now" is closer to the essence of happiness. We 
human are not time travelers. We cannot tell what 
we really will think and feel in the future. In the last 
example, some people would not choose to be 
alcoholics not because they don’t care what they 
experience “here and now” the most, instead, it’s 
because that their concerns about the “future life 
condition” is also a part of their feelings and 
experiences “here and now”. In another word, our 
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desire of a continuous well-being is actually an 
extrinsic/instrumental desire. It is a means to fulfill 
our ultimate desire, which is a happy state of mind. 

This paradigm is able to explain all human 
physical behaviors and psychological expectations. 

 
Challenges and Possible Solutions 

 
However, according to the theoretical basis, 

this definition of happiness is not acceptable 
because the paradigm seems not pragmatic at all, in 
other word, it doesn’t provide us any methodology 
to better obtain happiness. The problem is, the 
definition of our ultimate desire doesn’t help us to 
better satisfy it. Obviously, if “happiness” is only 
about “here and now”, then there is no need to make 
any other efforts, because our efforts which are 
made at the present can only affect our future life 
condition (but not what is “here and now”).  

If you are an alcoholic and you are feeling all 
good about it, then just drink, because that’s what 
you ultimately desire. If you are an alcoholic but 
you are really concerned about your future life 
condition, then just repent. It’s not because alcohol 
suddenly become evil, but your ultimate desire now 
requires you to ease your pressure. All we need to 
do is to follow our hearts. This is also the only thing 
we could do. Everything we have done is because of 
our ultimate desire, and if we ultimately desire 
something, we would surely do that. All the things 
that people have done and all things people are 
going to do are all fine. Our ultimate desires don’t 
require any further efforts.  

The first explanation for the problem is to deem 
the very general pragmatism wrong. Some people 
thus become Skeptics and Nihilists. At least, their 
solutions are self-consistent. 

The second solution is to think that this 
paradigm about happiness could at least bring 
people “psychological massage and relaxation”. (If 
this paradigm is correct, then at least people’s belief 
about pragmatism is still self-consistent.)  

Objectors might say that this theory would 
bring not only relaxation but also anxiety. Because 
this theory is suggesting that our future well-beings 
have no direct relation to our ultimate desires. For 
most people, their psychology and ultimate desire 
might require them to be concerned about their 
own well-beings and many other people’s well-
beings “here and now”. That’s quite a common case. 
Even I want good job and I want my parents and 
friends to live decent lives in the future.  

But saying that “there is no direct relationship 
between our ultimate desires and our well-beings” 

doesn’t mean that our well-beings depend on a 
mere matter of luck. As our society continues to 
develop, even though human individuals have no 
potential to achieve “well-being”, it’s very possible 
that human community will give individuals 
increasing opportunities to achieve what we 
expected. We cannot prove it yet, but it’s definitely 
not impossible. According to humans’ observation, 
it’s also possible that the overall entropy production 
rate of earth and the overall entropy reduction rate 
of human society is increasing. No one could say 
that human civilization is necessarily not always 
thriving. 

 
Conclusions  

 
If happiness is the most important thing in the 

world, then it must be our ultimate desire. Thus, 
happiness should be what we experience “here and 
now”. The problem is, what’s here and now has 
already happened, or it is right now happening, and 
we can do nothing about it. In other words, there is 
no way to help ourselves to better satisfy our own 
ultimate desires. It might seem that this definition 
of happiness is not pragmatic at all for it suggests 
that our “well-being” might depend merely on a 
matter of luck, because it’s not what we ultimately 
desire.  

However, I believe this study of happiness is 
still valid. First of all, it is at least a necessary part 
for a self-consistent paradigm of pragmatism. 
Besides, there might be indirect relations between 
our ultimate desire and our continuous well-being. 
Whether if a developed society will guarantee its 
individuals’ happiness and how our ultimate desire 
will lead us to a better community or society could 
be a most important part of future research. 
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Abstract — Mark V Studios was a recording enterprise 
and gospel record label that operated in Greenville, 
South Carolina from 1961 until 1991. This research 
documents the history and artistic output of the studio 
and highlights the artistic contributions of musicians 
who recorded there, thereby illustrating the impact the 
musical culture of Upstate South Carolina had on 
American popular culture, writ large. Research began 
with the compilation of a list of performers and 
personalities associated with the studio. These names 
were gathered from the sleeves of records that bear the 
Mark V Studios logo, found either online or on records 
acquired by the author. The author then made contact 
with available persons and conducted interviews. 
Newspaper archives and books on radio broadcast 
history were consulted to provide cultural context. This 
research will illustrate the musical culture of South 
Carolina in the second half of the twentieth century and 
reveal the gospel and country music foundations on 
which American popular music is built. In so doing, it 
will bring recognition to the fact that the Upstate region 
of South Carolina possesses a distinct musical culture 
and tradition that can be a source of civic and cultural 
pride. 
 
Keywords - Gospel music, History, Upstate, Culture 
 

Introduction 
 

The Upstate of South Carolina has a rich 
musical heritage. Situated between the foothills of 
the Great Smoky Mountains and the state’s 
agricultural Midlands, the area was full of cotton 
mills and textile plants in the first half of the 20th 
Century. Mill laborers gathered in Upstate towns 
and brought their music with them; country, 
bluegrass, blues and gospel. With the advent of 
increased technology in recording and expanding 
radio and record markets, these musical styles 
would be embraced by consumers nationwide and 
become the building blocks of American popular 
music. In recording the sounds of the Upstate, 
Greenville’s Mark V Studios played a major role in 
bringing the musical culture of the region into the 
national consciousness.  

 
The Story of Mark V Studios 

 
In the 1950’s radio station WESC in Greenville, 

South Carolina carved out its share of the local 
market with country and gospel programming like 
Earl Baughman’s Country Earl and Gospel Train 

shows and Floyd Edge’s Uncle Dudley hour 
(Mullinax, 2003). Baughman and Edge (who was 
known professionally as Don Dudley) fronted the 
bands Circle E Ranch Gang and the Tunetoppers, 
respectively (Armonaitis, 2012). Both of these 
bands performed on WESC and both featured a 
young guitarist named Bill Huffman. 

It was on WESC in 1960 that Bill Huffman and 
his musical brothers, Joe and Harold, got their first 
exposure to recording their own music. The station 
had tape recorders and the bands could listen to 
play back of their rehearsals.  

“That was the inkling of our exposure to 
hearing something back.” Joe Huffman recalled 
(Huffman, 2020).  

 
Working on A Building 

After the “inkling” of recording they had 
experienced at the radio station, the brothers’ 
curiosity was insatiable. They set out looking for the 
tools to commit their guitar noodling to tape. It was 
not aspirational. In the beginning they were 
hobbyists, pure and simple. But as their stock of 
recording equipment grew and their facilities and 
skills became more professional, the Huffman 
brothers gradually came to realize that their hobby 
could become a commercial recording studio 
(Huffman, 2020). 

 
Mark V Meets the Public 

In the early 1960’s WMRB disc jockey Bob 
Poole was branching out. Poole had spent 1960 
hosting the Championship Wrestling program on 
Greenville television station WFBC. After leaving 
that program he started a Sunday morning gospel 
television program that would bring the great 
gospel quartets of the 1950’s and early ‘60’s into the 
homes of Americans in television markets across 
the country (Kendall, 2015). 

The Trav’lers were one of the first groups to 
appear on Bob Poole’s Gospel Favorites program in 
1961. The response to their appearance was so 
positive that the group decided to make a record to 
build on the momentum. Mark V Studios was still 
working out the bugs with their equipment when 
the Trav’lers approached them, but in a short time 
the first Mark V recording, The Trav’lers Sing the 
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Songs You Have Requested, was released (Kendall, 
2017).  

The Trav’lers were so pleased with the 
instrumental accompaniment they received at the 
fledgling studio that they invited the Huffman 
brothers to perform on the Gospel Favorites 
television show with them. This led to the Huffman 
brothers becoming the full-time band on the 
program. This relationship led to increased 
exposure in the gospel music industry that resulted 
in Mark V Studios becoming one the most prolific 
and influential institutions in gospel music 
throughout the 1960’s and ‘70’s (Huffman, 2020). 

 
Mark V Diversifies 

Soon, all kinds of sounds were coming out of 
Mark V; soul music and rhythm and blues, pop and 
rock, country and bluegrass, orchestral and 
acapella arrangements. Music filtered in from the 
clubs, churches and street corners. By the mid-
1960’s Mark V Studios reflected the musical culture 
of the whole region; rural and urban, black and 
white, young and old, spiritual and secular 
(Discogs, 2020). 

Horace Mauldin and his family gospel group, 
The Mauldin Trio, brought gospel music to the 
studio through the Church of God denomination 
and Mauldin’s label, Melody Records (Mauldin, 
2020). Moses Dillard brought in his band the 
Dynamic Showmen, backed up gospel groups out of 
the African American church community and 
produced for vocal talent scouted from the area 
(Adams, 2020). Greenville electronics retailer Bob 
Edwards recorded acts for his gospel label Halo and 
his secular label Klub Records at Mark V (Huffman, 
2020). Producer, musician and songwriter Will 
Hammond tapped into the local teen scene, 
recording his band the Uptowners and producing 
young groups inspired by the wave of British 
Invasion groups taking over the airwaves 
(Hammond, 2020). 

This variety regularly stretched Mark V 
musicians and arrangers far beyond their comfort 
zone. The dynamism required of the musicians 
made them alert, responsive and broad players, 
uniquely suited for work in a professional recording 
studio. Many of the musicians would continue on to 
careers in the premier studios of Nashville, their 
performances reaching the very pinnacle of 
commercial success in the music industry. 

 
Mark V and the Southern Gospel Sound Evolve 

Gospel quartets up until the 1960’s had not 
featured much instrumental accompaniment. 
Legendary groups like The Statesmen had Hovie 
Lister on piano, and the Chuck Wagon Gang had a 
guitar, but harmonizing vocalists were the focus. 

The Mark V band’s appearances on Bob Poole’s 
Gospel Favorites helped set a change in motion 
(Terrel, 2000). 

In the early ‘60’s pianist Jack Clark was a 
member of the popular Harvesters Quartet. The 
Harvesters came to record at Mark V shortly after 
that first Trav’lers session. Clark remembers being 
aware of the studio’s reputation for good 
musicianship, even in those early days. 

“Mark V was turning out some good work. Not 
only did they have a good studio and turn out good 
product, but they had those musicians who could 
work as sidemen on those sessions. It really 
enhanced the sound of whoever recorded with 
them” (Clark, 2020). 

As groups began to include backing musicians 
on their recordings, opinions slowly shifted on what 
was acceptable in gospel music. As this shift 
happened, the Mark V band became established as 
one of the premier bands to accompany southern 
gospel quartets. They began to have a national 
profile, backing up some of the biggest groups on 
some of the hottest tickets. 

Through the 1960’s and into the ‘70’s, southern 
gospel music continued to embrace the twangy, 
country sounds coming out of Mark V Studios. 
Several Mark V musicians including Buster Phillips, 
Pee Wee Melton, Steve and Russell Mauldin and 
Joe Huffman, would carry their new style into the 
studios of Nashville as sought-after session 
musicians, and the country gospel sound they 
innovated weaved its way into mainstream taste on 
records by the likes Elvis Presley and others 
(Huffman, 2020). 

 
Conclusion 

 
Mark V began as a hobby for a trio of guitar 

playing brothers, it grew into a thriving business, a 
vocational institute for musicians and engineers, a 
studio for musical innovation and a fraternity for a 
family of artists. The studio nurtured the careers 
and talents of young musicians and brought to 
fruition the dreams of staff and clients alike. The 
Huffman brothers’ dedication to musical quality 
and to the people who worked with them forged a 
bond of love for music and for one another, that 
remains between many of the players today. 

The music that came out of Mark V serves as a 
document of a time and a place in American culture. 
The progression of Mark V parallels the broader 
culture from the time when radio was the primary 
market into the takeover of television. As recording 
became more accessible, colloquial forms were 
elevated out of local communities, brought onto the 
market and absorbed into a broader consciousness. 
The embrace and diffusion of initially disparate 
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musical styles can be seen in the combination of 
gospel and country music that took place at Mark V. 
All of these styles and forms sprang from the soil of 
Upstate South Carolina. Mark V Studios was a 
conduit for the music of the people of the Upstate 
to recognition by national audiences. 
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Abstract – In Florida, the problem of exotic species 
introduction into freshwaters is particularly acute.  
Volusia Blue Spring, a first magnitude spring in central 
Florida, supports at least six exotic fish. To evaluate the 
contribution of exotic species to the spring, we counted 
and measured native and exotic fish at two locations: 
near the headspring and downstream near the St. Johns 
River. For small species, we seined each site and 
measured all individuals captured. For larger species, 
we snorkeled the site, counted the fish, and 
photographed representative fish with a GoPro outfitted 
with two underwater lasers mounted with parallel 
beams 7 cm apart. We measured fish on the photographs 
and calculated their lengths from the measurements. We 
converted these lengths into biomasses using published 
length-weight relationships and summed the biomasses 
of native and exotic species separately. Although there 
was no significant difference between native and exotic 
biomasses overall, in eight of the ten samples, the exotic 
species biomass exceeded that of native species (exotic 
biomass = 17% lower to 2,154% higher than native 
biomass). Small native species may outnumber exotic 
species, but these data suggest that exotic species may 
have a greater effect on spring ecosystem function than 
their densities would suggest. 
 
Keywords – Exotic species, springs, biomass 
 

Introduction 
 

Among the human-caused factors that have a 
negative impact upon otherwise healthy aquatic 
environments, the introduction of invasive species 
has been particularly detrimental (Sultana & 
Hashim, 2015). Internationally, over 200 invasive 
fish species are known to have been introduced to 
new environments (Thresher et al., 2014). Once 
introduced, an invasive species may or may not 
establish its own population within a system. 
Because native species have evolved according to 
their system’s specific environmental influences, a 
non-native species may disrupt the ecosystems that 
they invade. The large number of invasive species 
worldwide have resulted in a variety of 
environmental, economic, and biological effects; in 
fact, the number of extinct fish species in the United 
States has increased by about 25% since 1989, 
partially because of the introduction of invasive 
species (Burkhead, 2012).  However, data often do 
not exist to adequately evaluate the problem.  
Furthermore, fish abundances often are 

represented as densities, but ecological effects and 
physiological processes of organisms change with 
body size (Sprules & Barth, 2016). Therefore, 
merely counting species may not be sufficient to 
evaluate the role of invasive species in ecosystems. 

Although invasive species are an issue on nearly 
every continent, this problem is particularly acute 
in Florida.  Many of the species that are imported 
for aquaria are tropical or subtropical, so these 
species are “pre-adapted” to survive in the 
subtropical climate of Florida.  Many of these 
introductions are the result of the tropical fish trade 
(United States Geological Survey, 2020) and many 
have caused problems elsewhere.  For instance, 
several species of sailfin catfish (e.g., 
Pterygoplichthys disjunctivus and others of the 
family Loricariidae) have been shown to be 
problematic outside of the US (Hossain et al., 
2018). Locally, these catfish have been observed in 
many springs on the St. Johns River, including 
Volusia Blue Spring. This exotic species has 
established a firm presence in this spring (Gibbs et 
al., 2008) and may disrupt nutrient cycling in the 
system (Capps & Flecker, 2013).  In addition to P. 
disjunctivus, Volusia Blue Spring has been invaded 
by five other fish species (Hoplosternum littorale, 
Oreochromis aureus, Piaractus brachypomus, 
Ctenopharyngodon idella, and Cichlasoma 
dimerus) and serves as an example of an aquatic 
habitat that has been markedly influenced by the 
introduction of invasive species (Work et al., 2010). 

Given that Volusia Blue Spring has become a 
reservoir for non-native fishes, most of which are 
quite large, the purpose of this study was to 
evaluate whether the biomass of exotic species has 
exceeded the biomass of native species.  If the 
biomass of exotic species is actually higher than 
that of the native fishes, ecological features of 
Volusia Blue Spring, such as trophic relationships 
and nutrient fluxes, may be heavily influenced by 
the larger (and potentially more abundant) invasive 
species. We hypothesized that the biomass of the 
exotic species would exceed that of the native fishes. 
Understanding the current state of Volusia Blue 
Spring and the species that inhabit this location 
may be useful in planning further interventions to 
control nonnative species.  
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Methods 
 

In fall 2020, we sampled native and exotic fish 
once a week for six weeks at two locations in Volusia 
Blue Spring, one near the headspring and one near 
the confluence of the St. Johns River (Figure 1). The 
two stations sampled were selected because of 
proximity to the headspring and to a potential 
source of invasive colonists. To quantify and 
measure the fish, we used video recording and 
snorkel surveys for larger species and seine 
sampling for smaller species. At the start of 
sampling at each site, we snorkeled the entire 
station to produce a count of fish that were too large 
to seine. As the snorkel survey began, we also began 
video recording the site, searching for fish large 
enough to measure on film. These fish were filmed 
with a GoPro camera mounted on a board with two 
green underwater laser pointers 7 cm apart.  Once 
we found an appropriate fish, we pointed the lasers 
on the fish’s side while filming so that the laser 
points would show up on the footage. After video 
sampling, we seined three sites within each station 
to capture smaller species that were too small for 
the laser system. We counted and measured with a 
ruler up to 20-40 individuals of each species 
collected.  

Back in the lab, we projected the film onto a 
screen and measured 1) the size of each fish on the 
video footage and 2) the distance between the laser 
points on the fish. To correct these measurements 
for the distance between the laser points, we 
divided each fish length on the video by the distance 
between the laser points on video and multiplied 
this quotient by 7 centimeters (i.e., the known 
actual distance between the lasers). Once we 
recorded the fish species’ counts and lengths, we 
calculated the quantity of each species captured in 
the seine samples by dividing the count by 6 m2 (the 
area that we seined) and multiplying by the total 
area of the study area (i.e., 504 m2 at Site 2, 676 m2 
at Site 4). We converted the lengths of all fish to 
biomasses using species-specific length-weight 
regressions taken from the literature (Bister et al., 
2000; Innal & Giannetto, 2017; Miller et al., 2015; 
Schneider et al., 2000). Then we calculated the 
average weight of each species in the sample and 
multiplied that weight by the total number of fish 
observed or collected to produce the biomass of 
each species. Then we summed the biomasses of the 
native and exotic species, respectively. To 
determine if the biomass of the exotic species 
outweighed the native species, the total biomasses 
of native species were compared to the total 
biomasses of exotic species in morning and 
afternoon samples using a two-way ANOVA.  

Results 
 

The most abundant native fish observed in the 
spring were poeciliids (esp. Gambusia holbrooki), 
shiners (esp. Notemigonus crysoleucas), and 
sunfish (esp. Lepomis macrochirus).  The most 
abundant exotic fish observed in the run were blue 
tilapia (O. aureus) and armored catfish (P. 
disjunctivus), although grass carp (C. idella) and 
pirapitinga (P. brachypomus) also were observed.  
Despite the observation of four exotic species, some 
quite abundant, the biomass of exotic fish did not 
exceed the native fish biomass across the six sample 
days (p = 0.4). Fish biomass also did not differ 
between sites (p = 0.2). However, the interaction 
between taxa and sites was significant (p = 0.01); 
the native fish species biomass exceeded that of the 
exotic species upstream, whereas the exotic fish 
biomass exceeded that of the native fish species 
downstream (Figure 2). 

 
Discussion 

 
Our hypothesis that the biomass of exotic fish 

species throughout Volusia Blue Spring would be 
greater than that of the native species was not 
supported. However, a lack of a difference between 
native and exotic species suggests that the biomass 
of exotic species in the spring is very high, if also 
highly variable.  Furthermore, although native 
species’ biomass was higher at the sites nearer to 
the headspring, the site downstream displayed a 
biomass of exotic species that outweighed native 
fishes, likely due to the proximity of a source of 
exotic colonists and higher oxygen concentrations 
downstream. The dissolved oxygen concentrations 
in Volusia Blue Spring are consistently 
exceptionally low, with concentrations at the 
upstream station in the 0.3-0.6 mg L-1 range and 
concentrations downstream only reaching 0.7-1.2 
mg L-1 in the center of the channel (Work et al., 
2010).  These low oxygen concentrations likely 
exclude larger fish from upstream sites (Work et al., 
2010), as has been observed in other Florida 
springs (McKinsey & Chapman, 1998).  

Our measurements of exotic species biomasses 
were high, but it is likely that these number 
underestimated the true population sizes of these 
species. For example, we observed large quantities 
of fresh feces of the armored catfish, P. 
disjunctivus, in the spring run even when the fish 
themselves were not observed, suggesting that the 
fish were moving into the run at night. The feces of 
these fish are known to affect nutrient availability 
and algal growth in Volusia Blue Spring (Rubio et 
al. 2016) and to produce nutrient hotspots in other 
freshwater bodies (Capps & Flecker, 2013). Future 
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research should evaluate the effect of other exotic 
species observed in the spring run, including the 
very abundant O. aureus, which may disrupt the 
spring run’s substrate with extensive nest building. 
Such research may be effective in building data 
needed to establish effective exotic species 
suppression programs, if these species are shown to 
be of particular detriment to the ecosystem itself 
(Fredenberg et al., 2017). By understanding the 
interaction of exotic species with their new 
environments, the management of invasive species 
both in Volusia Blue Spring run and in other similar 
aquatic ecosystems can be conducted in a manner 
conducive to the promotion of native fish diversity. 
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Figures 
 

 
Figure 1.  Fish sample sites established in Work et al. (2010).   SS2 and SS4 were sampled in this study. 
 

Figure 2. Average biomass of native fish species and exotic fish species upstream and downstream at 
Volusia Blue Spring. Error bars represent standard error of the mean.  
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Abstract – Dissolved oxygen and predation are two 
structuring factors for fish communities. For some 
Florida springs, the underground aquifer, which is 
source of the spring’s water, is nearly anoxic and the 
water that emits from the spring has dissolved oxygen 
concentrations consistently close to zero. As the water 
travels down the spring run, it can accumulate oxygen, 
producing longitudinal oxygen zonation. This gradient 
has been shown to structure fish assemblages in some 
Florida springs, such that larger potential predators 
only occur downstream. The purpose of this study was 
to evaluate whether spring longitudinal zonation also 
may affect the distribution of fish sizes for three species: 
Lepomis macrochirus (bluegill sunfish), Lepomis 
microlophus (redear sunfish), and Gambusia holbrooki 
(eastern mosquitofish). We hypothesized that sunfish 
and mosquitofish would segregate longitudinally by 
size, such that smaller sunfish and larger mosquitofish 
would be closer to the headspring. We surveyed fish at 
two sites, one near the headspring and one downstream, 
using video and snorkel surveys, and seine samples. As 
predicted, downstream sunfish of both species were 
larger, possibly to exceed to the gape width of potential 
predators, and mosquitofish were small enough to be 
difficult to see by predators downstream.    
 
Keywords – Predation, oxygen tolerance, fish size, 
springs 
 

Introduction 
  

One of the most important factors structuring 
fish assemblages is the availability of dissolved 
oxygen. Unlike terrestrial animals, aquatic animals 
are more likely to be limited by available dissolved 
oxygen. This dependency on dissolved oxygen could 
determine both the species and the size of the fish 
that can occur in a system. Because springs in 
Florida come from underground aquifers, the water 
leaving the vent has a concentration of dissolved 
oxygen ranging from zero to 2.6 mg/L for many 
springs and dissolved oxygen is likely to be limiting 
for many species (McKinsey & Chapman, 1998). As 
a result, successions of fish species along spring 
runs have been associated with longitudinal 
dissolved oxygen gradients, although food 
resources and predation may change along this 
gradient as well (Odum & Caldwell, 1955; Work et 
al., 2010; McKinsey & Chapman, 1998). Species 
differ in their oxygen tolerances and these 
tolerances may vary among individuals within a 
population. Large species may be excluded from 
low oxygen upstream areas, and so potential 

predators may occur downstream in springs (Odum 
& Caldwell, 1955). The effect of size vulnerability to 
predation and metabolic rate changes may be 
synergistic, such that larger fish, which may be less 
vulnerable to predation, also consume more oxygen 
(Nordlie, 2013).  

In Volusia Blue Spring, a first magnitude spring 
in central Florida, the dissolved oxygen 
concentration of the water leaving the vent is 
exceptionally low (0.1-0.2 mg L-1), even among 
Florida springs (Scott et al., 2004) and large 
predatory fish typically occur downstream (Work et 
al., 2010, 2017).  These potential predators include 
longnose gar (Lepisosteus osseus), largemouth bass 
(Micropterus salmoides), occasional bowfin (Amia 
calva), and seasonal tarpon (Megalops atlanticus), 
all of which may prey on small sunfish or 
mosquitofish. The goal of this study was to survey 
populations of sunfish and mosquitofish in this low 
oxygen spring. Although the spring has been 
surveyed for fish assemblage structure (Work et al., 
2010, 2017), interspecies length comparisons have 
not been conducted. We predicted that sunfish 
would segregate by size along the length of the 
spring run such that small, vulnerable sunfish 
would not overlap with higher predator densities 
downstream and larger sunfish would be excluded 
from upstream areas due to oxygen limitation. 
Because mosquitofish are much smaller and can 
breathe at the air-water interface, we predicted that 
their length segregation would show the opposite 
pattern. They would not be oxygen-limited, but they 
would be highly vulnerable to predation, so larger 
individuals would be excluded from downstream 
areas with higher densities of visual predators.  

 
Methods 

 
 To evaluate whether fish segregate 

longitudinally by size in a low oxygen spring, we 
compared the size of three fish species at two sites 
on Volusia Spring run on six days in fall of 2020. 
We counted and measured Lepomis 
macrochirus (bluegill sunfish), Lepomis 
microlophus (redear sunfish), and Gambusia 
holbrooki (eastern mosquitofish) at a site near the 
headspring (station 2, Figure 1) and at a site 
downstream closer to the confluence of the St. 
Johns River (station 4) where dissolved oxygen is 
higher.  Three of the excursions began at eight in 
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the morning and the other three began at two in the 
afternoon. For the smaller fish, we seined three 
locations in each site and counted and measured 
the mosquitofish and small sunfish that we 
captured. For the larger fish, we counted the fish in 
a snorkel survey of the entire station. Then we 
snorkeled the area again with a wooden block that 
carried a GoPro camera and two green waterproof 
laser pointers mounted in parallel at 7 cm apart. We 
pointed the camera and the laser pointers at the 
side of the fish that we chose to sample at a distance 
as close as possible without startling the fish to 
prevent distortion during replays.  

Back in the lab, we projected the videos and 
measured the distance between the laser points on 
each fish captured on video. To find the true size of 
the fish, we divided the length of the fish by the 
distance between the laser points on the screen and 
then multiplied by seven, which was the true 
distance between points. We then compared the 
lengths of each fish species between a) up- and 
downstream sites and b) times of day with two 
Mann-Whitney tests. 

 
Results 

 
The bluegill sunfish were smaller upstream 

than downstream (p<0.001, Figure 2) and smaller 
in the morning (p = 0.027). Similarly, the redear 
sunfish were smaller upstream than downstream 
(p<0.001, Figure 2), but there was no difference in 
the size of fish measured between morning and 
afternoon (p = 0.24). In contrast, the mosquitofish 
were larger upstream than downstream (p<0.001, 
Figure 2) and larger in the morning (p<0.001).  
 

Discussion 
 

The hypothesis that sunfish and mosquitofish 
would segregate longitudinally by size, with the 
smaller sunfish and larger mosquitofish closer to 
the headspring, was supported. However, this 
pattern was more dramatic in the afternoon than it 
was in the morning. It is likely that these 
distributions were the result of the interplay of 
dissolved oxygen and predation threat. There is a 
consistent and persistent increase in dissolved 
oxygen with distance from the headspring (Work et 
al., 2010) that likely limits the persistence of larger 
predators (Lepisosteus osseus and Micropterus 
salmoides) upstream. Small sunfish are likely 
vulnerable to abundant potential predators 
downstream (Work et al., 2010) and the very large 
sunfish that occur downstream may exceed the 
gape width of these predators (Huskey & Turnigan, 
2001; Smylie et al., 2015). Smaller sunfish 
upstream likely have lower metabolic oxygen 

requirements (O’Hara, 1968) and can persist in the 
lower oxygen environment upstream with less 
threat from predators. An alternative hypothesis, 
particularly given that gar can gulp air, is that 
predators, which are typically more abundant near 
the St. Johns River (Work et al., 2010, 2017), move 
into and out of the spring from the river and so their 
presence downstream is more a function of 
proximity to a source pool rather than an 
elimination by oxygen limitation upstream. Either 
scenario increases the threat of predators 
downstream. Mosquitofish likely experience the 
same threat from potential predators, but even a 
large mosquitofish is easily consumed by gar or 
largemouth bass. Furthermore, these fish can 
breathe at the air-water interface and are less 
limited by the amount of DO in the water (Kilgore 
& Hoover 2001), so large individuals can occur even 
in water with very low dissolved oxygen. Although 
mosquitofish of any size are quite vulnerable to 
these predators, smaller individuals may be harder 
to spot for visual predators and so distributions of 
small individuals may be able to overlap with the 
potential predators better than larger individuals. 
These results suggest that dissolved oxygen 
availability and predation may affect size structure 
of populations as well as species distributions in 
oxygen-limited springs. 
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Figure 1. Established sampling sites in Volusia Blue Spring (Work et al. 2010); this study evaluated fish 
sizes at Station 2 and Station 4. 
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Figure 2. The average length of bluegill (Lepomis macrochirus), redear sunfish (Lepomis microlophus), 
and eastern mosquitofish (Gambusia holbrooki) upstream and downstream. Error bars represent standard 
error. 
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Abstract – Scientists have hypothesized that mammals 
may shift toward nocturnality in response to climate 
change. To test this hypothesis, we examined whether 
average weekly maximum temperatures and 
proportion diurnality of white-tailed deer (Odocoileus 
virginianus) in South Carolina were correlated. Overall, 
we found a positive correlation between temperature 
and diurnality. Furthermore, temperature and 
diurnality were positively correlated in edge and open 
habitats, but no correlation was observed in forest 
habitats. This could suggest current temperature 
conditions are not so extreme as to cause deer to change 
their behavior in response.  
 
Keywords – white-tailed deer, diel activity, camera 
trap, climate change  
 

Introduction 
 

Understanding how mammals respond to 
climate change is an increasingly urgent area of 
research. Hickling et al. (2006) reports that many 
mammals are shifting north and toward higher 
elevations as a result of regional periods of climate 
warming. However, mammals might also respond 
to climate change by altering their behavior. In fact, 
McCain and King (2014) suggest mammals with 
flexible behavior might be better suited to adapt to 
climate change. Although diel activity in mammals 
is mostly assumed to be fixed (Levy et al., 2018), 
recent studies have shown that mammals change 
their activity patterns from diurnal to nocturnal due 
to human disturbance (Gaynor et al., 2018). 
Mammals might employ a similar strategy to deal 
with warming temperatures (Levy et al., 2018).  

As temperatures continue to rise, mitigating 
water loss will be increasingly important as water 
and vegetation cover are expected to be less 
available (Levy et al., 2018). Mammals that 
conserve more water and waste less energy may be 
better able to adapt to warmer weather (McCain 
and King, 2014). In warm temperatures, white-
tailed deer seek lower temperatures in shaded 
microhabitats (Wolff et al., 2019) which may 
ameliorate some effects of a warmer climate. If 
white-tailed deer are unable to utilize these 
particular microhabitats, their diel activity may 

begin to shift towards increased nocturnality to 
conserve water.  

In our study, we investigated the effects of 
temperature on the diel activity of white-tailed 
deer. We hypothesize that at high temperatures, 
white-tailed deer will shift away from diurnal 
activity and toward nocturnal activity, especially in 
open habitats with less vegetation.  
 

Methods 
 

This research was conducted using data 
collected between May 2018 and December 2020. 
We used 16 camera stations at four sites in South 
Carolina. The four sites we chose in Greenwood, 
Laurens, and Pickens counties had trail cameras 
(Stealth Cam STC-G545NG) placed where 
mammals were expected to be active. Stations were 
classified by habitat as either forest, edge, or open. 
Trail cameras took a burst of three photos each time 
activity was detected. We used DigiKam 
(https://www.digikam.org) to tag each photo with 
species identification and abundance.  

We defined proportion diurnality for white-
tailed deer as the fraction of observations occurring 
from 30 minutes after sunrise to 30 minutes before 
sunset. We calculated proportion diurnality for 
each week by site and habitat. Average weekly 
maximum ambient temperature data were 
collected from stations in Greenwood, SC and 
Pickens, SC (National Centers for Environmental 
Information, 2020), chosen for their proximity to 
the camera sites. We analyzed the relationship 
between the average weekly maximum temperature 
and weekly proportion diurnality for the combined 
observations from all sites and for each habitat type 
using Spearman’s rank correlations.  
 

Results 
 

Across all sites over the duration of our study, 
the average weekly maximum temperature ranged 
from 7°C to 34°C, and the proportion of diurnal 
deer observations ranged from 0 to 1. Overall, we 
detected a positive correlation between maximum 
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temperature and proportion diurnality (n=381, 
rs=.175, p<.001; Figure 1). 

Our results were not consistent across all 
habitats. There was no correlation between 
maximum temperature and proportion diurnality 
in forest habitats (n=116, rs=.072, p=.437; Figure 2, 
left panel). However, a positive correlation was 
observed between maximum temperatures and 
proportion diurnality in both edge (n=114, rs=.193, 
p=.039; Figure 2, center panel) and open habitats 
(n=106, rs=.285, p=.003; Figure 2, right panel). 
 

Conclusions 
 
Our results do not support the hypothesis of 

Levy et al. (2018) that mammals may adapt to 
climate change by becoming more nocturnal in 
response to warming temperatures. In contrast to 
the relationship we hypothesized, our results 
indicate that when temperatures are warm, deer are 
more diurnal, especially in open habitats. Although 
the reasons for this relationship are unclear, we 
suggest several possible explanations.  

We hypothesized that water limitation could 
constrain a deer’s ability to engage in normal 
activity like foraging, mating, and vigilance; being 
active in cooler nocturnal temperatures might allow 
them to conserve water. However, in our study, the 
four sites all contained abundant water (e.g., ponds, 
lakes, or creeks) which could mitigate the cost of 
diurnal activity. Another possible explanation is 
that days in the summer are approximately 4.5 
hours longer than in the winter, resulting in a 
greater proportion of diurnal observations. 
However, neither of these hypotheses explain why 
results differ by habitat.  

White-tailed deer may use open and edge 
habitats during warmer months in order to access 
higher quality vegetation, and they may forage 
during the day to avoid nocturnal predators. Open 
and edge habitats tend to have more herbaceous 
vegetation than forest habitats. Deer may forage in 
these habitats during warmer months to store 
energy before pregnancy and parturition in colder 
winter and spring months. Because coyotes, the 
primary predators of white-tailed deer, are 
nocturnal, foraging may occur during the day 
especially in open habitats where deer are most 
vulnerable to predation.  

The hypothesis that deer become more 
nocturnal in response to warming temperatures 
was not supported by our data. Our results suggest 
current temperature conditions are not extreme 
enough as to cause changes in deer diel activity. 
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Figures 
 

 
 
Figure 1. Proportion diurnality of white-tailed deer was positively correlated with average weekly 
maximum temperature across all camera trap sites (n=381, rs=.175, p<.001). 
 

 
Figure 2. (Left) There was no correlation between average weekly maximum temperatures and proportion 
diurnality in forest habitats (n=116, rs=.072, p=.437). (Center) Proportion diurnality of white-tailed deer 
was positively correlated with average weekly maximum temperature in edge habitats (n=114, rs=.193, 
p=.039). (Right) Proportion diurnality of white-tailed deer was positively correlated with average weekly 
maximum temperature in open habitats (n=106, rs=.285, p=.003). 
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Abstract – Prey animals face a trade-off between time 
spent foraging and being vigilant to avoid predation. 
While some humans are predators of deer, others do not 
pose a threat. In this study, we investigate whether three 
different factors influence vigilance: time of day, habitat 
type, and human disturbance. Deer were found to be 
significantly more vigilant in open habitats that left 
them exposed and in areas with more human 
disturbance, but the time of day was found to have no 
effect on deer vigilance. 
 
Keywords – camera trap, human disturbance, 
vigilance, white-tailed deer, predation risk 
 

Introduction 
 

Human recreation, such as hiking and hunting, 
can disturb wildlife leading animals to move to 
different habitats or change behavior. For example, 
in response to hunting, white-tailed deer 
(Odocoileus virginianus) reduce their home range 
and stop exploring new territories (Marantz et al., 
2016). Additionally, deer may perceive humans as 
predators, which can lead to an increase in vigilance 
(Schuttler et al., 2017). Vigilant white-tailed deer 
have their heads raised and facing in a specific 
direction, ears perked towards the source of the 
sound, and their body tense (Schuttler et al., 2017). 
The time that deer spend in a vigilant state directly 
correlates with their chances of surviving predation 
(Schuttler et al., 2017). This posture allows deer to 
rapidly detect danger; however, vigilance can 
reduce the amount of time available for grazing and 
other important behaviors (Marantz et al., 2016).  

Because vigilance is costly, deer should be 
vigilant only when the behavior is beneficial. Many 
humans, such as hikers, do not pose a threat to 
deer, and thus increased vigilance is not beneficial. 
In other cases, humans such as hunters do pose a 
threat and under these circumstances the increase 
in vigilance benefits deer (Jayakody et al., 2008). 
Habitat also plays a role in vigilance. When in an 
open field, deer may be more vigilant in response to 
being more exposed to predators (including 
humans) while deer in a closed forest may be less 
vigilant (Jayakody et al., 2008). If humans pose a 

threat to deer, deer may also be more vigilant 
during the day when humans are more active.  

The extent to which deer perceive humans as a 
threat is unclear. In this experiment, we investigate 
whether deer are more vigilant in areas with a 
higher level of human disturbance as well as 
whether this behavior is consistent across all 
habitats and times of day. We predict that deer will 
be more vigilant during the day, in areas with more 
human disturbance, and in open habitats. 
 

Methods 
 

The study was conducted at four sites in South 
Carolina, each with three to five camera traps 
(Stealth Cam STC-G545NG) for a total of 17 camera 
stations. The cameras were set to take a burst of 
three images when motion was detected. Images 
were collected between May 2018 and December 
2020. The date and time when the images were 
captured was recorded in the file metadata. 
Digikam (https://www.digikam.com) was used to 
add additional metadata tags for species identity 
and species abundance to each image file. This 
metadata was extracted using the camtrapR 
package for R (Niedballa et al., 2016). In order to 
avoid counting the same individual more than once, 
images with identical taxa, taken within 15 minutes 
of one another, were removed from the data pool.  

The white-tailed deer in images were 
designated as either relaxed (head down, grazing or 
sleeping), vigilant (head above shoulders, ears 
perked up, and head pointed parallel to body), or 
unknown (head position not clear). Pictures that 
contained more than one deer or for which 
vigilance could not be determined were excluded. 
For each station, the number of disturbances such 
as humans, domesticated animals, and vehicles was 
summed and divided by the total number of camera 
trap days. More disruptive events were weighted 
more heavily for our calculations. Each station was 
designated as having one of three disturbance 
levels: none, low, or high. Each station was also 
designated as one of three habitats: open (open 
space, low cover from vegetation and high 
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visibility), edge (where forest habitat meets open 
habitat, medium visibility, and moderate cover 
from vegetation), or forest (many trees, low 
visibility, and extensive cover from vegetation). 
Fisher’s exact tests were used to compare the 
proportion of vigilant and relaxed deer using these 
predictors: human disturbance level, habitat, and 
time of day. For significant Fisher’s exact tests, a 
posthoc multiple comparison test was conducted. 
 

Results 
 

Of the 17 camera stations, five were designated 
as having no human disturbance, six were 
designated as having low human disturbance, and 
six were designated as having high human 
disturbance. We detected no effect of time of day on 
deer vigilance, which ranged from 42% to 50% 
(p=.613; Figure 1A). We found that 54% of deer 
were vigilant in open habitats. This was 
significantly more than in edge habitats where only 
36% of deer were vigilant (p<.002; Figure 1B) or 
forest habitats where 44% of deer were vigilant 
(p=.047; Figure 1B). While only 35% of deer were 
vigilant at stations with no human disturbance, 
over 60% were vigilant at stations with high levels 
of human disturbance. Vigilance increased 
significantly with increasing human disturbance 
(p<.002 for all comparisons; Figure 1C).  
 

Conclusions 
 

Our hypothesis was partially supported by our 
results. We observed greater vigilance in white-
tailed deer in areas with high levels of human 
disturbance and low levels of cover, while time of 
day had no detectable effect on vigilance (Figure 1). 

In our study, deer were most vigilant when 
human disturbance was highest (Figure 1C), 
indicating that deer perceive humans as a threat. 
However, Schuttler et al. (2017) found the opposite 
results; the presence of humans did not cause the 
deer to be more vigilant, and the authors suggested 
that deer in high disturbance areas had become 
habituated to humans. This difference could be 
explained in part because their study sites were 
larger areas of contiguous forest, whereas in our 
experiment, the cameras were set up in smaller, 
fragmented habitats. Schuttler et al. also observed 
that deer were more vigilant during times with 
more light. Similarly, we found that deer were 
slightly more vigilant during dawn and day than 
dusk and night; however, these differences were not 
significant. 

Because open areas have less cover from 
vegetation, deer need to be more vigilant as they are 
more visible to predators, including the top 

predators, humans. We found that deer were more 
vigilant in areas with open fields where cover is 
scarce. Our results are similar to those reported by 
Jayakody et al. (2008), who found that red deer 
(Cervus elaphus) tend to be more vigilant while in 
open, less covered areas where they are most 
vulnerable.  

We found that deer are more vigilant in 
disturbed areas and exposed habitats. Our findings 
suggest that deer consider humans a threat and will 
alter their behavior as a result. Because not all 
humans pose a threat to deer, future studies should 
investigate whether deer can distinguish between 
humans that are benign and potential predators. 
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Figures 

 

 
Figure 1. (A) There was no difference in the percentage of deer that were vigilant and relaxed at different 
times of day (p=.613). (B) The percentage of vigilant and relaxed deer was not significantly different 
between forest and edge habitats (p=.103), but was significantly different between edge and open habitats 
(p<.001) and between forest and open habitats (p=.047). (C) The percentage of vigilant and relaxed deer 
was significantly different between all levels of disturbance: high and low (p<.002), low and none (p<.001), 
and high and none (p<.001). For all panels, significant differences between categories are shown with 
different lowercase letters.  
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Abstract – While red foxes (Vulpes vulpes) and gray 
foxes (Urocyon cinereoargenteus) share their range, 
neither the degree of niche overlap between them nor 
their relative ability to respond to temporary human 
disturbances has been examined. In this study, we used 
camera traps to compare observations of gray and red 
foxes by habitat, time of day, season as measured by day 
length, and human disturbance level. We detected 
spatial partitioning by habitat and temporal 
partitioning by season, but no temporal partitioning by 
time of day. We also found that gray foxes may be more 
tolerant than red foxes of human disturbance. 
 
Keywords – camera trap, competition, spatial resource 
partitioning, temporal resource partitioning, human 
disturbance 
 

Introduction 
 

The red fox (V. vulpes) and the gray fox (U. 
cinereoargenteus) are sympatric species belonging 
to the Canidae family (Cypher, 1993). These two 
species’ range is shared, but the extent to which 
their niches overlap is not completely known. They 
are both opportunistic feeders although gray foxes’ 
diets are composed more of plants and red foxes’ 
diets are composed more of meat (Hockman & 
Chapman, 1983). Both are also often found in forest 
and edge habitats, but gray foxes have been 
reported to avoid human interaction and open 
habitats more than red foxes (Rountree, 2004). 

Humans have altered landscapes through 
habitat fragmentation, reducing forest habitats and 
increasing edge habitats (Ewers & Didham, 2006), 
potentially altering species’ interactions positively, 
negatively, or neutrally. Gray and red foxes have 
both been reported to benefit from habitat 
fragmentation, but the impact of land development 
on the shared niche of these mesopredators has not 
been studied (Crooks, 2002; Hradsky et al., 2017). 
The response of these foxes to temporary human 
disturbance is also unclear. 

While red and gray foxes share similarities in 
niche, we can find no studies conducted in South 
Carolina to explore the degree of temporal or spatial 
overlap. This study aims to investigate the niche 
overlap of red and gray fox populations in Upstate 
South Carolina and the ability of each species to 
respond to human disturbance. We hypothesize 

that red and gray foxes may avoid competition by 
partitioning their niche by habitat, time of day, or 
season and that one of these species may be affected 
more than the other by human disturbance. 
 

Methods 
 

Our data were collected in Upstate South 
Carolina using camera traps at 16 stations in four 
sites in Greenwood, Laurens, and Pickens counties 
from May 2018 through December 2020. The 
cameras captured images in bursts of three while 
recording the time, date, and ambient temperature. 
For each photo, species identification and species 
count were added to the metadata of each image 
using DigiKam (https://www.digikam.org), and 
metadata were extracted using the camtrapR 
package for R (Niedballa et al., 2016). The images 
used in the study only included red and gray fox 
observations.  

To test the hypothesis for partitioning by 
habitat, each station was assigned a habitat type of 
forest, edge, or open. Forest habitats consisted of 
completely wooded areas, edge habitats consisted 
of partly wooded areas by a body of water or field, 
and open habitats consisted of treeless fields. For 
testing partitioning by time of day, each fox 
observation was classified as dawn, day, dusk, or 
night based on the average sunrise and sunset time 
for each month. To test partitioning by season, the 
average day length for each month of every fox 
observation was determined to be short (i.e., 
winter), medium (i.e., fall and spring), or long (i.e., 
summer). Response to human disturbance was 
tested by assigning each station a disturbance score 
of none, low, or high. This score summed the 
number of human disturbances such as domestic 
animals, humans, and vehicles per camera trap day. 
More impactful disturbances were weighted more 
heavily in these calculations. Fisher’s exact tests 
were used to compare the number of observations 
of each fox species in each category (e.g., habitat, 
time of day). For each significant test, we completed 
a posthoc multiple comparison test to identify 
significant differences in each category between the 
two species. 
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Results 
 

We detected a significant difference (p<.001) 
between the two species’ habitat usage. Red foxes 
were seen in forest and edge habitats more 
frequently than gray foxes, while gray foxes were 
recorded in open habitats more frequently than red 
foxes (Figure 1A). There was no significant 
difference (p=.542) between the time of day when 
the two species were observed, but both were 
recorded during the night most frequently. A 
significant difference (p<.001) was detected when 
testing for partitioning by day length. Red foxes 
were most likely to be present on long days and gray 
foxes were observed most frequently on short days 
(Figure 1B). A significant difference (p<.001) was 
also detected between observations at different 
human disturbance levels. Red foxes were found 
most frequently at stations with low levels of 
disturbance while gray foxes were observed most 
often at stations with high levels of disturbance 
(Figure 1C). 
 

Conclusions 
 

We detected spatial resource partitioning 
between gray and red foxes. Red foxes were 
observed more often in forest and edge habitats 
than gray foxes, and gray foxes were observed more 
frequently in open habitats than red foxes. This 
contrasts with previous research which recorded 
gray foxes in forest and edge habitats more often 
while red foxes were recorded in open habitats 
more frequently (Rountree, 2004). Although we did 
not detect temporal resource partitioning by time of 
day, as both species were seen most often at night, 
there was evidence of more seasonal temporal 
partitioning as measured by day length. Red foxes 
were captured most frequently on days when day 
length was long (i.e., summer) while gray foxes 
were seen most often on days when day length was 
short (i.e., winter). Both species were observed least 
often on days when day length was medium (i.e., 
fall and spring). This may be because red and gray 
foxes both restrict their activities closer to their den 
site during denning and pup-rearing in the spring 
(Deuel et al., 2017). The increase in observations of 
gray and red foxes during the summer and winter is 
likely due to the completion of pup-rearing and 
then the dispersal of those pups. However, cameras 
were not deployed for the same number of days 
across seasons which may have contributed to the 
lower number of observations during medium days. 

We also identified evidence of differences in 
these species’ responses to human disturbance, as 
red foxes were observed more in areas of low 
disturbance while gray foxes were present more in 

areas of high disturbance. Previous studies had 
shown that red foxes were adaptable to human 
disturbance and even benefited from it (Hradsky, 
2017). However, our research suggests that gray 
foxes may be even more adaptable to human 
disturbance than was previously thought. While 
gray and red foxes have overlapping niches in which 
they partition resources to a degree, they do not 
partition all resources. Both fox species, especially 
gray foxes, benefit from temporary human 
activities. Future studies could investigate the 
movement and resource use of individual red and 
gray foxes across multiple spatial scales. 
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Figure 1. Niche partitioning between gray and red foxes. Different lowercase letters represent significant 
differences. (A) The percentage of gray and red fox observations was not significantly different between 
forest and edge (p=.450) but was significantly different between forest and open (p<.001) and edge and 
open (p<.001) habitats. (B) The percentage of gray and red fox observations was not significantly different 
between long and medium (p=1.0) but was significantly different between long and short (p<.001) and 
medium and short (p<.001) days. (C) The percentage of gray and red fox observations was not significantly 
different between disturbance levels of high and none (p=.055) but was significantly different between 
levels of high and low (p<.001) and levels of low and none (p<.001). 
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Abstract - Grit, describing one’s perseverance and 
passion for long-term goals, has been identified in prior 
research as an effective predictor of performance in a 
wide variety of environments. In the current study, the 
relationship between grit and athletic performance was 
examined. The Short Grit Scale (Grit-S; Duckworth & 
Quinn, 2009) was administered to each player on a 
collegiate Women’s Basketball team to establish baseline 
scores. As a proxy of athletic performance, individual 
Player Efficiency Ratings (PER) were calculated from 
the team’s 2019-2021 seasons. Power analyses 
suggested a larger sample size could be needed for the 
strong negative correlation between baseline Grit-S 
scores and ’19-’20 PER (r(7) = -.287, p = .454) to reach 
statistical significance. Next, the researchers developed 
and facilitated multiple intervention sessions targeting 
research-informed strategies for improving grit. Data 
regarding the players’ perceptions of each session along 
with post-intervention Grit-S scores were collected. The 
relationship between change in grit and PER was 
analyzed (r(7) = .555, p = .121) and will be discussed. 
Recommendations for the further exploration of grit 
with larger, more diverse sample sizes will also be 
addressed.  
 
Keywords - Grit, Sport Psychology, Growth Mindset, 
Collegiate Athletes, Intervention Development 
 

Introduction 
 

High achieving performers across numerous 
domains have stimulated a natural interest in 
psychology and other social sciences in order to 
better understand what leads certain humans on 
paths of excellence, Duckworth popularized the 
concept of grit. Grit describes the ideas of passion 
as well as perseverance for long-term goals 
(Duckworth et al., 2007). Higher grit has been 
repeatedly established as an effective predictor of 
successful performance in environments such as 
spelling bees (Duckworth et al., 2011), elite military 
colleges (Eskreis-Winkler et al., 2014), and difficult 
public school teaching assignments (Duckworth et 
al., 2009).  

Currently, the research related to grit among 
athletes is limited, and the findings have been 
mixed (Elliott, 2018; Sakamoto et al., 2018). In 
college basketball, a small but significant 
correlation between an athlete's grit and his/her 
free throw percentage has been demonstrated in 

one previous study (Elliott, 2018). Despite free 
throw accuracy being a vital part of the sport, this 
statistic lacks the ability to holistically describe 
one’s athletic performance. The current study 
aimed to contribute to this growing literature base 
by exploring the relationship between grit and 
athletic performance among collegiate student 
athletes. Since research is currently not at a point to 
address this broad question, this study focused 
specifically on one NCAA Division 1 Women’s 
Basketball team.  

Additionally, this study is among the first to 
include an attempt to improve athletes’ grit in order 
to achieve better athletic performance. According to 
Duckworth (2016), the best way to increase grit is 
by developing a Growth Mindset, an idea originally 
researched by Dweck (2006). Athletes and other 
individuals with a Growth Mindset see their 
abilities as a result of hard work and dedication 
while considering their talent and natural abilities 
as only a starting point. Having a Growth Mindset 
helps athletes see failure and losses, which are 
inevitable in sports, as only temporary reminders to 
constantly improve and train harder (Dweck, 
2006). Despite the clear benefits of adopting a 
Growth Mindset, many athletes fail to do so until 
explicitly taught how. A key premise of the current 
study is that Growth Mindset can contribute to the 
kind of perseverance and resilience that is essential 
for grit. 

Despite the paucity of specific research related 
to changes in grit and changes in athletic 
performance, it was hypothesized that an increase 
in grit would also correlate with a positive change 
in athletic performance within this sample. 
 

Methods 
 

In this research, each player on the 2020-2021 
Division 1 (D1) Women’s Basketball team of a small 
liberal arts college in the Southeastern United 
States served as participants (N = 15; M = 19.20 
years old). In order to assess each player’s grit 
score, Duckworth and Quinn’s (2009) 8-item Short 
Grit (Grit-S) Scale was used for self-report pre-
intervention and post-intervention measures. Each 
player’s Player Efficiency Rating (PER) was 
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collected from the team’s coaching staff as a proxy 
of their individual in-season athletic performance. 
The PER is an individual basketball statistic that 
assigns a single number to describe the player’s 
performance across a wide variety of technical skills 
and domains. In order to achieve this, positive 
elements of game play (e.g., field goals) as well as 
negative results (e.g., turnovers) are included in the 
calculation. The PER is a commonly used statistic 
in both college and professional basketball, and its 
inclusion as a proxy of performance was supported 
by the team’s head coach. The researchers believed 
the PER represented an improvement over 
performance measures used in previous studies 
(e.g., free throw percentage) due to its ability to 
more fully capture the complexity of athletic 
performance. Therefore, the relationship between 
each athlete’s PER and baseline grit score was 
examined at the start of the study. 

Using researchers’ current best ideas on how to 
improve grit, multiple “Cognitive Coaching” 
intervention sessions were held through Summer 
and Fall 2020. Specifically, Duckworth’s (2016) 
model of explaining grit within a goal hierarchy was 
used as the basis of the researchers’ own “grit 
hierarchy” to simplify the thought process on 
previous attempts to improve grit. This hierarchy 
included lower-level goals (used to present research 
and sport-specific examples), mid-level goals 
considered to be the most relevant for improving 
grit (Growth Mindset, Team Culture, and 
Deliberate Practice), and the culminating highest-
level goal of improving grit. Following this 
organized hierarchy helped the participants 
connect lower-level goals back to the bigger picture 
and allowed the researchers to ensure each 
individual coaching session fulfilled a small part of 
the bigger picture.  

Qualitative and quantitative data were 
gathered regarding the perceived acceptability, 
feasibility of implementation, and likelihood of 
integration of the delivered interventions from the 
players’ perspectives (e.g., “I feel confident that I 
could implement the ideas discussed today in my 
daily life (practice schedule, workouts, etc.)” and 
“The ideas discussed today relate to my role as a 
student-athlete”). To quantify the information 
collected within the player feedback surveys, 
ratings from one to four were assigned for each 
response (e.g., 1 = Strongly Disagree, 4 = Strongly 
Agree).  

 
Results and Discussion 

 
Across participants (N = 13), the average Grit-S 

score was 3.78. Although the range of scores was 
numerically small (1.88), this span actually 

represented a wide gap in grit (from the 10-20th 
percentiles for the lowest scores to the 90-95th 
percentiles for the highest score) based on previous, 
large-scale analyses of grit (Duckworth, 2016). 
Among returning players (N = 9) a strong negative 
correlation (r(7) = -.287, p = .454) was found 
between 2019/20 season PER (N = 9, M = -.023) 
and baseline Grit-S scores (N = 13, M = 3.78). 
According to power analyses, this correlation could 
be statistically significant with a slightly larger 
sample size (N ≈ 20). However, given the 
constraints of the current study’s sample size, the 
original hypothesis that higher grit would be 
positively correlated with performance was not 
supported. Interestingly, the somewhat strong 
negative directionality of the correlation was 
unexpected based on previous results published in 
the research literature indicating positive 
relationships between grit and performance.  

After assessing post-intervention, Grit-S scores 
(N = 15, M = 3.85), the relationship between change 
in grit and PER was analyzed. Ultimately, a higher 
PER was a good indicator for an increase of grit over 
the time of the study (r(7) = 0.555, p = .121). The 
idea that better performing athletes are more likely 
to be on the court and therefore become naturally 
grittier about their performance could explain this 
relationship outside of any impacts from the 
Cognitive Coaching Sessions. 

Overall, player feedback for each individual 
session and the series of interventions as a whole 
was very positive (N = 15, M = 3.56/4 across all 
sessions). Qualitative feedback (e.g., more visual 
aid to support discussions) was immediately 
incorporated into the remaining Cognitive 
Coaching sessions to improve overall effectiveness, 
as appropriate 

Since this was among the first studies with the 
goal of improving grit in order to achieve an 
increase in performance, there were a number of 
methodological limitations. The research team 
made a conscious decision to avoid having a control 
group due to both ethical and practical concerns. 
However, due to this limitation, it is not feasible to 
make any causal claims between the delivered 
interventions and any changes in grit and/or 
athletic performance among the participants. 

Even in a typical year, student athletes go 
through multiple athletic phases across pre-season, 
season, and post-season training. Within this study, 
the initial Grit-S score was assessed during the 
summer off-season, roughly two months prior to 
the team’s first official practice as a 2020/21 team. 
The athletes could have felt excited and energized 
for the upcoming season which could be reflected in 
higher Grit-S scores. Once the academic and 
athletic year begins and the student athletes are 
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faced with inevitable stress and exhaustion, their 
excitement and motivation might decrease. During 
these times they might face more adversity (e.g., 
lost games, disappointing grades) which was not 
the case during the summer. This confounding 
limitation was exacerbated by the unpredictability 
caused by the COVID-19 pandemic throughout the 
entirety of the current study. 

 
Conclusions and Future Research 

 
In future studies, possible explorations could 

expand on the present study by utilizing a control 
group experimental design. Given the complexity of 
team sports, individual sports might be more suited 
for this purpose.  In order to get a clearer 
understanding of each individual’s true change in 
grit, the Grit-S should be administered at 
comparable moments in the athletic year. However, 
doing so brings a new set of challenges such as 
having to present intervention sessions over a 
longer period of time. Additionally, a longer period 
of time will lower the reliability that any change in 
grit levels is due to the presented sport 
psychological coaching sessions.  
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Abstract - Introduction: Growing evidence suggests 
that the Wnt signaling pathway plays a critical role in 
bone metabolism. The importance of inflammatory 
markers has been well studied in bone metabolism, 
however, there is still a research gap in understanding 
the relationship between sclerostin and inflammatory 
markers in muscle performance. Purpose: This study 
aimed to investigate the circulating levels of sclerostin 
and interleukin-6 (IL-6) levels among athletes and non-
athletes. Methods: This was a non-randomized cross-
sectional study participated by 17 college athletes and 21 
non-athletes age ranges (18-23yrs) old. Blood samples 
were analyzed for serum sclerostin and IL-6 levels. 
Lower and upper body strength were assessed by 
vertical jump test and handgrip dynamometry, 
respectively. Results and Conclusion: Lower body 
muscle performance variables were significantly higher 
among athletes. A statistically significant positive 
relationship was observed between sclerostin and 
muscle performance variables among non-athletes 
(p<0.05). In contrast, IL-6 is inversely related to muscle 
variables among non-athletes (p<0.05) suggesting that 
sclerostin and IL-6 could possibly influence muscle 
atrophy or disuse. 
 
Keywords — Sclerostin, IL-6, jump power, relative 
power 
 

Introduction 
 

The Wnt signaling pathway, an important 
regulator of skeletal development, is inhibited by 
several glycoproteins including sclerostin. 
Sclerostin is a product of osteocytes that promotes 
bone resorption and it has been reported that 
higher levels of sclerostin were associated among 
those participating in low physical activity (Amrein 
et al., 2011; Galea, et al., 2017). Further, it has been 
reported that inflammatory cytokines can 
negatively affect bone formation via the 
upregulation of sclerostin (Kouvelioti et al., 2018). 
Although the importance of cytokines has been well 
studied in bone metabolism, there is still a wide 
research gap in understanding the relationship 
between circulating cytokines and sclerostin levels 
in response to exercise. Therefore, the purpose of 
this study is to investigate circulating levels of 
sclerostin and IL-6 among athletes and non-

athletes. This study also aims to investigate the 
relationship between sclerostin and IL-6 with 
muscle performance variables.  

 
Methods 

 
In this non-randomized cross-sectional study, 

38 college-aged students age ranges from 18-23 
years participated and completed the protocols. 
This study was approved by the Lander University 
Institutional Review Board. During the first visit to 
the laboratory, participants completed the 
informed consent form, health screening 
questionnaire, physical activity readiness 
questionnaire, calcium intake questionnaire (CI), 
international physical activity questionnaire 
(IPAQ), and bone-loading physical activity 
questionnaire (BPAQ). The participant’s lower and 
upper body strength was assessed by the vertical 
jump test (Just Jump Mat, Tendo Sports Machine) 
and a handgrip (HG) test using handgrip 
dynamometry (Takei, Japan), respectively.  

During the second visit, venipuncture blood 
samples (~7 ml) were collected by nursing students 
supervised by registered nurses at Lander 
University in the morning after overnight fasting 
(8:00-9:00 am) to measure serum sclerostin and 
interleukin- 6 (IL-6). Blood samples were allowed 
to clot, centrifuged and serum samples were 
transferred into 6 microtubes. All serum were 
stored frozen at -84ᵒ C until the assays were 
performed. Universal precautions were utilized 
while handling bodily fluids. 
 
Serum Sclerostin and IL-6 Assays 

Prior to each assay, frozen samples, along with 
all the reagents, were allowed to reach room 
temperature (~25ᵒC). Quantikine Human SOST 
Immunoassay and Human IL-6 Immunoassay (R 
and D system Inc., Minneapolis, MN) were used to 
measure serum levels of sclerostin and IL-6 in 
duplicate. Step-by-step procedures were followed 
as per the assay kit instruction manuals. In this 
study, the intra-assay CVs for sclerostin and IL-6 
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were 4.7% and 1.13%, and 0.8% and 2.1%, 
respectively. 

Data were analyzed using IBM SPSS 23.0 (SPSS 
Inc., Chicago, IL). All descriptive statistics are 
reported as means ± standard deviation (SD) unless 
otherwise stated. All dependent variables were 
tested for normality using the Kolmogorov-
Smirnov test. Independent t-tests were used to 
determine the differences between the groups for 
the sclerostin and IL-6.  Pearson Product Moment 
correlation coefficients were computed to 
determine the relationships between 
neuromuscular performance variables and bone 
and inflammatory markers. The level of 
significance was set at p ≤ 0.05.  
 

Conclusions 
 

Although athletes were significantly heavier 
than non-athletes, weight-adjusted lower body 
variables (time in air and jump height) were 
significant between groups (p>0.05) (Table 1 and 
Table 2). We did not find any significant differences 
between circulating levels of sclerostin and IL-6 
(Figure1 and Figure 2). We also found a positive 
relationship between sclerostin and muscle 
variables whereas IL-6 is negatively associated with 
muscle performance variables (Table 3). This 
suggests both sclerostin and IL-6 could possibly 
influence muscle atrophy or disuse. Further, a new 
line of concept on animal studies reported Wnt 

signaling pathways plays a critical role in skeletal 
muscle development specifically Wnt 7a, which 
activates Akt/mTOR pathway, thereby inducing 
microfiber hypertrophy (Rudnicki & Williams, 
2015). However, due to lack in the literature, cross-
talk between muscle-bone and Wnt signaling 
pathway in humans deserves further investigation. 
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Figures and Tables 

 
Table 1. Physical Characteristics of Athletes and Non-Athletes (Mean ± SE) 

Variable Athletes (n=17)  Non -Athletes (n=21) 
Height (cm)   173.67 ± 2.98  165.07 ± 2.14* 
Weight (kg)     86.58 ± 5.09   69.96 ± 3.04* 
BMI      28.41± 1.22   25.80 ± 1.09* 
IPAQ (Mets/Min)  6590.32 ± 1182.98 4237.21 ± 740.96 
Calcium Intake (mg/day) 1078.13 ± 146.21 722.58 ± 83.34* 

*p≤0.05 significant group difference 
 
Table 2. Muscle Performance Variables for Athletes and Non-Athletes (Adjusted Mean ± SE) 

Variables Athletes (n=17)  Non -Athletes (n=21) 

Time in air (s)       0.63 ± 0.01     0.55 ± 0.01** 

Jump Height (inches)     19.71 ± 1.06   15.68 ± 0.77** 

Velocity (m/s)       1.33 ± 0.04     1.19 ± 0.04 

Power (Watts) 1139.87 ± 88.20  807.39 ± 46.01 

Relative Power (Watts/kg)     13.02 ± 0.47   11.56 ± 0.37 

Right Hand Grip Strength (Kg)     58.88 ± 6.14   59.09 ± 5.13 

Left Hand Grip Strength (Kg)     50.39 ± 6.24   54.11 ± 4.54 

*p≤0.05 significant group difference; **p≤0.01 significant group difference 
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Table 3. Correlations between Sclerostin, IL-6 and Muscle Performance Variables  
Variable   

Athletes 
Non-
Athletes 

Variable  
Athletes 

Non-
Athletes 

Sclerotin with   IL-6 with   
Time in air   0.25 0.64** Time in air  0.08 -0.31 

Jump height 0.25 0.65** Jump height 0.08 -0.29 
Velocity  0.43 0.64** Velocity  0.08 -0.46** 
Power 0.57** 0.4* Power 0.14 0.55 
Relative power 0.46 0.66** Relative power 0.07 -0.47* 
Lt Hand Grip 
Strength 

0.51* 0.2 Lt Hand Grip Strength 0.09 -0.33 

Rt Hand Grip 
Strength  

0.37 0.2 Rt Hand Grip Strength  0.99 -0.32 

*p<0.05; ** p≤0.01  
 

              
Figure 1. IL-6 levels among Athletes and Non-Athletes      
 

 
Figure 2. Sclerostin levels among athletes and Non-athletes 

 

0

1

2

3

4

5

6

Athletes (n= 17) Non-Athletes
(n=21)

IL
-6

 (p
g/

m
l)

100

120

140

160

180

200

220

240

Athletes (n= 17) Non-Athletes (n=21)

Sc
le

ro
st

in
 (p

g/
m

l)



April 9, 2021 

 85 

 

Effect of Nitrate and Medium Chain Triglycerides on Perceived 
Effort and Performance During Intermittent Shuttle Running 

 
Courtney Weber, Paige Kaiser, Rob Seaton, Pragya Ghimire, and Martin Carmichael 

Physical Education and Exercise Science 
Lander University 

320 Stanley Ave. Greenwood, SC 29649 
{courtney.weber, paige.kaiser, psharmaghimire, mcarmichael}@lander.edu, seatonra@cofc.edu 

 
Abstract — Both nitrate and medium chain 
triglycerides (MCTs) are known to improve 
performance however their effect alone or in 
combination on perceived effort and performance 
during prolonged exercise is not well known. The 
purpose of this investigation was to examine the effect of 
7d of nitrate and MCT consumption on ratings of 
perceived exertion (RPE) and performance during 
intermittent shuttle running (SR). In a randomized, 
placebo-controlled, double-blind study VO2max was 
determined in twenty male college soccer players. 
Subjects were matched for VO2max and 24hrs later 
performed an intermittent shuttle run test. RPE and 
sprint times were recorded throughout. Subjects then 
ingested either 237mL grape juice (GJ) as a placebo, 
GJ+beet juice (400mg of nitrate; 70mL), or GJ+beet 
juice+9g of MCT powder twice daily for 7d. Following 
treatment, the subjects once again performed the shuttle 
run. Sprint performance did not differ across groups 
following treatment administration. There was an 
expected increase in RPE in later vs. early stages of SR 
but there were no significant differences in this pattern 
across groups. Consumption of nitrate or nitrate+MCT 
did not result in improved RPE or sprint performance 
during SR compared to placebo in male college soccer 
players.  
 
Keywords – Beet Juice, Medium chain triglycerides, 
RPE, Shuttle running 
 

Introduction 
 

Athletes rely on effective training and dietary 
programs to optimize performance. When these 
strategies are realized, many turn to dietary 
supplements (DS) in an attempt to further enhance 
performance. The ways by which these DS increase 
performance include providing substrate (Tsintzas 
& Williams, 1998), enhancing drive (Graham & 
Spriet, 1995) and preserving homeostasis (Furst et 
al., 2018). Athletes now combine multiple DS in 
hopes that additional performance enhancement 
will be attained (Martinez et al., 2016). Two DS that 
have recently garnered interest and have potential 
ergogenic effects are nitrate (NT) and medium-
chain triglycerides (MCT).  

Nitrate, in the form of beetroot juice has been 
shown to enhance performance (Cuenca et al., 
2018). This enhancement may be due to its vascular 
dilatory effects (Ferguson et al., 2013), regulation of 

O2 utilization (Bailey et al., 2009), lower perception 
of muscle pain (Husmann et al., 2019) and faster 
phosphocreatine resynthesis (Domínguez et al., 
2018). 

MCT contain fatty acid (FA) chains between 6-
12 carbon atoms and are found in coconut and palm 
oils. These FA are absorbed in the GI tract and 
transported directly to the liver via the portal vein. 
These FA can enter mitochondria where they are 
preferentially oxidized (Papamandjaris et al., 
1998). The effect MCTs may have on exercise 
performance has been fairly well demonstrated in 
animals (Fushiki et al., 1995) and humans (Nosaka 
et al., 2009). However, the ergogenic effect of MCTs 
might be best realized when combined with 
carbohydrate (CHO) (Van Zyl et al., 1996).  

The purpose of this study was to determine if 
short-term (7d) ingestion of combined NT or 
NT+MCT would improve sprint performance and 
perception of effort during prolonged intermittent 
shuttle running over a placebo (grape juice). Our 
hypothesis was that the combination treatment 
(NT+MCT) would result in improved perception of 
effort and sprint performance compared to the 
nitrate solution and both treatments (NT+MCT and 
NT) would be better than placebo. 

 
Methods 

 
Subjects 

Twenty males aged 18-25 (height 175.2 ± 
8.0cm, weight 77.0 ± 9.8kg) were recruited to 
participate in the study. All subjects were members 
of the university soccer program and had been 
following the same training program and practice 
sessions for the eight weeks prior to entering the 
study. They were instructed to avoid the use of 
nutritional supplements for 4 weeks prior to the 
start of the study and not to engage in any other 
exercise outside of team activities for the duration 
of their enrollment. The study was approved by the 
Lander University Institutional Review Board. 
 
 
Procedures 

The participants were instructed to report to 
the human performance laboratory at Lander 
University and VO2max was determined on a 
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treadmill. Participants were then grouped based on 
VO2max and 24 hours later they performed a 
modified Loughborough Intermittent Shuttle Test 
(LIST) while ratings of perceived exertion and 
sprint times were recorded throughout. 
Participants were then randomly allocated 
treatments and consumed them over the next seven 
days. One day following the end of treatment 
consumption participants again returned to the 
laboratory and repeated the protocol described 
above.  
 
Treatments 

Treatments consisted of twice-daily 
consumption of either 237mL of grape juice, grape 
juice+400mg of nitrate (Beet It® Sport Nitrate 
400), or grape juice+400mg with 9g of added MCT 
powder (Quest Nutrition®). Treatments were 
prepared and coded by study personnel who had no 
role in data collection. 
 
LIST Test 

The modified LIST test consisted of four 15min 
quarters of intermittent high-intensity shuttle 
running, lasting approximately 60min with a 
20min halftime in between quarters 2 & 3. Each 
quarter consisted of 8 repetitions of a shuttle 
running protocol that included 3 × 20m of walking 
(∼30% V̇O2max), 1 × 20m maximal sprint, 3 × 20m 
of jogging (55% of V̇O2max) and then 3 × 20m of fast-
paced running (95% V̇O2max). Appropriate running 
speeds were maintained by computer generated 
audible beeps indicating the time at which subjects 
were required to reach pieces of tape on the floor set 
20m apart. A 2-way ANOVA RM was used to 
analyze the data. 
 

Results 
 

Performance was indicated by 20m sprint 
times and is presented in Figure 1. There were no 
differences in performance across groups following 
treatment administration. Perceived effort (RPE) 
was determined by utilizing the Borg scale and is 
presented in Figure 2. There was a slight increase in 
RPE as the stages progressed, however there were 
no significant differences in this pattern across 
groups. 

 
 
 

Conclusion 
 

These findings suggest that consumption of 
nitrate alone or with added MCT did not enhance 
sprint performance or perceived effort during 
intermittent shuttle running compared to placebo. 
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Figure 1.  Comparison of Sprint times across four quarters (A-D) of shuttle running before (Pre) and after 
(Post) treatment intervention. 
 

 
Figure 2. Comparison of ratings of perceived exertion (RPE) across four quarters (A-D) of shuttle running 
before (Pre) and after (Post) treatment intervention. 
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Abstract — Therapeutic insoles are commonly 
prescribed for pain reduction and plantar pressure 
redistribution in patients with rheumatoid arthritis. The 
objective of this research was to evaluate the effect of 
custom-made insole incorporating a metatarsal pad 
and medial longitudinal arch support on plantar 
pressure redistribution in patients with rheumatoid 
arthritis. Fifteen females with RA participated in this 
study and received a pair of individually customized 
insoles using metatarsal pads and medial longitudinal 
arch supports. Mean peak pressure (in kPa) was 
calculated for the heel, midfoot, metatarsophalangeal 
joint, and toe regions using the Pedar-X system. In the 
heel and metatarsophalangeal joint areas, a significant 
reduction in the maximum pressure was found in the 
follow-up assessment (p< 0.05). The comparison 
showed a significant increase in maximum pressure in 
the midfoot compared to without insole condition (p< 
0.001). Using individually customized insole with 
metatarsal pads and medial longitudinal arch supports 
showed to be effective in decreasing plantar pressures 
under the heel area and the metatarsal heads and 
increasing the midfoot pressures in female RA patients. 
 
Keywords — Foot Pressures, Rheumatoid Arthritis, 
Gait, Insole 
 

Introduction 
 

Foot and ankle problems are common in 
rheumatoid arthritis (RA) patients. The structural 
foot deformities result in pain and callus formation, 
ulceration, and increased local plantar pressures 
underneath the foot (Stolt et al., 2017). Plantar 
pressure under the metatarsal heads increases in 
RA compared to healthy individuals and is reported 
to be associated with pain and forefoot deformities 
(van der Leeden et al., 2006). Timely interventions 
such as foot insoles are recommended for RA 
patients at the earlier stages of the disease to reduce 
the pain (Turner et al., 2006). The insole structure, 
including the design, the size, material, and the 
placement of metatarsal and longitudinal arch 
support, can affect pressures under the foot and are 
important factors to be considered when 
prescribing an insole (Tenten-Diepenmaat et al., 
2019). Despite the prevalent use of custom-made 
insoles in RA patients, the evidence for their 
effectiveness is inconsistent. This study's objective 
was to assess the insoles' efficacy, which were 

individually modified based on the foot size 
measurements for patients with RA.  
 

Methods 
 

Fifteen females with Rheumatoid Arthritis 
(RA), with a mean age of 50± 1.2 years, a height of 
165 ± 3.6 cm, and 72.4 ± 2.81 kg, volunteered for 
this study from Firoozgar hospital in Tehran. The 
ethics board of Firoozgar hospital approved the 
study, and all volunteers signed their informed 
consent form. All patients received a pair of insoles 
that were individually modified using metatarsal 
pads, and medial longitudinal arch supports 
according to their feet sizes and measurements. 
Each insole had a full-length base constructed of 
Ethyl Vinyl Acetate (EVA). An experienced orthotist 
performed the foot examination, measurement, 
and fabrication of the insoles. Participants were 
instructed to walk with their pre-fabricated insoles, 
and plantar pressure was measured by the Pedar-X 
system (Novel GmbH, Munich, Germany) at the 
sampling frequency of 50 Hz. Pedar insoles were 
placed inside the shoes, and foot pressures were 
measured under two conditions; when participants 
walked with a shoe only and then with a shoe with 
embedded custom-fitted insoles. Patients were 
advised to wear the insole for one month, and the 
measurements were retaken. Mean peak pressures 
(kPa) were calculated for heel, midfoot, MTP 
(Metatarsophalangeal), and toes. A one-way 
repeated-measures analysis of variance (ANOVA) 
with a Bonferroni-adjusted post hoc test was 
performed to compare the pressures four tested 
conditions, including shoe only and shoe with the 
insole in initial and follow-up sessions. The 
statistics were conducted in SPSS version 19 (SPSS 
Inc., Chicago, IL, USA). 
 

Results 
 

The mean and standard deviation values for 
peak pressures in initial and follow-up sessions are 
presented in Table 1. MTP and heel regions showed 
significantly lower maximum pressure than a shoe-
only condition in the follow-up session (p<0.05). 
Midfoot had a significantly greater increase in 
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maximum pressure when walking with the insole 
than shoe only (p=0.00). 
 

Conclusion 
 

In this study, we investigated the effect of a 
customized insole on foot pressures in women with 
rheumatoid arthritis. Results showed that the 
insole with the customized metatarsal pad and 
medial longitudinal arch support improved plantar 
pressures in the participants. Patients with RA 
experience increased heel pressure due to 
deformity (Stewart et al., 2018). Our study showed 
that pressures under the heel, midfoot and forefoot 
(metatarsal heads) were significantly reduced by 
wearing the insole, which agrees with previous 
literature (Hodge et al., 1999; Tsung et al., 2004). 
The reduction under the heel is because the insole 
absorbs the impacts under the foot during walking. 

In RA patients, the medial longitudinal arch of 
the foot is collapsed, which results in flatfoot 
deformity (Jaakkola & Mann, 2004). Similar to 
previous studies (Hodge et al., 1999), our findings 
showed that medial longitudinal arch increased the 
contact area between the foot and the shoe and thus 
improved midfoot pressures in RA patients. In RA, 
the pressure under the forefoot area increases two 
to three times compared to healthy people, which 
leads to pain and discomfort (Schmiegel et al., 
2008). Therefore, reducing the pressure under the 
metatarsal region is an important function of an 
insole. In this study, we customized a dome-shaped 
metatarsal pad made of medium density cork for 
each patient. The placement of the insole 
components was also based on the anatomy of each 
individual's foot. After one month of wearing the 
insole, the foot pressure analysis showed the 
customized insole reduced the pressure values 
underneath the metatarsal heads and also 
improved the gait pattern.  

In conclusion the insoles used in this study 
were simple and inexpensive to make, and 
improved foot pressures in female RA patients. 
Another novelty of such an insole is that the 
components are pre-fabricated and attached by 
glue, allowing the parts to be replaced in future, so 
the insole could be used for a longer time. 
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Tables 
 

Table 1. Mean (SD) values for peak pressure (kPa) in the four conditions. 
 
Regions 

First session Follow-up session 
Shoe Insole Shoe Insole 

Heel 119.9 (20.3) 113.7 (20.8) 125.8 (19.9)b 116.4 (17.8)c 

Midfoot 45.8 (20.1) 57.7 (20.8)a 48.7 (15.3)b 55.3(15.4)a,c 
MTP 140.3(28.3) 145.44(27.9) 151.0 (31.7) 135.9(36.8)c 

Toes 92.7 (19.3) 95.1(18.2) 95.3(21.1) 99.1(17.8) 
aMean difference is significant compared to the first-session without-insole (P<0.05). 
bMean difference is significant compared to the first-session with-insole (P<0.05). 
cMean difference is significant compared to the follow-up without-insole (P<0.05). 
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Abstract — Medical silicone is one of the common 
materials used in manufacturing insoles. This study was 
designed to investigate the effect of silicone insole 
hardness on the maximum foot plantar pressure. For this 
purpose, silicone insoles with Shore-A9, A14, A17, and 
A31 were fabricated and tested. Plantar pressure 
measurements were taken from ten healthy participants, 
wearing insoles in standing and walking conditions. 
Results demonstrated that Shore-A17 and A14 insoles 
could reduce pressure underneath the high-risk areas of 
the forefoot and heel. The Shore-A31 insole increased 
midfoot pressure. In conclusion, better plantar pressure 
reduction is dependent on the silicone hardness. 
 
Keywords — Plantar pressure, Silicone insole 
 

Introduction 
 

Shock-absorbing silicone insoles are prescribed 
to redistribute plantar pressure under the heel and 
metatarsal heads in patients with metatarsalgia, 
heel pain, plantar fasciitis, and diabetic mellitus 
(Maddali, 2014, Slater et al., 2006; Whittaker et al., 
2006; Yucel et al., 2013). According to Ibrahim et 
al. (2013), custom-molded silicone insoles 
effectively alleviate foot tissue strain and reduce 
plantar pressure under the first and the second 
metatarsal heads in healthy adults. Research by 
Slater et al. (2006) demonstrated that silicone 
insoles could significantly reduce digital plantar 
pressure in diabetic patients with distal callus 
underneath their toes. 

Hardness of insole material measured by the 
Shore A scale is an important factor in defining an 
insole's functionality. Su et al. (2017) evaluated 
insoles with three different hardness values, 
including Shore A 30°, 35°, and 40° and found that 
harder insoles resulted in increased foot pressure. 
They also reported that the insoles made with 
harder material increased stress in foot joints and 
ligaments. Despite the prevalent prescription and 
use of silicone insoles in foot complications, there is 
limited research on the effects of silicone hardness 
on foot pressure distribution. In this study, we 
investigated the impact of conventional flat silicone 
insoles with different hardness values on pressure 
distribution in healthy adults. 
 

 

Methods 
 

Silicone gels with four different hardness 
values (Shore A of 9°, 14°, 17°, and 31°) were used 
to manufacture insoles. The final insole product 
was a flat layer with a thickness of 5 mm. Ten adults 
with an average age of 28 ± 3.8 years old 
volunteered for this study, and informed consent 
was taken. The study protocol was approved by the 
Ethics Committee of the University of Social 
Welfare and Rehabilitation Sciences. Participants 
walked with a shoe-only condition, then with four 
different insoles. Foot plantar pressure data were 
collected using Novel Pedar-X® (Novel GmbH, 
Germany) at the Biomechanics Lab of the 
University of social welfare and Rehabilitation 
Sciences. 

 
Results 

 
When walking with an insole with the hardness 

of Shore A9°, the peak pressure at the 1st MTH 
(Metatarsal Head), 2nd MTH, 3rd-5th MTHs, and 
heel regions decreased by 4.5%, 15.7%, 6.2%, and 
3.7%, respectively. For insole with Shore A1, these 
values were 11%, 14.5%, 13.8%, and 3.5% compared 
to the shoe-only. Also, with Shore A17, the peak 
pressure at 1st MTH, 2nd MTH, 3rd-5th MTH and 
heel regions decreased by 0.6%, 14.1%, 13.7%, and 
3.5%, respectively. The hallux's peak pressure 
increased by 3.1%, 2.9%, and 4.8% with Shore 9, 14, 
and 31 compared to the shoe-only condition. The 
change of peak pressure with Shore 17 was 
negligible (Figure 1).  
 

Conclusion 
 

In this research, the effect of the hardness of 
silicon material on foot plantar pressure was 
investigated. Increased plantar pressure in specific 
foot areas is one of the prevalent causes of foot pain 
and ulcer. Wearing proper footwear can relieve 
excessive pressures underneath the foot. The 
results of this study confirmed that insoles with 
different hardness values changed plantar pressure 
differently.   

Findings showed that insoles with the hardness 
of A17 and A14 could reduce plantar pressure under 
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the forefoot compared to A31. Based on this 
observation, it can be concluded that silicone with 
lower hardness could reduce plantar pressure 
under high-risk areas, such as forefoot and heel. 
Lower Shores of silicone seems to be appropriate 
choices for patients with diabetic mellitus or heel 
pain. Van Geffen et al. (2007) reported that Shore 
A15 insoles did not have adverse effect on the 
postural stability of diabetic patients compared to 
harder insoles. 

Our findings showed that there was less 
reduction in plantar pressure under the forefoot 
and heel by increasing the silicone hardness. 
However, Shore A31 increased the midfoot pressure 
compared to the other two Shores. Commonly, an 
insole is prescribed to redistribute pressure 
underneath the foot by increasing the midfoot 
pressure while decreasing fore- and hindfoot 
pressures. Therefore, Shore 31 material could be an 
option for the areas that need harder material, such 
as midfoot.  

In conclusion, increasing the value of hardness 
(Shore A) can make the insole hard and 
uncomfortable, especially for people who suffer 
from foot diseases. It is suggested to fabricate the 
silicone insole based on foot pressure distributions 
using a combination of silicone with low and high 
hardness values in the fabrication of an insole.  
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Figures 

 
Figure 1. Peak Pressures under the foot; where participants walked barefoot and then with insoles with 
four different hardness values. MTH represents Metatarsal Head.  
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Abstract - Inflammatory Bowel Disease is a term used 
to group similar diseases characterized by the chronic 
inflammation of the digestive tract. Changes in the 
MDR1 gene have been linked to IBD. Although MDR1’s 
role in disease is not understood, a breakdown in the 
intestinal barrier separating the intestinal contents 
from the body has been observed in patients and animal 
models of IBD. To further explore MDR1’s role in the 
development of IBD, particularly in the resulting 
permeable intestinal barrier, we explored wound 
healing in an MDR1 deficient (MDR-/)- cell line. MDR1-/- 
and control cells were wounded, and the percentage of 
wound healed was measured at various time points for 
48 hours. Our results show that MDR1-/- cells have 
increased wound healing rates, particularly in the first 
12 hours after wounding. Additionally, gene expression 
analysis revealed six genes related to the wound healing 
process to be significantly elevated in MDR1-/- cells. Our 
data suggest that MDR1-/- cells are able to heal wounds 
more rapidly, and that wound healing may not play a 
role in the increased intestinal permeability associated 
with MDR1 deficiency. 
 
Keywords — Wound, Cell Growth, Intestine, Cell Line 
 

Introduction 
 

Inflammatory Bowel Disease (IBD), including 
Crohn’s disease and ulcerative colitis, is a group of 
diseases linked to the prolonged inflammation of 
the gastrointestinal tract. Symptoms include 
nausea, vomiting, diarrhea, bloody stool, and 
severe abdominal pain.  The cause of IBD is not 
known, but it is believed to be caused by a 
combination of environmental and genetic 
interactions (Baumgart & Carding, 2007; Panwala 
et al., 1998; Resta-Lenert et al., 2005). IBD affects 
approximately 3.1 million Americans, with 70,000 
new cases diagnosed each year.  There is no known 
cure for IBD, and patients are left to manage 
symptoms through various treatments including 
diet, medication, and surgical intervention (“The 
Facts About Inflammatory Bowel Diseases,” 2014).  

Although the underlying cause of IBD is 
unclear, numerous genes have been linked to the 
disease (Khor et al., 2011).  One of particular 
interest is the Multidrug Resistance Gene (MDR1) 
gene. This gene produces a protein called P-
glycoprotein (P-gp). Although the exact role of 
MDR1 and P-gp in development of IBD is unknown, 
studies have shown correlations between MDR1 

mutations and IBD (Annese et al., 2006). The loss 
of P-gp has been shown to cause a disruption in the 
intestinal barrier, resulting in increased 
permeability across the intestine (materials “leak” 
across the intestine in an uncontrolled manner).  
The immune system then attacks this material, 
causing the chronic inflammatory response 
characteristic of IBD (Resta-Lenert et al., 2005; 
Panwala et al., 1998).  Using a human cell line 
deficient in MDR1, the overall goal of this work is to 
determine the ability of MDR1-deficient cells to 
heal wounds.  Decreased wound-healing capacity of 
intestinal cells contributes to increased intestinal 
permeability, which could ultimately lead to IBD. 
To test this, we measured the wound healing rates 
of MDR1-deficient cells compared to control cells, 
and hypothesized a slower wound healing rate in 
MDR1-/- cells. We also performed RNA-sequencing 
on wounded MDR1-deficient cells and control cells 
to identify genes and pathways impacted by MDR1 
deficiency during wound healing. 
 

Methods 
 
Cell Lines 

The intestinal cell line C2BBe1 was used as a 
model for these experiments. C2BBe1 is a clone of 
the commonly used human colonic cell line Caco-2. 
C2BBe1 expresses more characteristics of a human 
colonic cell (Peterson & Mooseker, 1992). Control 
C2BBe1 and MDR-deficient C2BBe1 (MDR1-/-) cells 
were cultured in standard medium and culture 
conditions of DMEM media with 10% fetal bovine 
serum at 37°C and 5% CO2. For all experiments, 
cells were seeded in 6-well plates at 1x105 cells/well 
and allowed to grow and differentiate for 21 days to 
generate a monolayer (single cell layer covering 
entire well) prior to wounding. Media was changed 
every 2-3 days. 
 
Wound Healing Assay 

Cell monolayers were serum starved overnight 
to allow the cell cycle to normalize with all cells. 
Wounds were made by using a 10µL pipette tip 
attached to an aspirator. The cell layer was gently 
touched with the tip for 1 second. The cells were 
then washed 3 times with phosphate buffered saline 
to remove cell debris, then media (with serum) was 
replaced (Fernando et al., 2018). Wounds were 
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imaged immediately after wounding, and again at 1, 
3, 6, 12, 24, 36, and 48 hours after wounding. 
Wound area was measured using ImageJ software, 
and percent wound healed was calculated. Control 
and MDR1-/- wound healing rates were compared at 
each timepoint using the Student’s t Test. 
 
RNA Sequencing for Gene Expression Analysis. 

To prepare cells for gene expression analysis, 
both control and MDR1-/- cells were cultured and 
wounded as described above. Three hours after 
wounding, RNA was isolated from the cells using 
the Omega E.Z.N.A HP Total RNA Kit, and RNA 
quantity and quality determined (Fernando et al., 
2018). Purified RNA was taken to the Clemson 
University Bioinformatics and Genomics Facility, 
where RNA sequencing was performed. CUGBF 
Bioinformaticians performed bioinformatics 
analyses. 
 

Results 
 
MDR-/- C2BBe1 cells show accelerated wound 
healing rates (Figure 1) 

Our results show a statistically significant 
greater percentage of wound healed in MDR1-/- cells 
during the first 12 hours after wounding, including 
1, 3, 6, and 12 hour timepoints (p ≤ 0.001, N = 
12/group). After 12 hours (24, 36, and 48) there is 
no statistical difference in the average percent 
wound healed. 
 
Differential Gene Expression in wounded MDR-/- 
C2BBe1 

RNA sequencing gene expression analysis of 
wounded cells revealed a total of 331 genes that 
displayed a statistically significant difference. This 
included 184 genes that showed higher expression 
in MDR1-/- cells, and 147 genes that showed lower 
expression in MDR1-/- cells . Of these genes, 35 are 
involved in Gene Ontology pathways relevant to 
wound healing (cell adhesion, cell migration, cell 
proliferation, and wound healing). Of interest, 6 
genes (SPARC, WNT5A, TGFB3, EREG, PDGFRA, 
and COL3A1) are linked directly to wound healing, 
and all 6 of these genes displayed significantly 
increased gene expression in MDR1-/-. 
 

Conclusions 
 

Our initial hypothesis suggested that wound 
healing would be slower in MDR1-/- cells. This was 
developed from the background knowledge that 
IBD patients, and MDR1-/- mice display intestines 
that are permeable, meaning materials can move 
across the intestinal barrier into the body . Slower 
wound healing would therefore lead to, and 
perhaps explain the increased permeability. 

However, our results suggest the opposite. MDR1-/- 
showed increased rates of wound healing in the first 
12 hours after wounding. This suggests the MDR1-/- 
cells are able to begin the wound healing process 
more rapidly after wounding. Control cells appear 
to have recovered by the 24 hour time point, 
ultimately leading to a similar percentage of wound 
healed after 48 hours. Additionally, genes related to 
wound healing showed significant increase in 
expression in MDR1-/- cells 3 hours after wounding. 
Together, our data suggest that MDR1-/- cells are 
more capable at wound healing than control cells. 
Perhaps once wounding is achieved, the MDR-/- 
cells to not link together as well as controls, which 
would also lead to leaky intestines, which leads to 
chronic intestinal inflammation. We are currently 
exploring this possibility. Additionally, we are 
exploring how MDR1-/- cells are able to heal wounds 
faster, whether it is the result of cell growth, cell 
division/proliferation, cell migration, or a 
combination of these processes. Alterations in these 
cellular activities could also lead to dysregulation in 
the intestine, resulting in IBD (Baumgart & 
Carding, 2007). 
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Figure 1. Percentage of wound healed in MDR-/- cells is significantly increased during the first 12 hours 
after wounding. 
* = p ≤ 0.001, N = 12/group. Representative of 3 independent experiments. 
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Abstract — Inflammatory Bowel Disease is a term used 
to group similar diseases characterized by the chronic 
inflammation of the digestive tract. MDR1 codes for P-
glycoprotein (pgp). Pgp affects the formation and 
function of tight junctions that form barriers between 
two intestinal cells. Failure of this barrier would allow 
bacteria through the intestinal wall, leading to chronic 
inflammation in the bowel. Caenorhabditis elegans are 
simple, transparent organisms that have a short 
generation time and high offspring numbers. C. elegans 
contain 15 different pgp genes, and pgp-3 is known to be 
expressed in the intestine. We hypothesized pgp-3 C. 
elegans deficient will show intestinal disfunction. pgp 
Pgp-3 deficient C. elegans showed decrease 
fluorescence. Mean defecation behavior length was 
significantly increased in pgp-3 deficient C. elegans. A 
lifespan study was performed and Pgp-3 deficient C. 
elegans displayed shorter lifespans than control C. 
elegans. Pgp-3 deficient C. elegans displayed lower Nile 
Red fluorescence staining and a longer mean defecation 
behavior length. These results suggest intestinal 
damage present in pgp-3 deficient C. elegans, which 
could be used as a model for intestinal disease. 
 
Keywords — Model organism, P-glycoprotein, 
Intestine, Permeability  
 

Introduction 
 

Inflammatory Bowel Disease (IBD) is a term 
used to group similar diseases characterized by the 
chronic inflammation of the digestive tract. IBD is 
an autoimmune reaction with an unknown cause 
(“The Facts About Inflammatory Bowel Diseases,” 
2014). There is no known cure, only treatments to 
relieve symptoms. There are many genes linked to 
this disease, including MDR1 (Annese et al., 2006; 
Khor et al., 2011). The MDR1 gene codes for a 
protein called P-glycoprotein (pgp), which is found 
in intestinal cells (Resta-Lenert et al., 2005). The 
exact relationship between IBD and pgp is 
unknown, but it has been observed that some 
patients with IBD have a mutation that causes a loss 
of function of pgp (Annese et al., 2006). It is 
suggested that pgp affects the intestine through the 
formation and function of tight junctions, which 
forms a barrier between two intestinal cells by 
linking them together. These junctions act as 
protective barriers against toxins and other harmful 
chemicals, potentially damaging intestinal cells 

(Resta-Lenert et al., 2005). Failure of this barrier 
would allow bacteria through the intestinal wall, 
leading to chronic inflammation in the bowel, as 
seen in patients diagnosed with IBD. Our goal is to 
explore the use of Caenorhabditis elegans as a 
model for intestinal diseases. Because pgp 
deficiency is associated with intestinal damage, we 
hypothesized to measure changes in the intestine 
and organism that indicate intestinal damage, 
including changes in the mean defecation behavior 
length, intestinal permeability, and overall survival. 
 

Methods 
 
Model Organism C. elegans 

C. elegans are simple, transparent organisms 
that have a short generation time and high offspring 
numbers and are frequently used in genetic and 
developmental biology studies (Corsi et al., 2015). 
C. elegans were obtained from the Caenorhabditis 
Genetic Center and cultured on Nematode Growth 
Medium plates at 20°C. C. elegans contain 15 
different pgp genes, and pgp-3 is known to be 
expressed in the intestine, which was investigated 
in this study (Lincke et al., 1993; Sheps et al., 2004).  
 
Mean Defecation Behavior Length 

To measure the defecation rhythm which can 
represent overall intestinal health of C. elegans, 
both control and pgp-3 deficient C. elegans were 
monitored under a dissecting microscope for 5 
minutes (McGhee, 2007). The number of 
defecation events was recorded, and the 
experiment was repeated for 5 C. elegans in each 
group. A Student’s t Test was performed for 
statistical comparison. 
 
Intestinal Permeability Measurement 

Nile Red, a fluorescent dye, was used to 
compare the intestinal permeability and ingestion 
of Nile Red in pgp-3 deficient and normal control 
C. elegans (Saegusa & Sato, 2015; Zhao et al., 2015). 
Nile Red (1mg/ml diluted in phosphate buffered 
saline) was added to the E. coli food source. The C. 
elegans incubated for 90 minutes in the dark in the 
presence of the Nile Red. The C. elegans were then 
washed 3x in S-Basal buffer and mounted on a 3% 
agarose pad for imagining. The stained worms were 
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observed under a fluorescent microscope to capture 
images. Fluorescence intensity was measured using 
ImageJ software. A Student’s t Test was performed 
for statistical comparison. 
 
Lifespan Assay 

A lifespan study was performed on control and 
pgp-3 deficient C. elegans. Approximately 100 age-
matched C. elegans in each group were monitored 
until death (failure to respond to gentle touch with 
platinum wire; Park et al., 2017). Results were 
analyzed using Online Application for Survival 
Analysis 2 software. A Log-Rank test was 
performed for statistical analysis. 
 

Results 
 
Mean Defecation Behavior Length 

We measured statistically significant (P ≤ 0.01) 
change in mean defecation behavior length (MDBL) 
between the control (52.20 ±  2.94 seconds) and 
pgp-3 deficient C. elegans (63.88 ± 5.39 seconds). 
These results suggest a change in intestinal 
function when pgp-3 is missing from C. elegans 
intestines.  
 
Intestinal Permeability 

We next investigated the intestinal 
permeability of pgp-3 deficient C. elegans. There 
was a significant decrease (P ≤ 0.01) in the mean 
fluorescence in pgp-3 deficient (4.28 ± 1.90 relative 
fluorescent units) compared to control (12.14 ± 6.31 
relative fluorescent units). This was contrary to our 
original hypothesis. 
 
Lifespan Assay 

To gauge the overall health of the pgp-3 
deficient C. elegans, we also conducted a lifespan 
assay to compare the overall lifespans of pgp-3 C. 
elegans to control. Our results show pgp-3 deficient 
(mean lifespan= 12.80 ± 0.95 days; 50% dead at 9 
days) C. elegans had significantly (P ≤ 0.01) shorter 
lifespans than control C. elegans (mean lifespan= 
20.77 ± 0.88 days; 50% dead after 18 days), with a 
sharp decrease in living pgp-3 deficient C. elegans 
occurring after 3 days and 7 days.  

 
Conclusions 

 
Pgp-3 deficient C. elegans displayed several 

characteristics of intestinal damage and disease. 
The initial result of slower MDBL demonstrates an 
overall change in the function of the 
intestine/digestion of pgp-3 deficient C. elegans. 
The slower MDBL indicates a slower intestinal 
contraction program, which may lead to decreased 
nutrient uptake. Lower nutrient uptake is also 

supported by the lower Nile Red fluorescence 
staining observed in pgp-3 deficient C. elegans. Our 
original hypothesis of an IBD-like disease would 
have resulted in increased staining, while we 
observed the opposite. This may be because the 
pgp-3 C. elegans are ingesting less Nile Red stained 
food during the experiment, lowering the overall 
fluorescence intensity. Additionally, the pgp-3 
deficient C. elegans displayed decreased survival 
compared to control. If pgp-3 deficient C. elegans, 
particularly young C. elegans, are unable to ingest 
and absorb enough food, this could lead to 
decreased survival in the short term. Taken 
together, these data suggest intestinal changes 
present in pgp-3 deficient C. elegans, although 
these changes are more similar to the human 
disease necrotizing enterocolitis (NEC) than IBD, 
which would hamper the development of the 
organism (Tanner et al., 2015).  Next, we will 
explore if the intestinal and survival changes 
described here are a result of intestinal damage, a 
failure to effectively absorb nutrients, and continue 
to explore the use of pgp-3 deficient C. elegans as a 
useful model of human disease. 
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Abstract — Probiotics are microbes found within the 
diet which partake in positive interactions with their 
host via the digestive tract (Roberfroid, 2000). Recent 
research in probiotics have shown that they induce 
improvement to the intestinal tight junction through 
bolstering the commensal bacteria of the colon 
(Karczewski et al., 2010; Maldonado et al., 2019). 
Probiotic research of this nature often sees results 
through administration of probiotics throughout an 
induced stress-period or disease state, but with the 
recent popularization of probiotic supplements as a 
health trend, more research is needed to understand the 
effects of probiotics on a healthy gut. Male zebrafish 
were fed a diet supplemented with Lactobacillus 
plantarum for a period of eight weeks, then PCR was 
conducted to analyze gene expression for the tight 
junction proteins claudin-12 and occludin in the 
intestinal tissue. Results indicate that consumption of 
probiotic in a non-disease state does not alter the 
expression of Occludin and Claudin-12, indicating that 
dietary probiotics only exhibit a direct influence on 
intestinal tight junctions during a disease-state. 
 
Keywords — Probiotics, Tight Junctions, PCR, Claudin-
12, Occludin 
 

Introduction 
 

Probiotics are microbes found within the diet 
which partake in positive interactions with their 
host via the digestive tract (Roberfroid, 2000). The 
Lactobacillus family in particular is often included 
in probiotic supplements, because it has been 
shown to proliferate existing gut bacteria and 
encourage the release of anti-inflammatory 
compounds (Maldonado et al., 2019). 
Improvement in the gut microbiome following 
consumption of probiotics has been hypothesized 
to instigate subsequent improvements in overall 
health. For this reason, probiotics are a growing 
field of research in the food and diet industry. 

The predominant mechanism by which 
bolstered microflora diversity positively alters 
intestinal tissue is through strengthening the tight 
junctions (Karczewski et al., 2010). Research 
conducted on probiotic supplementation has 
shown an increased localization of Occludins and 
Zonula Occludin proteins to the area of the tight 
junction (Karczewski et al., 2010). Additional 
studies have also found increased gene expression 

for claudin proteins and scaffold proteins 
(Anderson et al., 2010). This result is important to 
maintaining intestinal permeability, which is a 
contributor to inflammatory conditions such as 
inflammatory bowel disease and irritable bowel 
syndrome (Anderson & Van Itallie, 2009). 

Within the past few years, probiotic bacteria 
have been exploited by health and diet companies 
as a sort of fitness trend marketed as a way for 
health-conscious individuals to boost immunity. 
Research on dietary probiotics is typically 
conducted on subjects with some sort of induced or 
existing disease-model. Since probiotic marketing 
is centered around individuals who already practice 
healthy living, more research is required to better 
understand the physical changes induced by 
probiotics in the gut of non-diseased individuals. 

Studies on the alteration of tight junction 
proteins have been conducted through protein and 
gene-expression quantitation methods such as PCR 
(Wang et al., 2019), and similar methods can be 
utilized for zebrafish (Danio rerio) as well. The 
species’ genome has been thoroughly sequenced, 
making Danio rerio an excellent candidate for 
cloning procedures and genetic comparison to 
other species (Briggs, 2002). Genomic sequencing 
has illuminated that 71% of human genes share an 
ancestral root with zebrafish, and 69% of zebrafish 
genes have a minimum of one human ortholog 
(Howe et al., 2017). Additionally, 82% of disease 
genes found in the Online Mendelian Inheritance in 
Man catalogue have a zebrafish ortholog (Howe et 
al., 2017). Such similarities in genetics, both in the 
disease state and the non-disease state, in tandem 
with the ease for which D. rerio can be cared for and 
studied supports the idea that the zebrafish is an 
important vertebrate model upon which to study 
human physiology. 

The purpose of this study is to observe the 
changes in expression of genes which code for tight 
junction proteins after dietary probiotic 
supplementation in a healthy model organism. 
Previous research indicates that probiotic 
supplements may not increase expression of tight 
junction proteins in individuals under no disease-
state or stressors. 
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Methods 
 

This study was conducted with approval from 
the Institutional Animal Care and Use Committee 
(IACUC). A total of 17 zebrafish purchased from 
Carolina Biological Supply ® were used for this 
study. All fish were initially fed powdered food 
without added probiotic supplement for a control 
period of 2-weeks. Upon completion of the control 
period, 3 fish were randomly selected for 
euthanasia, and 14 fish were randomly divided into 
two 5.5-gallon tanks. One tank was fed the 
powdered control food, and the second was fed the 
same powdered control food with an added 
supplement of powdered L. plantarum at a 
concentration of 106 CFU per gram. After 8-weeks, 
all fish were euthanized by rapid transfer into ice 
water between 2℃ and 4℃, per Leary et al. 2012. 
The intestine was dissected and flash-frozen in a 
slurry of dry ice and 100% EtOH. PCR was 
conducted to observe gene expression of the genes 
coding for β-actin, claudin-12, and occludin. 

 
Results 

 
A two-sample T-test assuming unequal 

variances confirmed that no significant difference 
was present between the zero-control samples and 
the control samples for each test group. Data in 
Figure 1 showed a decrease in gene expression for 
Occludin and Claudin-12 when normalized 
according to β-actin, but T-tests confirmed no 
significant difference between control samples and 
experimental samples for either Occludin or 
Claudin-12. 
 

Conclusions 
 

Dietary probiotics have been shown to be the 
most effective when taken during states which 
induce stress or inflammation in the gut. Other 
studies have confirmed their protective effects 
against a loss of tight junction proteins without 
observing the effects of probiotic supplements in 
subjects with no disease-state. The lack of change in 
gene expression seen in this study indicates that 
prophylactic consumption dietary probiotics does 
not alter gene expression of tight junction proteins 
Claudin-12 and Occludin, suggesting that 
probiotics execute their effects only in the face of an 
inflammatory or disease-state. 
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Figures 
 

 
Figure 1. Control values for each sample were normalized to 1. Two-sample T-test assuming unequal 
variances showed no statistically significant differences between controls and experimental for either group 
of samples. For Occludin, P=0.62, and for Claudin-12, P=0.71. 
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Abstract — Urinary tract infections, most frequently 
caused by Escherichia coli, are common in women and 
typically treated with antibiotics. Recurring UTIs are a 
risk for development of antibiotic resistance and 
alternative treatments should be investigated. In this 
experiment, cranberry extract supplements and D-
mannose supplements were used against cultures of 
E.coli and ESKAPE pathogens to investigate their 
potential antimicrobial properties. Both disk diffusion 
tests and microtiter MIC determination methods were 
used in these studies. Both cranberry and D-mannose 
extracts were effective at inhibiting bacterial growth in 
E.coli as well as ESKAPE pathogens, although with 
seemingly different mechanisms. Further investigation 
into the mechanisms at work will be an important next 
step in future studies.  
 
Keywords — antimicrobial resistance, ESKAPE 
pathogens, urinary tract infection, cranberry 
supplement, D-mannose supplement 
 

Introduction 
 

Urinary tract infections (UTI) can occur in both 
men and women, although women are more prone 
to these infections due to shorter urethra length. 
Escherichia coli, a major component of the human 
gut biota, is responsible for the majority of UTIs 
diagnosed. The infection historically has been 
treated with a round of antibiotics. As the use of 
antibiotics to treat UTIs continues, the 
antimicrobial resistance of urinary E.coli continues 
to rise (Sanchez et al., 2012). Not only is there a risk 
of becoming antibiotic-resistant, antibiotic therapy 
can also be harsh on the normal flora, especially of 
the gut. When taking antibiotics, the microflora in 
the body can become disturbed or altered (Tempera 
et al., 2009). The aim of this study was to 
investigate alternative treatments for UTIs. The 
commonly-held belief that cranberry juice can treat 
UTIs will be studied, as well as the simple sugar D-
mannose found in many fruits including 
cranberries. Cranberries are rich in substances like 
flavonoids and polyphenols, where polyphenols are 
able to induce an anti-adhesive effect on bacteria, 
preventing them from binding to the uroepithelial 
cell receptors (González de Llano et al., 2019). Since 
the first step of a UTI is the binding to the sugars on 

the bladder wall (Kalas et al., 2018), we are 
investigating the sugar D-mannose and its 
antimicrobial properties against E.coli and also the 
ESKAPE pathogens. ESKAPE pathogens are 
frequently resistant to antibiotics and commonly 
cause most nosocomial infections. (Santajit & 
Indrawattana, 2016). ESKAPE pathogens include 
Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa, and Enterobacter 
species.  
 

Methods 
 

Preparation of samples 
Spring Valley® 500 mg Cranberry Extract or 

NOW® 500mg D-mannose was removed from 
capsule and one gram was measured. Both 
methanol extraction with 30 mL of methanol and 
aqueous extraction with 30mL sterile water was 
performed. During extraction, glass bottles were 
placed on a C1 platform shaker and incubated one 
week at room temperature. Each extraction was 
filtered through cheesecloth and a 0.45 micron 
syringe filter until no solute was visible. 
Approximately 10mL of filtered solution was 
obtained using this method. 500μL of each solution 
was added to microcentrifuge tubes and methanol 
solvent was allowed to evaporate. Methanol 
extracted samples were reconstituted with 500μL 
of nutrient broth after overnight drying.  
  
Disk Diffusion Test 

Pure isolates of E. coli and ESKAPE pathogens 
were grown and concentrations were equilibrated 
using the BD Prompt Inoculation system before 
streaking the plates. Sterile disks steeped in 
cranberry or D-mannose solution were placed on 
Mueller-Hinton agar plates streaked with E. coli 
and each ESKAPE pathogen. Plates were incubated 
for 16-24 hours at 35 degrees Celsius. Visible zones 
of inhibition were measured and images of the 
plates were recorded. 
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Microtiter MIC Determination 
Pure cultures of E.coli and ESKAPE pathogens 

were equilibrated for concentration by absorbance 
at 540nm using a ThermoScientific Multiskan™ 
GO instrument. Cranberry and D-mannose extracts 
were diluted by serial dilution to obtain a 2-fold 
dilution series in a flat-bottom 96-well polystyrene 
plate. Then, bacteria were added to each well. Wells 
with bacteria only (no extracts), and each extract 
only (no bacteria) were used as controls. 
Absorbance at 540nm was measured at 15 second 
intervals for 16 hours in triplicate wells. 
 

Results 
 

Disk Diffusion Test 
For all ESKAPE pathogens used (E. faecium, S. 

aureus, P. aeruginosa, E. aerogenes) and E. coli, 
there were no zones of inhibition observed with any 
cranberry or D-mannose extracts, whether aqueous 
or in methanol.  
 
Microtiter MIC Determination 

For all extracts tested, E. faecium clumped 
during incubation and absorbance readings were 
unobtainable. None of the extracts had any 
discernible effects on A. baumanii growth. Results 
from these bacteria are not shown. 

For aqueous extracts of cranberry (Fig. 1A-C), 
E. coli growth was inhibited in the 1:1 dilution. At 
1:2, the lag phase was extended before the 
exponential phase occurred (Fig. 1A). S. aureus 
growth was inhibited in the 1:1 dilution. At 1:2, the 
lag phase was extended before the exponential 
phase occurred (Fig. 1B). P. aeruginosa growth was 
inhibited in the 1:1 dilution. At 1:2, the lag phase 
was extended before the exponential phase 
occurred (Fig. 1C). E. aerogenes growth was 
inhibited in the 1:1 dilution only.  

For methanol extractions of cranberry, the 
growth of E. coli showed an extended lag phase in 
both the 1:1 and the 1:2 dilution, but growth was 
similar to controls at higher dilutions. The lag phase 
for S. aureus was extended in the 1:1 and 1:2 
dilution, but by dilution 1:4, the growth rate was 
similar to controls. P. aeruginosa growth was 
inhibited in the 1:1 dilution, but all other dilutions 
were similar to controls. E. aerogenes growth in the 
1:1 dilution had an extended lag phase but in all 
other dilutions the growth rate was higher than the 
controls. 

For aqueous extractions of D-mannose (Figure 
1D-F), E. coli with 1:1, 1:2, and 1:4 dilutions of D-
mannose had a lower stationary phase compared to 
the controls (Figure 1D, 1:2 dilution shown). In the 
1:8 dilution, absorbance values were similar to 
controls. S. aureus growth at all dilutions were 

similar to controls but peaked at a lower 
absorbance (Figure 1E). An increased rate of death 
phase was observed in P. aeruginosa at 1:1 and 1:2 
dilutions of D-mannose (Figure 1F). E. aerogenes 
stationary phase was lower in the 1:1 dilution, but 
all other dilutions peaked at the same absorbance 
level (not shown).  

For methanol extractions of D-mannose, E. coli 
at dilutions 1:1-1:4 exhibited an extended lag or 
decreased stationary phase. At 1:8 dilution, the 
death phase was observed at a faster rate than 
controls. S. aureus growth rate was increased with 
the addition of D-mannose at all dilutions and the 
rate of the death phase was greater than in controls. 
P. aeruginosa exhibited variation in absorbance at 
all dilutions in the experimental groups, but growth 
overall was similar to controls. E. aerogenes in a 1:1 
and 1:8 dilution exhibited an increased rate of death 
phase, but growth in the 1:2 and 1:4 were similar to 
controls. We are in the process of repeating several 
of these experiments to verify our results.  
 

Conclusions 
 

Spring Valley® 500 mg Cranberry Extract and 
NOW® 500mg D-mannose supplements do exhibit 
antimicrobial properties against ESKAPE 
pathogens, in addition to E. coli. It is important to 
note, that endpoint growth determination after 16-
24 hours using techniques such as disk diffusion 
tests, were not sufficient to answer the question of 
any antibacterial effects of these extracts. Although 
no zone of inhibition was identified using the disk 
diffusion methods, bacteriostatic effects like 
decreased stationary phases, increased lag phases, 
and bacteriocidal effects such as the increased rate 
of a death phase, were seen among several bacteria 
in this study. Further study of bacteriostatic and 
bacteriocidal effects, such as biofilm formation of 
ESKAPE pathogens, will need to be conducted to 
fully understand the therapeutic effects of 
cranberry extract and D-mannose supplements. If 
alternative treatments to UTIs are not discovered, 
antibiotic resistance may continue to rise as E.coli 
resistance to antibiotic ciprofloxacin increased 3 to 
17.1% from 2000 to 2010 (Sanchez et al., 2012). An 
increase in antibiotic resistance can lead to UTIs 
becoming harder to treat and thus may lead to an 
increase in recurrent infections (Raz et al., 2002), 
leaving potential for deterioration in kidney 
function (Hsiao et al., 2015).  
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Figure 2. Bacterial growth curves in the presence of both cranberry (A-C) and D-mannose (D-F) aqueous 
extracts for E. coli (A, D), S. aureus (B, E), and P. aeruginosa (C, F) (1:2 dilution of extracts is shown). Boxes 
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Abstract - Transcranial magnetic stimulation (TMS) is 
a noninvasive brain stimulation method that can be 
used to assess post-stroke neurophysiology in the lower 
extremities. Traditionally, TMS has been done in a 
seated, rested position, however, that is not always 
reflective of neurophysiological states during weight 
bearing. The purpose of this study was to compare 
bilateral corticomotor responses (motor evoked 
potentials (MEP) and MEP latency) in the tibialis 
anterior (TA) and soleus (SOL). Lower extremity TMS 
was applied to paretic and non-paretic tibialis anterior 
and soleus muscles in nine participants post-stroke (3 F, 
mean age=65.7 SD 10.4) in seated (SEAT) and standing 
(STAND) conditions. Ther STAND non-paretic metrics 
yielded generally higher MEPamp (390.8 SD119.7), 
compared to the seated MEPamp  (297.7 SD 171.0). MEPlat 
demonstrated more similar between conditions (SEAT: 
36.2 SD 1.3; STAND: 35.9 SD 1.9). STAND showed a 
greater proportion of elicitable MEP’s on both the 
paretic (72%)  and non-paretic sides (83%) compared to 
SEAT paretic (33%) and non-paretic (72%) measures. 
These preliminary results suggest the use of standing 
TMS procedures as being more conducive for 
physiological assessments post-stroke, as measures 
appear to be more robust. These results provide some 
guidance for the continuance of this study and 
application of statistical analysis.  
 
Keywords - Lower Extremity, Stroke, TMS 
 

Introduction 
 

Transcranial magnetic stimulation (TMS) is a 
method of noninvasive brain stimulation that uses 
magnetic fields to stimulate neural tissue and is 
measured using  electromyography. Most TMS 
research is performed on the upper extremities 
(UE), and lower extremity (LE) specific studies and 
methodologies have not been as fully explored. A 
major reason for this is the methodological 
considerations in performing UE vs. LE TMS 
research. Differences exist in UE vs. LE muscle 
cortical representation, (superficial vs. more deep), 
TMS coil type (figure-of-eight vs. double cone) 
(Kesar et al., 2018a) as well as reach and focality 
differences of the magnetic field of the coils (double 
cone coils have less focal, but more penetrating 
magnetic fields). All of these aspects lend itself to 
greater variability in LE TMS measures, 

(Charalambous et al., 2018) and make it difficult to 
standardize such a useful method.  

LE TMS is traditionally done in a seated 
position, creating difficulty in translating TMS 
measures to weight-bearing conditions and 
eliminating the possibility of assessing motor 
control during standing and walking activities. 
While resting outcome metrics are useful, they may 
not always be representative of corticospinal input 
to LE muscles in walking. This is especially 
important for clinical populations, as TMS is often 
used to help assess neurophysiological function in 
response gait-focused rehabilitation. A number of 
studies have conducted active TMS procedures 
using voluntary isometric muscle contractions to 
help facilitate motor evoked potential (MEP) 
responses. Unfortunately, isometric contractions 
do not mimic standing or walking muscular 
contractions (Kesar et al., 2018a), nor are the 
differences in activation of neural circuitry between 
seated and upright positions taken into account 
(standing requires greater spinal input to LE 
muscles account for quicker postural adjustments), 
necessitating TMS protocols that resemble such 
states. 

Few studies have assessed standing (Kesar et 
al., 2018b) and walking (Schubert et al., 1999) using 
TMS. The majority of studies include healthy 
individuals and yield inconclusive findings, and 
particularly in the walking studies there is poor 
methodological application and reliability. To our 
knowledge, this ongoing study would be the first to 
administer standing TMS in individuals post-stroke 
using a consistent repeatable methodology 
demonstrated to be valid and reliable in clinical 
populations (Charalambous et al., 2018). The 
purpose of this study was to assess preliminary 
results in comparing seated vs. standing TMS 
metrics. We hypothesized that standing metrics 
would yield greater MEP amplitudes (MEPamp), 
shorter latency from the stimulus to MEP (MEPlat), 
and a greater proportion of elicited MEP’s.  
 

Materials and Methods 
 

In the parent study, 14 participants were 
recruited from the NIH Center of Stroke Recovery 



Seventeenth Annual SC Upstate Research Symposium 

108  

 

Research (COBRE) in Stroke Rehabilitation’s 
participant database. Nine of the 14 participants 
have completed study procedures and are included 
in this report. All procedures were approved by the 
IRB at MUSC and conformed to the Declaration of 
Helsinki. Participants reported for a single visit 
comprised of both standing and seated TMS 
assessments. Participants were first instrumented 
with surface electromyography (sEMG) on the 
muscle bellies of the tibialis anterior (TA) and the 
soleus (SOL) of each leg. Participants were then 
asked to stand on a dual force plate and maintain 
an equal force distribution, aided by visual feedback 
throughout the standing TMS procedures. A single, 
suprathreshold pulse was then delivered via a 
double-cone coil, powered by two BiStim2 
stimulators (Magstim, UK) to each grid point, and 
for each muscle, to determine the area with the 
largest MEPamp, or the hotspot under 
neuronavigation. Using the identified hotspots, 
single pulses of varying maximal stimulator output 
(MSO) were then delivered to determine motor 
thresholds for each muscle. Following this, ten 
single pulses at 120% of each motor threshold were 
given. After the completion of the standing TMS 
assessment participants’ motor thresholds were 
remeasured in a sitting position using the same 
previously found hotspots. Testing then proceeded 
in a similar manner to that of standing assessment, 
with single pulses being delivered at 120% of the 
motor threshold.  

 MEPamp and MEPlat were calculated from 
recorded sEMG signals. MEPamp was defined as the 
peak-peak amplitude of the signal between 0.025 s 
and 0.105 s after TMS pulse application. MEPlat was 
defined as the time from the end of a TMS pulse, to 
the beginning of an MEP. For the purposes of data 
analysis, a repeated-measures ANOVA will be 
conducted to compare non-paretic (NP) and paretic 
(PA) MEPamp and MEPlat for the different muscles 
between the seated (SEAT) and the standing 
condition (STAND). To compare proportions of 
elicited MEPamp and MEPlat between conditions, a 
McNemar’s test will be used. An alpha of 0.05 will 
be set. Muscle activity was averaged together for 
MEP measures.  
 

Results and Discussion 
 

This preliminary assessment included nine 
participants (3 F, mean age=65.7 SD 10.4). A full 
repeated measures ANOVA has yet to be run on the 
full dataset, but there appears to be a trend towards 
greater MEPamp in the STAND condition, and 
similar MEPlat  between conditions for the NP side, 
however, the opposite appears to be true for the PA 
side (Table 1 and 2). Proportions of elicited MEP 

were compared, and there is a trend of greater 
elicitable MEP’s for both muscles in PA (72%) and 
NP STAND (83%) compared to PA (33%) and NP 
SEAT (72%). No adverse events were reported.  

Our preliminary findings partially support our 
hypothesis, as analyses to determine significant 
differences in MEP measures between SEAT and 
STAND still need to be applied. While MEPamp 
appears to only be greater in the STAND condition, 
what is important is that there appears to be a trend 
towards more elicitable MEP’s, and therefore more 
usable data, regardless of the magnitude. It is often 
difficult to fully assess neurophysiological function 
with TMS due to non-measurable MEP’s. It is 
possible that a postural change may yield a greater 
presence of MEP’s and more robust analyses.  

The neural mechanisms of postural control are 
still being investigated, it is generally agreed upon 
that standing requires a combination of cortical, 
and spinal neural input due to the need for postural 
adjustments. In performing standing TMS, these 
inputs are taken into account, whereas, the neural 
input to LE muscles in sitting may differ (Soto et al., 
2006). No differences in motor thresholds have 
been reported between seated and standing 
conditions in a healthy population (Obata et al., 
2009), however, that may not be the case post-
stroke and these data remain to be analyzed in the 
present study. Post-stroke motor thresholds are 
traditionally high and require greater stimulation 
intensities to generate TMS responses. A weight 
bearing TMS protocol would ideally lesson 
stimulation intensity and possible discomfort. Even 
though there were no statistical differences 
between conditions, neurophysiological differences 
persist. If researchers are interested in the neural 
components of postural control, then testing 
conditions should mimic the goal of the studies, 
which would ultimately make them more 
translatable.  

Standing TMS does come with other 
methodological challenges that must be accounted 
for. Even with neuronavigation, it is possible that 
coil positioning can become less accurate, although 
there is a lack of evidence to support this. Further, 
differences in weight distribution has been can alter 
TMS responses necessitating a method of assured 
participant equal weight distribution, which was 
accounted for in the present study. Further, in 
populations with movement disorders, as is the 
case in stroke due to the commonly seen 
hemiparesis, it can be difficult to establish upright 
and symmetrical posture and limb placement. This 
likely had an effect on our results, and future 
studies should consider ways to standardize limb 
and foot placement during standing TMS.  
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Previous similar studies have found no 
differences in TMS metrics (Obata et al., 2009, 
Kesar et al., 2018b), however, the proportion of 
elicitable MEP’s were not taken into consideration, 
only the magnitude. The aforementioned studies 
also used only healthy participants. Further, 
differences in background EMG could have played 
a role in our findings, although that data has yet to 
be analyzed. Previous studies have either held 
background activity constant (Kesar et al., 2018b) 
or partially attributed differences to greater SOL 
standing activity (Obata et al., 2009). LE TMS in 
stroke has generally been shown to induce more 
variability in CMR (Cacchio et al., 2011), creating 
more challenges. In this report, that was evident in 
the lack of available seated data in the paretic limb 
for comparison to standing conditions, although 
generally more elicitable MEP’s occurred while 
standing. This is the first known study to compare 
LE TMS postural changes in stroke.   
 

Conclusion 
 

Preliminary data demonstrates the benefits of 
standing TMS data in MEP’s were more likely to be 
available for analysis. Due to the prospect of an 
assessment that is similar to that of the weight-
bearing in walking, as well as the possibility of 
lesser stimulation intensity applied and more 
elicitable MEP’s, with a full data set and subsequent 
analysis, standing TMS could be a preferred 
method of assessment. 
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Tables 

 
Table 1. SEAT NP and PA responses                    Table 2. STAND NP and PA responses 

Condition Measure Muscle: mean(SD) 
NP MEPAMP 297.7(171.0) 

MEPLAT 36.2(1.3) 

PA MEPAMP 433.8(120.9) 

MEPLAT 37.6(4.3) 
 

Condition Measure Muscle: mean(SD) 
NP MEPAMP 390.8(119.7) 

MEPLAT 35.9(1.9) 

PA MEPAMP 297.8(214.4) 

MEPLAT 38.7(4.8) 
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Abstract - This essay is part of a larger study that 
proposes re-examining the way we teach Intercultural 
Communication. In this essay, I offer a critical analysis 
of classroom strategies that may be useful for faculty of 
color in building rapport and gaining credibility when 
teaching Critical Intercultural Communication from a 
non-dominant positionality. Recognizing student 
resistance to engage faculty of color in discussions 
focusing on Whiteness, colonization and neoliberalism, I 
introduce four decolonial strategies including: 1) 
Engaging the Body as Text, 2) Unpacking and Unfolding 
Privilege, 3) Comparing Social Privileges, and, 4) Using 
a Hemispheric Optic. 
 
Keywords - Intercultural Communication, Whiteness, 
Decolonial Pedagogy, Faculty of Color, Autoethnography 
 

Introduction 
 

In this paper, I present a critical re-imagining 
of how we teach courses in Intercultural 
Communication, so that it not be a study of the 
other to affirm the self. This may be possible by 
centering what Aimee Carrillo Rowe has called ‘a 
politics of relation’ (2008). A politics of relation 
entails imagining agency, experience and 
consciousness differently, with their loci not in the 
individual but in the relationships or alliances 
formed with the Other. Agency in this imagination 
would take the form of solidarity; experience would 
be understood as occurrences that mark our 
privilege or lack of; and consciousness, as the 
interpretation of these occurrences based on the 
collectivities we align with (Carrillo Rowe, 2008). 
For Intercultural Communication instructors, I see 
this developing as a shift from the current paradigm 
of speaking for cultural others to helping students 
situate themselves and their privileges, or lack of, in 
a politics of relation with cultural others. I discuss 
four decolonial strategies that have proved useful to 
re-historicize our disciplinary concepts, build 
rapport and gain credibility in the classroom, as 
well as to unpack my own privilege as researcher, 
instructor, and as someone positioned 
un/favorably within the circuit of capitalism.  

 
 
 

Engaging the body as text 
In my classes, I often discuss previous student 

evaluations that criticized my Indian accent and the 
pressure I have felt to appropriate a more 
Americanized style of speaking. This example not 
only helps students understand stigmatized and 
privileged accents but also their impact on my own 
habitus. This became one embodied example for 
the class to understand that Whiteness was not 
simply about bodies that passed as White but also 
about everyday practices that White and non-White 
bodies can or have to engage in. Engaging the 
instructor’s body as a text is a strategy that 
performance and critical pedagogy scholar Cooks 
(2003) has employed in her own classroom when 
teaching Interracial Communication. Cooks was 
able to discuss her bodily performance and 
positionality with students and successfully 
refocusing their attention on how race and class 
structure students’ vision. She hints in her essay 
that the same kind of reflexivity may be unavailable 
from students at PWI when instructors are visibly 
and audibly racialized as Other. When Cooks asked 
focus group students how the course may have been 
different if taught by a non-White instructor, a 
white woman responded to her with: “I would be 
more likely not to speak out in class. I would think 
that you have an agenda”. For faculty of color 
and/or those teaching from a linguistic minority 
position, embodied pedagogy is always risky, at 
once presenting opportunities for gaining and 
losing credibility. But, disengaging or ignoring the 
racialized instructor body assumes an even greater 
risk, as discussed in the next strategy.     
 
Unpacking and unfolding privilege.  

In the classroom, I often discuss Whiteness in 
relation to colonialism/imperialism, by ‘unfolding’ 
the case of caste into discussions about affirmative 
action in the US. Once students were able to link the 
plight of those oppressed by the caste system to 
systemic and institutional racism by way of the 
bridge construct of affirmative action, I moved on 
to discussing the circulation of Whiteness through 
colonialism and the myth of the model minority. I 
first have students watch multiple versions of 
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advertisements for the product ‘Fair & Lovely’ from 
India, the Middle East, South East Asia, etc. We 
then discussed how fairness creams in Asia bore 
traces of White privilege in formerly colonized 
nations. Finally, I would relate anecdotes about my 
linguistic performance of Whiteness in the 
classroom and other academic and non-academic 
spaces, every time an American was present. I 
pointed out that other Indians or South Asians 
might label what I do in these spaces as ‘acting 
white.’ These strategies helped me lay the 
foundation for Whiteness and White privilege in 
that Intercultural Communication class.  

 
Comparing social privileges.  

In her book Un/common Cultures, 
Visweswaran (2010) suggests that a comparative 
study of caste and race is fruitful when the points of 
transference help us to understand “the affective 
social experience of discrimination” (p. 151). 
However, when using the caste system to talk to 
audiences in the US or appropriating the category 
of race for audiences in India, it is important not to 
base this comparativist approach as a way of 
describing differences between complex societies 
(Visweswaran, 2010). In introducing caste as a way 
of allowing students to see the injustice of a color-
blind society we would therefore have to engage a 
language of commonness and similarity rather than 
one of difference and hence cultural superiority. In 
my own classrooms, one of the most effective 
strategies in dealing with race without invoking a 
vocabulary of color-blindness or reverse racism was 
to start with the seemingly unrelated concept of the 
caste system in India. When students mentioned 
affirmative action, I related to them the familiar 
refrain of reservations in India and the furor over 
how a quota system would affect the quality of 
education and the workforce. While the caste 
system appears to US students as an irredeemable 
and 'primitive' practice, establishing links between 
the caste system in India to race relations in the 
United States has been a powerful tool for 
sensitizing students to recognizing the politics of 
difference in their own backyard.   

 
Using a hemispheric optic.  

Another strategy, again from performance 
studies, for illustrating the privilege of US 
imperialism is to de-center US America for a 
‘hemispheric America’ (Taylor, 2003). Taylor 
argues that a “hemispheric perspective stretches 
the spatial and temporal framework to recognize 
the interconnectedness of seemingly separate 
geographical and political areas and the degree to 
which our past continues to haunt our present” 
(Taylor, 2003, p. 277). Taylor proposes that we 

adopt a hemispheric perspective to de-center the 
U.S America for a hemispheric Americas, but I have 
in mind a more loose translation of this idea as a 
combined Global North-Global South study of the 
cultural relations between what is referred to as the 
North-South ‘divide’. This will refocus discussions 
on the problem of developing and underdeveloped 
nations as the historical and continuing effect of the 
economic benefits reaped by the Global North.  

As an example, my students and I have 
discussed a textbook’s inclusion of the US 
government’s immediate responses to 9/11 and the 
Deepwater Horizon Oil Spill and examined the 
language of limit cases used in these responses. We 
then discuss why there was a relatively delayed 
governmental response to victims and survivors of 
Hurricane Katrina. Finally, we expand the frame of 
reference to the Bhopal gas disaster in India and 
grapple with why there has been no justice even 
after 34 years and despite the loss of 25,000 lives 
whereas Deepwater horizon claimed 11 human lives 
and exacted fines to the tune of 18 billion US 
dollars. This helps students to recognize links 
between the Global South and what transnational 
feminism scholar Chandra Mohanty (2003) has 
referred to as the presence of the Third World 
within the First World. Eventually, these practices 
– of unfolding the limit case and using a 
hemispheric optic – allow students to trace the 
relational links between what textbooks written by 
scholars in the US present as fact and what they 
choose to leave out of the narrative. In this way, a 
hemispheric approach, as a strategy, enabled me to 
co-create with my students a space where racist, 
colonial, and neoliberal histories can be recovered 
for critical examination. 
 

Conclusion 
 

Teaching material in Intercultural 
communication often neglects the instructors’ and 
students’ race. The assumption is that instructors 
are White and that they are teaching predominantly 
White students in Predominantly White 
Institutions. Instructors of color are thus burdened 
with fending for themselves in the classroom and 
developing supplemental teaching material and 
strategies for building rapport and gaining 
credibility. This extensive energy spent on the 
instructor of color’s form could otherwise have been 
used to focus on course content. Until more 
instructors of color write textbooks or co-author 
textbooks, Intercultural Communication faculty 
will need to work to decolonize our textbooks by 
enlisting students in PWI classrooms to question 
the discipline’s contextually-bound analytics. 
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I have offered a critical analysis of classroom 
strategies that may be useful for faculty of color in 
building rapport and gaining credibility when 
teaching Critical Intercultural Communication 
from a non-dominant positionality. In recognition 
of student resistance to engage faculty of color in 
discussions focusing on Whiteness, colonization 
and neoliberalism, I introduced four decolonial 
strategies including: 1) Engaging the Body as Text, 
2) Unpacking and Unfolding Privilege, 3) 
Comparing Social Privileges, and, 4) Using a 
Hemispheric Optic. 
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Abstract - This paper explores the scope and character 
of language loss globally while pointing to an emerging 
range of technologies that might be utilized to confront 
this challenge.  To be clear, the region’s dialect diversity 
is following a global pattern whereby they are 
disappearing at an alarming rate. Scientists estimate 
that around half of the world’s languages will be 
moribund or extinct within the next century along with 
the unique worldview conveyed through each. This 
paper explores the underlying economic causes behind 
the decline in language diversity globally and in the 
southeast region in particular. It further takes the 
position that attitudes and educational prerogatives 
which more directly influence language change are 
typically themselves preceded by economic conditions 
that ultimately drive and often predict the longevity and 
character of languages. Commonly, as in many regions, 
the demand for a common language to replace natural 
diversity has been driven primarily by urbanization, an 
increase in global commercial activities, and 
government policies which favor the efficiencies and 
opportunities of regional prestige language varieties.  It 
is the understanding, hope, and intention of this author 
to work toward a sustainable future where cognitive 
and cultural diversity are appreciated and upheld.  To 
this end, a variety of technologies are here introduced 
that will likely shape the debate and capabilities of 
concerned community-members globally. 
 
Keywords - Urbanization, Linguistic Diversity, 
Threatened Languages, Crowd-Sourcing, Oral Narratives  
 

Introduction  
 

It is difficult to imagine that, prior to the 
American Revolution, Charleston had the largest 
economy in the new world.  Trade in a wide variety 
of goods and labor from Europe, Asia, the 
Caribbean, Africa, and dozens of Native American 
tribal zones and elsewhere contributed to a 
cosmopolitan atmosphere where dozens of 
languages were spoken in homes, streets, shops, 
and temples of worship (Nichols, 2009).  Like many 
areas of the world, much of this state’s linguistic 
heritage has been homogenized, brought together 
for the sake of economic convenience.  The global 
and local situation, while dire, is not hopeless and 
complete loss of diversity is certainly not inevitable.  

The region’s linguistic diversity is following a 
global pattern whereby language varieties that once 
thrived are disappearing at an alarming rate.  Some 
scientists estimate that nearly half of the world’s 
languages will be moribund or extinct within the 
next century along with the unique worldview 
conveyed through each (UNESCO, n.d.).  Other 
estimates place the magnitude of the loss at even 
gloomier 90% (Harrison, 2007).  The Southern US 
is rarely appreciated as the linguistic hotspot that it 
has traditionally been and, in many ways, continues 
to be.  In our own backyards, our discerning ears, 
and eyes, are still treated to a variety of languages 
and dialects such as Cherokee, “Appalachian”, 
Gullah, and BASL, among many others, if we know 
where to visit. But for how much longer? Is the 
decline in linguistic diversity inevitable? 
 

Section I  
 

Through this ongoing research and attendant 
presentation I have contextualized this seemingly 
local issue by exploring the underlying economic 
causes behind the decline in language diversity 
globally and in the southeast region in particular.  
This research has further taken the position that 
attitudes and educational prerogatives which more 
directly influence language change are typically 
themselves preceded by economic conditions that 
ultimately drive and often predict the longevity and 
character of languages.   

Commonly, as in many regions, the demand for 
a common language to replace natural diversity has 
been driven primarily by a variety of factors 
including urbanization; an increase in global 
commercial activities; and government policies 
which favor the efficiencies and opportunities of 
regional prestige language varieties over the 
tapestry that was, until recently, the global and 
regional norm.  While understandable, these strong 
tendencies toward monolingualism around a 
prestige dialect are often met with apprehension 
and resistance as community members interpret 
the reduction of languages and dialects as a 
significant loss of cognitive diversity and cultural 
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autonomy.  In this way, the Southeastern US can be 
understood as both a microcosm of the world, but 
also wholly unique in its history, character, and 
resources available for understanding and 
preservation. 
 

Methods 
 

This meta-research explores the rationale and 
methods often employed for contextualizing, 
conceptualizing, protecting, preserving, and 
promoting language diversity in the southeast 
region by drawing on initiatives and situations 
elsewhere in the world.  Examples from a variety of 
regions and nations are useful in exploring how 
linguists, governments, and community members 
might employ a variety of strategies in their efforts 
to promote linguistic autonomy and diversity in the 
southern US and abroad.  A variety of research 
methods are considered to demonstrate how 
emerging technological capabilities and usage are 
increasingly enabling linguists, governmental 
policy makers, and community members to 
respond to the growing crises.   
 

Results  
 

Results of this survey indicate that 
technological applications, when combined with 
political and community resources and interest, can 
be successful at advancing the goals of concerned 
linguists and speakers of threatened languages.  
Advances in big data, linguistic crowd sourcing 
(Phonemica, n.d), mobile computing, marginal 
character-inputting, app - building for threatened 
languages and more are increasingly enabling 
communities of all stripes to buy time and advance 
awareness of our state’s, nation’s, and world’s 
fascinating, and fading linguistic heritage.  This 
work necessarily combines history, sociology, 
language policy, economics, and technology and 
with a brief explanation of emerging frontiers in the 
application of new technologies to confront this 
issue.   

 
Conclusions  

 
While not the only solution, carefully combined 

with resources and an increase in stakeholder 
awareness, certain technologies have the potential 
to revolutionize and supercharge our world’s 
response to the growing crisis of language die off.  
Since many other regions of the world are 
experience a greater volume of language loss and at 
a greater rate, the Southeastern US is often 
overlooked.  There are ways of remedying this 
situation by developing a greater historical sense, 
social awareness, and overall appreciation for both 
the value of diversity in this region as well as the 
means by which to sustain and make valuable use 
of it.  There is no “one size fits all” approach for this 
endeavor and I hope to be able to share some of the 
methods that are being employed to reach various 
community linguistic goals globally and locally.   
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Abstract - This paper examines the health disparities 
the Latinx population in Spartanburg, SC face and 
possible solutions, using interviews from key Latinx 
leaders in Spartanburg and past research. Key 
Spartanburg institutes, such as Spartanburg Regional, 
VCOM, and ReGenesis are discussed in order to see how 
they can better their services for the Latinx community. 
In this review, we look at major health disparities 
affecting the Spartanburg Latinx population. The 
research relies on the World Health Organization 
definition of health disparities: “differences in health 
which are not only unnecessary and avoidable but, in 
addition, are considered unfair and unjust” (Birch, 
2011). Related statistics and research articles are used 
as well to provide an overview of disparities and to 
explain research models. The research focuses on 
cultural and linguistic competence, increasing trust, and 
improving outreach of health systems in Spartanburg. 
The paper identifies the core issues and how they play a 
role in major health providers in Spartanburg, as well 
as possible solutions. The paper is written from a public 
health approach with a major focus on community 
health.  
 
Keywords - Community health, health disparity, public 
health 
 

Introduction 
 

How do we create a more culturally inclusive 
community health system? As the population of 
Latinx residents continues to increase in 
Spartanburg, bettering public health services for 
the Hispanic community becomes of paramount 
importance.  

Covid-19 is currently highlighting health care 
disparity in the Hispanic community. To begin 
with, Latinx families are being disproportionately 
affected by the COVID-19 pandemic due to lack of 
accessible information, lack of interventions by the 
U.S. government, and lackluster access to 
healthcare. A majority of the Latino population, in 
both the state of South Carolina and in the nation, 
serve as essential workers, which places them at 
even higher risk of Covid-19 infection 
(Montgomery, 2020). Meanwhile, South Carolina 
immigrant households paid $2.1 billion in local, 
state, and federal taxes in 2018 (Montgomery, 
2020). Furthermore, according to a study by the 
Institute on Taxation & Economic Policy in 2017, it 

is estimated that undocumented immigrants in S.C. 
pay $86,195,00 yearly in taxes (Gee, n.d.). Yet both 
categories of immigrant workers have been left out 
of the previous COVID-19 relief packages.  
This research will focus on how major health 
organizations in Spartanburg, South Carolina can 
adapt to the large increase in the Latino population 
and better serve this community. In order to 
combat the ever-increasing health disparities in the 
Latino communities, there must be systematic 
change in Spartanburg’s cultural training and 
outreach programs. 
 

Cultural and Linguistic Competence 
 

In a discussion with Nora Curiel Muñoz, the 
Community Health Worker (CHW) Coordinadora 
at PASOs Spartanburg, which is a Latinx advocacy 
organization located in SC, she stated that the 
pervasive feeling of disrespect and widespread 
monoculture identity in healthcare systems is one 
of the most prevalent issues she faces when working 
with both immigrant and nonimmigrant Latinx 
patients in Spartanburg County. Increased cultural 
understanding will combat this issue by allowing 
patients to feel more comfortable and more willing 
to seek medical care as needed, including 
preventative care. Unfortunately, historical distrust 
exists between the Latinx community and the 
health community due to systemic inequality and 
due to the growing fallacy of monoethnicity culture. 
In the very simplest of terms, if a patient does not 
trust their medical professionals, they may not seek 
medical care, and they are likely to be less satisfied 
with medical care when they do. Spartanburg 
Regional Healthcare System is one of South 
Carolina's largest healthcare systems, and it is 
Spartanburg County’s main health care provider. 
Therefore, when reviewing possible solutions to 
increase the cultural competency of Spartanburg’s 
public health systems, Spartanburg Regional 
Healthcare System should be at the forefront of the 
discussion. In terms of established structures for 
cultural competency, Spartanburg Regional has 
already established the Diversity & Inclusion (n.d.)  
Advisory Council, which “is dedicated to cultivating 
an environment where our patients’ unique 
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cultures, faiths and lifestyles are honored and 
respected.”  

Across the United States of America, cultural 
competency training programs have become 
commonplace in multiple states, including 
Washington, California, Connecticut, New Jersey, 
and New Mexico, all of which require cultural 
competence training for healthcare workers 
(Cultural Competence Training for Health Care 
Professionals, n.d.). There are several 
implementation resources for these low-cost 
programs; two are nationally recognized and have 
full implementation guides, including The Federal 
Office of Minority Health and the US Department 
of Health and Human Services (Cultural 
competence training for health care professionals, 
n.d.). The Federal Office of Minority Health 
publishes the National Culturally and Linguistically 
Appropriate Services (CLAS) standards which is 
actively being implemented in 32 states. “Think 
Cultural Health, a program of the US Department 
of Health and Human Services, offers a free, online 
continuing education training course for behavioral 
health professionals to improve cultural 
competency (US DHHS-Think cultural health 
training) (Cultural competence training for health 
care professionals, n.d.).”  While progress has been 
made through Spartanburg Regional’s Diversity & 
Inclusion (n.d) Advisory Council, further gains can 
be made by implementing a cultural competency 
program for healthcare systems in Spartanburg by 
partnering with established organizations like 
PASOs. “PASOs, hosted by the University of South 
Carolina’s Arnold School of Public Health, helps 
connect Latinos with health care and social service 
resources, educates families on health issues and 
parenting skills, and trains grassroots community 
health leaders (Healthy Latino communities 
contributing to a stronger South Carolina, n.d.).” 
PASOs is a South Carolina organization that works 
to support Latino communities, and most notably 
their support already extends into healthcare. 
PASOs representatives are, therefore, highly 
qualified to lead the transition for cultural health 
training in English and Spanish, as they have direct 
experience dealing with the Latinx community 
affected by the existing deficits in cultural 
competence in healthcare.   
 

Advisory Board 
 

The advisory board suggestion below is based 
on research from a 2016 study and manuscript: A 
Voice and a Vote: The Advisory Board Experiences 
of Spanish-Speaking Latina Mothers. The 
qualitative study created a Latinx family advisory 
group for a primary care clinic. “A patient or family 

advisory group, is when patients/families from a 
practice meet on a recurring basis with clinical 
leaders to identify and address areas for 
improvement, is one format for engagement 
(DeCamp et al., 2015).” The purpose of this study 
was ‘to inform increased engagement of LEP Latino 
families in health care improvement by describing 
the initial experiences and expectations for 
advisory board participation and describing the 
assessment after their first year of board 
participation (DeCamp et al., 2015).’ Members of 
the advisory group described outcomes, which 
“countered these perceptions of discrimination and 
allowed Latinos to participate more fully in the 
health care system.” A Latinx member participating 
in the study stated that it was an achievement for 
Hispanics “to be taken into account (DeCamp et al., 
2015).” Large health systems in Spartanburg like 
Regional and ReGenesis should benefit similarly 
from the addition of a Latinx family/advisory 
group. While this particular study took place with 
different demographics, the conclusion of the study 
should not vary as this Latinx family/advisory 
group strategy has been implemented in a variety of 
different demographics in patient-centered clinics. 
A truly patient-forward advisory council would 
begin by gathering the opinions and needs of the 
Latinx community in Spartanburg in order to 
directly address the issues raised. Due to the 
progression of public health, increasing emphasis 
has been placed on the constant interaction 
between the health system and the community. 
Right now, the systems in place do not fulfill that 
basic public health needs of the diverse and growing 
Latinx community in the Spartanburg area. 
However, with help from established Latinx 
organizations in Spartanburg and the full support 
of the health systems, instituting a patient advisory 
board is extremely feasible; this patient advisory 
board would truly be a monumental step in 
rebuilding trust and care between the health 
systems in Spartanburg, South Carolina and the 
growing Latinx community.   

 
Outreach 

 
As the Spartanburg Hispanic population 

follows national growth trends, outreach efforts 
into the community need to increase significantly. 
Proper communication is a key issue that must be 
resolved between the Spartanburg health systems 
and the Latinx community; the current 
communication problem has been highlighted by 
the ongoing Covid-19 pandemic.  

A recent news article came out of Bensalem, 
Pennsylvania, a population almost identical to 
Spartanburg’s own population (McGinnis, 2020). A 
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cardiovascular nurse named Theresa Conejo, 
worked to create a program to improve messaging 
on the safety of the coronavirus vaccine to Black 
and Latino communities. When interviewed she 
said, “Polling suggests that many people in the 
Latinx community are less likely to get the vaccine. 
There is a lack of public service announcements in 
Spanish here in Bucks County. So, it will be up to 
the medical community, organizations and key 
leaders to get the correct facts out to people 
(McGinnis, 2020).” This is just one example of how 
health information is not properly transmitted to 
the Latinx community, with vaccination being one 
topic out of countless others not properly relayed in 
Spanish to those residents most in need. Outreach 
to the Latinx community must include more than 
simple health screenings like so many outreach 
programs in Spartanburg currently utilize. A 
coordinated and sustained effort is needed to work 
with the Latinx community to convey important 
health information in Spanish so that residents 
have the resources needed to lead healthy and safe 
lives. 

In conversation with Dr. Laura Barbas Rhoden, 
founder of Alianza Spartanburg and Wofford 
College Spanish Professor, she emphasized that one 
of the key problems occurring was the lack of health 
information in Spanish being sent into the Latinx 
community. When looking at the feasibility of 
programs that can be instituted to address the 
communication/ outreach dilemma, existing 
advocates from major Latinx organizations like 
Alianza Spartanburg or PASOS (which both use the 
expertise of certified translators/interpreters such 
as Maria Francisco Montesó and Nora Curiel 
Muñoz) already have the knowledge to reach more 
of the Latinx population in Spartanburg. Utilizing 
such advocates and organizations to implement a 
program supplying ongoing and pertinent health 
information, accurately translated from 
DHEC/CDC, directly to the Latinx community in 
Spartanburg County is a sage strategy that bypasses 
some inherent difficulties that could slow or derail 
such a plan. A monthly periodical can be drafted 
with information from trusted health sources and 
tailored to the needs of the community, as 
identified from community leaders and the 
previously stated Latinx organizations. This will 
benefit both the health systems and the Latinx 
community as it will increase trust and 
communication between the two communities and 
will allow the Latinx community to better navigate 
the healthcare systems. 
 

 
 
 

Conclusion 
 

These findings cover some of the largest 
challenges the health system in Spartanburg, South 
Carolina faces in regard to best serving the Latinx 
community, based on interviews, statistical 
analysis, and related research studies. All solutions 
presented are based on a public health approach, 
focusing strictly on community health, while 
working with the Latinx community. Further 
research is needed to focus on the success and 
reaction of patient-centered programs 
implemented in the Spartanburg health systems in 
conjunction with the Latinx organizations and 
within the Latinx community.  
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Abstract — The 1990 Board of Immigration Appeals 
case, the Matter of Toboso-Alfonso, was the first to 
establish lesbian, gay, bisexual, and transgender 
(LGBT) people as eligible for asylum in the United States 
upon proof of their “homosexual” identity and of their 
“well-founded fear of persecution” in another nation. 
The Toboso-Alfonso case united issues of immigration 
and sexual orientation, complicating notions of private 
and public and questioning the necessity of exclusionary 
immigration policies. I argue that in making Toboso-
Alfonso precedent for similar cases, the U.S. helped to 
remove the barrier to entry for LGBT migrants but 
implemented norms that continue to regulate LGBT 
identity. My findings assert that administrative legal 
arguments hold the ability to set in place a rhetorical 
precedent that shapes future performances associated 
with that precedent – performances of citizenship in 
particular – by shaping the collective understanding of 
citizenship (and citizens) in the social imaginary.   
 
Keywords — citizenship, rhetorical precedent, LGBT 
asylum, migration 
 

Introduction 
 

In 1990, the U.S. Board of Immigration Appeals 
(BIA) granted a withholding of deportation to Fidel 
Armando Toboso-Alfonso, a gay man forced to 
leave Cuba in 1980. The BIA determined that 
homosexuals constituted a “particular social 
group,” and that Toboso-Alfonso showed a “clear 
probability” of persecution in his home nation 
because of his membership in that group. The 
decision in this case was groundbreaking for U.S. 
immigration policy because it explicitly 
contradicted the regulations set forth in the 
Immigration and Nationality Act which refused 
entry to LGBT people, and because in 1994, 
Attorney General Janet Reno declared Toboso-
Alfonso precedent for any similar case (Reno, 
1994). 

Through its classification as precedent for 
similar cases, Toboso-Alfonso presented future 
judges, immigration officials, and asylees with a 
representative image of the LGBT asylum seeker, 
yet the image remained contradictory. At one level, 
the majority opinion’s focus on “homosexuality” as 
an identity instead of an act or set of acts expanded 
the repertoire of acceptable representation of 
citizenship within the social imaginary. At the same 

time, however, it created a barrier for those unable 
or unwilling to conform to that representation; thus 
raising the question of how legal cases named as 
precedent might rhetorically shape the social 
imaginary, and how the social imaginary therefore 
might constrain future performances of identities 
and their legibility within courts and judicial 
hearings. In setting forth a legal and rhetorical 
precedent for future LGBT asylum cases, Toboso-
Alfonso offers the illusion of inclusivity while 
concomitantly formalizing standards that uphold 
the existing oppressive structures of citizenship. 

My analysis of the Matter of Toboso-Alfonso 
and its establishment as precedent exists within a 
rich history of critical rhetorical legal scholarship. 
And while it follows previous scholars through its 
efforts to consider, for example, how migrants must 
perform particular identities that are interpreted by 
immigration judges, (McKinnon 2009, 2016), the 
inventional power of subordinated legal texts 
(Hasian & Parry Giles, 1997), and the cultural 
impact of legal decisions on the possibilities for a 
queer future (Campbell, 2012), this project furthers 
this body of scholarship through its critical 
approach to the social imaginaries bounded and 
enacted within judicial discourse.  
 

The Social Imaginary and the Citizenship 
Paradox in Toboso-Alfonso 

 
The Matter of Toboso-Alfonso occurred in a 

moment of controversy over rights and identities 
and helped set in place the system through which 
LGBT people could gain asylum—and eventually 
citizenship—as members of a particular social 
group. Understanding of citizenship is shaped not 
only by laws, regulations, and rights, but also by the 
social imaginary: the normative ideals and actual 
practices of society that define what it means to be 
a citizen. Legal status as a citizen can impact one’s 
cultural citizen standing, but a shift in one’s cultural 
citizenship (the normative, disciplining, and 
dynamic forces that determine not only who 
belongs within a nation, but also whose life is legally 
protected as part of their citizenship status) may 
also impact legal regulations of who gets citizenship 
and who does not. Legal and cultural forms 



April 9, 2021 

 121 

 

intertwine to define and promulgate notions of 
citizenship and complicate boundaries of public 
and private civic and sexual identity. Traditional 
ideas of what parts of our lives get to be public and 
what parts get to be private are fully eroded within 
efforts to uphold national heterosexuality and, in 
turn, a particular image of a citizen.   

In moments of crisis or uncertainty, people 
engage social imaginaries in order to support their 
side of an argument. Social imaginaries are 
normative in that they require collective 
understanding of images, and they perpetuate ideas 
about groups of people that adhere to certain 
norms. At the same time, social imaginaries are not 
stagnant. Every moment in which a social 
imaginary is invoked, its meaning accumulates; it 
shifts to incorporate new perspectives and 
progressing ideals. For Goodnight (2010), social 
imaginaries provide “a vocabulary of identifications 
and meanings that can be extended, contested, and 
reshaped to renew older practices or inaugurate 
different activities” (p. 68). The Toboso-Alfonso 
decision constructs the LGBT asylum seeker in the 
social imaginary, and its construction relies on past 
understandings of migrants, asylum seekers, and 
LGBT people. In an analysis guided by previous 
readings of legal opinions (see Halley, 1994; Hasain 
& Parry-Giles, 1997), this essay considers how the 
social imagination of LGBT asylum seekers is both 
constructed and enforced within this precedent-
setting immigration case. In so doing, it 
complicates the debate over whether citizen 
eligibility derives from acts or a status. 
 

Toboso-Alfonso as Legal and Rhetorical 
Precedent 

 
In 1994 Janet Reno stated that the BIA 

appropriately applied immigration law in the 
Matter of Toboso-Alfonso, and that their decision 
could help to guide immigration judges hearing 
similar cases. Reno set the case as precedent for all 
future cases where an individual “identified as 
homosexual and persecuted by his or her 
government for that reason alone may be eligible 
for relief under refugee laws on the basis of 
persecution because of membership in a social 
group” (Reno, 1994, para 1). Beyond its status as 
legal precedent, the case would also go on to 
establish the rhetorical precedent through which 
identities would be measured, persecution would 
be understood, and arguments for asylum would be 
generated. For example, Reno’s use of the words 
“identified as” made possible asylum in the case of 
imputed homosexuality and not just admitted 
homosexuality, meaning someone could receive 
asylum after facing anti-LGBT persecution whether 

or not they identified as a member of a sexual 
minority.  

One of the few cases to receive national 
attention following Toboso-Alfonso was that of 
Brazilian national Marcelo Tenório, a case that is at 
least partially responsible for Reno’s declaration of 
Toboso-Alfonso as precedent. In 1993, Tenório was 
one of the first LGBT refugees to be granted asylum 
in the United States on the basis of sexual 
orientation-based persecution and was the first 
from a nation with less explicit or publicized 
prejudices against LGBT people. Similar cases prior 
to Tenorio primarily involved people seeking refuge 
from Iraq, Iran, and Cuba—nations with laws 
prohibiting homosexual behavior and a history of 
state-sponsored hostility toward homosexuals. In 
these cases, there was not a high burden to prove 
that the state was hostile and that being gay could 
endanger someone’s life. Although Tenório had 
been severely beaten, stabbed multiple times, and 
had faced state-sponsored violence, he still had to 
convince his immigration judge that Rio de Janeiro 
was a hostile environment for members of the 
LGBT community (Rodríguez, 2003). In order to be 
granted asylum in the U.S., Tenório had to perform 
a convincing gay identity—the very same identity he 
worked to keep secret while living in Brazil. Judging 
Tenório by the standard set in Toboso-Alfonso 
would make it difficult to prove sexual orientation 
in the same way. In making the immutability 
standard of Toboso-Alfonso one which relies on 
public identities instead of private acts, the case 
seemed to simplify the confusing distinctions 
between public and private. However, the line 
between public and private is not stable and does 
not always exist in the same ways for all people at 
the same time.  

The standard set forth through Toboso-
Alfonso’s precedent places a heavy burden on the 
asylum seeker to prove identity and persecution 
that may have not been public or documented. In 
the shifting moment of controversy over LGBT 
asylum in the early 1990s, the decision to grant 
asylum to LGBT people won the day, but in making 
Toboso-Alfonso the precedent for these cases, 
asylum became an option only for those who were 
legibly gay or lesbian according to fairly narrow 
understanding of identity categories.   
  

Conclusions  
 

This analysis considered how Toboso-Alfonso 
and its establishment as precedent became one of 
the first cases in US LGBT legal history to be ruled 
on the basis of status, not acts. However, in setting 
identified sexual identity status as the burden for 
entry in these cases, the immigration court created 
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an unruly benchmark on which future legal 
decisions would be made. In so doing, it shaped—
and continues to shape—LGBT asylum seekers in 
the social imaginary as figures who become less 
possible or visible as rights for LGBT people 
increase. This research highlights the ways our 
ideas of public and private and identities and acts 
become muddied within real legal practice in a way 
that materially impacts those who seek a place 
within the citizenry.     

The positions of advantage and disadvantage 
became cloudy in the Toboso-Alfonso decision, as 
his persecution and institutionally marginalized 
identity became the “advantage” necessary to be 
granted permission to stay in the United States. 
Regardless of the court’s intent in writing this 
particular decision, the establishment of Toboso-
Alfonso as precedent made immigration courts 
more likely to grant asylum in cases where the 
claimants most resembled Toboso-Alfonso. Thus, 
eligible asylum claimants came to be widely 
understood as men who could perform their sexual 
identity in a way that made sense to immigration 
officers and who had the means to provide certain 
evidence of persecution like news stories and public 
declarations that showed the subordination of 
LGBT people. In setting the case as precedent, Reno 
simultaneously expanded the possibilities for 
inclusivity in U.S. asylum policy and narrowed the 
definitions of identity for future applications of the 
case. That decision acted as a gatekeeper for LGBT 
asylum and ultimately helped to shape the face of 
both the imagined and actual citizenry of the United 
States.  
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Abstract – Can organizational scholars predict what 
factors contribute to successful collaborations? 
Although extant studies document numerous variables 
that influence the success or failure of collaborations, 
such as organizational identity or previous 
collaboration experience, these investigations are far 
from conclusive and even at times contradictory. The 
inability to identify a collection of explanatory factors 
results because collaborations are dynamic, 
unpredictable, and ambiguous. The purpose of this 
research is to propose a new approach to understand 
interorganizational collaborations – the creation of an 
ensemble model to chart the multi-path nature of 
interorganizational collaborations. This paper reports 
on the first stage of the development of an ensemble 
model. I analyzed 127 collaboration cases submitted to 
the 2009 and 2011 Collaboration Prize. Cases are 
narrative accounts of a collaboration’s history that must 
conform to specific guidelines. Only cases that described 
two or more organizations engaged in a joint activity 
were included in the analysis. The results of this analysis 
illustrate that certain factors and processes were critical 
to collaboration success. This research furthers the goal 
of modelling the probabilistic outcomes of complex 
inter-organizational systems to both further theoretical 
development of interorganizational collaborations and 
to aid managers tasked with designing collaborative 
systems. 
 
Keywords – Collaboration, Complexity Science, 
Management, Organization Theory, Qualitative Research 
 

Introduction 
 

Interorganizational collaboration (IOC) refers 
to the coordination of work activity between two or 
more organizations towards a common goal (Beck 
& Plowman, 2014; Doz, 1996). IOCs form to address 
“grand challenges” or “wicked problems,” such as 
climate change, pandemic response, or 
technological innovation, when no single 
organization possesses the necessary knowledge or 
resources to address the problem alone (Hardy et 
al., 2003). It is therefore concerning that only about 
25% of collaborations successfully accomplish their 
stated goals (Association of Strategic Alliance 
Professionals). The primary reason for the high 
frequency of IOC failure is that numerous 
collaboration factors and processes interact in 
complex and often counterintuitive ways that 

eludes simple explanations (Majchrzak et al., 2015). 
The lack of a systematic theory of IOCs has led to 
calls for the development of computational 
simulations to tease out the complex processes 
present in collaborations (Majchrzak et al., 2015). 
Thus, explaining how IOCs successfully function 
and accomplish their goals remains an important 
task for both scholars of organizations and also for 
the business leaders and policymakers that manage 
IOCs. In light of these limitations, I seek to answer 
the following guiding research question: What 
factors contribute to successful IOC outcomes? The 
answer to this question requires the development of 
new theory and methodology to estimate the 
potential trajectories or likely outcomes of a 
collaborative system. Therefore, the purpose of this 
research is to design and implement a 
computational ensemble model to explain and 
predict complex interorganizational dynamics. This 
paper reports on the first stage of this broader goal 
– the analysis of a large dataset of IOCs. This 
analysis will inform the development and 
implementation of a future computational 
simulation. 
 

Explaining Interorganizational 
Collaborations  

 
Recent scholarship has begun to examine the 

organizational dynamics that occur throughout the 
duration of an IOC (e.g. Beck & Plowman, 2014; 
Das & Teng, 2002). The term dynamics 
encompasses “any change in the form or state of the 
IOC over time” (Majchrzak et al., 2015, p. 1340). 
IOC structure or the formalization of roles and 
processes frequently changes as organizations 
attempt to resolve problems (Solansky et al., 2014). 
An emphasis on dynamics links an organization’s 
actions to organizational structures and outcomes 
in a causal manner.  

Explaining IOC dynamics and the relationship 
between collaboration structure and effectiveness 
lends itself to the lens of complexity theory. 
Collaborations emerge from the efforts of 
numerous organizations and individuals that 
possess unique insights and capabilities. As such, 
collaborative arrangements and interactions 
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among partners are beset by ambiguity, 
uncertainty, and conflicting interests. Observing 
these tensions, some researchers liken IOCs to 
“biological superorganisms in which multiple 
organisms (organizations) coexist, collaborate, and 
coevolve through reciprocal relationships to form a 
new complex organism, exhibiting varying 
complexities and tensions” (Beck et al., 2019, p.5). 
Within complex adaptive systems, agent 
interactions may dislodge the system from 
equilibrium towards the edge of chaos (Anderson, 
1999; Plowman et al., 2007). As a system moves 
away from equilibrium and towards the edge of 
chaos, interactions become less rigid and creativity 
may flourish as individuals experiment with new 
tools and processes to solve problems (Wheatley, 
1999). Thus, a complexity approach to IOCs 
suggests that there is no single best method to 
designing and implementing IOCs, but rather that 
managers should manage the complexity of an IOC 
to continually adjust the trajectory of the 
collaboration. Yet, management scholars currently 
lack the tools to map the possible outcomes of 
organizational systems. 

Unpredictability stems from the high 
dimensionality and high interaction of 
collaborative systems. Dooley and Van de Ven 
(1999) define dimensionality as the quantity of 
variables in a social context, whereas interaction 
refers to the interdependencies among actors. 
Associations among variables in such systems are 
typically non-linear, implicating multi-path 
processes that hinder simple explanations (Boisot 
& McKelvey, 2010). In fact, “IOCs are exceedingly 
unstable” and yet that instability often contributes 
to successful collaborative outcomes (Majchrzak et 
al. 2015, p. 1339). We need new methods to 
understand complex IOC dynamics. Therefore, I 
turn to recent developments in history (Turchin, 
2018) as a template to construct a multi-path 
ensemble model of interorganizational 
collaboration success. Ensemble models, first 
developed to predict weather systems, incorporate 
numerous relationships between independent 
variables to estimate the range of likely outcomes 
for a dependent variable. Due to system 
uncertainty, the analyst runs the model for several 
iterations to identify the range of likely outcomes. 
Rather than trying to understand what contributes 
to IOC effectiveness ex-post-facto, ensemble 
models forecast a range of probabilistic scenarios 
for an IOC. Thus, ensemble models provide a for 
explorations of IOCs that are not possible through 
any other research design.  
 
 
 

Research Design and Findings 
 

The overall purpose of this research is to design 
and implement a computational simulation tool 
that provides a range of forecasts concerning IOC 
effectiveness, similar to the way hurricane forecasts 
provide multiple possible paths the storm system 
may travel. Ensemble models facilitate the 
construction of confidence intervals that suggest 
likely outcomes of IOC processes, given the 
identification of initial IOC conditions. In this first 
stage of the project, the data comes from entries for 
the 2009 and 2011 Collaboration Prize. The 
Lodestar Foundation, in partnership with the 
Arizona-Indiana-Michigan Alliance, created the 
Collaboration Prize to encourage knowledge 
sharing and innovation in non-profit alliances. The 
database, found on CollaborationHub.com, 
contains a total of 683 entries. Each entry is a 
narrative description of a collaboration and lists the 
partner organizations, structure of the 
collaboration, strengths, weaknesses, and 
information about how the collaboration changed 
over time, providing a rich description of each case. 
The wealth of information about each case makes 
this an ideal source of data to explore collaboration 
dynamics. 

Not all 683 cases met criteria for inclusion in 
this study. Cases were only included in the study 
that described the joint activity of two or more 
organizations. In all, 127 cases met the criteria for 
inclusion. Employing qualitive data analysis 
methodology, I coded each Collaboration Prize 
entry using qualitative thematic analysis (Tracy, 
2019). For thematic analysis the construction of a 
codebook is paramount to categorize variables and 
their quantities (Charmaz, 2006), therefore, I 
created a code book that specifies how to interpret 
and record the Collaboration Prize entries. 
Following creation of the codebook, I identified for 
each collaboration case several variables that 
influence IOC success, such as number of 
participants, organizational structure, inter-
organization conflict, communication, collective 
identity, interactions, goals, synergies, and 
adaptability (Plowman et al., 2007) to form a 
dataset.  

In future research the results from the 
Collaboration Prize analysis, reported here, will be 
used to establish parameters for an agent-based 
model. I will use Netlogo (Wilensky, 1999) as the 
software to create the model. Agent-based models 
require as input initial parameters and rules for the 
interaction of agents (Davis, 2019). I will use extant 
process theories of collaboration and the results of 
the analysis in Step 1 as input. Simulations allow for 
random interactions among agents (i.e. 
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organizations) in accordance to their programmed 
rules. Thus, simulations result in probabilistic 
outcomes that present likely outcomes and must be 
run a number of times to identify the range of all 
possible outcomes. Following construction of the 
model, I will use the model to predict the 
collaboration outcomes of the remaining 1/3 of the 
Collaboration Prize entries (Railsback and Grimm, 
2019). 

Thematic analysis identifies common variables 
or values that occur across unstructured data. The 
majority of cases experienced difficulty in the initial 
stages of their collaborations. Frequent difficulties 
included coordination and communication 
challenges. For example, the Academy Theatre 
alliance in Atlanta, GA cites an initial barrier was 
the inability to communicate when space for a 
production was available at a partner organization. 
Many alliances relied on technology to coordinate 
joint activities and serve as a structuring tool to 
clarify partner roles. As the previous example 
illustrates, many collaborations were able to 
achieve greater efficiency by generating more 
structure within the collaboration. However, there 
was recognition that alliances needed to be flexible. 
From this perspective, AZLeaderForce, an Arizona 
non-profit serving impoverished children, found 
that they needed to be responsive in their 
programming to the changing needs of the 
community that they served. Overall, 
collaborations needed to impose structure by 
formalizing communication. Building mutual trust 
among partners and creating an organizational 
identity were common outcomes of greater 
structure. Alongside activities to promote structure 
many collaborators found that they needed to 
remain flexible, which was commonly achieved 
through altering culture. This led collaborations to 
be rigidly flexible in their structure and subsequent 
practices. These findings shed light on the issue of 
instability in the extant literature, serving as a 
crucial point to the next stage of this research 
project. 
 

Conclusion 
  

The complexity of interorganizational 
collaborations can be addressed by innovating new 
theories and methods. In particular, the creation of 
an ensemble model to forecast the possible range of 
an IOC’s trajectory promises to clarify how 
collaboration systems adapt to changing 
environmental conditions (Majchrzak et al., 2015). 
Currently, a number of theoretical perspectives 
exists regarding IOCs, including life-cycle, 
complexity, dialectical, economic, among others. 
Thus, this research serves as a “virtual laboratory” 

to better tease out the processes of 
interorganizational relations. Moreover, by 
understanding the factors that underlie successful 
IOCs, this research holds potential to influence 
business and governmental policy. As every major 
societal issue requires collaboration, the ability to 
model those collaborations a priori with an 
ensemble model and then to design the 
collaboration to maximize its effectiveness and 
positive human impacts is a potential tool to assist 
decision-makers (Beck et al., 2019).  
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Abstract — This paper examines the possible 
application of machine learning technology to aid 
university administrators in identifying at-risk 
students. We analyze data to classify students within 
two categories: good standing (graduated or returned), 
or at-risk (i.e., transferred, dropped, or suspended). We 
train several machine learning models to identify the 
ones with the higher performance, including Random 
Forrest Classifier, Logistic Regression, and Support 
Vector Machine with a few different kernels. Along with 
the classification task, we also identify the key attributes 
from our dataset that are the most significant factors in 
determining at-risk students. In conclusion, we present 
the performance measures of our classifier. 
 
Keywords – machine learning, binary classifier, 
classification, supervised learning, retention 
 

Introduction 
 

As university administrators, the 
understanding of student retention is of the highest 
priority. Understanding student retention and what 
influences it can greatly improve a University’s 
student retention rate. Although there are some 
well-known indicators, many unknown factors can 
contribute to a student dropping out, transferring, 
or getting suspended. To better understand and 
enhance retention at Lander University, the 
administrators delegated 5 years of student records 
to our research team for analysis. Retention is an 
important factor to understand for a university to 
succeed. The financial consequences of student 
dropout are substantial with very large sums of 
money at stake for students, institutions, and 
governments (Simpson, 2005). 

Utilizing the power of machine learning, we 
analyze students’ attributes and predict their status 
for returning next year. A student is classified into 
two categories: good standing, which means the 
student either graduates or returns, and at-risk, 
which means the student drops out, transfers, or 
gets suspended. Good standing will be represented 
by a 0, and at-risk can be represented by a 1 in a 
binary classifier.  (Phillips et al., 2019) attempted 
an identical research but performed less than 
acceptable mainly due to less years of data and a 
less powerful machine to train models. Our work 
takes advantage of two more years of data and a 
more powerful machine learning server to develop 
a better performing model. This can be useful in 

identifying at-risk students and improving Lander 
University’s retention rate. We also are planning to 
develop an application that utilizes the model for 
Lander administrators to predict new student 
datasets on. 
 

Development 
 

Development Stages 
A machine learning system is developed by 

following the stages: collect data – preprocess data 
and feature engineering – choose models – train 
models with the data – deploy the system.  
 
Data Collection 

At Lander University, the President’s Decision-
support Office and Office of Institutional Research 
provided the team with 10 semesters of student 
data -consisting of 5 years of fall and spring 
semester data. It includes 168 features (columns) of 
numeric and categorical data on over 5000 
students. The dataset includes statistics about the 
student’s academics achievements such as GPA, 
ACT/SAT scores, hours taken, etc. The data also 
includes personal profile such as hometown, year of 
application, financial aid status, family income, etc. 
Since the nature of data is very private, the team is 
given anonymized data which kept the integrity of 
the data without compromising the privacy of 
students. 
 
Preprocessing Data and Feature Engineering 

There are many steps needed to format the 
student dataset before we can use it to train our 
machine learning models. The dataset contains 
many features, which contain either numerical 
information (GPA, SAT, etc.) or categorical 
information (State, Major, etc.) about the students. 
To make the dataset to be used for training, we have 
to go through a few steps. First, we remove any 
features that have more than 50% blank values. We 
do this because such features would be mostly 
useless for the machine learning models to learn 
from. Next, we need to handle blank values in the 
remaining columns because training data requires 
to have no blank or null values. Blank (or null) 
values must be replaced with a representative value. 
Otherwise, a feature with blank values has to be 
dropped from the dataset. Depending on if the 
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feature is categorical or numerical, we handle the 
blank values differently. For numerical features, we 
replace the value with either 0 or the median for 
that column. We decide which to use by using our 
best judgment. For categorical features, we use 
forward fill. Forward fill replaces a blank value with 
the previous row’s value.  

In machine learning it is often useful to create 
new features that provide extra information or 
summary of a few other features. Such extra 
features are created by using values in other 
features. This is done sometimes to trim down 
features in a dataset or to create a more powerful 
feature. With 168 features in the dataset, we had 
many opportunities to create new features by 
combining other ones in various ways. One set of 
features we did this with was loans. For every 
available loan at Lander University, there is a 
respective numeric feature that describes a 
student’s loan amount. To trim down the number of 
features and create a more meaningful feature, we 
combined all of these loans into one feature called 
‘Total Loans’.  
 
Preparing Data for Training and Test 
Developing a machine learning system requires 
splitting a dataset into two. We call one of those sets 
a training set, on which machine learning models 
train with; the other set is called a test set, on which 
we test the model’s performance after training 
(Scikit-learn, 2021). We split our data in a 70/30 
ratio, with 70 percent of the data being used for the 
training set and 30 percent being used for the 
testing set. The training set should always be larger 
so the model can learn from more data and be more 
accurate.  
 
Input Pipeline 

Before inputting our data into the model, the 
data must be passed through a pipeline so that a 
raw dataset can be automatically preprocessed for 
training and provided to the models to train. Same 
activity has to performed when prediction is to take 
place with some dataset. Pipelining refers to 
automation of preprocessing and feature 
engineering steps that must be done on datasets. It 
is very common in machine learning systems, since 
there is a lot of data to manipulate and many data 
transformations to apply (Géron, 2017). Our 
pipeline includes scaling numerical data (certain 
models, such as support vector machine, requires 
it), and converts each categorical feature using One-
Hot Encoding technique. OneHotEncoding class in 
the Scikit-Learn package converts a categorical 
feature with string values into features of 0s and 1s. 
The newly created features are as many as unique 
values in the original categorical feature. For 

example, a feature named “class” has values of 
“freshmen”, “sophomore”, “junior” and “senior,” 
then four numeric features with 0s and 1s will be 
created. For a value of “freshmen,” only the first 
feature will be 1 and all others will have 0s. In such 
way, models can train with numeric data only. Both 
the training set and test set of data will be put 
through the pipeline to get the final transformed 
data.  
 
Choosing Models and Training 

We have chosen and trained three different 
machine learning models using the prepared 
dataset: Random Forest, Logistic Regression, and 
SVM (Support Vector Machine). Each model has 
different set of hyperparameters that affects how 
the model trains. Certain hyperparameters allow 
the model to learn from the data very closely 
(overfit) or the other way (underfit), and finding 
right hyperparameter values is crucial the 
performance. For each model, we used a grid search 
to determine which hyperparameter values are 
better than others. For the SVM model, we also 
trained using different kernels. The kernels we 
tested include linear, nonlinear, polynomial, 
radial basis function (RBF), and sigmoid. For 
Logistic Regression we tuned the hyperparameter c, 
which controls how regularized the model is. Lastly, 
for Random Forest, we tuned the hyperparameters 
of ‘n_estimators’ and ‘max_features’, which 
determine how many decision trees are trained, and 
how many features are used to train each decision 
tree, respectively. Higher values for these 
hyperparameters typically result in better 
performance but takes increased time to train. We 
were able to use high values for these 
hyperparameters because all training computations 
were done on Lander’s dedicated machine learning 
server with 2 GPUs and 64 GB of main memory.  
 

Results 
 

The random forest model performs the best out 
of the models we trained. When examining the 
performance of classifiers, there are multiple 
measures that represent how models perform. Most 
notably, the f1-score, which is a harmonic mean of 
precision and recall, is a good indicator for 
performance since it measures a balance of 
precision (the rate of true-positive when the system 
classifies positive) and recall (the rate of true-
positive when a positive case is submitted to the 
system). A true-positive is when a positive case is 
correctly predicted as positive. The random forest 
model’s precision and recall are 86% and 90% 
respectively, and the f1-score is 0.88 for predicting 
1 (transferred/suspended/dropped) as presented in 
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Figure 1. These scores indicate that our model 
performs at a very acceptable level and outperforms 
by far the best model of the previous research by 
(Phillips et al., 2019), which had a precision score 
of 49%, a recall of 74%, and an f1-score of 0.84.  
 

 
Figure 1. Performance of Random Forest Model 
 

Future Plans 
 

We plan on creating a simple python executable 
program that takes students data as input in the 
middle of semesters, utilize our model to predict 
their disposition at the end of the year. As an 
output, the program will export a CSV file 
containing each student’s disposition. The program 
will be used by Lander administrators and will give 
them the ability to accommodate at-risk students to 
enhance retention rate and their careers. We also 
will identify important features by analyzing 
correlation and feature importance provided by 
some of the models, which is potentially useful 
information to administrators such as student 
affairs at the university.  

 
Conclusions 

 
By training machine learning models with 5 

years of student data on a powerful server, our team 
created a high-performing binary classification 
model that effectively predicts whether a given 
student will graduate/return or not. We plan on 
using this model to develop an interactive software 
for distribution to Lander administrators. This 
software will be able to take a new student data set 
and save the predicted values for each student’s 1 
year disposition to a new file. For example, a Lander 
administrator could import the new Fall 2021 
student dataset into the software and predict the 
students’ disposition values for next year. 
Administrators could then identify at-risk students, 
and potentially increase Lander’s retention rate. 
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Abstract — deep learning models have demonstrated 
great potentials to detect malware. However, the deep 
learning models are particularly vulnerable to 
adversarial malware samples. Adversarial malware 
samples are samples used to evade detection by anti-
malware models. In order to combat adversarial 
samples, novel technique need be proposed to generate 
effective adversarial samples for further adversarial 
training. In this work, I proposed multi-level generative 
adversarial networks to generate adversarial samples 
in each malware sample family. My approach would 
adapt to new adversarial techniques and strategies 
devised by cyber criminals more quickly and effectively 
than the traditional gradient or evolutionary based 
methods. The new model I proposed is showing some 
encouraging initial results as compared to the 
traditional gradient or evolutionary based methods. 
 
Keywords — malware, deep learning, adversarial 
samples, multi-level clustering. 
 

Introduction 
 

Malware (short for malicious software) can 
cause severe damage to computer systems and 
result in, among other things, significant financial 
loss (Ye et al., 2017). Early detection of malware is 
the best way to prevent malware attacks. 
Unfortunately, traditional Malware Detection 
Systems (MDSs) encounter difficulty to discover 
underlying data representations from sophisticated 
malware samples.  Substantial advancement in 
deep learning research has enabled the 
development of MDSs that utilize deep learning 
models to extract increasingly complex data 
representations/patterns from a large number of 
malware samples (Ye et al., 2017). This 
breakthrough may offer a far better way to defend 
against diverse and advanced malware threats 
relative to traditional MDSs (Xin & Yi, 2017). 

Despite the great potential for deep learning 
models to detect malware, deep learning models are 
particularly vulnerable to adversarial malware 
samples (Grosse et al., 2017). Adversarial malware 
samples are specifically manipulated by cyber 
criminals to evade detection by anti-malware 
models. In order to recognize these adversarial 
malware samples and enhance security of deep 
learning models, researchers themselves introduce 

adversarial malware samples into training datasets 
in order to perform adversarial training. During 
adversarial training, adversarial malware samples 
are used to proactively teach the deep learning 
models to recognize hard-to-manipulate and 
invariant evidence that reliably characterizes 
malware no matter how cyber criminals manipulate 
input samples. The effectiveness of adversarial 
malware training is dependent on generating 
adversarial malware samples. 

Currently, adversarial malware samples are 
produced by gradient-based methods or 
evolutionary based methods (Grosse et al., 2017). 
Both approaches center on making slight 
modifications to malware samples; thus, the 
adversarial samples generated by these approaches 
are very close to original malware samples in terms 
of functionality and structure. Cyber criminals 
constantly work on altering and merging the 
features, proliferation methods and data 
distribution of existing malware to create new and 
advanced malware variants (Ye et al., 2017). 
Consequently, gradient or evolutionary based 
adversarial modification may have difficulty 
adapting fast enough to the changing malware 
landscape and may not be able to respond to new 
evasive techniques quickly. Such slow response 
may degrade the detection rate for malware over 
time. 

To further improve the ability of deep learning 
models to combat adversarial malware samples, I 
proposed and developed a Multiple-Level 
Generative Adversarial Network (MLGAN) that 
organized multiple Generative Adversarial 
Networks (GANs) within a hierarchical tree 
structure (Obeis, & Bhaya, 2016). Since MLGAN 
can create more diverse and complex adversarial 
malware variants relative to evolutionary or 
gradient based methods, my approach would adapt 
to new adversarial techniques and strategies 
devised by cyber criminals more quickly and 
effectively than the traditional gradient or 
evolutionary based methods. 
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Methodology 
 

The process I used to construct the working 
model underlying my MLGAN can be divided into 
five phases. In the first phase, I selected thousands 
of features that are important when trying to 
distinguish between malware and benignware 
(short for Benign software, which is harmless). In 
the second phase, I developed the multi-level 
clustering algorithm to build the multi-level 
clusters using important features selected in the 
first phase. Malware samples in each cluster of the 
tree typically display similar behaviors and 
characteristics, which can be used to determine 
highly reused essential patterns of malware 
variations created from a particular malware family 
(Yue, 2018). In the third phase, a Generative 
Adversarial Network (GAN) was built for each 
cluster in the tree created in the second phase. The 
design of the GANs was based on the concept of 
Deep Convolutional GANs. Each GAN has a 
generator and a discriminator. The generator is 
used to produce new malware variants belonging to 
the same malware family. The discriminator 
distinguishes between newly created malware 
variants and original malware. At the end of this 
phase, I removed unrealistic malware variants 
produced by the generator based on feature 
similarity score and static analysis score (Biggio et 
al., 2014). In the fourth phase, new malware 
variants produced by the generator were combined 
with original malware samples to create an 
adversarial training dataset for each cluster. Then 
the deep learning model was constructed for each 
cluster based on the adversarial training dataset in 
order to learn potential new techniques adopted by 
malware attackers. Since construction of GANs and 
deep learning models was computationally 
intensive, I utilized multiple Graphics Processing 
Units (GPUs) to carry out the model building 
process in parallel. At the end of this phase, the 
deep learning model for each cluster was finalized 
after rigorous adversarial training. In the fifth 
phase, the output values of different adversarial 
training based models in the multi-level clusters 
were merged to make the final decision about 
whether a test sample was malware or not. 
 

 Dataset and Experimental Setup 
 

The malware dataset consisted of a large and 
diverse number of malware samples collected from 
six primary sources and a private collection. The 
benignware dataset contained representative 
distributions of benign samples acquired from 
several reputable sources. All malware and 
benignware samples were Window executables, 

which are a major target for cyber-attacks. In total, 
I developed a dataset with 5 million malware 
samples and 3 million benign samples for training. 
Additional adversarial samples produced by my 
MLGAN, the evolutionary-based methods or the 
gradient-based methods were included in the 
training set respectively to produce three different 
adversarial training based models. In order to 
compare the performance of different methods, I 
created test set 1 and test set 2. Test set 1 contained 
40,000 adversarial malware samples randomly 
produced by the MLGAN. Test set 2 contained 
40,000 adversarial malware samples randomly 
produced by the gradient-based methods and the 
evolutionary-based methods. Both test sets shared 
100,000 benign samples. I ensured that the test set 
did not include any sample from the training set for 
fair evaluation.  

When building the MLGAN, I followed the 
procedure outlined in the methods section above. 
When assessing the performance of my MLGAN, I 
computed the True Positive Rate (TPR), False 
Positive Rate (FPR) and Area Under the Receiver 
Operating Characteristic Curve (AUC) (Baldi et al., 
2000). Researchers commonly adopt these metrics 
to assess the performance of Malware Detection 
Systems. I compared my model’s performance with 
that of the deep learning model without adversarial 
training (base model), the gradient-based methods 
and the evolutionary methods. 
 

Results Analysis 
 

My MLGAN resulted in a MDS with a 
significantly better true positive rate (detection rate 
of adversarial malware variants) as compared to (i) 
deep learning models without adversarial training 
(base model) and (ii) deep learning models using 
gradient or evolutionary based methods in test set 1 
(Table 1).  This encouraging results demonstrated 
that my model can detect complex adversarial 
malware samples more effectively than the 
gradient-based or evolutionary based models. My 
MLGAN was able to detect adversarial samples 
produced by gradient or evolutionary based 
methods in test set 2 (Table 2). 
 

Conclusions 
 

Novel contributions of this work include: 1) 
development of multiple GANs within a multi-level 
tree structure in order to generate realistic 
adversarial malware variants for each malware 
family, 2) utilization of adversarial training to 
prepare deep learning models for discovering new 
evasive techniques and tactics within malware 
families and 3) deployment of a parallel strategy for 
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GANs training. These novel techniques further 
increased the detection rate for adversarial 
malware variants as compared to the gradient or 
evolutionary based methods. The MGLAN I 
developed will serve as an important security tool 
for cyber security experts and designers. It offers 
cyber security experts an approach that more 
quickly responds to the constant and rapidly 
changing malware landscape, which improves our 
ability to detect/identify malware. 
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Tables 
 

Table 1. Among model performance for Test Set 1         
 
 
 
 
 
 

 
Table 2. Among model performance for Test Set 2 

 
  

 TPR FPR AUC 
Base model 78% 5.3% 80% 
Gradient based method 81% 5.2% 78% 
Evolutionary based method 83% 4.1% 76% 
MLGAN (my MDS) 95% 0.3% 96% 

 TPR FPR AUC 
Base model 82% 4.2% 84% 
Gradient based method 92% 0.9% 93% 
Evolutionary based method 86% 2.4% 89% 
MLGAN (my MDS) 91% 1.1% 91% 
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Abstract - The healthcare industry is perhaps the 
fastest-growing sector in most economies. 
Consequently, e-health contributes greatly to the 
explosive growth within the healthcare industry by 
utilizing intelligent systems to support its stakeholders 
with information searches, marketing, and 
communication processes. For growth in the healthcare 
industry, competitive intelligence becomes part of the 
strategic and decision support edge. However, the users' 
perception of the ease of use of various intelligent 
systems of e-health technology lacked enough quality of 
information delivery, intelligent system’s effectiveness, 
and innovative functionalities. This study evaluates the 
effect of competitive intelligence on e-health 
technologies, services, and their impact on marketing 
information systems (MIS). 660 respondents were 
selected using a simple random process and tested 
factors for construct validation include measurement 
items using machine learning. Variables used to 
measure the diverging discriminant validity includes 
competitive intelligence, technological intelligence, 
perceived quality, ease of use, and usefulness. The 
results indicate that for e-health services' effectiveness, 
intelligent systems deployed for competitive intelligence 
require more attention to the quality of information, 
information delivery, quality of the intelligent systems 
deployed, and their functionalities. The resultant effects 
show that an improvement in the quality of intelligent 
systems would increase the competitive intelligence 
edge of the e-health services with a significant impact on 
the MIS. 
 
Keywords — competitive intelligence, intelligent 
agents, marketing information systems, e-health 
services, intelligent applications 
 

Introduction and Related Works 
 

E-health service provides e-technologies that 
help to accurately determine the demands of the 
target customer and also meeting their needs and 
demands at the highest level (Durmaz et al., 2015). 
Competitive intelligence entails several collections 
and analysis of data utilized in the business system 
to improve research and development’s 
effectiveness, to support management decisions, 
and to provide early advice on threats to an 
organization (Song & Zhang, 2012; Wang, et al., 
2011). This is an indication that competitive 
intelligence has become an indispensable tool for 
an engaging business environment. For competitive 
intelligence to be effective, it requires skills in 

“collecting appropriate information, analyzing the 
information, and attracting the attention of 
corporate decision-makers” which represents a 
challenge to the healthcare industry. Some 
problems associated with healthcare industries are 
information quality, inequalities in healthcare 
status, and the quality of healthcare delivery, 
(Arcaya et al., 2015). Most healthcare industries 
have introduced e-health services as part of their 
focus on service quality and community benefits 
using intelligent systems in solving these problems. 
Intelligent Systems are usually deployed for 
healthcare management and delivery (Figure 1). 
They provide relevant and advanced 
methodological, technological, and scientific 
approaches related to the application of 
sophisticated exploitation of artificial intelligence 
(AI), as well as providing “insight into the 
technologies and intelligent applications that have 
received growing attention in recent years such as 
medical imaging, EMR systems, and drug 
development assistance” (Bouchemal, 2019). 

The “strategy of competitive intelligence is 
essential for an organization’s existence” whereas, 
obtaining immeasurable quantities of information 
may not necessarily provide a competitive 
intelligence edge. The dearth of needed data in the 
healthcare system arouses some considerable 
worries for healthcare professionals. As e-health 
services become more available and implemented, 
using a marketing information system (MIS) is one 
way to deal with the volumes of data created by 
research firms or even by small business 
owners. MIS gathers, stores, analyzes and 
distributes marketing data to the managers and 
teams that need it (Devault, 2020). Since this study 
evaluates the effect of competitive intelligence on e-
health technologies, services and their impact on 
MIS using quantitative and machine learning 
methods, it was determined that competitive 
intelligence can provide the premium quality and 
robust health services using the lowest regulated IT 
costs along with reduced risks. Artificial 
intelligence-related computations, including 
intelligent agents and technological intelligence, 
are the main resources that yield competitive 
intelligence. As competition in the healthcare 
marketplace increases, the need for information 
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provided by service providers heightens 
simultaneously. In response to this need, marketing 
information systems and competitive intelligence 
are considered to be vital resources. 

 
Research Objective and Methodology 

 
The research purpose is to extrapolate the 

impact of competitive intelligence on e-health 
services with themes of MIS, to determine users’ 
perception of the ease of use of the technologies in 
e-healthcare. A descriptive correlation design was 
used with data from healthcare companies using e-
health services. Samples were collected using open 
questionnaires with 31 questions related to the 
research based on the 5-point Likert scale (from 
strongly disagree to agree strongly). SPSS statistical 
software was used to calculate the reliability test, 
and the 0.923 reliability coefficient was achieved by 
the Cronbach's alpha test for the fundamental 
questions in the questionnaires. The variance 
approach was used to avoid restrictions with the co-
variance approach concerning the model type, 
sample size, and the experimental nature of the 
model. The models were assessed using the Partial 
Least Squares (PLS) regression method. The 
internal structural methods were evaluated after 
sufficient evidence showing the measuring models' 
validity, and reliability was obtained.  The smart 
PLS software is used to assess the research model 
and also to reject or accept the hypothesis. (Davari 
& Rezazadeh, 2014). 

To assess the measuring model as seen in Table 
1 and Table 2, convergent validity (the Average 
Variance Extracted), discriminant validity (the 
Fornell-Larckerncriterion), internal consistency 
(Cronbach’s alpha coefficient), and composite 
reliability were tested. Convergent validity above 
0.5 indicates an acceptable Convergent validity 
(Davari & Rezazadeh, 2014). For the discriminant 
validity test, the Fornell-Larcker criterion is 
employed to investigate the correlation between a 
construct and the variables indicators while the 
AVE square roots of the latent variables are tested 
to assess and compare the correlations. This 
represents the main diagonal elements of the 
matrix greater than the correlation between the 
variable indicators seen at the lower triangular part 
of the matrix.  The other elements in the matrix 
represent the correlations of interaction between 
the variables in the model. This indicates that the 
model's discriminant validity is at an acceptable 
level since the correlations are above .5 and are 
considered statistically significant. The internal 
consistency is indicative of the degree of correlation 
between a construct and the related indicators. 
Cronbach's alpha test is used in assessing the 

consistency of the variables used in the models 
from a questionnaire. The score obtained was 0.7; 
which indicates an acceptable internal consistency. 
The results obtained from Cronbach's alpha 
calculation via PLS illustrated in Table 2 represent 
an acceptable internal consistency. Additionally, 
the composite reliability is also above 0.6, 
indicating an acceptable level of composite 
reliability. (Davari & Rezazadeh, 2014). CR scores 
value less than 0.6 indicates “lack of internal 
consistency”. Table 2 shows that CR value is above 
0.7 for all the variables. 

Regression models are accessed using the 
coefficient of determination and the adjusted 
coefficient of determination. The R square scored 
ranges between 0 to 1. Scores of 0 to 0.4 indicate a 
weak relationship, while scores between 0.5 to 1 are 
considered healthy. The three values of 0.19, 0.33, 
and 0.67 are believed to be the criteria for weak, 
moderate, and strong R2. According to the research 
model, in the case of standard coefficients (Figure 
2), the coefficient of determination, 0.692, and 
0.687, 0.785 are considered healthy and more 
informative than the weak relationship. The R 
square values are used to assess the explained 
variance in the regression model. This variance 
explained above 50% is considered reasonable 
while explained variance of below 50% is deemed to 
be deficient in reporting such a model. The 
observed fit in the regression model is evaluated 
using the R square value. A higher R square value 
indicates that the regression model was an absolute 
fit to the data which represents how close the 
observed data points are to the model’s indicated 
values. On the other hand, a low R square score 
shows that the model could not fit the data as 
required. A model with poor fit is considered 
statistically inappropriate for reporting and thus 
during model fitting the obtained R square value is 
supposed to be above 50%. The R square value of 
0.715 indicates a better model fit it can be seen in 
Table 3. 

 
Results 

 
The results showed variable consistency and 

reliability in the model assessed to identify the level 
of importance and usability of the variable in the 
models. Upon confirming the model variables' 
validity, the next step is to assess the significance of 
the variables in the model. This was achieved using 
the t statistic score or the p-value resulting from the 
t statistic test. For variables that are statistically 
significant in the model, their t-statistic score is 
greater than 1.96. Additionally, the p-value is less 
than 0.05. At 95% confidence level (Figure 3). The 
numbers of statistical significance factors tested 
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showed 95%, 99%, and 99.9% results, and their 
corresponding t statistic values are 1.96, 2.58, and 
3.26, respectively. The results are presented in 
Table 4. 

To examine the hypothesis of this research, the 
product indicator approach is exploited to analyze 
the impact of the intermediary variable of the MIS 
(Fig.4). Figure 4 shows t-statistic related to CI*MIS 
variable, i.e., the impact of MIS variable on the 
relationship between competitive intelligence and 
willingness to adoption is equal to 2.014. Since the 
value is more significant than 1.96, the effect of MIS 
as a moderator in the relationship between 
competitive intelligence and the adoption of the 
electronic health record is statistically significant. 

 
Discussions and Conclusions 

 
The study showed that technological 

intelligence and intelligent agents have significant 
impacts on usability and perceived quality 
(Bergenti et al., 2016, Kim et al., 2016, Ziefle and 
Schaar, 2017, and Jamil et al., 2016). This indicates 
that the expansion of public MIS improves the 
competitive intelligence and adoption of e-health 
services when utilized.  This substantiates the aim 
of e-health services to improve customer's 
accessibility to healthcare, promoting quality 
healthcare services, and promoting sufficient 
information for all health workers and patients. The 
results showed that the strategy for the adoption of 
e-Health services in health care can be viewed from 
the “perspective of reinforcing organizational 
competitiveness to survive in a dynamic business 
environment” (Suebsin & Gerdsri, 2010). The 
statistical results and the models generated 
provided better narratives to the relationships 
between the descriptive indicators of each variable. 
This indicates how e-health can increase efficiency 
and performance leading users to positive and 
friendly adoption. Additionally, it was noted that 
the more the system is trustworthy and reliable, the 
easier it will be for the users to rely on intelligent 
technologies in their daily activities. Marketing 
information systems also play a crucial role in the 
adoption of smart technologies in the public health 
sector. The results also indicate that the adoption of 
e-healthcare technology will enhance quality health 
care to patients by enabling healthcare 
professionals to use health websites, applications, 
and portals (Adebiaye & Conner, 2015). Although 
the relationship between competitive intelligence 
and the willingness to adopt intelligent e-health 
services is reinforced by the development of MIS, 
the level and intensity of the effectiveness of this 
moderator (beta=0.009) are not considered as seen 
in Figure 5. Dedication of enough attention to the 

quality of information, the way information is 
provided, and the quality of systems will help to 
enhance the usability of the system since it allows 
the users and individuals to become more 
comfortable in using the system. The positive 
impact of technological intelligence on quality and 
value suggests sufficient information on their usage 
and ensures better services are delivered to the 
consumers. This strategy improves service delivery, 
customer satisfaction and enhances customer's 
perspectives towards the adoption of intelligent 
technologies. In the end, the study created a 
framework to understand the importance of e-
health services and ascertaining that technology 
remains an enabling key in the business of 
healthcare to create a competitive advantage from 
its operation. 
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Figures and Tables 

 

 
Figure 1. A model of Competitive Intelligence for e-health Technologies (Adenuga et al., 2013). 

 
Table 1. Model Parameters. 

Variable 
 

Cronbach’s 
Alpha 

 

 
Composite 
Reliability 

 

Average  
variance 
extracted 

(AVE) 
 

Technological 
Intelligence 0.845 0.786 0.816 
Intelligent 
agent 0.878 0.771 0.809 
Perceived 
quality 0.945 0.752 0.789 
Usability (ease 
of use) 0.904 0.746 0.774 
Usefulness 0.814 0.721 0.759 

 
Table 2. Diverging discriminant validity matrix using Fornell-Larcker criterion. 

Constructs 
 

Technological 
Intelligence 

 

 
Intelligent 

agent 
 

Perceived 
quality 

 

 
 

Usability 

 
 

Usefulness 

Technological 
Intelligence 0.834    

 

Intelligence 
agent 0.778 0.816   

 

Perceived 
quality 0746 0.793 0.821  

 

Usability  0.823 0.678 0.795 0.808  
Usefulness 0.779 0.765 0.782 0.768 0.796 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Organization 

Environment 

Technological  
Innovation 
Decision Making 

eHealth Competitive  
Intelligence 
 

Technology 



Seventeenth Annual SC Upstate Research Symposium 

138  

 

 

 
Figure 2. Research Model in the standard coefficients mode. 
 
Table 3. Overall model performance. 

 
Variable 

 
R2 Communality 

Competitive intelligence - 0.687 
Technological intelligence - 0.623 
Perceived quality 0.692 0.742 
Ease of use ( usability) 0.687 0.674 
Usefulness 0.785 0.785 
R2 0.715 - 
Communality - 0.648 
GoF 0.690 
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Figure 3. Research Model in the significant coefficients mode. 
 

 
 

Table 4. T-statistical table for the variables. 
 

The correlations 
 

Coefficient of 
impact 

 

T-
statistic 

 
The impact of technological intelligence on the 
usability of e-health services adoption 0.563 5.446 
The impact of technological intelligence on the 
usefulness of e-health services adoption 0.605 5.347 
The impact of technological intelligence on the 
perceived quality of e-health services adoption 0.560 5.246 
The impact of intelligence agent on the usability of e-
health services adoption 0.199 3.788 
The impact of intelligence agent on the usefulness of 
e-health services adoption 0.299 4.746 
The impact of intelligence agent on the perceived 
quality of e-health services adoption 0.168 2.471 
Reinforcing  the  relationship  between competitive 
intelligence and  the adoption of e-health services by 
developing public health MIS 0.009 2.014 
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Figure 4. The research model in the state of standard coefficients devoted to examining the hypothesis. 

 
 
 
 
 
 

 
Figure 5. The research model in the state of significant coefficients to examine the 7th hypothesis. 
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Abstract — In 2013, Duddy and Piggins (2013) 
presented a modified version of the consistency axiom to 
characterize the class of mean based rules which 
involves fair conditions of voting rules when merging 
societies. Here we will discuss the project of extending 
this result to a more general model of consensus. Thus 
far we have shown that the ability to extend the results 
of Duddy & Piggins depends on the underlying structure 
of the domain.   
 
Keywords — Mathematical Social Choice, Consensus, 
Voting 
 

Introduction 
 

My dissertation project (Leach, 2019) involved the 
axiomatic characterization of aggregation functions 
on various models of consensus. One of the fairness 
axioms I worked with was the well-known axiom of 
consistency. Consistency implies that if an 
alternative x is an acceptable social outcome by two 
disjoint groups of voters, then x should be an 
acceptable social outcome for the union of the two 
groups. Moreover, if another alternative y is not an 
acceptable outcome for one of the groups, then y 
should not be part of the social outcome for the 
union of the two groups. One of the goals of the 
dissertation was to extend this axiom to a more 
general model of consensus.  

The consistency axiom presented by Duddy and 
Piggins (2013) implies that if an alternative x is an 
acceptable social outcome by the union of two 
disjoint groups of voters, then x should be an 
acceptable social outcome for one of the two 
groups. Moreover, if another alternative y is not an 
acceptable outcome for both of the groups, then y 
should not be part of the social outcome for the 
union of the two groups. To not confuse the two 
variations, we will refer to the second axiom as 
Duddy-Piggins consistency.  

While the difference is subtle, it is the case that 
one does not imply the other. For example, the 
normal consistency axiom is used to characterize 
the majority rule. Whereas the Duddy-Piggins 
consistency is used to characterize the mean based 
rule. After carefully defining our model, we will 
discuss the problem of extending the Duddy-Pggins 
consistency to a more general model of consensus.  
 

The Original Model 
 

The finite set of alternatives is 𝑋𝑋 = {𝑥𝑥1, … , 𝑥𝑥𝑚𝑚} 
with 𝑚𝑚 ≥ 2. The set of all subsets of 𝑋𝑋 is denoted by 
𝑃𝑃(𝑋𝑋) and 𝑃𝑃𝑛𝑛𝑛𝑛(𝑋𝑋) = {𝐴𝐴 ∈ 𝑋𝑋:𝐴𝐴 ≠ ∅}. We will refer to 
𝑃𝑃(𝑋𝑋) as a ballot space and the sets belonging to 
𝑃𝑃(𝑋𝑋) as ballots. The set of natural numbers 
including 0 is denoted by 𝑁𝑁0. A function π:𝑃𝑃(𝑋𝑋) →
𝑁𝑁0 is called a ballot response profile or simply a 
profile. The set of all profiles is given by 𝑁𝑁0𝑃𝑃

(𝑋𝑋).  A 
social choice function on 𝑃𝑃(𝑋𝑋) is any function of 
the form  
𝑓𝑓:𝑁𝑁0𝑃𝑃

(𝑋𝑋) → 𝑃𝑃𝑛𝑛𝑛𝑛(𝑋𝑋). 
For any profile π and for any 𝐵𝐵 belonging to 

𝑃𝑃(𝑋𝑋),  π(𝐵𝐵) is the number of voters who chose the 
ballot 𝐵𝐵. For any profile π ∈ 𝑁𝑁0𝑃𝑃

(𝑋𝑋) and for any 
alternative 𝑥𝑥 ∈ 𝑋𝑋, the number of voters who 
approve of the alternative 𝑥𝑥 is given by  

𝑣𝑣(𝑥𝑥,π) = � π(𝐵𝐵).
𝐵𝐵∈𝑃𝑃(𝑋𝑋), 𝑥𝑥∈𝑋𝑋

 

Majority rule is the social choice function 𝐹𝐹𝑀𝑀 
defined by 𝐹𝐹𝑀𝑀(π) = {𝑥𝑥 ∈ 𝑋𝑋 ∶  𝑣𝑣(𝑥𝑥,π) ≥ 𝑣𝑣(𝑦𝑦,π) ∀ 𝑦𝑦 ∈
𝑋𝑋} for all profiles π ∈ 𝑁𝑁0𝑃𝑃

(𝑋𝑋). By definition, majority 
rule would select all alternatives with the maximum 
number of votes. Some popular fair axioms used in 
the characterizing majority rule are consistency, 
neutrality and the axiom of discerning. A social 
choice function is: 
• Consistent if and only if 𝑓𝑓(π) ∩ 𝑓𝑓(ρ) ≠ ∅  ⇒

𝑓𝑓(π + ρ) = 𝑓𝑓(π) ∩ 𝑓𝑓(ρ) where π + ρ denotes 
the joining of the two societies π and  ρ; that is 
to say π + ρ(𝐵𝐵) = π(𝐵𝐵) + ρ(𝐵𝐵) for all 𝐵𝐵 ∈ 𝑃𝑃(𝑋𝑋). 

• Neutral if and only if for any profiles π and π′ 
and for any permutation σ of 𝑋𝑋, 𝜋𝜋′�𝜎𝜎(𝐵𝐵)� =
𝜋𝜋(𝐵𝐵) for all 𝐵𝐵 ∈ 𝑃𝑃(𝑋𝑋)  ⇒  𝜎𝜎�𝑓𝑓(𝜋𝜋)� = 𝑓𝑓(𝜋𝜋′). 
Note: Neutrality implies that the labeling of the 
alternatives does not affect the social outcome. 

• Discerning if and only if for all profiles π and 
for all alternatives 𝑥𝑥 ∈ 𝑋𝑋  

1. 𝑣𝑣(𝑥𝑥,𝜋𝜋) > 𝑣𝑣(𝑦𝑦,𝜋𝜋) for all 𝑦𝑦 ∈ 𝑋𝑋 ⇒
𝑥𝑥 ∈ 𝑓𝑓(𝜋𝜋). 

2. 𝑣𝑣(𝑥𝑥,𝜋𝜋) < 𝑣𝑣(𝑦𝑦,𝜋𝜋) for all 𝑦𝑦 ∈ 𝑋𝑋 ⇒
𝑥𝑥 ∉ 𝑓𝑓(𝜋𝜋). 

Note: Condition I implies that if one alternative 
receives more votes than all other alternatives, then 
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that alternative should be included in the social 
outcome. Condition II implies if one of the 
alternatives receives less votes than all other 
alternatives, then that alternatives should not be 
included in the social outcome.  
The mean based rule is the is the social choice 
function 𝐹𝐹𝑀𝑀𝑛𝑛𝑀𝑀𝑛𝑛  defined by 𝐹𝐹𝑀𝑀𝑛𝑛𝑀𝑀𝑛𝑛(𝜋𝜋) = {𝑥𝑥 ∈
𝑋𝑋: 𝑣𝑣(𝑥𝑥,𝜋𝜋) ≥ 𝑣𝑣(π)}. Where 𝑣𝑣(π) is the average 
approval of the alternatives, that is, 

𝑣𝑣(π) =
∑ v(x,π)x∈X

|X| . 

By definition, 𝐹𝐹𝑀𝑀𝑛𝑛𝑀𝑀𝑛𝑛  would select all 
alternatives with at least the average number of 
votes amongst the candidates. The axioms used to 
characterize 𝐹𝐹𝑀𝑀𝑛𝑛𝑀𝑀𝑛𝑛  by Duddy and Piggins (2013) 
include neutrality, discerning and Duddy-Piggins 
consistency. A social choice function satisfies 
Duddy-Piggins consistency if and only if 𝑓𝑓(π) ∩
𝑓𝑓(π′) ⊆ 𝑓𝑓(π + π′) ⊆ 𝑓𝑓(π) ∪ 𝑓𝑓(π′) for all profiles 
π and π′. 

To see why the two forms of consistency are not 
implications of each other, consider that it is well 
known that 𝐹𝐹𝑀𝑀 satisfies consistency, and consider 
the π, ρ, & π + ρ such that: 

𝑣𝑣(𝑥𝑥1 ,π) = 3, 𝑣𝑣(𝑥𝑥2,π) = 2, & 𝑣𝑣(𝑥𝑥3,π) = 0, 
𝑣𝑣(𝑥𝑥1, ρ) = 0, 𝑣𝑣(𝑥𝑥2, ρ) = 2, & 𝑣𝑣(𝑥𝑥3, ρ) = 3, and 
𝑣𝑣(𝑥𝑥1,π + ρ) = 3, 𝑣𝑣(𝑥𝑥2,π + ρ) = 4, & 𝑣𝑣(𝑥𝑥3,π + ρ) =
3. 
We have by definition of 𝐹𝐹𝑀𝑀 that 𝐹𝐹𝑀𝑀(π) =
{𝑥𝑥1},  𝐹𝐹𝑀𝑀(ρ) = {𝑥𝑥3},  and 𝐹𝐹𝑀𝑀(π + ρ) = {𝑥𝑥2}, and so it 
follows,   

𝐹𝐹𝑀𝑀(π) ∩ 𝐹𝐹𝑀𝑀(ρ) ⊈ 𝐹𝐹𝑀𝑀(π + ρ) ⊈ 𝐹𝐹𝑀𝑀(π) ∪ 𝐹𝐹𝑀𝑀(ρ). 
Thus, majority rule is not Duddy-Piggins 
consistent. A similar argument shows that the 𝐹𝐹𝑀𝑀𝑛𝑛𝑀𝑀𝑛𝑛 
rule is Duddy-Piggins consistent but not consistent.  
 

A Latticial Model 
 

We now turn to a more general form of 
consensus. In the original model we aggregated a 
ballot space where the electorate could cast a ballot 
to include any alternative that they approved of and 
the function will collectively aggregate every voter’s 
ballot into any possible subset of alternatives. Now 
we consider the following example to motivate an 
extension to a broader model. An academic college 
is trying to form a hiring committee of at most 4 
members, so the voters will be allowed to approve 
of up to 4 faculty members that they deem will do a 
good job; then the function will collectively 
aggregate every voter’s ballot into a committee of 
size at most 4. Based off of this idea our model has 
become 𝑓𝑓:𝑁𝑁0𝐵𝐵 → 𝐵𝐵 ∖ {∅} Where 𝐵𝐵 is the set of 
admissible ballots, that is 𝐵𝐵 = {𝐶𝐶 ⊆ 𝑋𝑋: |𝐶𝐶| ≤ 4}. 
Now consider the profile formed by 2 voters casting 
the ballots {𝑥𝑥1, 𝑥𝑥2, 𝑥𝑥3} and {𝑥𝑥4, 𝑥𝑥5, 𝑥𝑥6}. We see that 

majority rule would include all 6 alternatives and it 
follows that majority rule would not be well defined 
here, so we need different tools here to handle this 
model. We say that this model is more general since 
it also includes the model above in the case that 𝐵𝐵 =
𝑃𝑃(𝑋𝑋). 

Let 𝐿𝐿 be a finite lattice and let 𝐽𝐽(𝐿𝐿) be the set of 
join-irreducibles of 𝐿𝐿. Moreover, we will require 
|𝐽𝐽(𝐿𝐿)| ≥ 2. Let 𝐿𝐿𝑘𝑘 be the set of all 𝑘𝑘-tuples of L. A 𝑘𝑘-
tuple (𝑥𝑥1, … , 𝑥𝑥𝑘𝑘) ∈ 𝐿𝐿𝑘𝑘  is called a profile on 𝑳𝑳 of 
length 𝒌𝒌 and we denote the length by |π|. Let 𝐿𝐿∗ be 
the set of all profiles of positive finite length, that is  

𝐿𝐿∗ = �𝐿𝐿𝑘𝑘
𝑘𝑘≥1

 

 
The type of functions we are considering will be 

of the form 𝑓𝑓: 𝐿𝐿∗ → 𝐿𝐿. We will refer to this class of 
functions as aggregation functions on L or 
aggregation rules on L  

For a profile π = (𝑥𝑥1, … , 𝑥𝑥𝑘𝑘) ∈ 𝐿𝐿∗ and join 
irreducible 𝑠𝑠 ∈ 𝐽𝐽(𝐿𝐿) we let, 𝐾𝐾𝑠𝑠(π) = {𝑖𝑖 :  𝑠𝑠 ≤ 𝑥𝑥𝑖𝑖}. 
Using this, we now define majority rule and the 
mean based rule as  
𝐹𝐹𝑀𝑀(π) = ⋁{𝑠𝑠 ∈ 𝐽𝐽(𝐿𝐿) ∶ |{𝐾𝐾_𝑠𝑠(π)}  ≥ | 𝐾𝐾_{𝑠𝑠′}(π) |  ∀  𝑠𝑠′

∈ 𝐽𝐽(𝐿𝐿)}  and, 
𝐹𝐹𝑀𝑀𝑛𝑛𝑀𝑀𝑛𝑛(π) = {𝑠𝑠 ∈ 𝐽𝐽(𝑋𝑋) :  𝐾𝐾𝑠𝑠(π) ≥ 𝐾𝐾(π)} where k(π) =
∑ Ks(π)s∈J(X)

|J(X)|
. 

 
Following from the work in my dissertation we 

have the following extensions of consistency, 
neutrality and discerning; a function 𝑓𝑓:𝐿𝐿∗ → 𝐿𝐿 is 
said to be 
• Consistent if for all profiles π =

(𝑥𝑥1, … , 𝑥𝑥𝑘𝑘) 𝑎𝑎𝑎𝑎𝑎𝑎 π′ = �𝑦𝑦1, … , 𝑦𝑦𝑗𝑗�,  
𝑓𝑓(π) ∧ 𝑓𝑓(π′) ≠ 0 ⇒ 𝑓𝑓(ππ′) = 𝑓𝑓(π) ∧ 𝑓𝑓(π′). 

• Neutral for any profiles π and 𝜋𝜋′ and for any 
permutation σ: 𝐽𝐽(𝐿𝐿) → 𝐽𝐽(𝐿𝐿) if 𝐾𝐾𝑠𝑠(π) =
𝐾𝐾σ(𝑠𝑠)(π′) for all join irreducibles 𝑠𝑠 ∈ 𝐽𝐽(𝐿𝐿) then  
𝑗𝑗 ≤ 𝑓𝑓(π) for some 𝑗𝑗 ∈ 𝐽𝐽(𝐿𝐿) ⇒ σ(𝑗𝑗) ≤ 𝑓𝑓(π′). 

• Discerning if for all profiles 𝜋𝜋 and 𝜋𝜋′ and all 𝑠𝑠 ∈
𝐽𝐽(𝐿𝐿) 
1. 𝐼𝐼𝑓𝑓|𝐾𝐾𝑠𝑠(π)| > |𝐾𝐾𝑠𝑠′(π)| 𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠′ ∈ 𝐽𝐽(𝐿𝐿) ∖ {𝑠𝑠},

𝑡𝑡ℎ𝑒𝑒𝑎𝑎 𝑠𝑠 ≤ 𝑓𝑓(π). 
2. 𝐼𝐼𝑓𝑓|𝐾𝐾𝑠𝑠(π)| < |𝐾𝐾𝑠𝑠′(π)| 𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠′ ∈ 𝐽𝐽(𝐿𝐿) ∖ {𝑠𝑠},

𝑡𝑡ℎ𝑒𝑒𝑎𝑎 𝑠𝑠 ≰ 𝑓𝑓(π). 
 

Observe that the Duddy-Piggins consistency 
axiom has a very natural extension to the model of 
aggregation functions on a lattice 𝐿𝐿. Namely we say 
that 𝑓𝑓: 𝐿𝐿∗ → 𝐿𝐿 satisfies the lattice version of the 
Duddy-Piggins Consistency axiom if, for any π,π′ ∈
𝐿𝐿∗, 

𝑓𝑓(π) ∧ 𝑓𝑓(π′) ≤ 𝑓𝑓(ππ′) ≤ 𝑓𝑓(π)  ∨ 𝑓𝑓(π′). 



April 9, 2021 

 143 

 

Under this new model we have the following 
result: 
Theorem If 𝐿𝐿 is a boolean lattice then a social choice 
function 𝑓𝑓: 𝐿𝐿∗ → 𝐿𝐿 is neutral, Duddy-Piggins 
consistent, and is discerning, if and only if 𝑓𝑓 is a 
mean based rule.  
 

Conclusion 
 

While the above characterization was straight 
forward following the footsteps of Duddy and 
Piggins (2013) with some alternative steps to fill in 
some blanks, it is not yet known for what other 
lattices this characterization holds for. While we are 
able to show large classes of lattices in which the 
result hold and large classes of lattices for which the 
result fails, this has motivated the following 
(surprising) conjecture: 

Conjecture: If 𝐿𝐿 is a lattice and 𝑓𝑓: 𝐿𝐿∗ → 𝐿𝐿 is a 
social choice function on 𝐿𝐿, then the axioms of 
neutrality, Duddy-Piggins consistency and 
discerning are necessary and sufficient to 
characterize mean based rules if and only if 𝐿𝐿 is a 
distributive lattice.  

If this conjecture holds true, then we have that 
we are limited to the restrictions we can impose on 
the ballots that are allowed to be cast while still 
characterizing mean based rules using the fair 
axioms that Duddy and Piggins (2013) used in their 
model.  
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Abstract – In this study, we determined the 
effectiveness of two water filters (Fluval Clearmax and 
Fluval Carbon) to reduce copper toxicity using a brine 
shrimp bioassay.  This was accomplished by comparing 
the survival rate of brine shrimp in 15‰ instant ocean 
water, cupric sulfate (CuSO4•5H2O) spiked Gills Creek 
water with salt before and after filtration. Water 
samples from Gills Creek (Columbia, SC) were collected. 
Water samples were spiked with cupric sulfate to adjust 
Cu2+ level in water sample to be 20 ppm. After spiking 
with CuSO4•5H2O, the water sample was  filtered using 
Fluval Clearmax filter and Fluval carbon filter. The level 
of copper iron (Cu2+) in each water sample was 
measured using a copper high range colorimeter Hanna 
Copper checker (Hanna Instruments, Smithfileds, RI). 
Water filtration through both columns reduced Cu2+  
level to 0.7 ppm from 20 ppm.  Bioassay showed that the 
survival rate of brine shrimp in filtered water was 
significantly improved.  
 
Keywords - Brine shrimp bioassay, Copper toxicity, 
Fluval Clearmax, Fluval Carbon 
 

Introduction 
 
     Water pollution occurs when harmful 
substances—often chemicals or microorganisms 
contaminate a stream, river, lake, ocean, aquifer, or 
other body of water, degrading water quality and 
rendering it toxic to humans or the environment 
(Denchak, 2018). The discharge of heavy metals 
into the rivers, estuary and coastal waters causes 
serious pollution (Gajbhiye & Hirata, 1990). Among 
many heavy metals, we chose cupric sulfate 
(CuSO4•5H2O) as the study of interest because 1) 
cupric sulfate has been used as weed control 
measure for many years (Boyd & Tucker, 1998), and 
2) copper toxicity to the growth of brine shrimp was 
reported (Nejatkhah et al., 2007). 
    In this study, brine shrimp (A. franciscana) 
bioassay was used to test water quality (Persoone & 
Wells, 1987). Brine shrimp (A. franciscana) is an 
aquatic crustacean that is widely found in North 
America in salt ponds, the Great Salt Lake in Utah, 
and places where salt-water evaporates naturally 
(Dockery & Tomkins, 2000). Brine shrimp can 
survive harsh environmental conditions (Dockery & 
Tomkins, 2000). The outer layer of these shrimp is 

different from others because it is waterproof. 
The only way salt water enters the body is through 
the mouth when they are consuming food (Dockery 
& Tomkins, 2000). Brine shrimp feed off algae 
which is the green growth often produced in the 
water (Gajardo & Beardmore, 2012). These 
invertebrates can grow from tiny eggs which are the 
starter stage of growth and in only 8 days they can 
become full adults (Gajardo & Beardmore, 2012). 
The eggs also known as cysts can be kept for very 
long periods of time before hatching if kept stored 
and dried without use (Clegg & Trotman, 2002). As 
soon as the eggs are exposed to water, they begin 
hatching (Clegg & Trotman, 2002). To small fish 
their eggs are considered as food but, if the shrimp 
get through hatching, they can live up to about 6 
months (Clegg & Trotman, 2002). Brine shrimp or 
brine shrimp eggs are utilized for the following 
things: testing poisons, and the effects of toxic 
chemicals in biological studies. Brine shrimp are 
good to use for testing toxins as an experiment 
because it can determine the concentration range 
and the lethality of brine shrimp (Persoone & Wells, 
1987). 
     Fluval Clearmax is a filter that is a science grade 
resin designed to adsorb phosphate, nitrite and 
nitrate (Thomas et al., 2017). Removing these 
compounds produces crystal clear water, reduces 
odors, and creates ideal conditions for fish (Palao et 
al., 2019). It also helps reduce time spent on 
maintaining your aquarium (Palao et al., 2019). 
Fluval Carbon water filter helps fresh or sea water 
become crystal clear by removing heavy metals, 
odors, discoloration, organic contaminates and 
pollutants (Yao et al., 2020). 
When filtering water, charcoal carbon filters are 
most effective at removing chlorine, particles such 
as sediment, volatile organic compounds (VOCs), 
taste and odor (Yao et al., 2020). They are not 
effective at removing minerals, salts, and dissolved 
inorganic substances (Yao et al., 2020). 
      In this study, I determined the effectiveness of 
two water filters (Fluval Clearmax and Fluval 
Carbon) to reduce copper toxicity using a brine 
shrimp bioassay.  This was accomplished by 
comparing the survival rate of brine shrimp in 15‰ 
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instant ocean water, cupric sulfate (CuSO4•5H20) 
spiked Gills Creek water with instant ocean before 
and after filtration.  
 

Materials & Methods 
 
      Water Purification Column A (WPC-A) was 
packed with Fluval Carbon. This premium, low-ash 
and highly porous carbon is highly effective at 
removing heavy metals, odors, discolorations, 
organic contaminants and pollutants from 
aquarium water (Dias et al., 2007). 
     Water Purification Column B (WPC-B) was 
packed with Fluval ClearMax resin. ClearMax is a 
science grade resin designed to adsorb phosphate, 
nitrite and nitrate. Removal of these compounds 
result in crystal clear water and reduces the 
maintenance of aquarium (Thomas et al., 2017). 
      Water samples were treated by passing through 
WCP-A (40 mm x 200 mm) packed with Fluval 
premium bituminous carbon granules. This process 
was repeated three times, then, the treated water 
samples were further treated by passing through 
WCP-B (40 mm x 20 mm) packed with Fluval 
Clearmax resin three times. 
      Water samples from Gills Creek (Columbia, SC) 
was collected. Before water filtration, water 
samples were spiked with cupric sulfate 
(CuSO4•5H2O) to adjust Cu2+ level in water sample to 
be 20 ppm. Then, the water samples were filtered 
using water purification column WPC-A and water 
purification column WPC-B. A Vernier LabQuest 
(Vernier, Beaverton, OR) and probes were used to 
measure the temperature, pH, turbidity, 
conductivity and dissolved oxygen (DO) for each 
sample before and after the treatment. The level of 
phosphate (PO43-), nitrite (NO3-) and nitrate (NO2-) 
in all water samples was measured before and after 
the treatment using the API Water Testing Kit. 
    The level of copper ion (Cu2+) in each water 
sample was measured using a copper high range 
colorimeter Hanna Copper checker (Hanna 
Instruments, Smithfileds, RI).  
    The unfiltered water sample spiked with Cu, 
untreated water sample and spring water (control) 
was used for brine shrimp (A. franciscana) 
bioassay. Instant ocean was  added to each water 
sample in a ratio of 15g/L to create the optimal 
culture condition for brine shrimp. Brine shrimp 
eggs were purchased from Amazon. 
    Ten newly hatched brine shrimp nauplii were 
placed into a well of 24 well culture plate.  One 
culture plate contained unfiltered water samples 
spiked with cupric sulfate (CuSO4•5H2O). A second 
culture plate contained filtered water samples. A 
third culture plate contained spring water which 
was used as the control in the experiments. The 

bioassay was conducted in triplicate for each water 
sample and the control. After 24 hours and 48 
hours, dead nauplii in each well was counted using 
a Wolfe stereo Microscope (Burlington, NC). The 
survival rate of brine shrimp was compared using 
student t-test. 
 

 
 
Figure 1. Survival Rate of Brine Shrimp (A. 
franciscana) nauplii (24 hr).  
 
 

 
 
Figure 2. Survival Rate of Brine Shrimp (A. 
franciscana) nauplii (48 hr).  
 

Result 
 
    Water purification through WPC-A and WPC-B 
reduced Cu2+ concentration from 20 ppm to 0.7 
ppm. The results showed that the survival rate of 
brine shrimp nauplii in a filtered water after 24hr 
was 77% (Figure 1) and stayed the same at 48hrs 
(Figure 2). In contrast, the survival rate of brine 
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shrimp nauplii in an unfiltered Gills Creek water 
spiked with 20 ppm was 30% at 24hr (Figure 1) and 
17% at 48hrs (Figure 2), respectively. 
 

Conclusion 
 

The combination of two water purification 
columns (Fluval ClearMax and Fluval Carbon) 
successfully reduced Cu2+ levels in sample water. 
The higher survival rate of brine shrimp nauplii 
demonstrated that water purification through these 
columns is a very effective way to remove metal ions 
such as Cu2+. 
 

Acknowledgements 
 

We would like to thank Dr. Steffani N. Driggins 
for her guidance and encouragement during this 
study.  
 

References 
 
Boyd, C.E., & Tucker, C.S. (1998). Aquatic control. 

In Pond Aquaculture Water Quality 
Management (pp. 394-438). Springer, MA.  

Clegg, J. S., & Trotman, C. N. (2002).  Physiological 
and biochemical aspects of ecology. 
In Artemia: Basic and applied biology (pp. 
129-170). Springer, Dordrecht. 

Denchak, M. (2018). Water pollution: Everything 
you need to know. Our Stories. 

Dias, J. M., Alvim-Ferraz, M. C., Almeida, M. F., 
Rivera-Utrilla, J., & Sánchez-Polo, M. (2007). 
Waste materials for activated carbon 
preparation and its use in aqueous-phase 
treatment: a review. Journal of environmental 
management, 85(4), 833-846. 

Dockery, M., & Tomkins, S. (2000). Brine shrimp 
ecology. British Ecological Society. 

Gajardo, G. M., & Beardmore, J. A. (2012). The 
brine shrimp Artemia: adapted to critical life  
conditions. Frontiers in physiology, 3, 185. 

Gajbhiye, S.N., & Hirota, R. (1990). Toxicity of    
heavy metals to brine shrimp Artemia Journal 
of the Indian fisheries Association,  20, 43-40. 

Nejatkhah, P., Negarestan, H., & Akbary Hamed,  
N.. (2007). Effects of zinc and copper Exposure 
on growth and survival of Artemia Urmiana 
and Artemia franciscana. Iranian Fisheries 
Journal, 16(3), 123-132. 

Palao, C., Marquez, G. A., Ibasco, K., Ferrer, L. C., 
Sagge, P., & Mendoza, M. T. B. (2019). 

Renewable Waste Water Filtration System with 
Phytoremediation Used in Aquaculture of 
Freshwater Ornamental Fish. Proceedings of 
the International Conference on Industrial 
Engineering and Operations Management 
Toronto, Canada, October 23- 25, 2019.  

Persoone, G., & Wells, P. G. (1987). Artemia in 
aquatic toxicology: a review. Artemia research 
and its applications, 1, 259-275. 

Thomas, R. C., Chung, P. E., Modi, S. P., Hardy, J. 
G., & Schmidt, C. E. (2017). Sacrificial crystal 
templating of hyaluronic acid-based 
hydrogels. European Polymer Journal, 87, 
487-496. 

Yao, J., Odelius, K., & Hakkarainen, M. (2020). 
Carbonized lignosulfonate-based porous 
nanocomposites for adsorption of 
environmental contaminants. Functional 
Composite Materials, 1, 1-12. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



Seventeenth Annual SC Upstate Research Symposium 

148  

 

Screening, Isolation, and Characterization of Antibiotic-
Producing Microorganisms from Residential Soil Samples in 

Greenwood, South Carolina 
 

Jordan Mallory, Thompson Durham and M. Melissa Hayes  
Biology Department  
Lander University 

320 Stanley Ave, Greenwood, SC 29649 
jordan.mallory@lander.edu, thompson.durham@lander.edu, and mhayes@lander.edu  

 
Abstract — Due to the growing global crisis of 
antibiotic resistance, it has become important to explore 
natural reservoirs, such as soil, for antibiotic producing 
microorganisms. All soils contain varying amounts of 
bacteria, fungi, and viruses relating to the types of 
residue present and the degree of the acidity in the soil 
environment. A majority of the bioactive 
microorganisms are typically found in the top few 
inches of the soil, which can generally contains human 
polluted straw, agricultural products, and fecal matter. 
Increased human and animal activities suggests 
residential soils should be abundant reservoirs of both 
antibiotic-resistant and antibiotic producing 
microorganisms. Plasmid-mediated antibiotic 
producing genes can be acquired environmentally by 
transposition from one microorganism to another, 
thereby, enabling antibiotic-producing bacteria to co-
exist with antibiotic-resistant strains in soil 
environments through the synthesis of novel bioactive 
compounds. Due to their geographical inconvenience 
and the permissions required to complete research on 
private properties, little research has been conducted on 
residential soil samples. This study has started 
screening residential soil samples collected in 
Greenwood, South Carolina, to isolate and characterize 
antibiotic producing microorganisms. The results of this 
study are still in progress. 
 
Keywords — soil, microorganisms, antibiotics, 
residential, Greenwood 
 

Introduction 
 

The increasing number of multidrug resistance 
pathogenic microorganisms has raised serious 
concerns among scientific community because of 
the limited therapeutic drugs available to combat 
these organisms (Lihan et al., 2017). Of particular 
concern, the ESKAPE pathogens (Enterococcus 
faecium, Staphylococcus aureus, Klebsiella 
pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa, and Enterobacter 
aerogenes species) have been the leading cause of 
multi-drug resistant, health-care associated 
infections throughout the world (Santajit & 
Indrawattana, 2016). The Centers for Disease 
Control and Prevention (CDC), Infectious Diseases 
Society of America, World Economic Forum, and 
the World Health Organization (WHO) have 

repeatedly declared antibiotic resistance by the 
ESKAPE pathogens to be a “global public health 
concern” (Aslam et al., 2018). Therefore, in this age 
of antimicrobial resistance, it is important to 
explore natural reservoirs, such as soil, for new 
antimicrobial compounds (Foster & Woodruff, 
2010). Diversity within the microbial populations 
of soil depend on various factors such as 
temperature, salt concentration, pH, carbon 
sources, and presence of various chemical residues. 
It has been approximated that natural soil harbors 
over 1010 microorganisms per gram (Holger & 
Smalla, 2012). Most bioactive members of the soil 
microbiota are found in the top few inches of the 
soil, which can contain contaminants like 
pesticides, petroleum products, radon, asbestos, 
lead, fertilizers, and animal fecal matter (Steffan et 
al., 2018).  

Residential soils should be abundant potential 
reservoirs of both antibiotic producing and 
antibiotic resistant microorganisms due to the 
presence of increased human and animal activities 
and contaminants (Woappi et al., 2013). The ability 
of antibiotic producing bacteria to co-exist with 
antibiotic resistant strains is possible through their 
capability to acquire plasmid-mediated, antibiotic-
producing genes to synthesize novel bioactive 
compounds to withstand their antibiotic resistant 
counterparts’ activities (Woappi et al., 2013). 
Residential soils could conceivably serve a vast, 
untapped supply of novel antibiotics since they 
generally contains the favorable selection 
conditions by antibiotic resistant organisms to 
switch on novel biosynthetic pathways in antibiotic 
producing microorganisms (Charusanti et al., 2012, 
Waldetoft et al., 2019). 

Due to their geographical inconvenience and 
the permissions required to complete research on 
private properties, little research has been 
conducted on antimicrobial producing microflora 
in residential soil. The purpose of this research is to 
screen residential soil samples collected in 
Greenwood, South Carolina in order to potentially 
isolate and characterize novel antibiotic producing 
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microorganisms. The results of this study are still in 
progress.  
 

Methods and Preliminary Results 
 

Forty-three soil samples were collected from 
various residential areas in Greenwood, South 
Carolina. Each sample’s geographical location 
coordinates, collection date and time were 
recorded. Approximately one gram of each soil 
sample was serially diluted in nine milliliters of 
sterile phosphate buffer to make a soil suspension.  
Each soil suspension was vortexed thoroughly for 
approximately one minute. The supernatant from 
each soil solution was then aseptically pipetted and 
spread over two nutrient agar plates (Lihan et al., 
2017). One plate was incubated at 35°C, while the 
other was incubated at 32°C for approximately two 
days (Dijkstra et al., 2011). The plates were stored 
at four degrees Celsius for two days to delay the 
growth of soil microorganisms until further testing 
could be completed.  

Due time constraints, eleven bacterial isolates 
with clear margins and unique physical colony 
characteristics were picked and sub-cultured on 
fresh nutrient agar plates using sterile loops to 
perform the streak plate method aseptically to 
obtain pure cultures. The reduction in the isolates 
number from the initial 43 soil samples was 
because some of the isolates appeared to be the 
same species based on their physical appearances 
and growth morphologies. The eleven isolates were 
collected from five distinct residential locations in 
Greenwood, South Carolina (Figure 1). The five 
residential areas that are mapped out are areas of 
high human activity. The remaining isolates from 
the thirty-eight residential locations were placed 
into storage for future study. The inoculated 
subculture plates were incubated at either 32°C or 
35°C for approximately two days (Dijkstra et al., 
2011). The incubation temperature of each plate 
was based on the incubation conditions of the 
parent colony. After incubation, an isolated colony 
from each plate was selected and Gram-stained to 
ensure purity and to record morphological 
characteristics.  

Gram staining was performed on each isolated, 
sub-cultured bacterial colony. Each gram-stained 
colony was viewed with a compound light 
microscope under the 100X oil immersion lens. 
Gram-stain reactions and cellular morphologies 
were recorded. For further characterization of the 
soil bacterial isolates, Thermo Scientific™ Remel™ 
Micro-ID™ Identification System was used to 
perform fifteen biochemical tests on each bacterial 
isolate. The biochemical test strips were conducted 
following to the manufacturer’s instructions and 

incubated at 35°C for four hours. The results from 
each isolate’s biochemical tests strip were observed 
and recorded. Presumptive identifications of each 
isolate were made using Bergey's Manual of 
Systematic Bacteriology (Table 1). 

Model organisms, Gram negative Escherichia 
coli and Gram positive Staphylococcus aureus, 
were inoculated in nutrient broth and incubated for 
one day at 35°C. Soft nutrient agar (0.75%) seeded 
with each test bacteria was overlaid onto the 
nutrient agar plates containing each pure soil 
bacterial isolate (Lihan et al., 2017). Plates were 
incubated at 35°C for one day and the zones of 
inhibition were observed to record the 
antimicrobial activity of each isolate against each 
model organism (Table 1) (Lihan et al., 2017). 
Future antimicrobial assays will be performed 
against the remaining ESKAPE pathogens, which 
include both Gram positive and Gram negative 
species – E. faecium, S. aureus, K. pneumoniae, A. 
baumanni, P. aeruginosa, E. aerogenes species 
(Santajit & Indrawattana, 2016).  Our work is still 
in progress, as we must continue to screen 
additional soil samples to further isolate and to 
characterize antibiotic-producing microorganisms 
in the residential soils of Greenwood, South 
Carolina. 
 

Conclusions 
 

We cannot come to complete conclusions about 
our work in progress, but our observations have 
helped us to better understand the relationship 
between bioactive microbiota and the residential 
soil environment in places with high human activity 
in Greenwood, South Carolina. Based on 
biochemical and morphological characteristics, five 
bacterial isolates were presumptively identified as 
Bacillus megaterium (Table 1). Bacillus species are 
ubiquitous in nature and are found in high 
concentrations in soil (Schultz et al., 2017).  
Bacillus megaterium is a non-pathogenic, Gram 
positive, mainly aerobic spore-forming bacterium 
(Vary et al., 2007). The identification of Bacillus 
species among our isolates was not surprising due 
to the wide spread nature of this strain (Schultz et 
al., 2017). The remaining isolates were primarily 
members of the Enterobacteriaceae family of 
bacteria (Table 1). These bacteria are Gram 
negative, facultative anaerobes typically found in 
the intestines of animals, and can be isolated from 
their deposited fecal matter in the soil. Members of 
environmental Enterobacteriaceae reproduce in 
soil, sand and sediment in tropical, subtropical and 
temperate climates (Ishii & Sadowsky, 2008). Some 
members of this family can become part of natural 
soil microbiota (Jang et al., 2017). These bacteria 
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are generally not harmful to humans, unless 
ingested in high numbers from the environment 
(Octavia & Lan, 2014).  

With limited results, we cannot confirm the 
frequency of antibiotic-producing microbial species 
in residential soils. It has proven to be more 
challenging to identify potential antibiotic 
producers with our current methodology. All 
isolates showed no inhibition against the two model 
organisms, S. aureus and E. coli, after soft nutrient 
agar antimicrobial overlays were performed (Table 
1). In future experiments, we will be attempting 
alternate methods to determine antimicrobial 
activity from the isolates. The overlay method made 
the observation of clear zones of inhibition difficult 
to distinguish and to measure. However, we intend 
to continue screening residential soil samples from 
Greenwood, South Carolina, to further isolate and 
characterize antibiotic-producing microorganisms. 
It is important to continue screening residential soil 
samples to further explore these untapped 
reservoirs of novel antibiotic producing 
microorganisms and to potentially expand upon the 
limited therapeutic drug supply needed to inhibit 
the ESKAPE pathogens. 
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Figures and Tables 

 

 
Figure 1. Soil sample locations for bacterial isolates. The eleven bacterial isolates were collected from five 
distinct residential locations in Greenwood, South Carolina (Google, n.d.). 
 
 
 
Table 1. Presumptive identifications and preliminary antimicrobial assay results of the eleven bacterial 
isolates.  Identifications of each isolate were made using Bergey's Manual of Systematic Bacteriology. The 
absence of zones of inhibition by each isolate against E. coli and S. aureus indicated the isolates did not 
produce antibiotics against these pathogens. 

Isolate 
ID 

Soil Location 
Description 

Gram Reaction, 
Morphology 

Antimicrobial 
Activity against  

E. coli 

Antimicrobial 
Activity against  

S. aureus 

Presumptive 
Identification of 

Organism 
1 Grace Street Park Negative, Bacillus Negative Negative Buttiauxella izardii 
2 Hazelwood Court Positive, Bacillus Negative Negative Bacillus megaterium 
3 Grace Street Park Negative, Bacillus Negative Negative Enterobacter aerogenes 
4 Grace Street Park Negative, Bacillus Negative Negative Buttiauxella izardii 
5 Grace Street Park Negative, Bacillus Negative Negative Escherichia coli 
6 Lanier Estate  Positive, Coccus Negative Negative Vagococcus fluvialis 
7 Bearcat Village Positive, Bacillus Negative Negative Bacillus megaterium 
8 Grace Street Park Negative, Bacillus Negative Negative Alcaligenes faecalis 
9 Folly Bend  Positive, Bacillus Negative Negative Bacillus megaterium 
10 Bearcat Village Positive, Bacillus Negative Negative Bacillus megaterium 
11 Hazelwood Court Positive, Bacillus Negative Negative Bacillus megaterium 

 
 

 
 
 
 
 
 



Seventeenth Annual SC Upstate Research Symposium 

152  

 

Paleopalynology of the Eocene/Oligocene Transition in the 
White River Badlands of Wyoming 

 
Jaden Yam and Michael O. Rischbieter 

Department of Biology 
Presbyterian College 

503 S. Broad Street Clinton, SC 29325 
jmyam@presby.edu and miker@presby.edu  

 
Abstract — The White River Formation stretches 
across South Dakota, into Wyoming and terminates in 
Colorado. This formation contains well-preserved 
vertebrate fossils in sedimentary rock strata, extending 
from the late Eocene to the early Oligocene. During this 
period, there was a worldwide climate change event that 
caused a shift from warm-moist in the Eocene to cool-
arid in the Oligocene. Pollen and spores were well 
preserved in this strata and have been used in studies in 
nearby localities (Colorado and Nebraska) as a proxy 
for various environmental conditions. If climatic 
conditions were changing, then the pollen and spores 
should similarly have been changing to reflect new plant 
groups that were moving into this area and emerging as 
dominant flora. This palynological research served to 
fill in the gap left from the lack of plant megafossils in 
the area. Based on standard palynological procedures, 
over 52 taxa of pollen and spores were identified, 
including pine, alder, birch, asters, grasses, and several 
fern species. The pollen and spore data collected is 
indicative of an environment that was temperate with 
moderate rainfall. The delayed cooling in the Douglas, 
Wyoming locality may be attributed to 
microenvironmental differences due to the proximity to 
the ancient North Platte River. 
 
Keywords — Paleoclimate, Paleopalynology, Eocene-
Oligocene Transition, Wyoming 
 

Introduction 
 

The Eocene-Oligocene transition (EOT), that 
occurred from approximately 33.9 to 33.5 MA, 
marked a dramatic, global climate deterioration 
that gave rise to significant floral and faunal 
changes. The cooling events in localities such as 
Colorado and Nebraska have been correlated to 
Antarctic glaciation Oi-1. The expansion of 
Antarctic ice caps caused changes in ocean 
circulation and contributed to the global cooling 
trend of ~5. Environmental changes have been 
recorded as a result of this global cooling trend 
including the loss of exotic woody taxa, increases in 
xeric shrublands, grasses and other herbaceous 
taxa (Leopold & Zaborac-Reed, 2019). 

This transition from the “greenhouse world” of 
the Eocene to the “icehouse world” of the Oligocene 
has been studied in various localities across the 
western United States. The White River Formation 
is a significant geological formation that provides 

sedimentary rock strata that allows for regional and 
worldwide correlation, paleoenvironment 
reconstructions as well as a well-preserved 
vertebrate fossil record (Evanoff et al., 1992). While 
plant megafossils were not extensively preserved in 
this environment, pollen and spores were, and have 
been used in numerous studies in nearby localities 
(Colorado and Nebraska) as a proxy for various 
environmental conditions (Wingate, 1983). 

The purpose of this study was to examine the 
pollen and spores in a stratigraphic sequence of 
sediments from the late Eocene to the early 
Oligocene epochs collected from the White River 
Formation in Wyoming, and identify ecologically 
significant plants that were living in this area 
during the time when worldwide climates were 
changing from temperate-moist to cool-arid. If 
climatic conditions were changing as suggested by 
the animal fossil record, then the pollen and spores 
should similarly have been changing to reflect new 
plant groups that were moving into this area and 
emerging as dominant flora. 

 
Results 

 
A total of 556 individual pollen and spores were 

counted for quantification purposes. Over 52 taxa 
of pollen and spores were identified to their lowest 
taxonomic level from the 102 individual taxa that 
were identified. Of those identified, 27 taxa were 
determined to be significant climate indicators in 
Figure 1. The various gymnosperm and angiosperm 
data were used as climate indicators, while lower 
vascular plant spores served as environmental 
moisture indicators.   

Angiosperm pollen dominated the sediments 
and accounted for 63% of the identified pollen. The 
dominant dicot families included Sapindaceae, 
Asteraceae, and Amaranthaceae. Gymnosperm 
pollen accounted for 31% of the pollen found. 
Dominant gymnosperm families included 
Cupressaceae, Pinaceae, and Podocarpaceae. The 
ferns and lower vascular plants accounted for 6% of 
the spores. 

The relative abundance of key pollen taxa were 
tabulated and compared to the Antero and Pitch-
Pinnacle localities of Colorado (Leopold and 
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Zaborac-Reed, 2019). These comparisons are 
illustrated in Figure 2. The Douglas, WY locality 
showed higher percentages of TCT pollen and lower 
percentages of Abientineae pollen. TCT, Pinus, 
Picea, and Abientineae represent the key 
gymnosperm pollen while AP Dicots and NAP + 
Ephedra represent the key angiosperm pollen 
(Figure 2) and the palynomorph percentages 
discussed previously. 
 

Conclusions 
 

The White River formation of Douglas, 
Wyoming contained diverse palynology with over 
52 taxa of pollen and spores identified. This pollen 
and spore data was indicative of an environment 
with moist, temperate climatic conditions. This is 
supported by the lack of significant cool 
environmental indicators such as Abies and Tsuga 
that only accounted for <1% of the total pollen 
count. Additionally, the presence of mesic 
streamside elements like Alnus, Betula, Ulmus and 
Salix suggest an environment with moderate 
rainfall. Based on the geographic location of 
Douglas, Wyoming in the floodplains of the ancient 
North Platte River, higher moisture levels were 
expected.  

When comparing the Douglas, WY locality to 
Colorado’s Antero locality (Leopold & Zaborac-
Reed, 2019), there was an angiosperm dominance 
of approximately 60%. The Antero locality of 
Colorado reported a gymnosperm dominance of 
approximately 80% (Leopold & Zaborac-Reed, 
2019) as opposed to a Wyoming’s 31% gymnosperm 
dominance. This marked change indicates 
increased diversity in the angiosperm pollen of 
Wyoming and the growth of warm-adapted taxa 
during the Eocene-Oligocene transition. An 
angiosperm dominance of 63% and the presence of 
mesic streamside elements suggest the Douglas 
locality was unique in its environment and climate. 
This is contrasted with the worldwide climate shift 
in the Oligocene, where cooler and more arid 
conditions prevailed (Evanoff et al., 1992), 
suggesting this region of Wyoming was 
experiencing the climate shift differently from the 
rest of the world. The fungal remains coupled with 
pollen data in these sediments suggest a more 
mesic wetland. This microenvironmental difference 
in Douglas may have been the cause for the unique 

cooling pattern. The moisture of the ancient North 
Platte River could have allowed for those warmer-
adapted angiosperms to survive, thus seeming 
resistant to the cooling climate in the surrounding 
localities. The delayed cooling in the Douglas 
locality resulted in a drastically different 
palynoflora, those better suited for the “greenhouse 
world” of the Eocene as opposed to the “icehouse 
world” of the Oligocene. 

By conducting this research, we provided 
palynological data to add to current knowledge on 
the EOT in the White River Formation. The 
dominance of more warm-adapted taxa suggests a 
nonuniform climate change across the White River 
Formation in comparison to other localities. 
Throughout much of geologic history, the world 
experienced the “greenhouse” state characterized 
by warmer temperatures. Continued palynological 
research is valuable as it bridges the gap between 
the past and future as Earth is affected by the 
occurrence of climate change and its effects on 
vegetation. 
 

Acknowledgements 
 

Special thanks to Presbyterian College Summer 
Fellows Research Program and the Presbyterian 
College Department of Biology for funding and 
supporting this research. Many thanks to Dr. 
Rischbieter and Mrs. Rischbieter for their support 
throughout the entirety of this project. 
 

References 
 

Evanoff, E., Prothero, D.R., & Lander, R.H. (1992). 
Eocene-Oligocene climatic change in North 
America: the White River Formation near 
Douglas, east-central Wyoming. In: Prothero 
DR, Berggren WA. Eocene-Oligocene climatic 
and biotic evolution. Princeton, NJ: Princeton 
University Press, p. 117-130.  

Leopold, E.B., & Zaborac-Reed, S. (2019).  Pollen 
evidence of floristic turnover forced by cool 
aridity during the Oligocene in Colorado. 
Geosphere. [accessed 2021 Feb 20];15: 254-
294. https://doi.org/10.1130/GES01689.1 

Wingate, F.H. (1983). Palynology and age of the Elko 
Formation (Eocene) near Elko, Nevada. 
Palynology. [accessed 2021 Feb 23]; 7: 93-132. 
http://www.jstor.com/stable/3687460 

 
 
 
 
 
 
 



Seventeenth Annual SC Upstate Research Symposium 

154  

 

Figures 
 

 
Figure 1. Significant palynomorphs in Douglas, WY used to determine paleoenvironment; A: Pinus, B: 
Picea, C: TCT, D: Ephedra, E: Podocarpus, F: Trilobapollis laudabilis, G: Ulmaceae, H: Poaceae, I: 
Sarcobatus, J: Asteraceae, K: Chenopodium, L: Compositopollenites, M: Artemisia, N: Alnus, O: Betula, P: 
Alnus, Q: Populus, R: Rosaceae, S: Salix, T: Juglanspollenites, U: Acer, V: Laevicorpus albertensis, W: 
Cicatricosisporites, X: Laevigatosporites, Y: Selaginella-type, Z: Undulatosporites, AA: Foveosporites 
 

 
Figure 2. Relative abundance of key pollen taxa; TCT-Taxaceae/Cupressaceae/Taxodium-type pollen. 
Abietineae- Abies and cf. Keteleeria. AP Dicots- arboreal dicot pollen. NAP+Ephedra- other non-arboreal 
pollen. ANT-a, ANT-b, and PIT-PIN data from Leopold and Zaborac-Reed 2019. 
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Abstract — Glyphosate, 2,4 dichlorophenoxyacetic 
acid (2,4-D) and their combined formulation (Enlist 
Duo®) are very effective in killing weeds and are widely 
used herbicides world-wide. However, there are 
concerns regarding their safety to non-target 
organisms. Inconclusive studies have linked prolonged 
use of these herbicides with the development of cancer in 
humans. The mechanism by which herbicides induce 
toxic effects to non-target organisms is still unknown 
but many studies indicate oxidative stress as one of the 
mechanisms. The results of this study showed changes 
in the levels of antioxidant enzyme activities compared 
to the control worms, which may indicate oxidative 
stress caused by exposure to chronic levels of 
glyphosate, 2,4-D and its combined formulation.  

 
Keywords — Eisenia fetida, oxidative stress, 
glyphosate, 2,4-dichlorophenoxyacetic acid  
 

Introduction  
 

Glyphosate and 2,4 dichlorophenoxyacetic acid 
(2,4-D) are very effective in killing weeds and are 
widely used to help increase crop production. Their 
combined formulation, the Enlist Duo® herbicide, 
was especially formulated for use on resistant 
weeds and is more effective in killing weeds than 
the chemicals used separately. The Environmental 
Protection Agency’s decision to approve the use of 
Enlist duo® has been challenged several times by 
some public interest groups due to raised concerns 
regarding the safety of glyphosate and 2,4-D on 
humans and other organisms (NRDC, 2017). Since 
the early 80’s, there have been several but 
inconclusive studies linking the prolonged use of 
these chemicals with the development of cancer 
(McDuffie et al., 2001). Evidence suggests that 
these chemicals may harm non-target 
environmental indicator species like amphibians 
and earthworms (Berghausen et al. 2015). 
Glyphosate attacks enzymatic pathways in plants, 
inhibiting growth (Henderson et al., 2010), while 
2,4-D is a growth regulator which causes 
uncontrollable growth (Jervais et al., 2008). 
Consequently, the International Agency for 
Research on Cancer cautiously labeled 2,4-D as 
possibly carcinogenic and glyphosate as probably 
carcinogenic (IARC, 2015). The mechanism by 

which herbicides induce toxic effects to non-target 
organisms is still unknown but many studies 
indicate oxidative stress as one of the mechanisms.  

Oxidative stress results from an excess level of 
reactive oxygen species (ROS) compared to the 
organism’s antioxidant capacity. Under normal 
physiological conditions, organisms have the 
capacity to manage oxidative stress by naturally 
producing certain antioxidants to reduce the 
amount of harmful ROS. The metabolic reactions 
involve mediation by antioxidant enzymes such as 
glutathione S-transferase, superoxide dismutase, 
catalase, and lipid peroxidase among many others. 
Exposure to environmental pollutants such as 
pesticides can also induce oxidative stress by 
causing changes in the activities of these 
antioxidant enzymes or the levels of ROS. These 
changes in ROS and enzymatic activities are often 
used in toxicity studies as bioindicators of oxidative 
stress in response to the toxic effects of the 
contaminants (Loomis et al. 2015). In this study, we 
evaluated the biochemical responses of 
earthworms when exposed to sublethal 
concentrations of glyphosate, 2,4-D, and their 
combined formulation in artificial soil. We also 
measured their level of antioxidant enzyme 
activities to determine if exposure to these 
herbicides induce oxidative stress. 

  
Materials and Methods 

 
Laboratory reared red wiggler worms (E. 

fetida) were used as experimental organisms in this 
study. Gut cleaned, sexually mature adult worms 
weighing between 300 and 600 mg were randomly 
selected and treated with the appropriate 
concentrations of herbicide via ingestion of 
contaminated soil as well as direct skin contact. The 
solutions were prepared according to the 
manufacturers’ recommendation of 1.06 μl/mL for 
the Glyphosate (Roundup®), 0.00043 g/mL for 
the 2,4-D, and both together for the combination. 
Each trial consisted of 6 treatments (0X, 1X or 3X 
solutions each of glyphosate, 2,4-D, and combined 
formulation) mixed with artificial soil (OECD 
2016). Each treatment was performed in triplicates, 



Seventeenth Annual SC Upstate Research Symposium 

156  

 

using mason jars as treatment chambers, 
containing 10 worms each. The chambers were 
maintained in a controlled environment (12 hours 
light: dark cycle, 20-22oC, and 60-65% humidity) 
for 28 days without the addition of food. Two to 
three samples were collected from each jar every 
week for 4 weeks, gut cleaned, flash frozen in liquid 
nitrogen, and stored at -80°C for further 
processing. The frozen samples were homogenized 
in buffer (according to assay kit instructions) and 
centrifuged at 4oC, and the supernatants were 
collected, aliquoted in microcentrifuge tubes, and 
stored at -80°C for subsequent analyses. The 
protein content (determined by a Bradford assay) 
was normalized for all the samples prior to 
performing the various antioxidant assays. 
Superoxide dismutase, catalase, lipid peroxidation 
TBARS/MDA, and reduced glutathione (GSH) 
colorimetric activity kits (Arbor Assays) were used 
to detect oxidative stress. Data was analyzed with a 
one-way analysis of variance (ANOVA) p<0.05 
using IBM SPSS 27, and a mixed linear model 
regression analysis.  
 

Results and Discussion 
 

Our results show a significant increase in the 
concentration of free reduced glutathione (GSH) 
throughout treatment type and concentration 
(Figure 1A). The 3x treatment generally leads to 
more GSH production than the 1x across all 
treatment durations, and the combination leads to 
more GSH than the 2,4-D, which results in more 
GSH than the glyphosate. The regression analysis 
revealed that GSH activity increased significantly 
when exposed to 2,4-D, but the effect of 2,4-D is 
reduced as time goes on. The combination formula 
saw a significant increase as well, but the effect on 
oxidative stress does not lessen over time like with 
2,4-D. The catalase (CAT) assay shows some 
decrease in CAT activity, but a statistically 
insignificant change from the control (Figure 1B). 
On day 21, however, there was a significant increase 
compared to the control. The results of the lipid 
peroxidation assay (LPO) showed a slight increase 
in activity compared to the control, but analysis 
revealed that the LPO significantly increased in the 
combination treatment, but not in glyphosate and 
2,4-D treatments (Figure 1C). The superoxide 
dismutase (SOD) assay shows no significant 
difference in activity compared to the control 
(Figure 1D). The regression analysis confirmed that 
these measurements were consistent over all four 
trials.  
 
 
 
 

Conclusion  
 

Our results indicate that exposure to sublethal 
levels of glyphosate, 2,4-D and its combined 
formulation caused changes in the levels of 
antioxidant enzyme activities in E. fetida. These 
changes can be used as bioindicators of oxidative 
stress in response to exposure to environmental 
pollutants such as herbicides. Oxidative stress has 
been correlated with the initiation of cancer by 
disrupting the normal physiological status of 
various tissues. This study may provide useful 
information for future cancer research studies. 
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Figure 1. Effect of glyphosate, 2,4-D and its combined formulation on antioxidant enzyme activities in 
Eisenia fetida. A) Significant increase in free GSH concentrations (n = 82; df = 3, 78, F= 19.69; p= 0.00) 
compared to the control. B) Significant difference in CAT activity on Day 21 treatment (p = .017); 
insignificant difference compared to the controlled group (n = 76; df = 3, 72, F= 1.185; p= 0.321). C) 
Increased in Lipid peroxidation/increased MDA; (n = 76; df = 3, 72, F= 2.519; p= 0.065). D) SOD; (n = 
168; df = 3, 164, F= 1.353; p= 0.259). 
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Abstract — This paper examines trends in the 
professional workforce from the year 2019, where 
employers cite their greatest concerns as having to do 
with a lack of “soft skills.” The answer to the soft skills 
deficit requires incorporating Social Emotional 
Learning (SEL) into public schools. Analyzing data from 
the Collaborative for Academic, Social and Emotional 
Learning (CASEL, 2020), the author explores how 
schools could effectively transition SEL training into 
their academic curriculum. The expense of using vetted 
training programs makes it difficult for underserved 
school populations to reap the benefits of SEL. Related 
arts subjects already have SEL embedded within their 
curriculum and are already available in every school. 
Transitioning Related Arts’ national and state 
standards to be more organized around SEL would be a 
cost-effective way to ensure equitable access to SEL in 
all communities. 
 
Keywords- Social Emotional Learning, Soft Skills, 
Related Arts, Education 
 

Introduction 
 

For many years, anything truly measurable 
about a person’s success, such as net worth, 
physical health, personal relationships, or job 
satisfaction, was thought to correlate with their 
academic success (Heckman, 2017). That stance is 
reflected in the aggressive way standardized testing 
has been implemented in public schools. As a 
growing number of psychology and education 
experts agree, some more predictive traits of 
success have to do with noncognitive skills (Kahn, 
2013). Across different job sectors, many employers 
are concerned that the generation coming from 
schools today lacks foundational skills to enter the 
job market. They report that new hires struggle with 
organization, time management, and writing 
professional emails. Even if a candidate possesses a 
qualified resume, employers are now looking 
beyond the technical mastery of the candidate. 
These desirable skill sets, which have become 
increasingly coveted by employers, are known as 
“soft skills.” The soft skills deficit in the American 
workforce is a problem that transcends into 
multiple aspects of societal strife, as well as casting 

negative reflections in American public-school 
systems. Social Emotional Learning may be the key 
to improving the prevalence of these issues, and 
related arts instructors may already be in the best 
position to implement SEL in schools.  

 
Identifying the Need for Social Emotional 

Learning 
 

A 2019 analysis from the career networking 
platform LinkedIn showed that the abilities to 
collaborate, persuade, create, manage time, and 
adapt were among the top five most desirable 
qualities employers look for. As various industries 
are changed by the growing reliance on technology, 
91% of employers say soft skills matter as much, if 
not more, than hard skills (technical abilities). A 
surprising 89% of employers surveyed reported 
that 44% of “bad hires” possessed few or no soft 
skills, and many companies continue to have 
difficulty identifying soft skills in the hiring process 
(LinkedIn, 2019). 

While American high school graduation rates 
are high, somewhere along the road, the system is 
failing to equip students with the tools to succeed as 
members of the workforce (U.S. Chamber of 
Commerce Foundation, 2018). At present, 
traditional education doesn’t emphasize the 
importance of social skills, and some schools have 
begun experimenting with how to incorporate them 
into the curriculum (Miller, 2015). With a growing 
body of research now spanning two decades, many 
education experts believe the theory of Social 
Emotional Learning is the answer. Looking at how 
Social Emotional Learning (SEL) is defined, the 
correlation between soft skills and social-emotional 
skills is clear. According to the Collaborative for 
Academic, Social, and Emotional Learning 
(CASEL), SEL is the process through which 
children and adults understand and manage 
emotions, set and achieve positive goals, feel and 
show empathy for others, establish and maintain 
positive relationships, and make responsible 
decisions. CASEL identifies five core principles in 
Social Emotional Learning: self-awareness, self-
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management, social awareness, relationship skills, 
and responsible decision making (The 
Collaborative for Academic, Social, and Emotional 
Learning, 2020). These five competencies are 
synonymous with the idea of “soft skills'' in the 
labor market. 

CASEL has analyzed the metadata of 213 
different studies conducted over a period of fifteen 
years, coming up with proven strategies for 
integrating Social Emotional Learning into schools. 
The first strategy described in their study is to use 
free-standing lessons with clear instructions, 
designed with age-appropriate cognitive examples. 
The second strategy involves incorporating SEL 
learning across the entire school. Setting up 
routines, safe spaces, and creating opportunities for 
students to bond with teachers and peers can make 
a significant difference in how effective SEL 
strategies can be. The continuity between grade 
levels is especially important for younger students. 
The third strategy has to do with the incorporation 
of SEL into the academic curriculum, for which 
there are several programs with complete lesson 
plans available (that have been vetted through the 
studies analyzed. The fourth strategy involves 
preparing school administrators and support staff 
with guidance on how to incorporate SEL into their 
school. Overall, these are professionally researched 
and proven methodologies, which can be 
implemented into any school (Dusenbury et al., 
2015). 

Beyond the soft skills issue in the job market, 
educators have begun exploring Social Emotional 
Learning in response to problems like school 
violence, bullying, and teen suicide. When children 
are dealing with intense stress, academic 
performance drops. When the emotional state is 
threatened, focus suffers, and this is true even when 
children graduate into adulthood. According to 
data from the CDC, one in five American children, 
either currently or at some point during their 
childhood, will have had a seriously debilitating 
mental illness (Centers for Disease Control and 
Prevention, 2018). Unfortunately, many children 
cannot develop social-emotional competence just 
from interacting with their parents at home, so the 
job of correcting this deficit falls to educators. 

A growing body of research shows that SEL is 
beneficial in decreasing student stress, helps reduce 
student conduct issues, and may even protect in 
later life against drug use and recidivism. The seven 
most notable outcomes of SEL are positive changes 
in social skills, self-image, prosocial behavior, 
antisocial behavior, substance abuse, mental 
health, and academic achievement (Weissberg & 
Cascarino, 2013, p.11). One study conducted in 
2015 found that for every dollar spent on 

programming, there was an eleven-dollar return 
(Gulbrandson, 2019). SEL programs are worth the 
time investment, but many schools and educators 
struggle to pay for SEL programs and training. For 
example, when investing in RULER (the name of 
the program and an acronym for the five skills of 
emotional intelligence -- Recognizing, 
Understanding, Labeling, Expressing, and 
Regulating), a popular SEL program created by 
Marc Brackett, the cost for sending three school 
staff members is $6,000. For each additional staff 
member, the cost is $1,500 per person, and the 
yearly subscription cost is $1,000 per year 
(Stringer, 2019). 

To make SEL accessible to the communities 
who need it most, many related arts instructors are 
stepping forward to point out that their curriculum 
already has SEL embedded within it. From a public 
health perspective, music and arts education is 
excellent for students (especially underserved 
populations) because of the endorphins created 
when engaging in artistic activities. On a neural 
level, the endorphin release strengthens students' 
ability to manage their stress, which enhances their 
learning abilities, which then affects their memory 
and recall capabilities. The arts have consistently 
been shown to have positive effects on the 
acquisition of job skills, problem solving, 
communication skills, and increased self-esteem 
(Creedon, 2011, p. 34). The success brought from 
arts education already shows that students are 
achieving the goals of an education including SEL.   

 
Conclusions 

 
The American lack of social-emotional skills is 

leaving our youngest generations unprepared for a 
successful transition from school to work. By solely 
focusing on cognitive abilities, schools have 
neglected social development. While many experts 
agree about the need to formalize SEL into the 
academic curriculum, the logistics of incorporating 
them remain an obstacle to overcome. Examining 
the success of SEL in various aspects of society 
should shift the focus of schools away from 
aggressive testing, and toward what may be an 
academic advancement as well as an important 
public health initiative. With an overwhelming 
number of social challenges to overcome in public 
schools (i.e. bullying, school violence, the effects of 
poverty, etc.), incorporating SEL into related arts 
education may be the solution to advancing SEL as 
a public health initiative. The arts are accessible to 
everyone, no matter their cognitive abilities, which 
makes it easier to meet the needs of every child. 
There is always a way to participate in an artistic 
activity, whether through creating or observing. 
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Artistic themes offer the ability to explore nuanced 
emotions and important messages. The 
collaborative aspects of the related arts clusters are 
prosocial by nature, offering a plethora of 
opportunities to explore meaningful moments in 
opportunistic and planned learning (Jacobi, 2012, 
p.72). Another benefit of delegating most SEL 
training to related arts teachers is that they often 
teach the same children for a period of years and 
can observe and cultivate their development as they 
age. If SEL were organized and intertwined with 
national related arts standards, every student, no 
matter their socio-economic background, would 
have access to these valuable tools. 
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Abstract — Biology education research often utilizes 
the term ‘learning’ without providing its specific 
definition. When the definition is provided, they are 
often inconsistent across publications. We surveyed 28 
participants while they were enrolled in anatomy and 
physiology courses. The survey asked participants for 
their definitions of educational terms, including 
learning. The research team assigned code categories 
based on previous work by Johnson & Gallagher and 
then discussed any coding differences. Learning 
definition groups highlighted processes, outcomes, or a 
combination of both a process and outcome. As reported 
by Johnson & Gallagher, these findings continue to 
highlight the need for communication between students 
and instructors with regard to term usage. In addition, 
future research in biology and physiology education 
should be careful to provide working definitions of these 
terms to ensure communicative and interpretive validity 
and to promote transferability and repeatability of 
findings. 
 
Keywords — learning, biology education, student 
definitions  
 

Introduction 
 

The word ‘learning’ is commonly discussed and 
used by instructors and education researchers 
within the life sciences (“A Call to Action- Summary 
of Recommendations,” 2009; Bonsaksen et al., 
2017; Eagleton, 2015; Hattie & Donoghue, 2016; 
Momsen et al., 2013). Education researchers use 
the term within interviews and surveys and may or 
may not define them in publications. In data 
collection, definitions for this term are often 
assumed rather than specifically defined, 
introducing a significant threat to interpretive 
validity, or the extent to which researcher 
interpretation of data reflects the actual meaning 
intended by the participants (Walther et al., 2013). 
Given the broad use of ‘learning’ in instructional 
and research settings, ensuring congruent 
definitions by researchers and their participants is 
imperative for effective application of research to 
practice. 

In this qualitative research project, we asked 
students to provide their definitions of the term 
‘learning’ in response to an open-ended survey 
prompt while enrolled in an anatomy & physiology 
(A&P) course. The use of qualitative data can 

provide richer, context-dependent examples from 
the environment in question (Gay et al., 2015) but 
is not intended to provide generalizable 
information about the full population of 
undergraduate science students. The goal of this 
project was to identify the variations of ways 
students in undergraduate A&P courses define and 
interpret the term ‘learning’. 

  
Background of “Learning” in Literature  

A clear and concise definition of “learning” is 
essential in biology education and associated 
research.  However, coming to a common definition 
is a difficult task, since many studies provide no 
specific definition of the term learning despite 
using it frequently. Among publications in which 
definitions are provided, the definitions vary 
significantly. One common relation is the use of 
Bloom’s revised taxonomy (BRT), which provides a 
framework for describing cognitive processes 
utilized with information have been learned 
(Anderson et al., 2001). BRT is widely recognized 
and used by both researchers and instructors.   

More recent work in biology & physiology 
education research have adopted a definition of 
learning to include both acquisition of facts and 
conceptual change (Southard et al., 2016; 
Wilhelmsson et al., 2010). Previous studies are in 
agreement that learning is context-dependent and 
may take many forms, but they disagree about the 
inclusion of quantitative changes or knowledge 
acquisition (Bailin, 2002; Southard et al., 2016; 
Wilhelmsson et al., 2010). A previous study from 
our lab found that students enrolled in anatomy & 
physiology courses defined learning in a variety of 
ways. Definitions included an acquisition 
component and were consistent with definitions 
used by biology education researchers. However, 
while participant-provided definitions 
encompassed a broad range from BRT, not all 
categories were present. Particularly, neither 
synthesis nor creation were included in student 
definitions of learning (Johnson & Gallagher, 
2021).   

Given the wide variety in how educational 
professionals define learning, it is reasonable to 
assume that students also hold a variety of 
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interpretations of the term. The purpose of this 
work is to capture some of that variety and how that 
may align with definitions provided in the 
literature. This study specifically attempts to 
further support the study by Johnson & Gallagher 
(Johnson & Gallagher, 2021) which found very 
similar groupings of student definitions of learning. 

  
Research Question    

To strengthen communicative and interpretive 
validity and avoid misapplication of research 
results, it is important to know how students 
conceive and use these important terms. This 
qualitative study attempts to answer the following 
question:   

 
• In what ways do undergraduate A&P students 

define the term learning?   
  

Results 
 

Four main definition groups emerged during 
analysis, with one group divided into an additional 
subcategory. Definitions focused on the process for 
learning, a specific outcome, or a combination of 
process and outcome. The process for learning 
identified within definition groups was “acquisition 
of information,” but the outcomes used by students 
varied. 

 
Learning is acquisition of information. 

Ten of the 28 definitions were categorized 
under this code. Definitions that were grouped to 
this category focused solely on the process of 
learning which was defined as acquisition of 
information. Each of these definitions mentioned 
only acquisition with no mention of an outcome. As 
stated by Mary1:  

 
“I define learning as the process involved in 
acquiring new knowledge.” (Mary1) 
 
Learning is acquisition of information that leads to 
understanding. 

Eight of the 28 definitions were categorized 
into this code.  These definitions focused on 
acquisition leading specifically to the outcome of 
understanding. Definitions may also mention a 
lower cognitive skill from BRT. For example, Mia 
provided this definition mentioning both 
understanding and remembering: 

 
“I think to hear something and internalize it, and 
kind of like understanding how it works.  Be able to 
describe it to somebody else.” (Mia) 
 
Learning is defined only as the outcome of 
understanding.  

Two of the 28 definitions were categorized into 
this group. These definitions omitted any reference 
to a process or procedure for learning but focused 
solely on the outcome or results of understanding. 
For example, Yuna provided this definition: 

 
“Learning is understanding fundamental 
concepts.” (Yuna) 
 
Learning is acquisition of information that leads to 
application.   

Seven of the 28 definitions were categorized 
into this group. These definitions focused on 
acquisition leading specifically to the outcome of 
application. Definitions may additionally mention a 
lower cognitive skill from BRT. Keith provided this 
definition which mentions both application and 
understanding: 

 
“Learning is developing knowledge and 
understanding how and when to apply that 
knowledge into real-life situations.” (Keith) 
 

Conclusions 
 

Our results portray a range of definitions held 
by undergraduate anatomy & physiology students 
for the term ‘learning’. Code groups for learning 
highlighted processes, outcomes, or a combination 
of both a process and outcome. Although heavily 
aligned with the results found by Johnson & 
Gallagher (2021), this particular study had no 
definitions which reference recall or application 
with no process or action mentioned. Additionally, 
this study included definitions which highlighted 
only the outcome of understanding which were not 
evident in previous work. These findings provide 
additional evidence of the variety of student 
conceptions of learning and support the 
recommendations of Hora & Oleson (2017) and 
Johnson & Gallagher (2021) for the need of 
additional study to better understand the ways 
students employ these terms. However, these data 
also support the need for additional 
communication between students and instructors 
with regard to term usage. Future research in 
biology and physiology education should be careful 
to provide working definitions of these terms or to 
undertake additional testing of existing survey 
instruments to ensure communicative and 
interpretive validity and to promote transferability 
and repeatability of findings.   
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Abstract — Resting heart rate (RHR) has been used for 
prognostic and therapeutic purposes when dealing with 
cardiovascular diseases and in determining the effect of 
anxiety on academic performance. The present study 
sought to explore the potential relationship between 
students’ RHR and their GPA. With no studies done to 
show clear association between resting heart rate and 
academic achievement, the average resting heart rate of 
60 students, enrolled in the Doctor of Chiropractic 
degree program, was taken and corelated to their Grade 
Point Average (GPA). In this study, resting heart rate 
and grade point average showed an inverse relationship 
for students with an RHR of 74 BPM or less. The 
regression coefficient for RHR was -0.03. This means 
that for every 1 beat decrease, a 0.03 increase in GPA is 
predicted; and for every 5 BPM decrease, a 0.15 increase 
in GPA is predicted. Further research could investigate 
a possible effect of lowering RHR in those with high RHR 
who also high GPAs have to see if their GPA is at least 
maintained at the higher level. Further study with other 
groups of students is a reasonable next step. 
 
Keywords — Resting heart pulse, Grade Point Average 
(GPA), Academic performance 
 

Introduction 
 

Resting heart rate (RHR) is a simple but strong 
predictor of cardiovascular fitness and health in 
general (Cooney et al., 2010; Jouven et al., 2009; 
Rogowski et al., 2009).  Additionally, RHR derived 
from simple counting of beats at a palpated artery 
has good agreement with the standard ECG 
(Erikssen & Rodahl, 1979).  Several studies have 
been done on the relationship between RHR, 
anxiety and academic performance (Daly et al., 
2011; Darke, 1988; Morris & Liebert, 1970). 
However, anxiety related RHR would seem to be a 
heart rate in the rested state (due to the anxiety).   
 
Purpose of the Study 

The present study sought to explore the 
potential relationship between students’ RHR and 
their GPA. A literature search was performed in 
Google Scholar and PubMed in November and 
December of 2019 using keywords such as 
association between resting heart rate and 
academic achievement. No studies were found that 
pertained to this topic.  

An inverse relationship is expected, meaning 
lower RHR is expected to correlate with higher 
GPA. Potential benefits of the study might be that 
RHR could be a useful predictor of GPA, where 
lower RHR could predict higher GPA.  
 

Methods 
 

This observational study was approved by the 
Institutional Review Board at Sherman College of 
Chiropractic. A convenient sample of 60 students 
enrolled in a Doctor of Chiropractic degree program 
was recruited for the study. The students were 
recruited from various class points in the program 
(among the four years of the program). 

RHR was self-measured 20 times by each 
student on different days. Additionally, a classmate 
took their RHR twice, also on different days. Most 
participants measured their RHR using the count 
method at the radial artery in the wrist; others 
measured with a smartphone app. Participants 
were instructed to rest at least 15 minutes prior to 
the seated measurement.  All 22 RHR 
measurements were averaged, and the data was 
entered into a spreadsheet along with their age, 
gender, and cumulative grade point average (GPA).  
The GPA was obtained from (the Registrar) The 
RHR was obtained approximately 12 weeks prior to 
obtaining the GPA.  
 
Analysis 

RHR and GPA were compared using a scatter 
plot, Pearson correlation and linear regression in 
Stata 12.1 (StataCorp, College Station, TX) and 
Excel 2010 (Microsoft Corp., Redmond, WA). 
Normal probability graphs were used to assess data 
normality for the predictor (RHR) and outcome 
(GPA). Two tailed p-values less than the 
conventional alpha level of 0.05 were considered 
statistically significant. The null hypothesis is that 
there is no relationship between RHR and GPA 
while the alternative hypothesis is that there is a 
relationship.  
 

Results 
 

The software-generated order-2 polynomial 
trend line in the scatter plot indicated a U-shaped 



Seventeenth Annual SC Upstate Research Symposium 

166  

 

relationship between RHR and GPA (Figure 1). This 
means that higher GPA was observed at RHR 
extremes (at the low end and high end). Correlation 
between the nonlinear variables was inverse but 
negligible in strength and statistically non-
significant (r = -0.161, p = 0.2). 

The trend line in the figure stops its downward 
angle around RHR of 75 BPM. This means that for 
participants with 75 BPM or less, there is an inverse 
correlation between RHR and GPA. This means 
that as RHR increases, GPA decreases, again, for 
those with 75 BPM or less. Correlation for these 
participants was low-to-moderate in strength (r = -
0.342) and statistically significant (p = 0.02).  

In linear regression for this same sub-group (< 
75 BPM) there was a weak but statistically 
significant model (R= 0.117, p = 0.02). The 
regression coefficient for RHR was -0.03. This 
means that for every 1 beat decrease, a 0.03 
increase in GPA is predicted; and for every 5 BPM 
decrease, a 0.15 increase in GPA is predicted, and 
so on (Table 1).  
 

Discussion 
 

It is unknown why there is a U-shaped 
relationship between RHR and GPA, where higher 
GPA is related to RHR at the very low and very high 
extremes. The research on RHR is rather clear, that 
it is healthier in general (e.g., longevity-wise) to 
have a lower RHR compared to higher RPR. There 
may be a side benefit of having an unhealthy (high) 
RHR in the form of higher GPA. However, the 
downside of the high RHR would seem to outweigh 
such an upside. Further research could investigate 
a possible effect of lowering RHR in those with high 
RHR who also have high GPAs to see if their GPA is 
at least maintained at the higher level. 
 

Conclusion 
 

In this study, resting heart rate and grade point 
average showed an inverse relationship for students 
with an RHR of 74 BPM or less. Further study with 
other groups of students is a reasonable next step.  
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Figures and Tables 

 
Figure 1. Scatter plot of RHR vs GPA 

 
 

Table 1. Regression results 
 
BPM increase  GPA change 
1    -0.03 
5    -0.15 
10    -0.3 
15    -0.45 
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Abstract – As many as 440,000 deaths occur each year 
in the U.S. due to preventable medical errors. 
Healthcare organizations have adopted a culture of 
safety to prevent patient harm, but little is known about 
the culture of safety found in schools of nursing. 
Traditional nursing education has focused on individual 
accountability to prevent medical error. In a culture of 
safety, focusing on systemic factors is associated with 
decreases in patient harm and hospital mortality. The 
School of Nursing Culture of Safety Survey (SON-COSS) 
is a reliable and valid tool for measuring safety climate 
in schools of nursing; however, the author made 
recommendations for revision. The revised SON-COSS 
was given to 1088 nursing students, and the Cronbach’s 
alpha was above 0.70 for all dimensions. Teamwork 
within groups (89.4%) and faculty support for patient 
safety (88.1%) were ranked highest. Communication 
openness (57.8%), and nonpunitive response to error 
(42.4%) were ranked lowest. The results indicate that 
students recognize the importance of safety to faculty, 
and teamwork within groups, but don’t perceive 
transparent, nonpunitive error reporting as essential 
prerequisites for a culture of safety.  This study provides 
further support for the SON-COSS as a measure of safety 
culture in schools of nursing.  
  
Keywords - Nursing education, Safety Culture, Patient 
Safety, Quality and Safety Education for Nurses 
 

Introduction 
 

Recent research suggests that between 210,000 
and 440,000 deaths occur each year in the United 
States as a result of preventable medical errors 
(Makary & Daniel, 2016). Though High reliability 
organizations such as nuclear power and aviation 
have reduced harm by adopting a culture of safety, 
healthcare organizations have struggled with 
adopting the knowledge, skills and attitudes 
necessary to improve healthcare quality and patient 
safety (Agency for Healthcare Research and 
Quality, 2019). Nursing school is where students 
are enculturated into the norms, beliefs and 
attitudes of nursing, but little is known about the 
culture of safety found in schools of nursing 
(Barnsteiner & Disch, 2017). Traditional nursing 
education has focused on individual accountability 
and being careful to prevent medical error. The 
culture has been one of blame and shame in which 
those who make mistakes are punished (Disch et 
al., 2017). In a culture of safety, people are 

rewarded for speaking up about safety-related 
issues, which provides much needed data for 
quality improvement. Improved safety culture is 
associated with decreases in patient harm and 
hospital mortality across hospital systems (Berry et 
al., 2020). The Patient Risk Detection Theory 
supports that when nurses work in a climate that 
embraces a culture of safety, they are more likely to 
identify signals that lead to the prevention of error 
(Despins, 2017). The School of Nursing Culture of 
Safety Survey (SON-COSS) was created to assess 
the culture of safety in schools of nursing. The SON-
COSS was recently shown to be a reliable and valid 
tool for use with pre-licensure nursing students; 
however, recommendations were made to improve 
reliability (Hershey, 2017).  
 

Method 
 

The SON-COSS was revised according to 
recommendations made by the author (Hershey, 
2017). Two of the ten dimensions were removed, 
and the wording was modified. The revised SON-
COSS has 27 items measuring 8 dimensions of 
patient safety. The responses for dimensions are 
measured on a 5-point Likert scale with 1=Strongly 
Disagree, 2=Disagree, 3=Neither Agree nor 
Disagree, 4=Agree, and 5=Strongly Agree. IRB 
approval was obtained, and the revised survey was 
entered into Qualtrics and administered 
electronically to members of the National Student 
Nurses Association (n=1088).  
 

Results 
 

For the revised SON-COSS, the Cronbach’s 
alpha was above 0.70 for all dimensions of the 
revised SON-COSS. A positive response is 
considered to be 4 or 5 on the Likert scale. The 
number of positive responses were tallied and 
divided by the total number of responses to get the 
percentage of positive responses which ranged from 
42.4% to 89.4%. Participants ranked the highest 
percentages as teamwork within groups (89.4%) 
and faculty support for patient safety (88.1%). The 
lowest percentage of positive responses were given 
for the dimensions of communication openness 
(57.8%), and nonpunitive response to error 
(42.4%). The results of the SON-COSS indicate that 
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students recognize the importance of safety to their 
faculty, and teamwork within groups as a valuable 
safety measure. They do not perceive transparent, 
nonpunitive error reporting as essential 
prerequisites for a culture of safety.   

The SON-COSS is a modified version of the 
Hospital Survey on Patient Safety Culture 
(HSOPSC) which has been utilized by the Agency 
for Healthcare Research and Quality (AHRQ) to 
assess safety culture in hospitals. A comparison of 
positive responses on the AHRQ survey, the 
original SON-COSS and the revised SON-COSS 
demonstrate that the revised SON-COSS yields 
results that are more closely aligned with hospital 
safety climate scores (Figure 1). 
 

Conclusions 
 

The results of this study have inspired further 
research at the MBSON using the SON-COSS. In a 
study done by Walker and colleagues, a survey 
similar to the SON-COSS was used to assess safety 
culture attitudes upon entry into and exit from 
schools of nursing (Walker et al., 2020). Students 
in the Mary Black School of Nursing are currently 
taking the SON-COSS at the beginning and end of 
their nursing program to evaluate the impact of 
several patient safety strategies: 1) the appointment 
of a patient safety officer, 2) enrollment in a 
national nursing student error reporting study, 3) 
use of root cause analysis as an instructional tool 
and 4) low fidelity virtual simulation. In addition, 
questions about knowledge and skills about patient 
safety have been added to the SON-COSS using the 
Quality and Safety Education for Nurses (QSEN) 
Institute Safety Competencies (Cronenwett et al., 
2007). This study provides further support for a 
reliable and valid instrument to measure safety 
culture in schools of nursing. The revision of the 
SON-COSS contributes to nursing education 
knowledge by providing a way to measure and 
compare patient safety attitudes in schools of 
nursing. 
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Figure 
 

 
Figure 1. Percentage of positive responses for the AHRQ, SON-COSS and SON-COSS-R 
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Abstract — Adolescent mobile technology use is 
associated with risks. This study explored parental 
perceptions of early adolescent mobile technology use, 
associated sexual risks, and strategies for nursing 
support. This exploratory descriptive study, conducted 
in two phases, utilized thematic analysis of interview 
material with a convenience sample of 15 parents of 
early adolescent children ages 11 to 14 years. Fifteen 
parents in Phase one explored parents’ level of 
awareness of early adolescent online sexual risks. Five 
parents from phase one participated in Phase two to 
explore nursing strategies to counsel parents regarding 
concerns identified in Phase one. Phase one themes were 
(a) mobile devices and social media platforms, (b) 
parental awareness of online mobile technology risks, 
(c) contributing factors to online risks via mobile 
technologies, (d) parental protective practices, and (e) 
gender-specific practices. Phase two themes were (a) 
general strategies and (b) strategies regarding online 
sexual risks. Parents identified pornography and online 
contacts as sexual risks on mobile technologies. 
Protective practices to mitigate risks included risk-
related communication, online rules, maternal online 
supervision, and paternal discipline for rule violations. 
Nursing support strategies included parental education 
regarding mobile technology skills and assessment of 
early adolescent sexual risk-taking behaviors on mobile 
technologies. 
 
Keywords — mobile technology, parents, adolescent, 
sexual risks 
 

Introduction 
 

Mobile technologies have changed the social 
landscape of communication for early adolescent 
children, much of which is sexual. Sex-related 
mobile technology use includes sexting, or sending, 
receiving, or forwarding nude or semi-nude images 
(Bass, 2016), online contact with strangers (Morelli 
et al., 2017), viewing of pornography (Przybylski & 
Nash, 2018), and online sexual discourse (Wurtele 
& Kenny, 2016). This research investigated parental 
risk mitigation and nursing support regarding 
mobile technology use (i.e., communication on 
smartphones, social media platforms, and mobile 

applications downloaded to smartphones) and 
associated sexual risks in early adolescent children, 
defined as ages 11 to 14 years (Hardin & Hackell, 
2017). 

Risks associated with mobile technology use is 
important to the field of nursing, as sex-related 
mobile technology use is associated with negative 
health outcomes in adolescents such as offline 
sexual activity (Temple & Choi, 2014) and 
unwanted sexual solicitation (Morelli et al., 2017). 
According to the World Health Organization 
(2014), mobile technology use has public health 
implications, as these devices and platforms are 
associated with access of sexual content and 
increased risky sexual behavior. Moreover, the 
American Academy of Child and Adolescent 
Psychiatry (2021) reports online communication in 
chat rooms or on social media platforms can result 
in exposure to adult predatory behaviors. Nurses 
can have a positive effect on adolescent health and 
wellbeing (Banfield et al., 2015) through 
assessment of unhealthy behaviors (Centers for 
Disease Control and Prevention, 2019), and risk 
reduction (Clark et al., 2018). 

There is some evidence regarding parental 
online risk mitigation. For example, Nikken and 
Janz (2014) investigated parental guidance of 
internet use in children 2 to 12 years, and Daneels 
and Vanwynsberghe (2017) investigated parental 
mediation strategies for social media use in 
adolescents 12 to 18 years. Although current 
evidence provides insight into parental internet 
mitigation with children of diverse ages, evidence 
on parental sexual risk mitigation on mobile 
technologies or nursing support in relation to early 
adolescent mobile technology use and associated 
sexual risks, to our knowledge, was absent prior to 
this research. This research furthered knowledge 
development and provided valuable strategies to 
mitigate risks in early adolescent children and 
improve health outcomes in this vulnerable 
population. This research explored the following 
research questions: 
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• What is the level of parental awareness 
regarding early adolescent access to and/or 
participation in sexual behaviors via smartphones, 
social media, and mobile applications? 

• What protective practices do parents utilize 
in relation to early adolescents’ online sexual 
behaviors and risks? 

• What are the associations between parental 
gender and parental protective practices? 

• What are strategies that nursing 
professionals can use to counsel parents regarding 
risks associated with mobile technology use? 

 
Methods 

 
This exploratory descriptive study, conducted 

in two phases, utilized thematic analysis (Braun & 
Clark, 2006) of interview material. Data were 
analyzed using a qualitative descriptive approach 
via iterative process which included summarization 
of interviews and development and coding of 
patterns and themes (Willis et al., 2016). 
Participants included English-speaking parents of 
early adolescent children ages 11 to 14 years in 
North and South Carolina.  

In phase one, we conducted semi-structured 
interviews with parents to examine parents’ level of 
awareness of early adolescent engagement in online 
behaviors and sexual risks via diverse technologies. 
Phase one interview questions can be found in 
Appendix A. Participants included nine mothers 
aged 38 to 48 and six fathers aged 42 to 52 years. In 
phase two, we conducted semi-structured 
interviews with five parents from phase one who 
agreed to participate in follow up interviews to 
engage parents of early adolescents in identifying 
strategies that nursing professionals can use to 
counsel parents in addressing identified concerns. 
Phase two questions can be found in Appendix B, 
and demographics of our study can be found in 
Appendix C, Table 1. 
 

Results 
 

Phase one interview data resulted in five 
themes. Mobile devices and social media 
platforms, the first theme, identified internet-
accessible technologies within the home. The 
second theme, parental awareness of online 
mobile technology risks, identified parental 
understanding of risks on mobile technologies. The 
third theme, contributing factors to online risks via 
mobile technologies, identified influences outside 
of the home that resulted in online risks. The fourth 
theme, parental protective practices, identified 
strategies that parents use to mitigate online risks. 
The final theme, gender-specific practices, 

identified gender-specific parental roles regarding 
early adolescent mobile technology use and 
associated risks.  

Parents identified viewing of pornography and 
contact with strangers as online mobile technology 
concerns in Phase one. Phase two interviews 
explored these concerns and resulted in two themes 
related to nursing support. The first theme, general 
strategies, identified support for parental 
technology skills and education regarding online 
risks. The second theme, strategies regarding 
online sexual risks, identified nursing assessment 
directed at early adolescent mobile technology use 
and sex-related online behaviors. 
 

Discussion 
 

Phase 1 Interviews 
This study advanced science in several ways. 

Firstly, insight was gained regarding early 
adolescent mobile technology use and risks as well 
as parental strategies to increase awareness and 
mitigate risks. Theme one, mobile devices and 
social medial platforms, identified mobile 
technologies within the home as smartphones, 
multiple social media accounts, and mobile 
applications to access social media on 
smartphones. Internet-accessibility resulted in 
theme two, parental awareness of online mobile 
technology risks. Consistent with current evidence 
(Bass, 2016; Temple and Choi; 2014; Morelli et al., 
2017), early adolescent children within these homes 
viewed pornography and communicated with a 
stranger online. Parents increased parental 
attentiveness to online activities to mitigate risks of 
access to pornography and online communication 
with strangers. Early adolescent exposure to 
pornography resulted in the third theme, 
contributing factors to online risks via mobile 
technologies. Peer pressure and mobile technology 
use outside of the home contributed to viewing of 
pornography. The fourth theme, parental 
protective practices, identified protective practices 
in these homes as parent-early adolescent 
communication regarding online risks, online 
supervision, and rules for mobile technology use. 
The final theme, gender-specific practices, 
identified maternal online supervision of daily 
activities and paternal discipline when early 
adolescent children did not follow online rules. 

 
Phase II Interviews 

In Phase one, parents identified concerns for 
pornography and contact with strangers on mobile 
technologies. Phase II addressed these concerns 
through parental strategies to counsel parents 
regarding early adolescent mobile technology use. 
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General strategies, the first theme, identified the 
need for nursing support. Parents wanted nursing 
education to improve parental mobile technology 
skills. The second theme, strategies regarding 
online sexual risks, identified nursing assessments 
tailored to early adolescent mobile technology 
risks. Parents wanted nurses to assess early 
adolescent children for sex-related mobile 
technology use. 

 
Conclusions 

 
Early adolescent children are at risk for 

exposure to pornography and contact with 
strangers online via mobile technologies. Parents 
may mitigate risks through communication with 
early adolescent children regarding online risks and 
rules related to content and contacts online. As 
online sex-related mobile technology use can result 
in offline sexual activity and sexual solicitation, 
these findings are significant for the discipline of 
nursing and nursing research. Nursing support 
through education that improves parental 
technology skills and nursing assessments to 
identify early adolescent sex-related mobile 
technology use can improve health outcomes in 
early adolescent children. Future research is 
warranted for nursing strategies to enhance 
parental technology skills and early adolescent 
supervision on mobile technologies. This research 
is not without limitations. Findings are not 
generalizable to all parents of early adolescent 
children. Only two single parents were recruited to 
participate in Phase one interviews. Furthermore, 
parental experiences may be vastly different among 
a broader sample of parents. 
 

Acknowledgements 
 

Kendra Allison was supported by Dr. Jeanette 
Andrews Dean’s PhD Scholarship and the Mackey-
Wanska Finnish Family Women's Health Endowed 
Fellowship Fund in support of completion of a 
Doctor of Philosophy in Nursing Science. Robin M. 
Dawson was supported by National Heart, Lung, 
and Blood Institute (NHLBI)/National Institutes of 
Health (NIH) (1 K23 HL133596-01A1).  
 

References 
 

American Academy of Child and Adolescent 
Psychiatry. (2021). Internet use in children. 
https://www.aacap.org/AACAP/Families_and
_Youth/Facts_for_Families/FFF-
Guide/Children-Online-059.aspx 

Banfield, M., McGorm, K., & Sargent, G. (2015). 
Health promotion in schools: a multi-method 
evaluation of an Australian School Youth 

Health Nurse Program. BMC nursing, 14(1), 
21. 

Bass III, P. F. (2016). Pediatricians' primer on 
sexting: Understanding what adolescents 
experience online with sexting and digital 
technology can help pediatricians counsel 
teenagers about the dangers of this 
practice. Contemporary Pediatrics, 33(8), 28-
33. 

Braun, V., & Clarke, V. (2006). Using thematic 
analysis in psychology. Qualitative research in 
psychology, 3(2), 77-101. 

Centers for Disease Control and Prevention. (2019, 
May 29). School Health Education Resources 
(SHER): characteristics of an effective health 
education curriculum. 
https://www.cdc.gov/healthyschools/sher/cha
racteristics/index.htm  

Clark, M., Lewis, A., Bradshaw, S., & Bradbury-
Jones, C. (2018). How public health nurses’ 
deal with sexting among young people: a 
qualitative inquiry using the critical incident 
technique. BMC public health, 18(1), 1-10. 

Daneels, R., & Vanwynsberghe, H. (2017). 
Mediating social media use: Connecting 
parents’ mediation strategies and social media 
literacy. Cyberpsychology: Journal of 
Psychosocial Research on Cyberspace, 11(3). 

Hardin, A. P., Hackell, J. M., & Committee on 
Practice and Ambulatory Medicine. (2017). Age 
limit of pediatrics. Pediatrics, 140(3), 
e20172151.  Retrieved from American Academy 
of Pediatrics website: 
http://pediatrics.aappublications.org/content
/early/2017/08/17/peds.2017-2151 

Morelli, M., Bianchi, D., Baiocco, R., Pezzuti, L., & 
Chirumbolo, A. (2017). Sexting behaviors and 
cyber pornography addiction among 
adolescents: The moderating role of alcohol 
consumption. Sexuality Research and Social 
Policy, 14(2), 113-121. 

Nikken, P., & Jansz, J. (2014). Developing scales to 
measure parental mediation of young 
children's internet use. Learning, Media and 
technology, 39(2), 250-266. 

Przybylski, A. K., & Nash, V. (2018). Internet 
filtering and adolescent exposure to online 
sexual material. Cyberpsychology, Behavior, 
and Social Networking, 21(7), 405-410. 

Temple, J. R., & Choi, H. (2014). Longitudinal 
association between teen sexting and sexual 
behavior. Pediatrics, 134(5), e1287-e1292. 

Willis, D. G., Sullivan-Bolyai, S., Knafl, K., & Cohen, 
M. Z. (2016). Distinguishing features and 
similarities between descriptive 
phenomenological and qualitative description 



Seventeenth Annual SC Upstate Research Symposium 

174  

 

research. Western Journal of Nursing 
Research, 38(9), 1185-1204 

World Health Organization. (2014). Public health 
implications of excessive use of the internet, 
computers, smartphones and similar electronic 
devices: meeting report. Foundation for 
Promotion of Cancer Research, National 
Cancer Research Center, Tokyo, Japan, 27-29. 

Wurtele, S. K., & Kenny, M. C. (2016). Technology-
related sexual solicitation of adolescents: A 
review of prevention efforts. Child Abuse 
Review, 25(5), 332-344. doi:10.1002/car.2445 

 
 
 
 
 
 
 
 
 
 

 
 

Appendices 
 

Appendix A 
 
Phase One Questions for Semi-Structured Interview 
 
Good morning/afternoon/evening. I am Kendra Allison, and I will be conducting this interview today. 
Thank you for agreeing to participate. I appreciate your time and hope to learn from your experiences. We 
are talking about early adolescents (ages 11 to 14) and their online activities with smartphones, social media, 
and mobile applications today. These questions are directed at your experience as a parent. All information 
shared will be kept confidential. First, I need to get some information about you and your child/children. 
 
1. What is your (Participant) age and gender? 
2. What is the age and gender of your adolescent child or children between the ages of 11 and 14? 
3. What are the types of devices in your home that are capable of accessing the internet? 
4. Tell me about smartphone use with your adolescent child/children. 
5. Tell me about social media use with your adolescent child/children. 
6. How does your adolescent child/children use mobile applications? 
7. Tell me about the communication you have had with your adolescent child/children regarding social 

media. 
8. Tell me about the communication you have had with your adolescent child/children regarding mobile 

applications. 
9. Describe your interactions with your early adolescent children regarding smartphone use, social media, 

and mobile applications? 
10. How do you think your son/daughter’s peers influence the content they access through their 

smartphone or on the computer? 
11. What concerns do you have about your child’s access to online content? 
12. Tell me about how you are able to address these concerns. 
13. How do you feel about supervising your child’s online activities?   

a. Who supervises your child’s smartphone activities? 
b. How did you decide who would supervise smartphone activities? 
c. Is this effective? 

14. What kind of support or information have you received from others? 
15. Can you give me some examples of any actual instances in which an adolescent you know has 

experienced something dangerous online? 
16. Those are the questions I had prepared. Is there something else you would like to add or clarify? 
 
Thank you for participating in this research. I will complete the interviewing process in approximately a 
month. I would like to follow up with you concerning the responses to these questions. 
 
17. May I contact you with this information? 
18. (If yes) Can you please provide the best way for me to reach you? 
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Appendix B 
 
Phase II Interview Guide 
 
Thank you for talking with me today. As we previously discussed, I am conducting a second interview with 
participants from the first interview. The topic is strategies that nursing professionals can use to counsel 
parents regarding early adolescent sexual behaviors and risks online via smartphones, social media, and 
mobile applications. Thank you so much for agreeing to participate. [provide results of concern for 
pornography and contact with strangers on smartphones, social media, and mobile applications.] 
 
1. To begin, what is your first impression regarding the results for this research? 
2. Regarding smartphone use, social media, and mobile applications, can you provide strategies that 

nursing professionals can use to counsel parents in addressing the concerns identified in the results? 
3. More specifically, can you tell me about strategies to counsel parents regarding online pornography and 

contact with strangers via smartphones? 
 
Thank you so much for participating. If you have any questions, please contact me at (828) 280-2323 or 

allisok@email.sc.edu 
 
 
Appendix C 
 
Demographic Data 
 
Table 1. Demographics for Parents and Early Adolescent Children 

Parental Demographic Data 
        Frequency        Percent (%) 
Age 
Age 30-36 
Age 37-43 
Age 44-50 
Age 51-57 

 
0 
4 
9 
2 

 
0 
27 
60 
13 

Gender 
Female 
Male 

 
9 
6 

 
60 
40 

Marital status 
Married 
Single 

 
13 
2 

 
87 
13 

Early Adolescent Demographic Data 
        Frequency        Percent (%) 
Age 
11 years 
12 years 
13 years 
14 years 

 
4 
4 
1 
4 

 
31 
31 
7 
31 

Gender  
Female 
Male 

 
8 
5 

 
62 
38 
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Abstract - Introduction: Alcohol use among college 
students is a major public concern due to its heightened 
physiological and social risk. Various interventions 
have been implemented to reduce the negative 
consequences of alcohol use among college students. The 
current study was designed to conduct a needs 
assessment among college students to understand their 
needs and attitudes towards the Safe Ride program at 
Lander University. This study also examined the 
perceptions of college students to driving under the 
influence. Methods: The study used a crossectional 
design. The online survey was completed by 363 
undergraduate students. The instrument collected 
information on demographic variables, alcohol-related 
behaviors and student attitudes towards drinking and 
driving, and safe ride programs. Results and 
Conclusions: The majority of the students reported 
drinking and driving as a real problem in university 
settings. Students also overwhelmingly supported the 
need for a campus-wide safe ride program. 
 
Keywords — Safe Ride Program, Alcohol, College 
students 
 

Introduction  
 

Alcohol is a major public health issue among 
college students. According to the 2018 National 
Survey on Drug Use and Health, 54.9 percent of 
full-time college students consumed alcohol in the 
past 30 days compared to 44.6 percent of other 
persons of the same age (SAMHSA, 2019). The 
prevalence of binge drinking (36.9%) and heavy 
alcohol use (9.6%) is also very high among college 
students.  

Despite the legal consequences and strict 
institutional policies of drinking and driving, an 
overwhelming amount of college students partake 
in this activity. The study conducted by Hingson et 
al. (2009) reported that the percentage of college-
aged (18-24) students reporting driving under 
alcohol’s influence increased from 26.5% to 28%. It 
is estimated 3,360,000 college students drive 
under the influence of alcohol. Hingson’s study 
suggested each year 1,825-college student dies and 
599,000 are injured due to alcohol-related 
unintentional fatalities, including motor vehicle 
accidents (Hingson et al., 2009).  

 At the state level, South Carolina state is 
ranked 15th for the highest drinking and driving rate 

and is responsible for 14,742 DUI’s and 44% of all 
traffic fatalities. This is substantially higher than 
the national average of 31% (National Highway 
Traffic Safety Administration, 2014). Of that 44 
percent, about half of the crashes involve people 
ages 18 to 24 many of which are college students. 
This suggests heightened risks for alcohol-related 
injuries and fatalities among college students and 
drunk driving continues to be one of the serious 
safety issues in college and surrounding area 
(Bennett et al., 1999; SAMHSA, 2019).  

In past, various interventions including 
education, policies, and enforcement efforts have 
been implemented to reduce drinking and driving 
and its consequences. One of the interventions that 
are getting widely popular to curb drinking driving 
on different campuses is the Safe Ride program. 
Safe ride programs are designed to provide 
alternative transportation for students from local 
bars and restaurants to campus-area housing. 
Considering the risk of drinking and driving in the 
region, this needs assessment was conducted 
among college students in one of the upstate rural 
South Carolina Public University. The goal of this 
study is to determine if there is a perceived need for 
a Safe Ride Program and if this program would 
increase student’s feelings of safety. The study will 
also determine if students would take advantage of 
this resource if given to them. The study will also 
assist program designing by gaining student’s 
perspectives on the safe ride program.  

 
Methods 

 
Research Design, Participants, and Data collection 

A cross-sectional self-reported online study 
was utilized for this study. The study was conducted 
with approval from the sponsored University 
Institutional Review Board. A mass email was sent 
to all undergraduate students with a link to an 
online survey and a consent form. The survey 
approximately took 10 minutes to complete. The 
items in the study included demographic variables 
(gender, race, class year, and age), drinking 
behaviors (alcohol consumption and drinking and 
driving), and students' attitudes towards the 
drinking and driving and safe ride program. 363 
undergraduate students participated in the study.  
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Measurement and Data Analysis  
First, a literature review was conducted to 

determine if any preexisting instruments were 
available to serve the need of the study. The review 
did not identify any preexisting instrument that 
fulfills the study purpose, hence a new survey “safe 
ride needs assessment” was developed before the 
study. However, the literature review helped to 
guide some of the items in the new instrument. 
After the survey was collected descriptive statistics 
were used to report the demographic variables, 
alcohol-related behaviors, and student attitudes 
towards drinking and driving and safe ride 
programs. All data were analyzed using SPSS 24.0. 

 
Results 

 
In total, 363 undergraduate students 

participated in the study. The descriptive summary 
is provided in Table 1. Participants are largely self-
reported as female (78.8%), White (74.1%), Age 
group 18-20 (61.1%), and alcohol users (68%).  

In the study, participants overwhelmingly 
reported having been ridden with someone who has 
consumed alcohol before driving (60.2%) or 
perceive other students would drive with someone 
who has consumed alcohol before driving (94.3%). 
Students perceived drinking and driving as very 
likely or somewhat likely for getting arrested 
(77.2%) or very likely or somewhat likely for getting 
into an accident (82.5%). The majority of them also 
reported relying on the designated driver (54.7%), 
or order Uber or Lyft or Taxi service (22.6%) or call 
a friend (20.8%). The majority of students strongly 
agree (57.1%) or agree (28.3%) the need for a safe 
ride program in the university. Students suggested 
that if the program is offered they would use it at 
least once a month or more (78.8%). The preferred 
location for the safe ride program was uptown 
(90.9%), residence halls (77.6%), and off-campus 
housing (16.8%). More than 80% of the participants 
reported they would use the safe ride program 
mainly on Thursday, Friday, and Saturday.  

 
Discussion and Conclusions 

 
The purpose of the study was to conduct a 

needs assessment for the safe ride program in the 
university settings. The results from this study 
confirmed with the national surveys of a high 
degree of drinking among the college-aged 
population (CDC, 2012). Participants riding with 
someone who has drunk alcohol before driving 
seems very high compared to the nationwide 
random digit dialing (RDD) survey (21%). Even 
though the RDD survey only assessed drinking and 
driving habits but not as a passenger the risks of 

getting into the accidents for driver and passenger 
would be the same (Royal, 2000). Hence, the 
number of ridding with someone who drank alcohol 
in this study may be similar to national data which 
is alarming. The designated university being dry 
campus might have fueled the need for the students 
to drive while drinking as they are not allowed to 
consume alcohol within the college area. The 
majority of students seemed to take precautions to 
prevent drinking and driving by depending on 
designated drivers or local transportation including 
taxis but the absence of public transportation 
services in the local settings may put the student at 
higher risk for drinking and driving or driving with 
someone who has also consumed alcohol. Even 
though the safe ride program has never been 
implemented on the campus, the majority of 
students seemed to be aware of the program and 
reported the need for similar services for the safety 
of the students.  

 
Limitations 

This study included several caveats. First, this 
study inherits the shortcomings of self-reported 
response. When self-reporting participants have 
the tendency to over or under-reporting the 
behavior due to social pressure as well as not being 
able to recall the behavior. Secondly, it was a cross-
sectional study, and the timing of the response may 
not hold true when the program is designed and 
implemented. Third, the study used a convenience 
sample from a single university which limits the 
ability to generalize the results. Finally, the study 
was conducted during the COVID-19 pandemic 
which might have led to reporting of the reduced 
number of drinking and driving behavior as all 
teaching was switched to a virtual teaching model 
during the time of data collection.  
 
Conclusions 

This study suggests drinking and driving as a 
real problem needs to be addressed. The students 
in the study strongly recommend that the 
University should implement a campus-wide safe 
ride program. The administration should conduct a 
rigorous controlled evaluation in the future to 
assess its effectiveness.   
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Table 

 
Table 1. Descriptive statistics on drinking and driving-related behaviors 
 
 
 
 
 
 
 
 
 
 
 
  

Variables N(%) 

Gender 
   Female 
   Male 
   Transgender 
   Other/Prefer not to answer 
Race 
   Asian 
   Black or African American 
   Hispanic or Latino 
Middle Eastern or North African 
   Multiracial or Multiethnic 
   White 
   Another race or ethnicity 
Class Year 
   Freshman 
   Sophomore 
   Junior 
   Senior  
Age 
  Under 18 
   18-20 
   21-25 
   25+ 
Drink Alcohol  
   Yes 
   No 

 
286 (78.79) 
67 (18.46) 
5 (1.38) 
5 (1.38) 
 
6 (1.65) 
62 (17.08) 
10 (2.75) 
1 (0.28) 
8 (2.20) 
269 (74.10) 
6 (1.65) 
 
88 (24.24) 
103 (28.37) 
82 (22.59) 
90 (24.79) 
 
4 (1.10) 
222 (61.16) 
125 (34.44) 
12 (3.31)  
 
215 (68.04) 
101 (31.96)   
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Abstract - Purpose: Drinking and driving among 
college students is a serious public health concern. In the 
past twenty-five years, various interventions have been 
designed to mitigate the risks of drunk driving among 
college students. One such program adapted by various 
universities is the Safe Ride program. The purpose of the 
current study was to conduct a needs assessment for a 
Safe Ride Program at a university in rural South 
Carolina. Methods: The study used a qualitative 
approach by adding an open-ended question in the 
online survey. Eighty-one undergraduate students 
participated in the study. Results: Several themes 
emerged from the qualitative data analysis. The themes 
included accepting alcohol use among college students 
as the norm, acknowledging alcohol use among college 
students as a problem, considering community and 
environmental factors as part of problem and solution, 
discussing safe alcohol consumption practices, opinions 
on possible intervention, and voices to support and 
oppose the safe ride program. Conclusions: In 
conclusion, the findings suggested a need for the Safe 
Ride Program to mitigate the high prevalence of 
drinking and driving among college students. 
 
Keywords — Safe Ride Program, Alcohol, College 
student drinking 
 
 

Introduction 
 

The consumption of alcohol increases the risk 
for the development of a variety of mental and 
behavioral disorders, and disease processes such as 
liver disease, cardiovascular disease, and cancer 
(The World Health Organization, 2018). According 
to the 2019 National Survey on Drug Use and 
Health (NSDUH), nearly 52.5% of full-time college 
students used alcohol in the past month and 33% 
admitted binge drinking in the past month 
(Substance Abuse and Mental Health Services 
Administration, 2019). Current statistics estimate 
that 1,825 college students die each year from 
alcohol-related injuries (Hingson et al., 2009). 
According to the National Institute on Alcohol 
Abuse and Alcoholism, students in their first 
semester of college are particularly vulnerable to 
the effects of binge drinking as they adjust to college 
life with less parental supervision, higher peer 
pressure, and stressful academic life. In addition, 
alcohol is inexpensive and widely available, and the 
enforcement of underage drinking laws across 

college campuses is inconsistent (National Institute 
on Alcohol Abuse and Alcoholism, 2020). There are 
health and safety risks associated with alcohol use 
among college students including violence, alcohol 
poisoning, accidents, and impaired driving 
(Kesmodel et al., 2002; Naimi et al., 2003). 

In South Carolina 3,299 people lost their lives 
in alcohol-related traffic accidents from 2009-2018 
(Centers for Disease Control and Prevention (CDC), 
2020) and is ranked in the top five states with the 
most alcohol-impaired traffic fatalities (American 
Addiction Centers, n.d.). South Carolina’s rate of 
alcohol-related deaths among 21 to 34-year-olds is 
alarming, nearly double the national rate (CDC, 
2020).   

While popular, the safety of designated driver 
programs has been questioned, as there is evidence 
that the designated driver may not always adhere to 
the pledge to completely abstain from drinking 
alcohol. Previous studies found that as much as 90 
- 94.3% of designated drivers admitted they did not 
abstain from drinking alcohol before driving home 
(Sakar et al., 2005). Thus, various colleges have 
implemented safe ride programs as an alternate 
solution to decrease alcohol-impaired driving 
among college students. Safe Ride programs 
provide an independent driver and means of 
alternative transportation to ensure a safe ride 
home. In many cases, rides are free or discounted 
and provided by a taxi or tow truck service that 
takes the driver and their car home (Sakar et al., 
2005). Volunteers arrive single or in pairs to drive 
the alcohol-intoxicated person safely home.  

This study was designed to conduct a needs 
assessment for a Safe Ride Program at a university 
in rural South Carolina. This study assesses 
students’ feelings of safety and willingness to utilize 
a Safe Ride Program if implemented. The findings 
of the study could be used to guide the development 
of the Safe Ride Program.  
 

Methods 
 

Research Design, Participants, and Data collection 
This study utilized qualitative methodology by 

adding an open-ended question at the end of the 
online survey. The participants were asked the 
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following: “Please let us know your final thoughts 
on alcohol consumption by students on your 
campus, and what role can the university play in 
promoting responsible drinking and driving.” In 
addition to the open-ended question, the survey 
also included basic demographic information 
including age, race and ethnicity, gender, year in 
college. A mass email was sent to all undergraduate 
students at Lander University after approval from 
the Lander University’s Institutional Review Board. 
The inclusion criteria included Undergraduate 
students enrolled in lander university and age 18 
and older. Eighty-one students participated in the 
study. The study was conducted using Survey 
monkey as a data collection platform.  

 
Data Analysis  

A thematic qualitative data analysis approach 
was used. The data was continuously examined for 
themes by the principal investigator and co-
investigator. Analysis continued until saturation 
was reached.  Saturation occurs when there is 
“repetition of discovered information and 
confirmation of previously collected data” (Speziale 
& Carpenter, 2007, p. 31). The principal 
investigator and co-investigator independently 
examined the data and performed a naïve reading, 
noting the responses as a whole, and continued to 
familiarize themselves with the data. The second 
step was interpretive reading, as the principal 
investigator and co-investigator began to identify 
themes and meaningful connections were made. 
The final step was an interpretation of the whole, 
which involved reflecting on the prior steps and 
ensuring a comprehensive understanding of the 
data (Speziale & Carpenter, 2007). 

 
Results 

 
Majority of the participants were female 

[Female=85.4%, Male=11%, Other=3.7%), white 
[White=78.5%, Black=20.3%, Hispanic and 
Latino=1.3%], and seniors [Freshman=24.4%, 
Sophomore=23.2%, Junior=25.6%, and 
Senior=26.8%], age 18-20 years old [18-20 years 
old=55%., 21-25 years old=38.8, 25 years and 
older=6.3%]. Eight main themes emerged from the 
data analysis. The eight themes and exemplars of 
participants’ responses are listed in Table 1. 
 

Conclusions 
 

In conclusion, the findings from this study 
indicated a high prevalence of drinking, driving, 
and increased public health risks, and the need and 
support for the Safe Ride Program. The 
undergraduate student participants in this study 
believe that the Safe Ride Program can help to 

reduce alcohol-related drinking and driving issues 
in the university area. The study inherits limitation 
of self-reported questionnaire and online survey. 
However, the findings from the study can inform 
University Wellness Centers, College 
Administrators as well as community organizations 
that deal with alcohol and substance abuse to 
design alcohol-related interventions. In the future, 
implementing a pilot project would be a better way 
to gain proper feedback and understand students’ 
concerns before implementing full phase programs.  
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Table 

 
Table 1. Themes and Exemplars 

Themes Exemplars 
Alcohol use is generally accepted as 
normal behavior among college students. 

“Everyone I know here drinks.” 
 “I think a lot of students believe drinking and partying is a 
huge part of college life.” 

Alcohol use and drunk driving are seen 
as a problem among college students. 

“I know of people who will drink 3 or more days a week and 
will drive to and from bars/parties after consuming too 
many drinks.” 
“I see multiple people say they are good drunk drivers.” 

There are community and environmental 
factors that need to be considered when 
discussing solutions to alcohol-related 
problems on campus. 

“Being in such a small town there are 3 total Ubers I 
believe.” 
“The university is a dry campus, therefore students go off 
campus to drink.” 

There are students who currently drink 
responsibly and demonstrate safe 
alcohol-related practices. 

“I always choose a designated driver beforehand.” 
“We are very strict about getting as many people home 
safely as possible.” 

A proposed solution: Promote a wet 
campus. 

“It seems much more logical that people be able to drink 
where they reside.” 
“Forcing students off campus to drink (which they always 
will) increases the amount of drunk driving.” 

A proposed solution: Stress alcohol-
related education, policy changes, and 
more available resources. 

“I don’t think many students can balance alcohol and their 
time and studies properly, so perhaps it should be made 
where there’s help on campus for this.” 
“I also feel like there needs to be more awareness about 
drunk driving, alcohol addiction, public drunkenness 
(coming to class drunk), etc.” 

A proposed solution: Support the Safe 
Ride program. 

“Safe rides would be perfect especially if students know that 
they will not get in trouble.” 
“I personally have used another college's safe ride program 
and I know for a fact that these types of programs are very 
good resources.” 

There were some voiced opposition to 
the Safe Ride program. 

“Dumb.” 
“I can see how minors would take advantage of this, it 
could be endorsing alcohol consumption illegally.” 
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Abstract — International adoption has been a popular 
process among U.S. citizens, but had entered a decline 
even prior to the pandemic of 2020-21. While laws and 
treaties like the Hague Convention guide international 
adoption, written law seem unable to fully protect either 
children or the process itself, particularly with concerns 
raised about about child abuse and trafficking. It has 
also caused the wellbeing of children to come second to 
political and diplomatic disagreements between 
countries. Given the uncertainties of adopting a child 
from another country, many U.S. citizens are 
increasingly wary of the process. Because of the 
muddied issues regarding internationally adopting a 
child in the United States, this form of adoption is 
endangered unless proper law and restrictions can be 
enforced. 
 
Keywords — Adoption, International, Hague 
Convention  
 

Introduction 
 

International adoption, defined as “the process 
by which you adopt a child from a country other 
than your own through permanent legal means and 
then bring that child to your country of residence to 
live with you permanently,” became a popular form 
of adoption in the mid and late twentieth century 
(United Nations, 2009). From 1999 to 2018, 
275,891 foreign children were adopted into the U.S. 
Many came from China and Russia, although 
Russia banned such adoptions in 2013. Other 
common sources of adoption are Guatemala, 
Ethiopia, India, and Kazakhstan (U.S. Department 
of State, 2020). Given the United States’ complex 
relationships with many of these nations, it is 
unsurprising that adoption is a source of 
controversy. This paper seeks to understand the 
recent decline in international adoptions. 

The spike in international adoptions began as a 
result of World War II and the Korean and Vietnam 
wars. Following military and humanitarian 
outreach in the aftermath of war, Americans sought 
to adopt children from other countries. Today, the 
majority of children adopted into the U.S. are under 
three years old. Three-fifths are girls (U.S. 
Department of State, 2020). These statistics 
illustrate two core motives for international 
adoption: low availability of adoptable infants in 
the U.S., and concerns that orphans and unwanted 

children—more likely to be girls in some cultures—
can achieve a higher standard of living here.  

The growth in international adoption has led to 
accusations of imperialistic attitudes among 
adopters and fears of increased child trafficking 
(United Nations, 2009). Treaties and international 
agreements have addressed these concerns, and 
international adoptions are now regulated by the 
Hague Convention and Orphan Process as well as 
bilateral and multilateral agreements. However, 
the vicissitudes of international relations will 
continue to challenge the stability of an 
international adoption system, and it is unrealistic 
to hope that the best outcomes for children will 
always win out over politicized conflict. While these 
agreements tried to clarify the process, they have 
also been subject to differing legal interpretations, 
as well as the negotiation and conflict, that are 
frequent in international law. If changes are not 
made in coming years, it is likely that international 
adoptions will continue to decline.  

  
Legal Processes and Protections 

 
There are two ways to go through the 

international adoption process, depending on 
which country a potential parent is petitioning to 
adopt a child, both governed by treaties. The first is 
the Hague process, and the other is the Orphan or 
Non-Hague process (U.S. Citizenship and 
Immigration Services, 2009). The Hague Process 
uses a treaty that describes regulations for 
intercountry adoptions and was written by the 
Hague Convention on Protection of Children and 
Co-operation in Respect of Intercountry Adoption. 
This process is known as the Hague Adoption 
Convention (USCIS, 2009). According to the 
Statute of the Hague Conference (1955), “the 
purpose of the Hague Conference is to work for the 
progressive unification of the rules of private 
international law.” This treaty went into effect on 
April 1, 2008 and applies to all intercountry 
adoptions from member nations (USCIS, 2009). In 
2020, there were 84 countries and one regional 
economic integration organization. Major 
international players are party to this treaty, 
including the United States and the People’s 
Republic of China (Hague Conference on Private 
Interational Law, 2021).  



April 9, 2021 

 183 

 

The Orphan process applies to all adoptions 
from countries not currently party to the Hague 
Adoption Convention that do not already have 
bilateral or multilateral agreements. A child is 
eligible for adoption into a nation that is party to 
the convention if the child “does not have any 
parents because of the death or disappearance of, 
abandonment or desertion by, or separation or loss 
from, both parents” or if the child “has a sole or 
surviving parent who is unable to care for the child, 
consistent with the local standards of the foreign 
sending country, and who has, in writing, 
irrevocably released the child for emigration and 
adoption” (USCIS, 2009). These definitions are 
intended to inhibit child trafficking.  

Bilateral agreements between nations make the 
intercountry adoption process easier and quicker. 
These agreements usually allow adoptions to be 
arranged without use of a third party. They also 
allow a potential adoptive parent to go through an 
agency within the country of adoption. Bilateral 
agreements seek to “to prevent and criminalize the 
abduction and sale of or trafficking in children in 
connection with intercountry adoptions” (UN, 
2009). Countries like Vietnam now require other 
countries to enter into bilateral agreements before 
citizens adopt Vietnamese children. Other 
countries, such as the U.S., prefer to use 
multilateral agreements. Yet the United States has 
signed both types of agreements for intercountry 
adoption depending on the relationship it has with 
another country (UN, 2009). 

The United Nations has set forth several 
treaties to protect children and their rights. Zeldin 
(2007) explains two key UN treaties: Declaration of 
the Rights of the Child in 1959 and the U.N. 
Convention on the Rights of the Child in 1989. The 
Declaration of the Rights of the Child expands a 
1924 order by the League of Nations. The 
declaration prohibits “neglect, cruelty and 
exploitation, trafficking, underage labor, and 
discrimination” and outlines the rights of a child, 
including that every “child is entitled to a name and 
a nationality; to adequate nutrition, housing, 
recreation, and medical services; to an education” 
(Zeldin, 2007). The U.N. Convention on the Rights 
of the Child covers four categories of children’s 
rights and protections. It entails the right of 
“participation by children in decisions affecting 
them; protection of children against discrimination 
and all forms of neglect and exploitation; 
prevention of harm to them; and provision of 
assistance to children for their basic needs” (Zeldin, 
2007). Both treaties seek to provide all children of 
the world with the same rights and protections 
(Zeldin, 2007). However, these treaties have not 

fully resolved the controversy related to 
international adoption. 

 
Controversy in International Adoption 

 
Since its peak in 2004, some countries have 

begun to limit intercountry adoption both for 
political reasons and because of reports of abuse. 
China, Russia, Guatemala, South Korea, India, and 
Ethiopia have restricted or banned U.S. adoptions. 
These restrictions have led to the increase of 
domestic adoptions within these countries, and to 
an increase in older children and males being 
adopted from these countries by U.S. citizens 
(Budiman & Lopez, 2020). Core concerns of these 
nations often center on protections for children 
after adoption—particularly on re-homing, where 
children are placed in homes that were not 
evaluated during the adoption process—and on 
whether children may be trafficked from poor-but-
loving families by profit-seeking adoption agents 
(University of Alabama Birmingham, 2018).  

In 2013, Russia banned adoptions of Russian 
children to citizens of the U.S. through the 
enforcement of the Yakovlev law. In 2017, the 
European Court of Human Rights ruled in favor of 
families who had been been in the process of 
adopting Russian children when the ban occurred, 
those who were stopped in the midst of their 
adoption shortly before they would have been taken 
their new child home. The court ruled that this ban 
discriminated against prospective parents based on 
nationality. Ostensibly a response to high-profile 
cases of abuse of Russian adoptees, the law was 
perceived as a response to tensions between 
Russian leaders and the Obama administration. 
The Yakovlev law has been criticized by many for 
halting adoptions and restricting Russian orphans 
from receiving proper education and healthcare 
and better opportunities elsewhere. Russia claimed 
that the ban was put into place due to the desire of 
Russian citizens to adopt children and an increase 
in domestic adoptions, and nearly twice as many 
children were living in Russian orphanages before 
the law was enforced than after. Whether the law 
achieved this goal is debatable: while fewer children 
are in Russian orphanages, fewer domestic 
adoptions have occurred in Russia after the 
adoption ban went into place (Hartog & Litvinova, 
2017). 

International adoption also raises concerns 
about child trafficking. Demand for healthy 
children outpaces supply, leading to speculation 
that drastic measures have been taken for profit. As 
outlined by the Harvard Business Review, an 
investigation found the Malaysian Social Services 
international adoption organization in India paid 
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over two hundred dollars for a child. Meanwhile, a 
French organization called Zoe’s Ark attempted to 
adopt over one hundred children from Chad by 
advertising them as war refugees although the 
majority were forcibly taken from their homes and 
their families. Unregulated adoption fees are the 
root of the problem, some experts argue; when 
adoptions are profitable and poor families lack 
resources to seek redress, the system is subject to 
abuse (Harvard Political Review, 2012).  

Additional concerns have been raised about 
international adoption. According to research on 
seven-year-old children and their mothers, those 
who were internationally adopted displayed higher 
rates of disobedience, were more likely to be 
undernourished, were below typical physical 
growth for their age, and were behind non-adopted 
children in areas benchmarks for learning 
development (Gagnon-Oosterwaal et al., 2012). 
Other research indicates children who are adopted 
experience emotional and attention issues, possibly 
due to the lack of proper care given to these children 
in orphanages during their crucial developmental 
years, for which adoptive parents may not be 
prepared (Pitula et al., 2017).  
 

Conclusion  
 

International adoptions are regulated by 
various agreements and conventions, but they 
remain a source of controversy. Both due to the 
complexity of international politics and the valid 
concerns some nations have about adopted 
children’s safety, the system is in danger of failure. 
International adoption has provided much good by 
enriching relationships between countries and 
allowing hundreds of thousands of children to find 
homes. Continued improvement of legal 
protections for these children and the families that 
love them are essential, as is the empowerment of 
NGOs and international watchdogs that can 
supervise the process and ensure its safety. 
Nonetheless, a perfect solution is unlikely. Those 
hoping to engage in international adoption should 
be aware of the vulnerabilities of that lengthy 
process and mindful of the potential ethical abuses 
within the system. 

  
Acknowledgements 

 
I thank Lucas McMillan, Dean of College of 

Behavioral & Social Sciences at Lander University, 
for his assistance and guidance on this project. 
 

References 
 

Budiman, A., & Lopez, M. H. (2020, May 30). 
International adoptions to U.S. declined in 2016. 

Retrieved from https://www.pewresearch.org/fact-
tank/2017/10/17/amid-decline-in-international-
adoptions-to-u-s-boys-outnumber-girls-for-the-
first-time/. 

Gagnon-Oosterwaal, N., et al. (2012). Pre-Adoption 
Adversity and Self-Reported Behavior Problems in 7 
Year-Old International Adoptees. Child Psychiatry 
& Human Development, 43(4), 648–660. 
https://doi.org/10.1007/s10578-011-0279-5 

Hague Conference on Private International Law. (2021). 
Adoption Section. Retrieved from 
https://www.hcch.net/en/instruments/conventions
/specialised-sections/intercountry-adoption 

Hartog, E. & Litvinova, D. (2017, January 26). Bargaining 
chips: Why Russian orphans might become political 
pawns once again. The Moscow Times. Retrieved 
February 21, 2021, from 
https://www.themoscowtimes.com/2017/01/26/ba
rgaining-chips-why-russian-orphans-might-
become-political-pawns-once-again-a56941 

Harvard Political Review. (2012, June 20). 
International adoption's trafficking problem. 
Retrieved February 21, 2021, from 
https://harvardpolitics.com/international-
adoptions-trafficking-problem/ 

Pitula, C. E., et al. (2019). Peer Problems Among 
Postinstitutionalized, Internationally Adopted 
Children: Relations to Hypocortisolism, Parenting 
Quality, and ADHD Symptoms. Child Development, 
90(3), e339–e355. 
https://doi.org/10.1111/cdev.12986 

Statute of the Hague Conference on Private International 
Law. Hague Convention. (July 15, 1955). Retrieved 
from 
https://www.hcch.net/en/instruments/conventions
/full-text 

United Nations. (2009). Child Adoption: Trends and 
Policies. New York: United Nations Publication. 
Retrieved from 
https://www.un.org/en/development/desa/populat
ion/publications/pdf/policy/child-adoption.pdf 

University of Alabama at Birmingham Institute for 
Human Rights. (2018, March 13). Orphan Fever: The 
Dark Side of International Adoption. Retrieved from 
https://sites.uab.edu/humanrights/2018/03/13/or
phan-fever-the-dark-side-of-international-
adoption/ 

U.S. Citizenship and Immigration Services (USCIS). 
(2009, September 9). Retrieved from 
https://www.uscis.gov/adoption 

U.S. Department. of State, Bureau of Consular Affairs. 
Intercountry Adoption. Retrieved 30 Mar 2020 from 
https://travel.state.gov/content/travel/en/Intercou
ntry-Adoption.html 

Zeldin, W. (2007, July). Children's Rights: International 
Laws. Law Library of Congress. Retrieved 
from https://www.loc.gov/law/help/child-
rights/international-law.php 

 
 

https://www.hcch.net/en/instruments/


April 9, 2021 

 185 

 

Producing Stress through Hostile Conversations: Stimuli 
Validation  

 
Chakieria Allen and Dr. Christa Christ 

Department of Psychology 
University of South Carolina Upstate 

800 University Way, Spartanburg, SC 29303  
cva1@email.uscupstate.edu, cchrist@uscupstate.edu 

 
Abstract - Child maltreatment is a prevalent problem 
that has lingering detrimental effects, such as a 
dysregulation in the stress response system. 
Additionally, one particular stressor is hostility, which 
maltreatment victims have increased attention to. 
Earlier studies attempting to investigate the long-term 
effects of maltreatment are limited in their 
generalizability because the laboratory stressors were 
ineffective or irrelevant to participant experience. The 
current study sought to create an ethical laboratory 
stress inducer that is generalizable to naturalistic 
conditions. Participants were asked to listen to direct 
accusatory audio files with various levels of hostile 
intensity and then report their mood. Results indicated 
participants were able to distinguish hostility levels, but 
mood was equivalent across the levels of hostility. The 
results are considered in light of the study limitations 
and suggest that a high level of hostility may not be 
needed to induce stress. 
 
Keywords- Anger, Mood, Hostile Conversations, Child 
Maltreatment 
 

Introduction 
 

There are over four million reports of child 
maltreatment to Child Protective Services annually 
involving approximately eight million children 
(LeCroy & Milligan-LeCroy, 2020). Childhood 
maltreatment occurs when a parent, or caregiver, 
abuses or neglects a child in their care. This 
exposure to abuse can cause dysregulation of the 
individual’s stress response system and the 
subsequent development of internalizing and 
externalizing behaviors (Kuhlman et al., 2018). A 
dysregulated stress response system can also 
contribute to attention control difficulties (Lim et 
al., 2016). In particular, victims of maltreatment 
have increased attention to verbal hostility, which 
then activates their stress response system (Gulley 
et al., 2014; Renner et al., 2020). Increased 
attention to hostility results in individuals being in 
a constant state of “fight or flight” (Whitsett, 2006), 
which would make it easier to detect anger 
(Bachorowski, 1999). The continuous detection for 
threat may assist victims with predicting danger in 
maltreating environments, but victims suffer the 
consequence of having decreased attention control 
capacities (Gray et al., 2016; Shackman et al., 

2007). These deficits with attentional control and 
heightened stress response have been previously 
studied, but those studies have been limited by their 
abilities to further assess these deficits due to 
ineffective or irrelevant paradigms.  

Of all laboratory stress paradigms, it is the Trier 
Social Stress Test that has been most successful at 
inducing stress, but generally produces too much 
(Foley & Kirschbaum, 2010). Other research 
attempting to induce stress through vocal hostility 
indicated the technique was limited by the indirect 
and mild nature of the cue compared to what 
individuals were used to (Pollak et al., 2005). 
Therefore, understanding the average hostility level 
used in vocal communication is imperative for 
future studies to be able to create a valid and 
applicable paradigm. The current study is an 
explorative study which looked to create an ethical 
laboratory stressor that is more generalizable to 
real-world environments. Specifically, to identify 
the minimal level of vocal intensity to be perceived 
as hostile and produce negative affect.  

 
Method 

 
Participants 

Participants of the present IRB approved study 
were students from a Southeast public university 
enrolled in a psychology course who gave consent 
for their participation. Data was obtained from 95 
students in total (Mage = 20.73, SD = 4.89): 80 
females, 13 males, one transgender male, and one 
gender non-conforming individual, and of these 44 
were African American/Black, 47 
Caucasian/White, five Hispanic/Latinx, and three 
Asian/Asian American. 

 
Measures and Stimuli 

Hostile auditory cues were represented with 16 
25-second audio recording that were classified as 
one of four differing levels of hostility (low, 
medium-low, medium-high, or high) that were 
recorded by two middle-aged adults and two young 
adults, with one male and on female for each age 
group. Accusatory language content was used to 
simulate someone getting in trouble for breaking 
something. Content was chosen with special 
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regards to suggestions made that the language of 
the hostile cue be commonly expressed in 
naturalistic conditions (Scherer, 2003). 

Participant perception of the hostility level of 
the auditory cue was measured by the question, 
“how hostile or angry would you say the person 
sounded?” with responses on a 10-point scale (1- 
not at all to 10- extremely). Previous exposure to a 
hostility level was measured by the question, “what 
percentage of the time would you say that this same 
level of hostility that you heard in the audio file has 
been used?” 

Mood was measured using 10 Negative Affect 
words (e.g., distressed, guilty, hostile) from the 
Positive and Negative Affect Schedule (Watson et 
al., 1988), with responses on a 5-point scale (1- very 
slightly/not at all to 5- extremely).  Items were 
totaled and higher scores indicated higher negative 
affect. 

 
Procedure 

Participants listened to one randomly selected 
hostile audio recording and then rated the audio for 
level of hostility and their experience with that level 
of hostility. They then completed questions 
regarding their current mood and expected mood if 
the situation had been real as opposed to just a 
recording. Last, participants listened to a second 
randomly selected audio file and rated the level of 
hostility compared to the initial audio file they 
listened to. 

 
Results 

 
There were significant mean differences in the 

hostility rating among the four intensity levels of 
the audio files, F(3,91) = 24.60, MSE = 2.62, p < 
0.001, such that the high intensity audio (M = 8.48, 
SD = 1.33) was rated the highest compared to the 
medium-high intensity (M = 6.20, SD = 1.83; p < 
0.001), medium-low intensity (M = 5.96, SD = 1.40; 
p < 0.001), and low intensity (M = 4.06, SD = 1.83; 
p < 0.001). Both the medium-high intensity (p < 
0.001) and the medium-low intensity (p = 0.001) 
audio were also rated higher than the low intensity, 
but both medium level audio files were rated 
equivalent to each other (p = 0.946). While the 
typicality of the hostile tone intensity varied across 
participants, the medium level intensity seemed to 
be most common, see Table 1. 

There was a significant main effect of mood 
F(1,89) = 109.69, MSE = 30.14, p < 0.001, such that 
current mood from listening to the hostile audio (M 
= 22.07, SE = 0.99) was less negative than their 
expected mood had the situation been real (M = 
30.69, SE = 1.11). There was not a significant main 
effect of condition on mood, F(3,89) = 1.46, MSE = 

166.14, p = 0.231, meaning that there was no 
difference in mood as a result of the different levels 
of hostility intensities: high (M = 29.50, SE = 2.09), 
medium-high (M = 24.83, SE = 1.66), medium-low 
(M = 27.10, SE = 1.79), and low (M = 24.08, SE = 
2.15). There was also no significant interaction 
between the reported mood and hostility intensity 
of the audio, F(3,89) = 0.29, MSE = 30.14, p = 
0.836, indicating that the main effect of mood was 
descriptive for both current mood and perceived 
mood if the experience had been real.  
 

Conclusions 
 

In summation, participants distinguished 
between low, medium and high levels of intensity, 
recognizing that as the vocal intensity increased, 
the level of hostility increased. These finding 
suggest that individuals may be able to identify any 
level of hostility, as long as it is distinguishable as 
hostility. Additionally, the medium-high intensity 
was reported to be the most experienced in their 
natural environment, but both medium and high 
intensity levels were indicated as typical being used 
about 44% of the time. However, hostility did not 
make a difference in the participants’ current mood 
nor their perceived mood if the situation was real. 
Although the current study addresses some 
concerns of previous literature (e.g., directness of 
hostility) our hostility cue was significantly shorter 
(Pollak et al., 2005) and thus may not have been long 
enough to cause a change in mood. The lack of a 
difference between the current mood and expected 
mood to a real hostile situation of the same 
intensity could also suggest that people are not 
good at predicting their mood moving from 
hypothetical to real-world situations, which is 
consistent with FeldmanHall et al. (2012). 

Our findings should be interpreted cautiously 
due to the limitation that 32% of participants 
incorrectly identified the second audio file’s level of 
hostility as it compared to the first audio file they 
heard, as it may suggest inattention or that people 
are not very accurate in rating the level of hostility, 
which would then subsequently affect the accuracy 
with which they report their frequency of 
experience with that level of hostility. For future 
studies, the reactions for real and hypothetical 
situations in hostile situations should be further 
investigated to ensure the appropriate level of 
hostility to use. Studies of child maltreatment target 
children, therefore, a replication study using 
children should also be completed to ensure results 
generalize. 

 
 
 

 



April 9, 2021 

 187 

 

References 
 

Bachorowski, J. A. (1999). Vocal expression and 
perception of emotion. Current Directions in 
Psychological Science, 8(2), 53–57. 
http://dx.doi.org/10.1111/1467-8721.00013 

FeldmanHall, O., Mobbs, D., Evans, D., Hiscox, L., 
Navrady, L., & Dalgleish, T. (2012). What we 
say and what we do: The relationship between 
real and hypothetical moral choices. Cognition, 
123(3), 434-441. 01 

Foley, P., & Kirschbaum, C. (2010). Human 
hypothalamus-pituitary-adrenal axis responses 
to acute psychosocial stress in laboratory 
settings. Neuroscience and Biobehavioral 
Reviews, 35, 91-96. 
https://doi.org/:10.1016.j.neubiorev.2010.010 

Gray, P., Baker, H., Scerif, G., & Lau, J. (2016). 
Early maltreatment effects on adolescent 
attention control to non-emotional and 
emotional distractors. Australian Journal of 
Psychology, 68(3), 143-153. 
https://doi.org/10.1111/ajpy.12139  

Gulley, L., Oppenheimer, C., & Hamlin, B. (2014). 
Associations among negative parenting, 
attention to bias anger, and social anxiety 
among youth. Developmental Psychology, 
50(2), 577-585. 
https://doi.org/10.1037/a0033624 

Kuhlman, K., Geiss, E., Vargas, I., & Lopez-Duran, 
N. (2018). HPA-Axis activation as a key 
moderator of childhood trauma exposure and 
adolescent mental health. J Abnormal Child 
Psychology, 46, 149-157. 
https://doi.org/10.1007/s10802-017-0282-9 

LeCroy, C. W., & Milligan-LeCroy, S. (2020). Public 
perceptions of child maltreatment: A national 
convenience sample. Children and Youth 
Services Review, 119(C), 1-8. 
https://doi.org/10.1016/j.childyouth,2020.105
677 

Lim, L., Hart, H., Mehta, M., Simmons, A., Mirza, 
K. & Rubia, K. (2016). Neurofunctional 
abnormalities during sustained attention in 
severe childhood abuse. PlosOne, 11(11), 1-20. 
https://doi.org/10.1371/journal.pone.0165547 

Pollak, S., Vardi, S., Bechner, A., & Curtin, J. 
(2005). Physically abused children’s regulation 
of attention in response to hostility. Child 
Development, 76, 968-977. doi:10.1111/j.1467-
8624.2005.00890.x 

Renner, L. M., Schwab-Reese, L. M., Coppola, E. C., 
& Boel-Studt, S. (2020). The contribution of 
interpersonal violence victimization types to 
psychological distress among youth. Child 
Abuse & Neglect, 106, 104493. 
https://doi.org/10.1016/j.chiabu.2020.104493 

Scherer, K. (2003). Vocal communication of 
emotion: A review of research paradigms. 
Speech Communication, 40(1), 227-256. 

Shackman, J., Shackman, A., & Pollak, S. (2007). 
Physical abuse amplifies attention threat and 
increases anxiety in children. Emotion,7(4), 
838-852. https://doi,org/10.1037/11528-
3542.7.4.838  

Watson, D., Clark, L., & Tellegen, A. (1988). 
Development and validation of brief measures 
of positive and negative affect: The PANAS 
scales. Journal of Personality and Social 
Psychology, 54(6), 1063-1070. 
https://doi.org/10.1037/0222-3514.54.6.1063 

Whitsett, D. (2006). The psychobiology of trauma 
and child maltreatment.  Cultic Studies 
Review, 5(3), 353-373.  

 
 
 
 
 
 

 
Table 

 
 
 
 
 
 
 
  

Table 1.  Levels of Hostility Typically Experienced  

  Typical Hostility Experience 
Levels of Intensity  More Hostility About the Same  Less Hostility 
Low   8 9 1 
Medium-Low  10 11 5 
Medium-High  10 12 8 
High   2 9 10 
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Abstract - Sexual assault impacts people of all genders, 
races, and sexual orientations. Understanding sexual 
assault requires consideration of rape myth acceptance, 
which are beliefs that sexual assault is the responsibility 
of the victim and not the perpetrator. These attitudes can 
compound adverse effects on victims of sexual assault, 
impacting mental and physical wellbeing. This study 
focuses on the relationship between rape myth 
acceptance and sexual orientation, as defined by a 
multidimensional identity. Participants who identified 
as straight showed greater rape myth acceptance than 
LGB+ people. At the bivariate level, secrecy of LGB+ 
identity was positively related to rape myth acceptance 
and importance of LGB+ identity was negatively related 
to rape myth acceptance. At the multivariate level, 
dissatisfaction with LGB+ identity was positively 
related to rape acceptance and pride about LGB+ 
identity was negatively related to rape myth 
acceptance. Greater awareness and further research of 
rape myth acceptance in the LGB+ community can 
positively affect victims.  
 
Keywords - LGB+, Sexual Orientation, Rape Myth 
Acceptance 
 

Introduction 
 

Lesbian, gay, and bisexual (LGB+) individuals 
are at a higher risk of sexual assault victimization 
(Balsam et al., 2005), with one study finding sexual 
minorities are 2.3 times more likely to be a victim 
of sexual assault (Cramer et al., 2012). By specific 
identity, 15.7% of those who identify as bisexual 
experience sexual assault and 9.8% of gay/lesbian 
individuals experience sexual assault over the 
course of three years (Coulter et al., 2017). There 
are numerous negative consequences of sexual 
assault, both physical (e.g., sexually transmitted 
infections) and mental (e.g., posttraumatic stress 
disorder; Coulter et al., 2017). Understanding these 
dangers are crucial in designing preventative 
services to offenders and providing effective 
treatment to victims in the general public, including 
sexual minorities.  

Associated with sexual assault perpetration and 
victimization is rape myth acceptance. Rape myth 
acceptance occurs when individuals hold 
permissive beliefs towards rape myths (McMahon 
& Farmer, 2011). According to one model, rape 
myths fall into seven categories: “she asked for it,” 
“it wasn’t really rape,” “he didn’t mean to,” “she 

wanted it,” “she lied,” “rape is a trivial event,” and 
“rape is a deviant event” (McMahon & Farmer, 
2011). The acceptance of rape myths can predict 
behavior. There is a correlation between rape myth 
acceptance and the perpetration of sexual assault 
(Widman & Olson, 2013). There are also certain 
demographics more associated with rape myth 
acceptance. Women are less supportive of rape 
myths than men (McMahon & Farmer, 2011). 
Individuals identifying as queer are less accepting 
of rape myths compared to those identifying with 
other sexual orientations (Schulze & Koon-Magnin, 
2017). It is thought that, because they are more 
invested in social activism, queer people are less 
likely to accept discrimination against victimization 
(Schulze & Koon-Magnin, 2017). 

A person’s sexual identity can play a big part in 
overall personal identity. One model of LGB+ 
identity focuses on eight facets that categorize an 
individual’s thoughts and feelings about themselves 
and the LGB+ community (Mohr & Kendra, 2011). 
The eight facets are 1) concealment motivation: the 
desire to maintain privacy of one’s identity, 2) 
identity uncertainty: when one is unsure of their 
sexual orientation identity, 3) internalized 
homonegativity: dismissal regarding one’s identity 
due to negative feelings towards themselves, 4) 
difficult process: one’s interpretation of the level of 
difficulty associated with the expansion of their 
identity, 5) acceptance concerns: attention towards 
potential discrimination associated with identity, 
6) identity superiority: to be partial to other LGB+ 
people over heterosexual people, 7) identity 
centrality: how closely one ties LGB+ identity with 
their overall person, and 8) identity affirmation: 
support of LGB+ identity.  

There is a lack of research on the connection 
between sexual orientation and rape myth 
acceptance, especially when sexual orientation is 
considered a multidimensional identity (Aosved & 
Long, 2006). Therefore, we analyzed the 
relationship between LGB+ identity and rape myth 
acceptance. We hypothesized that LGB+ 
participants will have lower rape myth acceptance. 
Identity superiority, concealment motivation, 
internalized homonegativity, difficult process, and 
acceptance concerns were hypothesized to be 
positively associated with rape myth acceptance. 
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Identity affirmation, identity centrality, and 
identity uncertainty were hypothesized to be 
negatively associated with rape myth acceptance.  
 

Method 
 
Participants  

Participants were recruited from a Psychology 
101 subject pool at a Western university (n = 548, 
48.8%) as well as Mechanical Turk, a crowd-
sourcing website (n = 576, 51.2%). They had a mean 
age of 27.3 years and a standard deviation of 9.7 
years. By gender, 386 (34.3%) men and 738 (65.7%) 
women participated. By race, 610 (54.3%) were 
White/Caucasian, 52 (4.6%) were Black/African 
American, 170 (15.1%) were Hispanic, 168 (14.9%) 
were Asian, 102 (9.1%) were Multiracial, and 22 
(2.0%) identified as another race. By sexual 
orientation, 906 (80.6%) of the participants 
identified as straight, 45 (4.0%) as lesbian/gay, 112 
(10.0%) as bisexual, and 61 (5.4%) identified as 
another orientation. When asked to identify if they 
were a victim of sexual assault, 836 (74.3%) 
participants said no, 263 (23.4%) said yes, and 26 
(2.3%) participants chose not to say. 

 
Methods and Measures  

The study was described as regarding violence 
and victimization. Participants completed the 
questionnaire online. This analysis is based on data 
from a larger study. 

Measures included the Updated Illinois Rape 
Myth Acceptance Scale (IRMA; McMahon & 
Farmer, 2011), an assessment of rape myth 
acceptance. The scale consists of 25 items 
consisting of seven subscales; however, the total 
score was used. The scale asks participants to give 
their agreement to rape myths on a scale from 1, 
strongly disagree, to 5, strongly agree. Cronbach’s 
alpha for the overall sample was .92 and, for LGB+ 
participants only, it was .90. 

The Lesbian, Gay, Bisexual Identity Scale 
(LGBIS; Mohr & Kendra 2011) was also used. The 
LGBIS is a measure of sexual minority identity, as 
defined by eight subscales: concealment 
motivation, internalized homonegativity, identity 
uncertainty, acceptance concerns, identity 
affirmation, identity superiority, identity centrality, 
and difficult process. Therefore, only LGB+ 
participants completed the scale. It consists of 27 
items and participants respond on a scale from 1, 
disagree strongly, to 6, agree strongly. Cronbach’s 
alpha for each of the subscales ranged from .72 to 
.92.  

 
 

 

Results  
 

There was a difference in rape myth acceptance 
by sexual orientation (F [3,120.32] = 10.63, p < 
.001, η2 = .02). Straight participants were higher on 
rape myth acceptance than lesbian/gay participants 
(p = .002) and bisexual participants (p < .001). 
These differences remained consistent even when 
controlling for gender, race, and sexual assault 
victimization (F[3,1111] = 7.37, p < .001, ∆R2 = .02) 

Within the sexual minority sample, at the 
bivariate level, there was a very weak negative 
relationship between rape myth acceptance and 
identity centrality (r = -.16, p = .031) as well as a 
weak negative relationship between rape myth 
acceptance and identity affirmation (r = -.20, p = 
.010). There was also a very weak positive 
relationship between rape myth acceptance and 
concealment motivation (r = .15, p = .042) as well 
as a weak positive relationship between rape myth 
acceptance and internalized homonegativity (r = 
.20, p = .008). There were no relationships between 
rape myth acceptance and identity uncertainty (p = 
.963), difficult process (p = .360), acceptance 
concerns (p = .933), and identity superiority (p = 
.582). 

When controlling for age, gender, and sexual 
assault perpetration, all facets of sexual minority 
identity that were significant at the bivariate level 
became non-significant when analyzed 
simultaneously at the multivariate level (F[4,168] = 
2.15, p = .077). When entered alone, aspects of 
identity that remained significant were identity 
affirmation (F[1,171] = 3.94, p = .049, ∆R2 = .02, ꞵ 
= -.14) and internalized homonegativity (F[1,171] = 
6.10, p = .015, ∆R2 = .03, ꞵ = .17). 

 
Conclusion  

 
Of the proposed hypotheses, some were 

supported. Sexual orientation, with LGB+ people 
scoring lower, was related to rape myth acceptance. 
Although many identity facets were not related to 
rape myth acceptance, concealment motivation 
(positive relationship), identity centrality (negative 
relationship), identity affirmation (negative 
relationship), and internalized homonegativity 
(positive relationship) were all significant at the 
bivariate level. However, when controlling for 
demographic variables, when entered alone, only 
identity affirmation and internalized 
homonegativity remained significant while 
concealment motivation and identity centrality had 
no relationship. However, all relationships became 
non-significant when entered simultaneously. 

We now have a better understanding of the 
relationship between sexual orientation and rape 
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myth acceptance. Though the relationships found 
in this analysis were weak, there is significance in 
the findings. People with a more positive and less 
negative LGB+ identity may be able to better 
recognize the scrutiny that rape victims are 
subjected to. This could be related to the amount of 
acceptance that LGB+ individuals receive. Possibly, 
the more perceived support, the more likely it is for 
them to be supportive of others being discriminated 
against. This study can be used to support the 
provision of resources for the LGB+ community, 
such as education of sexuality, safe spaces, support 
groups, and counseling. 
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Abstract — India is one of the most populated countries 
in the world, and it is also one of the oldest democracies. 
It has vastly different parties, as well as being more 
politically diverse. This came into play as a result of the 
economic liberation of India, which happened after 
1990, in which more technology, like social media, was 
introduced into the country. This research goes to ask 
and answer the question: how does social media interact 
with political attitudes like country satisfaction, 
democracy, confidence in leadership, and economic 
situations. Also, has social media had any impact on 
India's discourse of politics? After running a linear 
regression study with PEW 2018 global data set, the 
research suggests that social media does play a 
significant role in regard to country satisfaction and 
confidence in leadership, but not with the other factors. 
The research study goes into the reasons why this might 
be the case and, possibly, the reliance on old media– like 
newspapers and traditional media sources– could have 
something do with it. By in large, this is a unique study 
that talks about the literature and the border impacts of 
political attitudes in India. 
 
Keywords — India, Social Media, Political Attitudes 
 

Topic and Introduction 
 

Do political attitudes influence a person’s 
political support for government in India? This 
question is important because India is the largest 
democratic country in the world, and this question 
will test how post liberalization India will react to 
social media. This is a very important question to 
ask since India has seen rapid growth after the 
1990-post economic liberalization, as well as the 
introduction to news media and how that media, or 
any other factor, influences this country. 

 There have been multiple studies that have 
been done in this realm of political science. Various 
different studies have been based out of political 
attitudes in India and in many other post-colonial 
settings. Additionally, people have also studied 
social media separately, but there have not been 
studies that have combined them together. This 
also breaks down the different countries, like 
Korea, Latin America, and so on, that talk about 
how political attitudes affect a person’s political 
support. The gap in literature that this work will 
address is that there is no study that focuses on 
India country and measures political attitudes in 
support of the government as a whole. Looking at 

all the different country states, and theories they 
seem to have a mixed view about how social media 
has affected a political attitude. Most of the 
literature affirms that social media has increased 
voting participation, but political attitudes seem to 
believe that some countries are more affected by 
others. South Korea found that a reliance on “old” 
media, like newspapers, have affected political 
attitudes more so than social media. Latin America 
also had a similar effect where it stated that the 
country had a negative correlation with citizen 
attitudes and social media (Gainous et al., 2016). 
Nigeria had somewhat of a positive correlation 
between social media and young male and female 
political attitudes, but political participation was 
low, and the study only targeted ages 16-32, 
specifically (Dagona et al., 2013). Even when 
looking at the literature of comparing YouTube, 
Facebook, and Myspace, it was also found that 
interpersonal discussion increases the level of 
participation, yet it has the complete opposite effect 
when it comes to political attitudes (Zhang et al., 
2010). This further can be seen when analyzing 
Twitter and other social media platforms the online 
and offline difference in participation and the 
motivation of actually implementing political 
change is low (Barberá et al., 2015). The party 
system could also play a role. It could be volatile 
which hinders people from participating in the 
political system, this means someone could be more 
politically engaged within forum of social media but 
are more reluctant to participate outside of it and 
certain institution have more freedom for political 
participation (Carlin & Love 2013). However, 
despite all of this there is a lot of scholarship that 
says that online news and political and civic 
engagement does have a pretty standard correlation 
especially those who interested (Norris, 2001). The 
general and online news cycle fosters a discussion, 
increases knowledge of politics, and stimulates 
political interest (Mossberger et al., 2008). All 
though online news and social media will lead to 
discussion, it may tend towards negative 
discussions or political disagreement which in 
these forums there are supposed to be neutral 
political forums (Kahne et al., 2012). All this is to 
say to that social media in relatively new in liberal 
democracies like India and therefore social media is 
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important because it builds social capital which 
stabilizes legitimacy in new democracies (Ellison et 
al., 2011).  

It can be inferred that, since social media 
behaves in different ways by affecting political 
attitudes, India will have mixed outcomes in testing 
certain political attitudes than others and, since 
India has a reliance on “old” media, how will that 
play into effect when measuring for these two 
different values.  
 

Data and Methods 
 

The data set used comes from the Pew Research 
Center’s 2018 Global Attitudes Survey, which 
surveyed more than 2,000 people in India in the 
Spring of 2018. The independent variables that 
were used for this is social media use. The control 
variables for this experiment are sex (gender), age, 
religion, and education level. The dependent 
variables were satisfaction with the country, 
economic situation, satisfaction with democracy, 
and confidence with the current prime minister 
Narendra Modi. An Ordinary-Least Squares (OLS) 
regression was run for all of these variables. A 
regression is used because it measures the 
correlation between to variables to determine 
statistical significance within the data.  
 

Results 
 

Table 1 shows the effects of social media use on 
a person’s support for government in India. In 
terms of results of what tested significant when the 
regression model was run, social media users have 
less satisfaction with the country. However, the rest 
of the correlations were not significant, including 
economic satisfaction, support for democracy, and 
support for Modi.  

 
Discussion and Conclusion 

 
It was a bit surprising that support for the 

country tested significantly because of the 
overwhelming literature that was negative, 
especially in Asian countries; even Latin America 
was not showing any positive correlation with social 
media and political attitudes. In terms of the other 
elements, like Economic Satisfaction, Democracy, 
and Support for Modi tested negatively. This was 
also a bit surprising that, especially regarding 
democracy. It also says that Social Media is 
correlated with lower satisfaction with country 
development, but it showed no affects for others. 
Most people who happen to be wealthy use social 
media more than people that are not, which can be 
concluded from this data set as well. In other words, 
the wealthier individuals have access to the internet 

and social media, and they may tend to reflect their 
status, which could offer another way of looking at 
the results. The hypothesis that was tested was 
false; it was a positive correlation between country 
satisfaction and social media, and confidence in 
Modi and social media. Future studies should 
definitely focus on whether or not old media 
impacts political attitudes. Specifically, how 
newspapers, televised news, and other media 
sources would affect political attitudes. Moreover, 
there still seems to be interest in the traditional 
newspapers’ sources, like Times of India, and the 
Herald. Research, in general, should increase about 
India, allowing more people to learn different 
things about the Indian public, how they vote, and 
how social media is influencing them to not only 
vote, but how it forms their political attitudes as 
well.  
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Tables 

 
 Table 1. The Effect of Social Media on Support for Government in India 
 

Variables Satisfaction with  Satisfaction with Satisfaction with Support For  

 Country Economy Democracy Modi 
Social Media -.058* -.037 -0.834 .026 

 (.028) (.059) (.060) (.057) 
Gender .014 .034 -0.17 0.77 

 (.023) (0.48) (.049) (.046) 
Age .001 -.001 .001 .001 
 (0.001) (.002) (.002) (002) 

Religious -7.939E-5 .027 .039 .050 
Attendance (.001) (.021) (.023) (.017) 
Education  .011 -.007 -.011 -.006 

 (.004) (0.008) (0.008) (0.007) 
Constant 1.376*** 2.307***          2.369*** 1.583*** 
 (.069) (.143)                       (.147)                       (.139) 

Standard errors in parentheses 
                                        *** p<0.001, ** p<0.01, * p<0.05 
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Abstract — QAnon is a conspiracy theory that is 
increasingly prevalent in the United States. Among its 
many claims, QAnon declares COVID-19 does not exist 
and is accompanied by political distrust among its 
supporters. Using data collected as part of a larger 
study, we test the relationship between QAnon beliefs 
and prevention behaviors and vaccine intentions using 
a sample includes 1695 South Carolina residents. Results 
showed that beliefs in QAnon were negatively, and 
linearly, related to COVID-19 preventative behaviors 
and vaccine intentions.  
 
Keywords – COVID-19, QAnon, Conspiracy Theories, 
Preventive Behaviors, Vaccine 
  

Introduction 
  

COVID-19 is described by the World Health 
Organization (WHO) as a disease caused by a 
coronavirus that induces respiratory symptoms 
combined with digestive complications and 
sometimes neurological effects (World Health 
Organization [WHO], 2020b), although each 
person may have different experiences. Some 
present no symptoms at all yet can be prime 
carriers for the disease. Others endure each 
symptom and stay confined to their beds due to 
high fever, painful coughs, and disrupted digestion. 
Most of all, many die from the disease without 
being alongside their loved ones due to 
confinement protocol and infection protection. 
Consequently, the World Health Organization 
declared COVID-19 as a pandemic, starting in 
March of 2020, and there have been over 
109,000,000 cases worldwide as of early February 
2021 (WHO, 2020a, 2020c).  

To try to minimize these numbers, 
recommendations have been made to quarantine, 
social distance, implement curfews, wear masks, 
and wash hands frequently. Some of these 
recommendations have turned into requirements 
and subsequently faced lash back from 
communities. Conspiracy theories have fueled part 
of this retaliation and disobedience of 
recommendations/policies, combined with 
mistrust, misinformation, and personal feelings. A 
conspiracy theory is the assumption that some 
outgroup, usually secretive in nature, is pursuing 
malevolent goals (Karic & Mededovic, 2021; Van 

Prooijen, 2020). These tend to develop as a coping 
mechanism during times of crisis where events and 
reasons are unexplainable and undefined (Bavel et 
al., 2020; Van Prooijen, 2020).  

Van Prooijen's existential threat model of 
conspiracy theories suggests there are three 
collective motives that influence the rise of 
conspiracy theories: 1) existential threat, 2) sense-
making processes, and 3) an antagonistic outgroup. 
It is widely believed that the first outbreak of 
COVID-19 was in Wuhan, China; the threat of the 
virus came from overseas and had unknown origins 
at the beginning. Even though numbers rose in 
America, there was a small perception of threat, as 
the country is vast, and the directed risk was 
towards those with compromised immune systems 
and the elderly (which many did not identify with). 
Then came the 2020 election, and conspiracy 
theories of the virus started to bind with political 
theories.  

Over 1/3 of Americans adhere to conspiracy 
theories (Bierwiaczonek et al., 2020). One 
increasingly common example is the conspiracy 
theory QAnon, headed by a mysterious computer 
personality that goes by “Q.” It is believed by 
supporters that Q is a part of American intelligence 
or an individual with high clearance credentials, 
whose aim is to expose the truth of the “deep state” 
(a secret sector of government that has a malevolent 
hidden agenda) and elites that are corrupting the 
country. Relating to COVID-19, Q claims the virus 
is a hoax created by the “deep state” (LaFrance, 
2020) The conspiracy theory proposes many 
contradictions such as the invalid existence of the 
virus, and yet also identifies the creators of the 
“non-existent” virus (i.e., the Chinese government). 
It is possible that the vast percentage of Americans 
that support QAnon also believe that the virus is 
non-existent, thus leading to the substantial 
number of Americans who do not comply with 
government (“deep-state”) policies. With over 
27,000,000 Americans affected by COVID-19 
directly, it is important to investigate how the belief 
in QAnon affects compliance with prevention and 
protection policies against this coronavirus (WHO, 
2020a). 
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Previous research has linked general 
conspiracy theory beliefs to authority and COVID-
19 behaviors. Karic and Mededovic (2021) found 
that the more an individual believed in conspiracy 
theories, the less likely they were to adhere to 
containment-related behaviors for COVID-19 
protection.  Political trust was a mediator, seeing 
that those who held a higher trust for their political 
government, tended to trust protocols and follow 
them. Marinthe et al. (2020) found that those with 
a conspiracy mentality often failed to engage in 
normative behaviors, and increased non-normative 
behaviors; also finding that when protocols were 
government-driven, those with high conspiracy 
mentality disengaged unless there was a perception 
of direct risk. Additionally, Bierwiaczonek et al. 
(2020) found that those who had stronger 
conspiracy beliefs tended to social distance less; 
when questioned a second time, they showed less of 
an increase in social distancing compared to non-
believers.  

With the awareness of the prevalence of QAnon 
in America and its effect on the acknowledgment of 
the virus’s existence, in combination with what is 
known from previous research regarding 
conspiratorial beliefs and government-driven 
policies, we believe that Qanon beliefs will be 
negatively related to prevention behaviors and 
vaccine adoption. 
Hypothesis 1: Beliefs in the Qanon conspiracy 

theory will be negatively related to COVID-19 
prevention behaviors. 

Hypothesis 2: Beliefs in the Qanon conspiracy 
theory will be negatively related to intentions to 
 receive a COVID-19 vaccine. 

 
Method 

 
Data in the current study were collected as part 

of a larger project investigating COVID-19 
phenomena across the state of South Carolina. 
Using Qualtrics to source participants, a 
representative, stratified sample of South Carolina 
residents above the age of 18 was obtained. A total 
of 1707 individuals participated in the data, with 
74.1% female, 75% white, and an average age of 43 
years old. A conservative screen for careless 
responding was performed (see Meade & Craig, 
2012; details available from the last author), leaving 
1695 participants for data analysis. 

For the current study, six items were used to 
test our study hypotheses. To measure Qanon 
conspiracy theory beliefs, participants were asked, 
“Which answer best reflects your beliefs about the 
QAnon Theory” and responded with: I don’t 
know/Never heard of it, Completely False, Some 

Parts True, and Mostly True. Preventative 
behaviors were assessed with three items, "How 
often do you thoroughly wash your hands with soap 
and water or use alcohol-based hand sanitizer”, 
“How often do you wear a mask when entering a 
public place even if it is not required”, and “How 
often do you practice social distancing of 6 feet 
when you are in public?” Participants answered 
using a four-point scale anchored from never to 
always (α = .70). Participants were also asked, 
"Assuming approval by the FDA, do you plan to take 
a vaccine for COVID-19 if and when it becomes 
available?” and answered with yes or no. 

 
Results 

 
To test hypothesis 1, we ran an ANOVA (using 

the Games-Howell statistic for post-hoc 
comparisons), excluding participants that 
responded, “I don’t know/Never heard of it.” 
Findings supported hypothesis one, whereby there 
was a main effect of QAnon beliefs on self-reported 
preventative behaviors, F(2, 581) = 9.855, p < .01. 
The group mean for Completely False (M = 3.58, SD 
= .49) was significantly higher than the means for 
Some Parts True (3.41, SD = .60) and Mostly True 
(3.29, SD = .82), while the latter two were not 
significantly different from each other. 

To test hypothesis 2, we chose to perform a chi-
square test on the relationship between QAnon 
beliefs and vaccine intentions. Results indicated 
that the result was statistically significant, χ2(2, 
584) = 24.51, p < .001, providing full support for 
hypothesis 2 with the expected pattern of results 
(Table 1). 

 
Table 1. Vaccine Intentions by QAnon Beliefs 

  Vaccine Intentions 
QAnon Beliefs Yes No 
Mostly True  40 (48.8%)  42  
Some Parts True  116 (54.0%)  99  
Completely False  207 (72.1%)  80  
Total  363 (62.2%)  221 

 
Conclusions 

 
This study explored whether there was a 

negative relationship between beliefs in the 
conspiracy theory QAnon and COVID-19 
prevention behaviors and vaccine intentions in the 
United States. Results substantiated our 
hypothesized negative relationship between beliefs 
in QAnon and preventative behaviors. Further, 
those believing QAnon as completely false had the 
highest intentions to receive the vaccine, while 
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those who believe QAnon to be mostly true had the 
lowest intentions to receive the vaccine. While our 
stratified sampling procedure offered a 
generalizable sample of SC residents, it is unknown 
to what extent these findings may generalize to the 
broader American population. Additionally, the 
sample only included participants who had 
knowledge of QAnon, so it did not include those 
unaware or believing in additional conspiracy 
theories that may or may not have affected their 
reported behaviors and intentions. 

Considering the combination of conspiracy 
beliefs and vaccine hesitation, the influence of anti-
vaxx beliefs and the COVID-19 vaccination should 
be examined in future research. Practically, our 
findings indicate that QAnon beliefs, and perhaps 
conspiratorial beliefs more broadly, pose a threat of 
disobedience or non-normative behaviors to public 
safety measures proposed by authorities. It is 
important for authorities, like government officials 
and nongovernment health experts, to quickly and 
publicly inform citizens of the truth regarding 
disease transmission and containment, as well as 
the possible misinformation that may hinder 
adherence to important public health policies.  
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Abstract — The corona mortis is an anatomic variant 
that involves anastomosis between the internal and 
external iliac systems, which lies posteriorly over the 
superior pubic ramus. Given its location, the corona 
mortis is at risk for injury in pelvic trauma and a variety 
of pelvic surgeries, including acetabular fracture repair, 
inguinal hernia repair, radical cystectomy, Burch 
colposuspension, and mid-urethral sling placement. 
Here, we present two cases of hemorrhage from the 
corona mortis in the setting of pelvic trauma that were 
successfully treated using catheter-guided embolization.  
 
Keywords – corona mortis, aberrant obturator artery, 
inferior epigastric artery, pelvic trauma, embolization 
 

Introduction 
 

The name alone, corona mortis, or “crown of 
death,” signifies its importance; however, the 
specific definition of corona mortis is still debated. 
In the most general sense, it is a venous or arterial 
connection between the internal and external iliac 
systems that lie posteriorly over the superior pubic 
ramus (Okcu et al., 2004). Most commonly, corona 
mortis is defined as a vascular connection between 
the obturator artery (a branch of the internal iliac 
artery) and either the inferior epigastric artery (a 
branch of the external iliac artery) or the external 
iliac artery itself (Darmanis et al., 2007). Authors 
Rusu et al. (2010), Ates et al. (2016), and Kinaci et 
al. (2016) argued for a broader definition that 
reflects the trap on the retropubic area for surgeons 
rather than the anatomic structure. They proposed 
that any vessel crossing the superior pubic ramus 
should be named corona mortis. 

The existence of corona mortis is not commonly 
taught during medical school, which may be due to 
anatomic textbooks historically attributing the 
label of “anomalous, “aberrant,” or “accessory” to 
this variant vessel (Gilroy et al., 1997).  However, 
with a prevalence of approximately 46% (Noussios 
et al., 2020), its presence is common. It is a risk for 
injury in pelvic trauma and various pelvic surgeries, 
including acetabular fracture repair, inguinal 
hernia repair, radical cystectomy, Burch 
colposuspension, and mid-urethral sling 
placement. 

Here we present two pelvic trauma-induced 
cases of corona mortis hemorrhage treated 
successfully with catheter-guided embolization.  
 

Case Reports 
 
Case 1 

An 81 y/o male presented following a motor 
vehicle crash in which he was a restrained backseat 
passenger of a car hit on the driver’s side. The 
patient did not sustain a loss of consciousness or 
head trauma. On arrival to the trauma bay, the 
patient’s initial BP was 96/65. He was transfused 
with 2 units of packed red blood cells and 2 units of 
fresh frozen plasma. Focused Assessment with 
Sonography in Trauma (FAST) exam and 
diagnostic peritoneal lavage were performed to 
assess for hemorrhage but were negative. The initial 
hemoglobin level was 12.1 g/dL. Contrast-enhanced 
CT of the abdomen and pelvis demonstrated left 
clavicle fracture, multiple bilateral rib fractures 
with extrapleural hematoma, non-displaced sternal 
fracture, extensive subcutaneous emphysema over 
the left chest wall, left axilla, into the base of the 
neck and superior mediastinum, fractures of the 
right transverse processes at L1 and L2, bilateral 
superior and inferior pubic rami fractures, and 
prominent hematoma involving the left gluteal 
musculature with several regions of active vascular 
extravasation.  After Ct examination, the patient 
again became hypotensive and was transfused an 
additional 4 units of packed red blood cells and 4 
fresh frozen plasma units.  

Once hemodynamically stable, the patient 
underwent pelvic angiogram and embolization. 
Access was gained into the right common femoral 
artery under ultrasound guidance using a 
micropuncture set and Seldinger technique. An 
angiographic catheter was advanced into the left 
common iliac artery, which demonstrated active 
bleeding in the deep pelvis and left gluteal region. 
The catheter was then advanced into the left 
internal iliac artery. Gelfoam embolization was 
performed of the left internal iliac artery without 
complication. An angiogram of the left external iliac 
artery demonstrated an anatomical variant with an 
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obturator branch arising directly from the external 
iliac artery. Selective angiography of this obturator 
artery demonstrated active bleeding into the 
obturator muscle bed. Gelfoam embolization was 
performed, followed by coil embolization with 4 
mm Concerto coil. The post-embolization 
angiogram confirmed no active bleeding. Angio-
seal closure of the right common femoral puncture 
site was performed without complication. Pulses 
were maintained above and below the puncture 
site, and estimated blood loss during the procedure 
was 10 mL. 

The patient was then transferred to the 
intensive care unit, where his post-procedural 
hemoglobin was 10.1 g/dL. Orthopedic surgery 
recommended non-surgical management of pelvic 
fractures. The following day, he became 
hypotensive with a hemoglobin of 6.5 g/dL, 
requiring additional blood products, prothrombin 
complex concentrate, and a short course of 
pressors. A repeat intravenous contrast enhanced 
CT scan of the abdomen and pelvis was negative. 
The patient required multiple transfusions of 
packed red blood cells for hemoglobin less than 7 
g/dL throughout his stay but otherwise remained 
stable. He was discharged to a skilled nursing 
facility for rehabilitation 10 days after trauma in 
stable condition.  
 
Case 2 

A 47 y/o male presented following a motorcycle 
crash in which he was the unhelmeted driver. He 
sustained trauma to the head and loss of 
consciousness. On arrival to the trauma bay, he was 
hemodynamically stable with an initial BP of 
110/60 and HR of 79. The initial hemoglobin level 
was 12.6 g/dL, and an AP pelvis radiograph 
demonstrated an open book pelvic injury. 
Intravenous contrast-enhanced CT examination 
revealed an APC III open book pelvis injury with 
right SI widening and active contrast extravasation 
in the left pelvis.  

A pelvic binder was placed, and the patient 
underwent pelvic angiography and embolization. 
Access was gained into the right common femoral 
artery with a 4-French micropuncture kit using 
Seldinger technique. A pelvic angiogram was 
performed, and irregularity of the right internal 
iliac artery was noted, likely due to intimal injury 
from blunt pelvic trauma. Active arterial 
extravasation of contrast adjacent to the left pubic 
symphysis was demonstrated. Selective 
angiography of the left internal iliac artery 
demonstrated active arterial extravasation of 
contrast near the left pubic symphysis, arising from 
a left internal pudendal arterial branch. The 
anterior division of the left internal iliac artery was 

extremely diminutive in size. Gelfoam embolization 
was performed immediately proximal to the origin 
of the anterior division of the left internal iliac 
artery. Post embolization angiogram confirmed 
successful embolization of the anterior division of 
the left internal iliac artery and a portion of the 
posterior division of the left internal iliac artery. 
However, active arterial extravasation of contrast 
was noted from a branch of the left inferior 
epigastric artery (corona arteria mortis) 
communicating with the anterior division of the left 
internal iliac artery. The catheter was then 
advanced into the left external iliac artery and a 2.8 
French Progreat micro catheter was utilized to 
select the left inferior epigastric artery as distally as 
possible near the site of bleeding adjacent to the left 
aspect of the pubic symphysis. Embolization was 
performed with a total of six 2 mm Hilal coils. A 
follow-up angiogram demonstrated successful 
embolization with no further active arterial 
extravasation. The catheter was removed, and the 
right common femoral access site was closed 
successfully with a 6-French Star close device.  

He was hemodynamically stable post 
embolization, receiving 4 units of packed red blood 
cells on the date of admission. 

On hospital day 4, the patient underwent open 
reduction and internal fixation anterior pelvic ring 
disruption as well as closed reduction and 
percutaneous screw fixation of right posterior 
pelvic ring disruption. His hemoglobin was 9.1 g/dL 
on day 4, and he ultimately required 4 units of 
blood during the operation in addition to one unit 
the day before surgery. He was discharged to a 
skilled nursing facility in stable condition for 
rehabilitation 15 days after admission.  
 

Discussion  
 

The obturator artery most commonly 
originates as a branch off of the anterior division of 
the internal iliac artery. However, this vessel has 
many variations in origin and can form an 
anastomosis with the inferior epigastric or external 
iliac arteries, creating the corona mortis (Leite et 
al., 2017). The prevalence of the arterial variant of 
corona mortis is debated in the literature but has 
been reported as high as 55.1% in angiographic 
studies (Requarth & Miller, 2011) and as high as 
60% in cadaveric studies (Bible et al., 2014). Two 
recent meta-analyses by authors Sanna et al. (2018) 
and Noussios et al. (2020) report a prevalence of 
arterial corona mortis at 17% and 25%, respectively. 
This anatomic variant is crucial in the setting of 
pelvic fracture as its location over the superior 
pubic ramus increases the risk of injury and can 
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lead to life-threatening hemorrhage (Henning et 
al., 2007).  

Spasm of the lacerated corona mortis vessel 
during displaced fractures makes them challenging 
to identify at the time of operation (Sarkicoglu et 
al., 2016). Catheter-guided embolization provides a 
successful alternative to quickly control 
hemorrhage in severe pelvic injuries (Daeubler et 
al., 2003).  

Here, we present two variants of arterial corona 
mortis which were injured in the setting of pelvic 
fracture. The first variant was an obturator branch 
arising from the external iliac artery, and the 
second was a communication between the left 
inferior epigastric artery and anterior division of 
the left internal iliac artery. Both patients were 
successfully treated with embolization with 
Gelfoam followed by coils. Microparticles and coils 
have also been shown to be successful (Daeubler et 
al., 2003). 

Interventional radiologists must be aware of 
these anatomic variants and investigate both the 
internal and external iliac arteries for potential 
bleeding. As demonstrated above, catheter-guided 
embolization is an effective treatment for corona 
mortis hemorrhage. 
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Abstract — This case report outlines a case of left 
Aspergillus otomycosis with associated left tympanic 
membrane perforation that required tympanoplasty in 
an immunocompetent 28-year-old woman. Aspergillus 
otomycosis is uncommon in young immunocompetent 
patients without obvious risk factors. This case report 
highlights the importance of considering Aspergillus 
otomycosis in the differential diagnosis of all patients 
presenting with otalgia and otorrhea that does not 
improve with antibiotic therapy to avoid the potential 
devastating complications from an untreated infection.    
 
Keywords:  Aspergillus, otitis, immunocompetent, 
tympanic membrane rupture, otomycosis 
 

Introduction  
 

Aspergillus is an aerobic mold that is 
ubiquitous in nature and commonly inhaled by 
people globally, usually only infecting people with 
compromised immune systems (Abo-Zed & Phan, 
2020). Aspergillosis of the ear, or Aspergillus 
otomycosis, is less common, especially in young 
immunocompetent patients. This case report 
describes an Aspergillus otomycosis infection 
leading to a tympanic membrane rupture in a 28-
year-old immunocompetent female patient during 
the winter, with no recent travel exposure to a 
humid environment, no recent swimming, and no 
auricular or external ear canal trauma.  This case 
report reveals the importance of including 
Aspergillus otomycosis in the differential diagnosis 
during the workup of all patients, regardless of risk 
factors, who present with persistent otorrhea, 
pruritis of the ear canal, and otalgia in order to 
prevent the devastating sequalae of an untreated 
Aspergillus otomycosis infection.  

 
Case Report  

 
A 28-year-old female with no significant past 

medical history presented to her primary care 
physician on Day +7 after experiencing left ear pain 
(otalgia) and decreased hearing in her left ear. She 
was diagnosed with acute left otitis media and was 
prescribed a course of amoxicillin/clavulanate for 
treatment. The patient had no recent illnesses prior 
to these acute concerns. She had multiple ear tubes 
as a child for recurrent otitis media with no 
complications and had no other significant medical 
or surgical history.  

On day +14, the patient presented to an urgent 
care clinic due to left otorrhea, as well as unresolved 
left otalgia and hearing difficulty. Purulent debris 
was observed in the left ear canal, and the patient 
was diagnosed with left acute otitis externa and 
subacute left otitis media. Ciprofloxacin 0.3% and 
dexamethasone 0.1% combination ear drops and 
trimethoprim/sulfamethoxazole were prescribed 
for antibiotic treatment. On day +24, the patient 
was admitted to the hospital for a steady increase in 
severity of her left otalgia. Otolaryngology was 
consulted and noted tenderness to palpation of the 
left tragus of the ear, as well as tenderness to the left 
mastoid bone, with no overlying cellulitis or 
swelling over the mastoid bone. Thick purulent 
debris and desquamated skin was observed in the 
left ear canal, which when cleared with suctioning, 
revealed a 30% perforation of the left tympanic 
membrane with underlying inflammation of the 
middle ear. There was no evidence of 
cholesteatoma. The patient was diagnosed with an 
acute left tympanic membrane perforation with 
subacute otitis media, subacute otitis externa, and 
probable early mastoiditis. Ciprofloxacin 0.3% and 
dexamethasone 0.1% combination ear drops as well 
as cefuroxime tablets were prescribed for 
treatment.  

On day +31, the patient followed up with 
otolaryngology in the outpatient setting for 
improving but persistent left otalgia and otorrhea. 
On physical exam, inflammation was improving in 
the patient’s left ear canal, however, 30% of the left 
tympanic membrane remained perforated. A 
microbial culture from the patient’s left ear canal 
was obtained and sent to the laboratory for further 
evaluation. Moxifloxacin was added to the 
pharmacologic regimen of ciprofloxacin 0.3%, and 
dexamethasone 0.1%, and cefuroxime. On day +40, 
the microbial culture from the patient’s left ear 
revealed positive results for Aspergillus. On 
physical exam, white fungal debris was observed in 
the left ear canal. The otolaryngologist cleaned the 
left ear canal and prescribed antifungal 
clotrimazole drops and recommended dry left ear 
precautions for treatment.  

On day +59, the patient’s otalgia and otorrhea 
had completely resolved. The ear canal and middle 
ear were dry with a healing 20% posterior tympanic 
membrane perforation. An audiogram was 
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performed and revealed mild left conductive 
hearing loss. Left tympanoplasty was 
recommended at this time due to the persistent 
tympanic membrane perforation without signs of 
active infection.  

Left tympanoplasty surgery was therefore 
performed on day +231 after the patients waxing 
and waning Aspergillus otomycosis infection was 
successfully treated without recurrence and 
without spontaneous tympanic membrane 
perforation healing. The patient’s left tympanic 
membrane was successfully grafted, and the 
surgery was a success. During the patient’s post-
operative visit on day +247, the patient’s tympanic 
membrane was intact on physical exam and without 
signs and symptoms of infection. Her audiogram 
also revealed a return to normal hearing threshold 
levels in her left ear. 
 

Discussion  
 

This case describes a young 28-year-old woman 
who suffered from persistent left otalgia and 
otorrhea for roughly 40 days before she was 
diagnosed with Aspergillus otomycosis and started 
on appropriate antifungal therapy. The only known 
risk factors for developing Aspergillus otomycosis 
in this young immunocompetent patient would be 
ear cleaning with sticks and swabs, which have been 
reported to trigger acute otitis media, otitis externa, 
and otomycosis infections (Kirschner et al., 2017). 
The only other identifiable risk factor in this young 
immunocompetent patient’s history that could 
have triggered Aspergillus otomycosis includes at 
least 33 days of persistent antibiotic and 
corticosteroid treatment (Alarid-Coronel et al., 
2018). The patient’s initial otitis media infection 
occurred during the winter months, minimizing the 
risk of a humid climate’s contribution to the 
development of Aspergillus otomycosis (Kirschner 
et al., 2017). This case demonstrates the importance 
of expanding the differential diagnosis of persistent 
otalgia and otorrhea to include Aspergillus 
otomycosis even in young, immunocompetent 
patients to provide prompt antifungal treatment 
and avoid the life-threatening complications from 
an untreated infection.  

Another unique component of this case is the 
presence of a tympanic membrane perforation that 
failed to heal spontaneously, requiring 
tympanoplasty. Tympanic membrane perforations 
in patients with otomycosis have been reported to 
be low, at 11%, and are more commonly associated 
with Candida than rather than Aspergillus (Kumar, 
1984). In addition, tympanic membrane 
perforations are a more common sequalae of 
otomycosis in patients that are 

immunocompromised, rather than 
immunocompetent individuals. Notable, is the 
failure of the patient’s tympanic membrane to heal 
spontaneously after roughly 160 days of successful 
treatment and eradication of fungus from the 
patient’s left ear canal prior tympanoplasty. 
According to the literature, most tympanic 
membrane perforations tend to heal when the ear 
canal is eradicated of fungal otitis externa, and the 
rate of persistent tympanic membrane perforation 
has been reported to be as low as 5.5% 
(Koltsidopoulos & Skoulakis, 2020).  

Once the diagnosis of Aspergillus otomycosis is 
diagnostically confirmed, antibiotic and 
corticosteroid use should be discontinued 
immediately, and antifungal therapy should be 
initiated to prevent common complications such as 
hearing loss and temporal bone infection, which 
can progress to infection of the central nervous 
system. The patient in this case was started on 
topical clotrimazole antifungal drops following her 
Aspergillus otomycosis diagnosis. Luckily, this 
patient’s Aspergillus otomycosis infection was 
diagnosed and treated before the mold had the 
opportunity to expand into the inner ear, the skull, 
and eventually the brain.  
 

Conclusions 
 

Here we presented a case of a unilateral 
Aspergillus otomycosis infection in a young, 28-
year-old immunocompetent female patient with 
associated left tympanic membrane perforation 
that failed to heal spontaneously and required left 
tympanoplasty. Our study emphasizes the 
importance of including fungal otitis 
externa/otomycosis in the differential diagnosis in 
young immunocompetent patients even if they do 
not have identifiable risk factors like a 
compromised immune system, advanced age, 
recent swimming, travel to a humid environment, 
and foreign body trauma to the ear canal and/or the 
tympanic membrane. We demonstrate the 
importance of promptly diagnosing Aspergillus 
otomycosis, as an untreated infection can lead to 
permanent, devastating, and often life-threatening 
complications.   
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Abstract — Multiple myeloma, a neoplastic 
proliferation of plasma cells, is a common diagnosis 
among hematologic malignancies. Leukocytosis, 
specifically neutrophilia, is also frequently seen 
secondary to many pathologic states; however, having 
both multiple myeloma and neutrophilia simultaneously 
is rare and could arise by two distinct pathways: either 
by a separate, but concurrent, clonal neoplasm of 
neutrophils or by a paraneoplastic-type process 
secondary to plasma cell production of G-CSF. 
Distinguishing the two determines treatment and 
prognosis. We report two cases in which persistent 
neutrophilia was related to an underlying multiple 
myeloma. One case had inconsistent response of the 
neutrophilia and varying response of his multiple 
myeloma to multiple pharmacotherapies, and the other 
case had steadily elevated leukocytosis without 
worsening symptoms in the setting of observation alone. 
After thorough evaluation of the literature and detailed 
comparison with our two new presented cases, a 
diagnostic algorithm was created to differentiate 
neutrophilia secondary to MM from other differential 
diagnoses in order to correctly determine treatment 
options and prognostic implications. 
 
Keywords — multiple myeloma with neutrophilia; 
chronic neutrophilia; chronic neutrophilic leukemia 
 

Introduction 
 

Multiple myeloma (MM) is a common 
hematologic malignancy, with 32,110 new cases 
diagnosed in 2019, resulting in 12,960 deaths. 
(Siegel, 2019) While neutrophilia is also a common 
entity, it most often arises secondary to other 
etiologies such as infection or inflammatory 
processes; however, primary causes, for example 
myeloproliferative neoplasms such as chronic 
myeloid leukemia (CML), atypical CML (aCML) or 
chronic neutrophilic leukemia (CNL), are less 
common, with chronic neutrophilic leukemia being 
an extremely rare cause of neutrophilia (~200 
reported cases) (Bain, 2006; Fukuno, 2006; Rovira, 
1990). While MM and neutrophilia are both 
common, it is uncommon for the two to present 
together. Interestingly, in most cases, neutrophilia 
typically resolves during typical MM treatment, but 
there are rare incidences when neutrophilia does 
not resolve, suggesting an alternate biology. 
(Cehreli, 1994; Dieguez 1992; Mori, 1995; Usada, 

1997). CNL reportedly has a surprisingly high 
association with simultaneous presentation of 
plasma cell neoplasms: 21-40%. (Fukuno, 2006; 
Rovira, 1990) Definitive determination of the 
genesis of neutrophilia (discrete neoplasm or 
reactive) is essential as treatments for MM and CNL 
are different (Elliott, 2016; NCCN, 2020) 
portending different prognoses (MM 10+ years, 
MM with elevated neutrophil to lymphocyte ratio 
poorer prognosis and CNL 2 years). (Landgren, 
2016) (Elliott, 2016; Mu, 2018). Here, we report 
two cases of MM with neutrophilia and a 
comprehensive literature review to explore the 
origin, course of disease, treatments and outcomes 
to propose a diagnostic algorithm. 

 
Methods 

 
Following IRB approval, a retrospective 

evaluation of two cases of MM with neutrophilia 
was completed. A comprehensive literature search 
was completed for all MM with neutrophilia 
reported in the literature to exclude cases that were 
not available in English or those which the 
institution could not obtain. Comparison of the 
disease course of the cases reported here with the 
literature was completed to create an algorithm to 
assist in the diagnosis and treatment of MM with 
neutrophilia for optimal patient care. 

 
Results 

 
Case 1 

A 70-year-old male with no significant past 
medical history presented for hematologic 
evaluation after imaging and lab work for 
urolithiasis showed mild splenomegaly and 
leukocytosis (WBC, 46.3 TH/mm3; range: 4.0-11.0 
TH/mm3). Follow up resulted in evidence of 
worsening leukocytosis with left shift to the 
myelocyte stage (WBC, 56.8 TH/mm3; ANC, 54.2 
TH/mm3; range: 1.4-7.0 TH/mm3) with associated 
splenomegaly. His creatinine was 1.2 mg/dL 
(range: 0.4-1.7 mg/dL) and calcium of 9.3 mg/dL 
(range: 8.4-10.4 mg/dL). Dohle bodies were noted 
on review of the smear, but rouleaux was not 
reported.  A myeloproliferative neoplasm was 
suspected. CML was excluded with negative 
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BCR/ABL testing.  A bone marrow biopsy revealed 
MM with monoclonal lambda plasma cells 
accounting for 20% of cellularity with myeloid 
hyperplasia but no morphologic features to suggest 
a myeloproliferative neoplasm. Neutrophilia was 
thought to be secondary to clonal plasma cell 
production of G-CSF. The patient was started on 
dexamethasone and bortezomib with improvement 
of his leukocytosis and myeloma. With less than one 
year of treatment, the patient had achieved 
complete remission of MM and didn’t exhibit 
neutrophilia (WBC, 8.2 TH/mm3; IgA, 302.7). His 
medications were held for back surgery, after which 
his WBC elevated (WBC, 10.6 TH/mm3; ANC, 8.7 
TH/mm3). Treatment with Revlimid was restarted; 
however, blood values remained high. As 
neutrophilia continued despite treatment, previous 
remission was reconsidered. Disease progressed 
(20% plasma cells in the bone marrow and IgA, 
1,469.1 mg/dL). Zoledronic acid was added, but 
neutrophilia spiked and normalized with no 
apparent pattern. Carfilzomib and dexamethasone 
were started after a transient three-month break 
due to anorexia and weight loss. The patient 
continued to have undulating levels of neutrophilia. 
Recent labs show WBC of 14.4 TH/mm3 and ANC of 
12.0 TH/mm3. Five years after initial presentation, 
his IgA levels have stabilized (366 mg/dL).  
 
Case 2 

A 67-year-old Caucasian male with a history of 
Factor 5 Leiden presented to his primary physician 
with cellulitis for which he was treated with 
antibiotics. During these treatments leukocytosis 
was noted: WBC 21 TH/mm3 and ANC 18 TH/mm3. 
On a three-month follow-up and resolution of the 
cellulitis, the leukocytosis had increased (WBC, 
20.3 TH/mm3). The patient was referred to a 
hematologist oncologist. He presented with no B-
symptoms, no splenomegaly, and no left shift.  A 
leukemoid reaction was suspected, although 
chronic granulocytic leukemia was still considered. 
While further evaluation was required, no 
documentation was available for two years. Bone 
marrow biopsy showed hypercellular bone marrow 
with 15% atypical plasma cells with neutrophilia. 
Flow cytometry showed no evidence of leukemia or 
non-Hodgkin’s lymphoma. Mutations for Jak2 and 
BCR-ABL were negative with no abnormalities 
noted on FISH. He was diagnosed with smoldering 
MM. The patient elected to refrain from treatment. 
His leukocytosis remained stable (WBC, ~30 
TH/mm3; ANC, ~27 TH/mm3). Six years after his 
diagnosis, the patient complained of fatigue and 
night sweats; however, there was no indication of 
progression. Nine years after presenting, the 
patient still has consistently elevated IgA of 1843 

mg/dL and a WBC of 19.8 TH/mm3 and ANC of 16.2 
TH/mm3 without further progression of symptoms. 
He continues to decline treatment for his 
smoldering MM with leukocytosis.  
 

Conclusions 
 

A comprehensive literature review found 35 
cases of concurrent plasma cell neoplasms and 
neutrophilia, including the two cases listed above. 
The definition of CNL has changed dramatically 
since the first reported case of CNL and MM. 
(Vorobiof, 1978) In 2008, WHO criteria for CNL 
involved the exclusion of a plasma cell neoplasm, 
suggesting a neutrophilic reactive process may have 
been underlying some of the previously diagnosed 
cases of CNL. Some have suggested this 
mechanism: monoclonal B-cell clones (plasma cells 
are terminally differentiated B cells) can produce 
cytokines that stimulate T-cell production of G-CSF 
(Nagai, 1996; Standen, 1993).  Thus, high levels of 
G-CSF can provide evidence of a secondary 
response of the neutrophils in contrast to a clonal 
proliferation. Recent studies have identified a 
mutation in the CSF3R gene, which regulates 
JAK/STAT signaling, and it was found in 80% of 
patients with CNL (Maxson, 2017); however, only 
one case of this mutation has been seen in a patient 
with MM and neutrophilia. (Nedeljkovic, 2014). We 
propose that while genetic testing for this mutation 
may be definitive in differentiating the cause of 
neutrophilia, it is neither economical nor timely, 
and evaluation for elevated G-CSF should be 
pursued instead for cases of MM with neutrophilia. 
While the presence of elevated G-CSF does not 
necessarily indicate a reactionary process of MM 
(we reported three cases of MM with neutrophilia 
that had normal G-CSF levels), it can be assumed 
that in most cases, higher levels would exclude a 
diagnosis of primary CNL. Three cases reported 
normal G-CSF, none reporting resolution of 
neutrophilia with treatment. These cases may be 
rare instances where cytological evaluation of 
neutrophilia could be pursued. 

While many studies have focused on 
differentiation between CNL and MM with 
neutrophilia, few have discussed therapies for this 
rare disorder. Cases of CNL have the potential to be 
treated with targeted therapies for the recently 
discovered mutation in JAK/STAT signaling. 
(Maxson, 2017). Treatment for MM with 
neutrophilia, however, is still ill-defined. From the 
literature,10 cases did not have improvement of 
their neutrophilia with typical treatment of their 
myeloma, including one of our cases; however, in 13 
instances, neutrophilia did improve with 
treatment. Our patient was treated with several 
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different MM regimens without sustained 
resolution of neutrophilia. This case, and other 
similar instances listed, could benefit from further 
testing to determine if an alternate mechanism was 
causing their neutrophilia. Of the cases where 
neutrophilia did not improve with treatment, the 
prognosis was three years average, compared to 
those that did resolve their neutrophilia, the 
prognosis was 4.8 years; however not all case 
reports gave data for patient death making any 
conclusions of prognosis difficult. Although, 18 of 
our 35 cases did report outcomes, averaging a five-
year prognosis from this literature review, 
representing a better prognosis than CNL, but a 
worse prognosis than MM (Elliott, 2016; Landgren, 
2016; Mu, 2018). 
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Abstract — While B-cell acute lymphoblastic leukemia 
is associated with high survival rates and clear testing 
and treatment protocols in the pediatric population, 
adolescent/young adult (AYA) and adult patients tend to 
have much poorer survival rates and less standardized 
testing methodology. Poorer prognostic cytogenetic 
markers associated with older patients may be a 
contributing factor, and this problem may be 
compounded by a diagnostic system that fails to 
adequately detect all relevant mutations. Since there is 
controversy over which tests to perform in the AYA and 
adult population, we compared the efficacy of 
cytogenetic testing methods in all three populations 
(pediatric, AYA, and adult) at our institution in a 
retrospective study. Our findings led us to recommend 
performing karyotyping, Fluorescence In Situ 
Hybridization, and PCR as the initial tests in both AYA 
and adult patients in order to most effectively detect 
prognostic and treatment target markers. 
 
Keywords — acute lymphocytic leukemia; karyotyping; 
fluorescent in-situ hybridization; pediatric, adolescent 
young adult and adult leukemia treatment 
 

Introduction 
 

B-cell Acute lymphoblastic leukemia (B-ALL) is 
the most common pediatric cancer accounting for 
approximately 23% of all pediatric malignancies 
(Ratti et al., 2020). Current therapies for this 
demographic (<15) have resulted in increased long-
term survival (>85%) (Ratti et al., 2020). However, 
survival for adolescent/young adult (AYA; 15-39) 
and adult (>40) has remained lower (5 year 55% 
and 40%, respectively) (Hefazi, 2018). Overall 
survival of AYA patients is better when pediatric 
regimens are used (60-70%); however, these 
regimens show no survival advantage in adults, 
potentially due to lower tolerance of the toxicities of 
this regimen (Richard-Carpentier, 2019). 

Other factors in the lower survival noted in the 
AYA and adult populations may be the prevalence 
of cytogenetic markers specific for older patients 
that portend a worse prognosis. For example, the 
translocation t(9;22) (Philadelphia chromosome; 
Ph+) is more commonly associated with older 
patients and portends a poorer prognosis, although 

patient outcomes have improved with introduction 
of newer chemotherapeutic agents (Hu, 2014). 

The poor prognosis associated with cytogenetic 
profiles associated with AYA/adult patients may be 
exacerbated by a system of diagnosis that is not 
completely adequate to detect relevant mutations. 
Cytogenetic karyotyping, Fluorescence In Situ 
Hybridization (FISH), and PCR are three methods 
primarily used to detect cytogenetic abnormalities; 
however, there is controversy as to which individual 
tests provide the information necessary to direct 
targeted therapy, predict prognosis, and promote 
optimal patient outcomes. 

The goal of our study was to evaluate the 
efficacy of cytogenetic (karyotyping and FISH) 
testing methodology in identifying mutations in 
pediatric, AYA and adult patients diagnosed with B-
ALL at a single institution. The efficacy of PCR was 
also compared when used. 
 

Methods 
 

Following IRB approval, a retrospective study 
of all patients diagnosed and/or treated for B-ALL 
at a single institution from 1/1/2006 to 12/31/2016 
was completed.  Patients who were diagnosed with 
other concurrent hematologic malignancies or 
those for whom complete clinical information could 
not be ascertained were excluded from the study. 
Standard demographic and clinicopathologic 
variables were examined along with cytogenetics, 
flow cytometry results, FISH assays, treatment 
information, remissions, and recurrences.  

As the purpose of this study was to compare 
treatments and outcomes within the AYA and adult 
populations with pediatric data, the cohort was 
stratified based on age with the pediatric 
population defined as <16 years of age, the AYA 
defined as 16-39 years of age, and the adult 
population defined as >39 years of age (Hefazi, 
2018).  

Patients were classified based upon possession 
of common abnormalities detected via karyotyping 
and FISH assays (Hu, 2014). Studies were 
concordant (‘agree’) if they reported identical 
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mutations, with no alterations, additions, or 
deletions. Discordant mutations were considered 
cryptic if they were detected by the FISH assay but 
not by the karyotype. ‘Common mutations’ were 
defined as clinically significant cytogenetic 
abnormalities and include IGH fusion, MLL 
rearrangement, t(1;19), t(12;21) (TEL/AML), 9p-, 
and hypoploidy (Mullighan, 2012). 
t(9;22)(BCR/ABL; Ph+) and hyperploidy were 
evaluated separately. 

Pediatric treatment information was recorded 
based on risk stratification: infantile, high risk, 
standard risk, relapsed, and other.  Infantile 
treatment often contains intensive chemotherapy 
not typically administered on other ALL protocols, 
whereas high risk, standard risk, and relapsed 
treatment use vincristine, steroids, asparaginase, 
and anthracyclines in varying intensities with 
clofarabine added for high risk ALL (Cooper, 2015). 
A treatment category was added for Hyper-CVAD 
as a high percentage of adults were treated via this 
chemotherapeutic regimen. Data were analyzed to 
compare the Pediatric, AYA and adult populations; 
AYA and adult cohorts were also analyzed 
separately.  Analysis was completed using Chi-
Squared tests, T-tests, and Kaplan-Meier curves for 
survival with an alpha level of 0.05. 
 

Results 
 

Inclusion of all B-ALL diagnoses resulted in 135 
patients representing 149 cases (including 
relapses). Karyotypes were performed in 94% of 
pediatric cases, 95% of AYA cases, and 87% of adult 
cases; however, while 94% of pediatric patients 
were evaluated by FISH, only 62% of AYA and 65% 
of adult cohorts were evaluated by FISH. 
Concordant results were obtained in only 26% of 
cases in the pediatric cohort when karyotyping and 
FISH were used to identify mutations, while 46% of 
AYA and only one adult patient (8%) exhibited 
agreement.   

The prevalence of common mutations found to 
be cryptic was significantly different between the 
pediatric/AYA/adult cohorts (60% vs 100% vs 50%; 
p=.005). MLL was cryptic in 50% of both pediatric 
and adult patients, TEL/AML was cryptic in 62% of 
pediatric patients with the mutation; none of the 
patients in the AYA or adult cohorts expressed this 
mutation. When evaluated, 9p- deletion was cryptic 
in 62% of pediatric, all of AYA, and none of adult 
cases. None of the BCR/ABL evaluations were 
cryptic for any cohort; PCR evaluation for 
BCR/ABL identified one cryptic case in the adult 
cohort. 

Treatment was evaluated between age 
stratifications. The majority of pediatrics were 

treated with either high risk (30%) or standard risk 
(54%) protocols. Hyper-CVAD treated 78% of the 
adult cohort, while 22% were treated with other 
regimens. The AYA cohort had more variability in 
treatment with 38% receiving Hyper-CVAD and 
33% with high-risk pediatric protocols, while the 
remainder were on relapse/other protocols. The 
AYA treatment protocols appeared to be reflective 
of the ordering physician (pediatric or adult). 

Differences in overall survival between the 
cohorts were not significantly different (p=0.08); 
however, the death rate in the AYA cohort was 
significantly higher than the pediatric cohort (13% 
and 43%, respectively; p=0.001). Likewise, 
recurrence rates were significantly higher in the 
AYA cohort when compared to the other groups 
(p=0.05).  

 
Conclusions 

 
This study revealed the lack of standardized 

testing in adult and AYA B-ALL as well as a lack of 
standardized treatment protocols for the AYA 
population, likely stemming from the dichotomy of 
being treated by either pediatric or adult 
physicians. While pediatric patients regularly 
received both karyotype and FISH, AYA and adult 
patients received both tests less often.  

 
Pediatric 

The often cryptic TEL/AML translocation, 
associated with a favorable prognosis, was common 
only in pediatric patients. In addition, the poor 
prognostic mutations MLL and 9p- deletion were 
most common in pediatrics and also commonly 
cryptic. These findings support that performing 
both karyotype and FISH initially would most 
benefit the pediatric population, a recommendation 
supported by primary literature (Woo, 2005).  

 
Adult 

The BCR/ABL translocation was most common 
in adults and AYA. The finding of one case with PCR 
which was undetected by karyotype and FISH 
suggests that PCR may be helpful as an initial 
diagnostic tool for adult and AYA B-ALL. Since the 
use of tyrosine kinase inhibitors improves long 
term survival in Ph+ BALL (Richard-Carpentier, 
2019), the use of PCR as an initial test would 
prevent missing an opportunity to use targetable 
therapy that ultimately improves outcomes in an 
otherwise poor prognostic BALL subtype. However, 
it is evident that PCR should not completely replace 
karyotype since PCR failed to detect all cases 
identified by karyotype, a finding also supported by 
literature (Nashed, 2003).  
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AYA 
 Since all AYA 9p- deletions were cryptic, and 

9p- is associated with poor prognosis when present 
with Ph+ B-ALL, evaluation by FISH would be 
appropriate in the AYA population. Detection of 
concurrent 9p- deletion and BCR/ABL 
translocation may warrant use of a high-risk 
pediatric chemotherapy regimens combined with a 
tyrosine kinase inhibitor due to the ability of AYA 
to tolerate more toxic chemotherapy (Richard-
Carpentier, 2019). Thus, the possibility of detecting 
cryptic mutations that may influence treatment 
decisions and outcomes suggests that FISH and 
PCR (to detect BCR/ABL) in addition to karyotype 
would provide the most benefit in AYA patients. 
Further investigation of testing methodology in 
AYA may be needed due to the lack of clear 
guidelines in the literature. 

Since targetable and prognostic mutations are 
continually being identified in B-ALL, our data 
suggests that karyotype, FISH, and PCR would be 
beneficial for all patients, especially the AYA 
cohort. Interestingly, the 2020 National 
Comprehensive Cancer Network (NCCN) 
guidelines and the UpToDate© resource have 
disparate testing guidelines, illustrating the lack of 
standardization and concordance in the field, 
particularly for AYA patients (NCCN, 2020; 
Advani, 2020). Thus, we hope our data and 
conclusions help address the disparity present in 
decision-making references commonly consulted 
by clinicians.  
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Abstract – Background: There is no consensus on the 
treatment of blunt vertebral artery injuries, and studies 
are limited to small case series. We assessed the natural 
history and current management of these injuries. 
Methods: We performed a retrospective study of a 
prospectively collected registry at a level I trauma 
center over a 5-year period. There were 13,080 trauma 
admissions during this time period yielding 141 patients 
Additional information was gathered from patient 
charts and imaging review from electronic medical 
records. We analyzed demographics, mechanism of 
injury, Glasgow Coma Score, mortality, length of stay, 
associated injuries, Denver grading scale, neurological 
findings, level and laterality of injury, delay in 
diagnosis, treatment, and follow-up imaging. 
Conclusions: Posterior circulation stroke due to blunt 
vertebral artery injury is rare. In our experience, the 
natural course of blunt vertebral artery injury was 
benign and neither delay in medical treatment nor 
choice of antithrombotic had a significant impact on 
outcomes. In our series, only 3 (3.7%) grade I and II 
injuries worsened and were without any clinical 
sequelae. We suggest that routine serial imaging in 
grade I and II blunt vertebral injuries is not warranted. 
  
Keywords –vertebral artery trauma, antithrombotic, 
imaging 
  

Introduction 
 

Blunt cerebrovascular injury (BCI) is rare but 
can result in disabling stroke or death. As screening 
for BCI became more prevalent in the late 1990s, 
there was a more than tenfold increase in its 
identification (Biffl et al., 1999). The incidence of 
BCIs has been cited at 1.1% of all blunt trauma 
admissions (Biffl et al., 2001). Likewise, the 
identification of isolated blunt vertebral artery 
injuries (BVAIs) became more frequent, with 
current reports citing an incidence of 0.7% of all 
patients suffering from blunt trauma (Scott et al., 
2014). Although the capturing of these previously 
undiagnosed injuries has provided us the 
opportunity to better study this small trauma 
population, most studies are limited to small case 
series and there is no level 1 or level 2 evidence to 
guide the management of BVAIs (Desouza et al., 
2011). Although current guidelines from the 
Eastern Association for the Surgery of Trauma 
recommend the use of antithrombotic agents when 
medically treating grade I and grade II BCIs, there 
is no consensus on the type or duration. Widely 

accepted screening criteria and outcome 
measurements are based on cerebrovascular 
trauma literature, which places greater significance 
on carotid injuries and thus an overestimation of 
the clinical severity of vertebral artery injuries. 
Recent studies seem to define a more benign 
clinical course for isolated vertebral artery injuries 
(Alterman et al., 2013; Lytle et al., 2018; Nally et al., 
2019). We sought to better assess the clinical 
outcomes of BVAIs, injury patterns, our current 
treatment strategies, and the role of follow-up 
imaging. The research questions our study aims to 
address are: What is the natural history of blunt 
vertebral artery injuries? What is the best current 
management of blunt vertebral artery injuries? 

 
Methods 

 
We performed a retrospective study of a 

prospectively collected registry at a level I trauma 
center over a 5-year period. There were 13,080 
trauma admissions during this time period yielding 
141 patients. Additional information was gathered 
from patient charts and imaging review from 
electronic medical records. We analyzed 
demographics, mechanism of injury, Glasgow 
Coma Score, mortality, length of stay, associated 
injuries, Denver grading scale, neurological 
findings, level and laterality of injury, delay in 
diagnosis, treatment, and follow-up imaging. 
Values of P less than 0.05 were considered 
statistically significant. All analyses were carried 
out using R statistical software (R Foundation for 
Statistical Computing, version 3.4.3, Vienna, 
Austria).  
 

Results  
 

There were 13,080 trauma admissions during 
this time period yielding 141 patients with blunt 
vertebral artery injuries from 2013 to 2018 (1.1% 
incidence). There were 220 cervical fractures found 
in 112 patients (79.4%). The most frequently 
encountered Denver screening criterion risk factor 
was the presence of an associated cervical spine 
fracture. The most common grade injury was 
Denver grade 1 with 51 instances (43%) (Table 1). 
The vast majority of patients were diagnosed 
promptly, defined as within 24 hr of presentation. 
Only 18 patients (12%) had a delay in diagnosis. 
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Most patients were treated medically; 93 patients 
(66%) were treated with aspirin. Thirty-one 
patients (22%) received systemic anticoagulation 
with heparin drip, and 2 (1.5%) patients were 
administered therapeutic low-molecular-weight 
heparin. Fifteen patients (10.5%) received no 
medical treatment (Table 2). The vast majority of 
patients had follow-up imaging (118, 84%). Mean 
time to follow-up imaging was 5 days. There was no 
correlation between timing of medical therapy on 
radiologic progression and resolution of injury 
(Table 2). A total of 96% of low-grade injuries were 
stable or resolved radiographically. The few that 
worsened radiographically were without clinical 
sequelae and required no intervention.  
      

Conclusion 
 

BVAIs are reported with incidences between 
0.5 and 2% of all trauma patients.4 Our cohort had 
a 1.1% incidence consistent with the range found in 
the literature. Sequelae in previous series include 
posterior circulatory stroke and death. Mortality 
rates have been reported between 8 and 18% 
(Desouza et al., 2011). The 30-day mortality in our 
trauma population was on the lower range of what 
has been reported at 9.9%. Grade 1 and 2 injuries 
have previously been reported to have a posterior 
circulation stroke rate of 1.7%, whereas grade 4 
injuries were identified to have a 7% stroke rate 
(Scott et al., 2014; Scott et al., 2015). We found 
stroke rates to be far less frequent than previously 
reported with just one stroke in our entire series in 
a grade 2 injury (0.71%). Conversely, BCIs 
historically have a higher reported stroke rate. Biffl 
et al. reported grade I injuries with a stroke rate at 
3%, grade II at 11%, grade III at 33%, grade IV at 
44%, and grade V at 100% due in part to the fact 
that historical BCI data weighed heavily toward 
carotid injuries rather than vertebral artery injuries 
(Biffl et al.,1999). In contrast, in our series of 141 
BVAIs, 48 had concurrent carotid injuries and none 
of these patients developed any clinical sequelae. 
  Identifying patients with BVAIs requires a 
high index of suspicion and the use of associated 
injuries as predictors of asymptomatic findings. 
Shafafy et al. reported that although there are 
numerous independent predictors for carotid 
artery injury, cervical spine fracture was found to be 
the only independent predictor of BVAIs (Shafafy et 
al., 2017). Our data support this finding as cervical 
fracture was by far the most commonly associated 
injury. The remaining Denver criterion risk factors 
were less predictive in our series. TBIs were the 
second most commonly associated injury. This may 
suggest that better capturing of BVAIs may require 
modification of existing screening criteria. 

 Choice of medical therapy did not influence 
our outcomes. This has previously been reported 
(Shafafy et al., 2017). In this series, most injuries 
improved. We found that more than half of low-
grade injuries (grades I and II) had complete 
radiographic resolution and only 3 worsened 
radiographically but remained asymptomatic. The 
remaining low-grade injuries either improved or 
persisted. High-grade injuries tended to remain 
stable, and although 1 worsened radiographically, 
the lesion remained asymptomatic and was only 
treated medically. Although recommendations 
have been made suggesting that intervention may 
be indicated in the patient with trauma who cannot 
be medically treated, in our series, we were able to 
safely initiate medical therapy despite significant 
ISSs (Shafafy et al., 2017). In addition, timing of 
medical therapy did not appear to affect outcomes. 
In fact, only a single patient required an 
intervention, and there was only one symptomatic 
patient with a posterior circulation stroke. Both of 
these findings were present on initial presentation. 
In addition, the 15 patients in our series who did not 
receive medical treatment did not develop any 
clinical sequelae. This study represents a relatively 
large case series for a single institution with most 
patients having follow-up imaging. We found that 
more than 100 patients in our series had at least 3 
CTAs. We found that at least 25 patients had CTAs 
repeated greater than 100 days after their original 
diagnosis. There is a growing body of literature 
underscoring more judicial use of follow-up 
imaging (Nally et al., 2019; Scott et al., 2014; Scott 
et al., 2015). Scott et al. reported that 97.6% of low-
grade injuries did not worsen radiographically; 
similarly, we found 96% in our series (Scott et al., 
2014). Shafafy et al. suggest that early reimaging 
may be considered to follow the evolution of low-
grade lesions (Shafafy et al., 2017). We have not 
found this to be warranted. In conclusion, our 
series indicates that the vast majority of BVAIs are 
asymptomatic. In fact, after the initial presentation, 
there were no symptomatic injuries or need for 
intervention. In addition, we found 96% of low-
grade injuries did not worsen radiographically and 
the few that worsened were without any clinical 
sequelae. Our data would suggest that frequent 
routine serial imaging in low-grade BVAIs is not 
necessary. 
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Abstract — Central line associated bloodstream 
infections (CLABSIs) are a prominent cause of 
morbidity and mortality in pediatric clients. Care 
bundles are a set of interventions that are implemented 
to decrease the client’s risk for developing CLABSIs. 
These bundles include daily chlorhexidine gluconate 
(CHG) baths, hand hygiene, and daily assessment. 
Although all interventions in the care bundle are equally 
important, this research focused on the intervention of 
daily CHG baths. Daily CHG baths are crucial for 
preventing the development of CLASBIs. After thorough 
review of numerous scholarly journals, it is evident that 
the use of care bundles decreases the risk of developing 
CLASBIs in pediatric clients. Strategies to implement 
and evaluate the evidence-based practice change are 
discussed. 
 
Keywords — pediatric, neonate, central line associated 
bloodstream infection, CLABSI, care bundle, 
Chlorhexidine Gluconate 
 

The Effects of Bundles on Central Line-
Associated 

Bloodstream Infections in Pediatric Clients 
 

Central lines are indwelling catheters that are 
placed when intravenous access is needed for an 
extended period of time. These catheters provide 
direct access to the bloodstream, with the tip of the 
catheter placed either in the superior or inferior 
vena cava. Due to the location of central lines, 
pathogens have direct access and can invade the 
bloodstream resulting in infection. According to 
Duffy et al. (2015), annually about 80,000 central 
line clients contract central line-associated 
bloodstream infections (CLABSIs) and roughly 
38% of those clients die. There are several pediatric 
populations that are placed at an increased risk for 
developing CLABSIs. For example, pediatric 
oncology clients have a 14% higher rate of CLABSI 
development than a healthy child (Devrim et al., 
2020). Premature infants are also at a higher risk of 
developing CLABSIs due to their immunological 
immaturity and the frequent need for invasive 
procedures (Craig et al., 2020, pp. 30-33). Through 
timely assessment and the recognition of CLABSIs, 
prompt treatment can be provided. These 
interventions could promote better client 
outcomes.  

Care bundles are one method of achieving 
better client outcomes and are defined as, “a limited 
number of specified practices implemented 
simultaneously” (Craig et al., 2020, pp.30-33). 
Central line care bundles reduce CLABSI risks by 
implementing daily chlorhexidine gluconate (CHG) 
baths, maintaining a sterile field during insertion, 
usage of the subclavian or internal jugular vein, 
strict hand hygiene, and daily assessment. The 
purpose of this paper is to answer the following 
question: In pediatric clients, what are the effects of 
utilizing care bundles on the rate of developing 
central line-associated bloodstream infections? 

 
Methods 

 
Review papers are a standard form of research 

in the nursing discipline. They consist of studying 
multiple research papers that provide evidence 
supporting or negating a topic in nursing. In a 
literature search using Cumulative Index to 
Nursing and Allied Health Literature Complete 
(CINAHL Complete) and Nursing & Allied Health 
Database and the boolean terms “pediatric” or 
“children” or “infant” or “neonates,” “care bundle” 
or “bundle,” and “central line-associated 
bloodstream infections” or “CLABSI” or “central 
line infection,” numerous articles were identified 
related to this topic. After title and abstract review, 
15 research articles were identified as being related 
to this topic and were used to answer the research 
question. Due to time limitations on the research, 
the number of research articles were limited to 15.  

 
Synthesis of Findings, Results, and 

Limitations 
 

A review of 15 research articles provided 
evidence that implementing care bundles decreased 
the risks of pediatric clients from developing a 
CLABSI. In a study, the Duke University Medical 
Center neonatal intensive care unit (NICU) 
implemented care bundles and a zero-tolerance 
policy for not adhering to the care bundle. This led 
to a decrease in CLABSI rates by 92% in a five-year 
period (Neill et al., 2016).  In an Australian neonatal 
unit, McMullan and Gordon (2016) conducted an 
experiment using the “Structured, Clinical, 
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Objective, Referenced, Problem-based, Integrated, 
and Organized” (SCORPIO) method of teaching. 
McMullan and Gordon (2016) held education 
sessions every three months to educate the hospital 
staff on CLABSIs, infection control, and hand 
hygiene (Table 1). The results of this research 
concluded a notable reduction in CLABSIs in the 
hospital’s neonatal unit. These findings are notable 
because decreasing CLABSIs will help improve 
client outcomes. There were multiple limitations 
identified throughout the literature review process 
which could impact our findings. Multiple articles, 
including Arnts et al. (2015), Craig et al. (2020), 
Duffy et al. (2015), and Short (2019), were limited 
by the use of a small population size of less than 150 
participants (Table 1). A larger population size 
would provide more significant and reliable data. 
Another limitation of these studies is that they were 
conducted over a short amount of time, less than 
one year. Although the results were significant, a 
longer study with a larger population size would 
show if the results could be sustained over a longer 
period of time. Another major limitation found was 
that studies conducted by Devrim et al. (2020), 
Duffy et al. (2015), Neil et al. (2016), and Pharande 
et al. (2018) were carried out over many years and 
thus were not completed within the last five years 
(Table 1). With the long-time frame of these studies, 
there may be more updated practices in recent 
years. As novice researchers, our literature review 
has its own limitations, including working within a 
limited time frame and lacking prior knowledge on 
prevention of CLABSIs. With a longer time frame, 
we would be able to gain access to more sources on 
the use of bundle care as prevention of CLABSIs in 
pediatric clients that were not readily available 
using the provided resources. More sources would 
allow us to have more evidence to determine the 
recommended change of care. 

 
Conclusions 

 
The recommended practice change to decrease 

CLABSI rates is to implement the preferred care 
bundle, which includes daily CHG baths, strict hand 
hygiene, maintaining a sterile field during 
insertion, usage of the subclavian or internal 
jugular vein, and daily assessment. The staff and 
caregivers should receive education about the 
importance of adhering to the policies implemented 
in the bundle care and hospitals should enforce a 
zero-tolerance for staff not following proper 
procedure. The daily CHG bath is one intervention 
that is easy to implement. Kemp et al. (2019) stated, 
“though hygiene is a basic element of patient care, 
it is critical to comply with hygiene best practices in 
order to effectively prevent CLABSI.” Every client 

with a central line should be given daily CHG baths 
to remove potential infectious organisms from their 
skin and central line. Implementing CHG baths 
would affect nurses and nurse aides because they 
are responsible for assisting clients with their daily 
baths. To implement this change, nurses and nurse 
aides should receive education on how to give a 
proper CHG bath and why clients with central lines 
require them. The unit will need to stock CHG soap 
and CHG wipes to perform the daily CHG baths. 
The parents will need to be educated on CHG baths. 
This can improve compliance with the change in 
care through education and allowing the parents to 
be involved in their child’s care. According to a 
study done by Feriani et al. (2021), with the 
addition of CHG baths, “the incidence density rate 
dropped from 8.69 to 1.83 per 1.000 central line-
days”. The reduction of CLABSIs affects the client 
in many ways including, decreasing the average 
amount of days spent in the hospital and the 
hospital cost associated with hospital acquired 
infections. The clients’ health outcomes are 
improved by the prevention of secondary 
infections.  
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Abstract - In this study, we examine the epigenetic 
regulation of Drosophila engrailed (en) gene expression 
by Polycomb group proteins (PcGs) which are recruited 
to their target genes via cis-elements known as 
Polycomb Response Elements (PRE). We focus on the 
characterization of PRE-DNA binding proteins that 
recruit PcGs to the engrailed locus. Engrailed PREs 
contain multiple sites for DNA-binding proteins that 
interact with and recruit Polycomb Group complexes, 
however, there are still sites within this PRE that have 
yet to be identified binding partners. Through prior 
experimentation, it was found that one of the candidates 
for a DNA-binding protein site on this PRE was Zinc 
Finger Protein 30C (ZF30C), a transcriptional 
repressor. ZF30C has been implicated in transcriptional 
repression in olfactory neurons and wing development. 
Using a Computational Biology approach, a Molecular 
Dynamic Simulation was performed and revealed an 
interaction between ZF30C amino acids 530-680 and en 
PRE. Furthermore, the computational approach was 
followed up by immunohistochemistry on polytene 
squash which revealed a colocalization of ZF30C and the 
classical PRE DNA-binding protein, Pleiohomeotic 
(Pho).  
 
Keywords - Polycomb, epigenetic repression, DNA-
binding protein, Zn fingers, wing development 
 

Introduction  
 

Polycomb group proteins (PcG) are conserved 
epigenetic regulators that function to sustain the 
transcriptional repression of target genes. These 
transcriptional repressors regulate growth and 
development of multicellular organisms by 
modifying histone proteins which leads to gene 
silencing. PcGs form multiprotein complexes, 
Polycomb Repressive Complex 1 and 2 (PRC1 and 
PRC2), which carry enzymatic activities to 
chemically modify histone proteins. PRC 1 is 
responsible for ubiquitination while PRC2 carries 
out the enzymatic activity of methylation, post-
translational modifications. Mutations in PcG have 
been associated with various forms of cancer (Di 
Croce & Helin, 2013). In Drosophila melanogaster, 
PRCs are recruited to target genes by DNA elements 
known as Polycomb Response Elements (PREs). 
PREs act as binding sites for PcG proteins to 
regulate gene expression and contain DNA-
elements that act as recruiters for specific sets of 

DNA-binding proteins, which bind to PRCs by 
protein-protein interactions (PPI) (Kassis & Brown 
2013). Therefore, a complete understanding of 
PcG-mediated gene expression would require the 
identification and characterization of these PRE 
DNA-binding proteins.  

In this study, we are focusing on the regulation 
of Drosophila engrailed (en) gene expression, 
which is expressed in the posterior compartment of 
wing imaginal discs and silenced in the anterior 
compartment via PcG-mediated repression. Wing 
imaginal discs are the precursors of adult fly wing 
and the en expression is faithfully maintained well 
into adulthood by the action of PcGs. The upstream 
regulatory region of en contains two PREs that 
maintain the repressed state of the gene. Studies 
have shown that en PRE contains specific DNA-
elements that interact with several well-known 
PcG-interacting DNA-binding proteins such as 
Pho, Spps, Dsp (Brown et al., 2003, Dorafshan et 
al., 2017). However, trans-factor binding to two 
other en PRE sites (Site A and Site B) remain 
unknown. Mutations in these sites lead to the loss 
of PcG-mediated repression at this locus. When a 
DNA pulldown-coupled mass spectrometry assay 
using the en PRE Site A as a bait was performed, the 
candidate protein ZF30C was identified (Ray et al., 
2016). ZF30C is a protein containing 10 zinc finger 
motifs, previously implicated in gene silencing in 
olfactory sensory neurons and regulating wing 
pattern formation. We undertook a computational 
biology approach to probe the interaction of Zf30C 
with the en PRE DNA, followed by experimental 
validation of the presence of Zf30C at this locus by 
immunohistochemistry and chromatin 
immunoprecipitation. 
 

Results  
 

To explore the interaction of Zf30C with the en 
PRE Site A (Figure 1) an evolutionary analysis was 
executed via Blast to identify conserved domains of 
ZF30C that could bind via DNA or protein 
interaction. A structural analysis was executed to 
identify the physical interactions of proteins using 
the I-Tasser software and Protein Data Bank to find 
crystal structures similar to the known binding 
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DNA sequence of AGTG. The crystal structure of 
2KMK, a zinc finger containing DNA, was found 
and used for molecular dynamic simulation, where 
the location change of atoms was monitored to 
investigate the binding of ZF30C to DNA. The 
crystallized structure of 2KMK was used for the MD 
Simulation by substituting its protein structures 
with ZF30C’s structures from the modeling along 
with inserting the sequence AGTGAA into the DNA 
helix template. This DNA sequence represents Site 
A in en PRE and when mutated, leads to loss of 
regulation of en expression (Figure 1). MD 
Simulation monitors the change of location of all 
atoms (in a solution) and binding activity through 
Root Mean Square Fluctuation (RMSF). RMSF 
measures the position change of each residue in the 
sequence. The region with minimal fluctuation is 
where DNA binding most likely occurs (implying 
stable interaction), whereas the fluctuating regions 
is where protein-protein interaction (PPI) may 
occur. Using the Root Mean Square Deviation 
(RMSF) data that ZF30C interacts with en PRE 
using amino acids 530-680 (Figure 2).   

Based on the results of the computational 
studies, which indicated a stable interaction of 
Zf30C with Site A from en PRE, we tested the 
presence of ZF30C at PREs. Polytene chromosomes 
from ZF30C-GFP were prepared and stained to 
examine the colocalization with Pho, which binds to 
Drosophila PREs genome wide. ZF30C partially 
colocalized with Pho on several regions, therefore 
indicating a presence at several PREs in the fly 
genome (Figure 3). We are currently performing 
chromatin immunoprecipitation assays to test the 
presence of ZF30C specifically at en PRE. 
 

Conclusions  
 

PcG proteins are dependent on PRE DNA 
binding proteins for recruitment to target genes 
and subsequent enzymatic modification of the 
histone subunits. Recent studies have shown that 
recruitment of PcG complexes by the PRE DNA 
binding proteins is cooperative and combinatorial 
(Kahn et al., 2014), which indicates that there is no 
one set of PRE DNA binding proteins functioning in 
the Drosophila genome. To this end, we set out to 
identify an as yet unknown protein that binds to en 
PRE and affects its silencing. Here, we report the 
identification of a novel PRE DNA binding protein 
ZF30C which was identified as candidate protein in 
previous studies (Ray et al., 2016). We adopted 
computational and experimental approaches to 
establish the interaction of ZF30C with en PRE Site 
A. Molecular dynamics simulation indicated a 
region between amino acids 530-680, containing 4 
zinc fingers, that showed a stable interaction with 

Site A. Additionally, ZF30C showed partial 
colocalization with the PRE binding protein, Pho on 
several target sites within the fly genome. Based on 
our data from the computational and experimental 
approach, we conclude that ZF30C is present at 
PREs in Drosophila. Further studies need to be 
done to identify the mechanistic role of ZF30C at 
the en PRE. 
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Figures 
 

 
 
Figure 1. The upstream region of engrailed contains two PREs. The magnified region was used as a bait to 
identify proteins that bind to Site A, of en PRE in the DNA-IP coupled Mass Spectrometric analysis. A 
mutated oligo, as shown on the bottom was used as a control. Candidate proteins were identified as those 
binding specifically to the wild type oligo (AGTGAA).  
 
 

 
Figure 2. Graph showing RMSF (Root Mean Square Fluctuation) for Zf30C structure. The region with 
little fluctuation is where DNA binding most likely occurs, whereas the fluctuating regions is where Protein-
Protein Interaction may occur. From this data, it is likely that the protein binds to the DNA between residues 
530-680 and may be involved in PPI in the other fluctuating regions.  
 
 

 
 
Figure 3. ZF30C colocalizes with Pho on polytene chromosomes. Polytene preparations were co-stained 
with anti-GFP (green) and anti-Pho (red). Yellow bands indicate regions of colocalization. There are some 
bands where only ZF30C or Pho is bound. Lower panel indicates a region where the degree of colocalization 
is high. Scale bars represent 10um.  
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Abstract - Upon infection, SARS-CoV-2 hijacks host cell 
translation machinery to form 16 nonstructural proteins 
(nsp1-16). Nsps include the RNA-directed RNA 
polymerase, helicase, and other components required 
for viral replication. Particularly, nsp1 protein induces 
near-complete shutdown of host protein translation by 
binding to the ribosome and triggers endonucleolytic 
cleavage and subsequent degradation of host mRNAs. 
Using the biotinID2 pull-down method followed by mass 
spectrometry, we identified several nsp1-associated 
cellular proteins. Afterward, the Reactome pathway 
browser software was implemented to identify the 
major biological pathways corresponding to nsp1-
associated proteins. We found that most of the proteins 
associated with nsp1 were part of pathways relating to 
different steps of translation, cellular response to stress, 
and RNA metabolism.  
 
Keywords —SARS-CoV-2, nsp1, nsp1-associated 
proteins 
  

Introduction  
 

Among the recent coronavirus outbreaks in the 
new millennium, such as SARS-CoV, MERS-CoV, 
and the current epidemic of SARS-CoV-2, has had 
the most devastating global impact. The current 
COVID-19 pandemic is a newly emerged zoonotic 
infectious disease that is highly contagious and 
deadly with characteristics including fast person-
to-person transmission and potent pathogenicity. 
COVID-19 is caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), which is an 
enveloped single-stranded beta coronavirus that 
contains a positive-sense RNA genome of ~29.9 kb 
in length (Yoshimoto, 2020). The SARS-CoV-2 
hijacks host cell translation machinery to 
synthesize ORF1a and ORF1b polyproteins that are 
then proteolytically cleaved to form 16 
nonstructural proteins (nsp1-16). Nsps include the 
RNA-directed RNA polymerase, helicase, and other 
components required for viral replication (Banerjee 
et al., 2020). As a result, nsps render the cellular 
conditions favorable for viral infection and viral 
mRNA synthesis (Schubert et al., 2020). Moreover, 
nsp1 is considered the most enigmatic viral protein. 
It is often referred to as the "host shutoff factor" 
because of its role in inhibiting host gene 
expression, facilitating viral replication, and host 

immune evasion (Schubert et al., 2020; Shi et al., 
2020).  

Once exported to the cytoplasm, spliced mRNA 
translates into protein on the ribosome (Banerjee et 
al., 2020). The translation initiation begins with 
recognizing the 5' cap by the small 40S ribosomal 
subunit (responsible for scanning mRNA to find the 
first start codon). Previous studies concluded one of 
the reported roles of nsp1 in SARS-CoV is its ability 
to associate with the 40S ribosome to impede host 
mRNA translation (Banerjee et al., 2020).  Despite 
disparities in protein size and mode of action, nsp1 
proteins from all betaCoVs exhibit analogous 
biological function in down-regulating host gene 
expression.  

SARS-CoV-2 nsp1 induces near-complete 
shutdown of host protein translation by binding the 
small ribosomal subunit and stalling canonical 
mRNA translation at various stages during 
initiation. Moreover, nsp1 binding to the ribosome 
triggers endonucleolytic cleavage and subsequent 
degradation of host mRNAs. Taken together, nsp1 
inhibits all cellular anti-viral defense mechanisms 
that depend on the expression of host factors, 
including the interferon response. In the present 
study, we aimed to identify cellular proteins that 
interact with nsp1 as well as analyze their 
corresponding pathways concerning nsp1.   
 

Methods and Results 
  

Affinity purification of nsp1-associated proteins  
Proteins associated with nsp1 were affinity 

purified using the BioID2-mediated labeling and 
subsequent pull-down method. BioID2, fused to 
nsp1, was engineered to add a biotin group to 
cellular proteins that came within a 10 nm radius of 
nsp1. Due to the high-affinity biotin with 
streptavidin, we used streptavidin magnetic beads 
to pull out the biotinylated proteins. Next, the 
protein samples were processed on an SDS-PAGE, 
and segments of the gel were cut out and sent for 
mass spectrometry. The resulting mass 
spectrometry data allowed for the identification of 
the proteins associated with nsp1. The list of 
identified proteins was uploaded to the Reactome 
pathway browser software. Reactome is an open-
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source, open access, manually curated, and peer-
reviewed pathway database that allows for pathway 
identification and analysis for the submitted 
protein samples. Reactome's annotated data 
describe reactions possible if all annotated proteins 
and small molecules were present and active 
simultaneously in a cell. By overlaying an 
experimental dataset on these annotations, a user 
can perform a pathway over-representation 
analysis. By overlaying quantitative expression data 
or time series, a user can visualize the extent of 
change in affected pathways and their progression. 
A binomial test was used to calculate the probability 
shown for each result, and the p-values were 
corrected for the multiple testing (Benjamini–
Hochberg procedure) that arises from evaluating 
the submitted list of proteins against every 
pathway. Moreover, the overrepresentation 
analysis Is a statistical test that determines whether 
certain Reactome pathways are over-represented 
(enriched) in the submitted data. This test produces 
a probability score, which was corrected for false 
discovery rate using the Benjamani-Hochberg 
method. All non-human identifiers have been 
converted to their human equivalent. Next, western 
blot analysis was done to verify the mass 
spectrometry results and rule out any possibility of 
contamination.   
 
Nsp1 associates with twenty-two cellular 
pathways 

The majority of pathways identified by 
Reactome are related to different steps of 
translation. However, two other major pathways 
were identified: Cellular response to stress and 
Metabolism of RNA (Figure 1). When cells are 
subject to external molecular and physical stresses 
it activates certain stress-related processes 
depending on the type of stressor to maintain 
homeostasis. Two stress-related pathways were 
activated as a result of our experiment: Response to 
EIF2AK4 (GCN2) to amino acid deficiency and 
cellular response to heat stress.  Moreover, the 
metabolism of RNA is considered a critical pathway 
involving processes by which RNA transcription 
products are further modified covalently and non-
covalently to yield their mature forms and the 
regulation of these processes.  
 

Conclusions 
 

At present, there are no successful anti-viral 
drugs available against SARS-CoV-2. Hence, the 
central role SARS-CoV-2 nsp1 plays in weakening 
the anti-viral immune response makes it a suitable 
therapeutic target. Using BioID-2 mediated 
labeling of proximal proteins we identified several 

nsp1 interacting factors and their corresponding 
cellular pathways. We found that these host 
proteins are part of pathways related to RNA 
stability and translation. The molecular insights 
into nsp1 protein interactors could prove valuable 
for the design and selection of potential nsp1 small-
molecule inhibitors. Additionally, the identification 
of these proteins can add to the wealth of growing 
information that is being discovered daily put forth 
in a global effort by scientists around the world.  
 

Acknowledgments 
  

This project was supported by the Student 
Assistantship awarded to Samantha J. 
Miladinovski-Bengall. 

 
References  

 
Banerjee, A.K., Blanco, M.R., Bruce, E.A., Honson, 

D.D., Chen, L.M., Chow, A., Bhat, P., 
Ollikainen, N., Quinodoz, S.A., Loney, C., Thai, 
J., Miller, Z.D., Lin, A.E., Schmidt, M.M., 
Stewart, D.G., Goldfarb, D., De Lorenzo, G., 
Rihn, S.J., Voorhees, R., Botten, J.W., 
Majumdar, D., Guttman, M. (2020). SARS-
CoV-2 disrupts splicing, translation, and 
protein trafficking to suppress host defenses. 
Cell. 183: 1-15. 

Shi, M., Wang, L., Fontanna, P., Vora, S., Zhang, Y., 
Fu, T.M., Lieberman, J., Wu, H. (2020). SARS-
CoV-2 NSP1 suppresses host but not viral 
translation through a bipartite mechanism. 
bioRxiv. Sep 18:2020.09.18.302901 

Schubert, K., Karousis, E.D., Jomaa, A., Scaiola, A., 
Echeverria, B., Gurzeler, L.A., Leibungut, M., 
Thiel, V., Mühlemann, O., Ban, N., (2020). 
SARS-CoV-2 NSP1 binds the ribosomal mRNA 
channel to inhibit translation. Nature 
Structural & Molecular Biology. 27: 959-966. 

Vann, K.R., Tencer, AH & Kutateladze, T.G. (2020). 
Inhibition of translation and immune 
responses by the virulence factor NSP1 of 
SARS-CoV-2. Sig Transduction Target 
Therapy. 5: 234 

Yoshimoto, F.K. (2020). The Proteins of severe 
acute respiratory syndrome Coronavirus-2 
(SARS-CoV-2 or n-COV19), the cause of 
COVID-19. The Protein Journal. 39: 198-216. 

 
 
 
 
 
 
 
 



April 9, 2021 

 221 

 

Figures 
 

 
Figure 1. Twenty-two pathways identified by Reactome analysis. Left: Percent proteins present in each 
pathway. Right: Identified proteins in the Reactome pathway browsing software.  
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Abstract — Following a surge in the cases of Autism 
Spectrum Disorder (ASD), many of those affected are 
left with many unanswered questions as to what caused 
this developmental disorder and how to treat it. 
Previous studies have suggested a possible link between 
over-supplementation with pre-natal folic acid (FA) and 
ASD risk. This is interesting because many ASD patients 
have a mutation in MTHFR, a gene whose enzyme 
product metabolizes FA to a 1-carbon methyl group. 
Other articles suggest the potential benefits of L-
methylfolate (L-MTHF), the more bioavailable form of 
FA, for ASD patients, due to its location in the 1-carbon 
metabolic pathway. Therefore, we wanted to further 
investigate whether L-MTHF has an effect on dendritic 
spine densities, which are increased in cortical tissue in 
ASD.  In this experiment, we treated cells with FA or L-
MTHF with and without a knockdown in MTHFR. We 
stained for dendritic spines and counted for analysis. 
The data indicates L-MTHF alone doesn’t affect 
dendritic spine densities; however, in conjunction with 
the FA treatment, it significantly reduces spine densities.  
 
Keywords: L-methylfolate (L-MTHF), autism, 
dendritic spines, folic acid (FA) 
 

Introduction 
 

The prevalence of Autism Spectrum Disorder 
(ASD) cases has risen at an exponential rate in the 
U.S. since grain fortification with B-vitamins like 
folic acid (FA) began in the mid-1990s (Greenberg 
et al., 2011). In 2018, approximately 1 in 59 children 
were diagnosed with ASD (Center for Disease 
Control and Prevention, 2018). ASD is a group of 
neurodevelopmental disorders characterized by a 
reduction in social behaviors and an increase in 
repetitive and compulsive behaviors. One 
epidemiological study indicated a correlation 
between high prenatal FA intake and ASD risk in 
offspring (Raghavan et al., 2018). ASD behavioral 
symptoms are linked to increased dendritic spines 
in the cerebral cortex and amygdala due to low 
autophagy rates (Hutsler & Zhang, 2010). Prior 
research has questioned the benefit of FA 
supplementation; previous studies have shown 
high FA supplementation levels have effects on 
behavior, gene expression, and dendritic spine 
counts in cell and animal models (Al Sayed et al., 
2019; Barua et al., 2016; Xie et al., 2018; Yadon et 
al., 2019).  

Dietary FA should be converted to L-
methylfolate (L-MTHF or L-
methyltetrahydrofolate). However, this conversion 
requires the presence of an enzyme, 
methylenetetrahydrofolate reductase (MTHFR), 
which is known to be mutated and nearly non-
functional in many ASD (Boris et al., 2004). In light 
of this, a few dietitians and researchers that work 
closely with ASD patients have treated ASD patients 
by supplementing their diets with L-MTHF, and 
they report benefits of L-MTHF for ASD symptoms 
(Greenberg & Bell, 2011). However, there is no 
research to investigate the physiological or 
epigenetic effects of L-MTHF. If L-MTHF is truly 
beneficial, it is important that L-MTHF is studied 
so that more ASD patients might experience 
benefits from L-MTHF supplementation.  

Due to the claims by registered dietitians 
regarding FA and L-MTHF, we sought to determine 
whether L-MTHF is a more beneficial supplement 
by determining whether L-MTHF has any effects on 
autophagy levels and dendritic spine counts. Prior 
studies indicate a 2x FA dose in SH-SY5Y cells leads 
to high dendritic spine counts (Al Sayed et al., 
2019). We therefore compared L-MTHF’s effects on 
dendritic spines with the effects of FA. Further, 
because improvements in ASD symptoms have 
been reported after ASD patients consumed L-
MTHF, we wanted to investigate whether L-MTHF 
alleviates the low autophagy and high dendritic 
spine counts that have been reported for the 2x FA 
treatments.  

 
Materials and Methods 

 
We grew SHSY5Y cells (ATCC) in DMEM:F12 

with 10% fetal bovine serum (FBS) and 1% 
penicillin/streptomycin in tissue culture-treated 
flasks at 37°C with 5% CO2 and high humidity. For 
experiments, we each plated cells at 10,000 
cell/coverslip using poly-D lysine-coated glass 
coverslips. We each had 3 coverslips per treatment 
group per experiment. We used RNAi for 48 hours 
to control (scramble siRNA) or knockdown MTHFR 
(MTHFR siRNA). To determine if L-MTHF affects 
spine densities alone, we performed part 1 of our 
experiment by treating the cells with either a 
control (water), 2x FA treatment (for comparison) 
or an equivalent L-MTHF treatment for 48 hours 

mailto:brookelbusc@gmail.com
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after the RNAi. For part 2 of our experiment, we 
had a total of 8 treatment groups: (1) control siRNA 
+ 92 hour water (control) (2) control siRNA + 48 
hour 2x FA treatment + 48 hour water, (3) control 
siRNA + 92 hour 2x FA treatment, (4) control 
siRNA + 48 hour 2x FA treatment + 48 hour L-
MTHF treatment. The same 4 groups were repeated 
with the MTHFR knockdown instead of the control 
siRNA.  

We used previously published methods to stain 
for dendritic spines (Al Sayed et al., 2019). We 
removed the cell culture medium and fixed cells 
with 2% paraformaldehyde in PBS (phosphate 
buffered saline). We added the Dil stain (1,1’-
Dioctadecyl- 3,3,3’,3’- Tetramethylind-
ocarbocyanine Perchlorate; dissolved in DMSO) at 
5µL/mL in DMEM:F12 and incubated the cells for 1 
hour at 37°C. We then thrice washed with warm 
DMEM:F12 and left DPBS on the cells at room 
temperature overnight. The following morning, we 
stained the nuclei with DAPI (4uL/mL in DPBS) for 
5 minutes. We then washed the cells twice with 
DPBS for 5 minutes for each wash before adding 
antifade gold mountant. We refrigerated the cells 
for two weeks to allow for stain diffusion before 
imaging with the Keyence microscope. We each 
obtained 3 images per coverslip using the 60x 
objective and counted spines per 10 µm segment 
using ImageJ. To date, we have counted 3 segments 
per coverslip for a total of 9 counts per treatment 
group. We used a paired two-tailed t-tests and two-
factor ANOVA analysis with replication for 
statistics. 

 
Results 

 
For part 1, the average dendritic spine count 

was significantly affected by FA treatment when the 
control siRNA was used and when the MTHFR 
siRNA was used according to two-tailed paired t-
tests (Figure 1). The L-MTHF groups were 
significantly different from the FA treatment 
groups in both cases too. The two-way ANOVA 
indicated a significant effect only for the interaction 
between the siRNA treatment and FA/L-MTHF 
treatment (p=3.8x10-9) rather than between the two 
variables by themselves.   

For part 2, there was a significant reduction in 
spines between the control siRNA+92 hours FA 
group and the control siRNA+48 hours FA+48 
hours L-MTHF group. Further, a similar pattern 
was noted for the MTHFR siRNA groups (92 hour 
FA vs. 48 hour FA+48 hour L-MTHF groups). A 
two-way ANOVA indicated the siRNA treatment 
and the FA/L-MTHF treatments were significant 
on their own (p= 0.0004 and p=0.0005, 

respectively), but there was no significance in the 
interaction between the two variables.  
 

Conclusions 
 

For part 1, the control siRNA and MTHFR 
siRNA groups with L-MTHF treatment had spine 
counts similar to controls (Figure 1). The cells 
showed a significant increase in dendritic spine 
counts between the C-N and C-F groups, similar to 
prior research (Figure 1) (p< 0.01) (Al Sayed et al., 
2019). Consequently, there was a significant 
decrease seen in dendritic spine densities between 
the C-F and C-L groups, indicating L-MTHF does 
not affect spine counts the way the 2x FA treatment 
does (Figure 1; p<0.05).  

In part 2, once cells were treated with FA and 
then treated with L-MTHF, there was a significant 
reduction in dendritic spine counts as compared to 
the cells that were only treated with FA (Figure 2; 
p< 0.001). Since the L-MTHF treatment followed a 
2x FA treatment, our results suggest the L-MTHF 
may rescue the effects of the 2x FA treatment. This 
suggests that in ASD cases where spine counts were 
increased from FA, L-MTHF may reverse the effects 
FA has on spine densities. The two-factor ANOVA 
analysis with replication shows the significance lies 
between the individual treatments of the 
knockdown or the FA/L-MTHF combination 
treatments rather than the interaction between the 
two variables, meaning it would not necessarily 
matter if the person had a mutant copy of MTHFR. 
Based on our results, it is possible that L-MTHF 
does reverse high dendritic spine densities, which 
likely means autophagy rates are increased by L-
MTHF since there is an inverse relationship 
between these two biological factors. We currently 
have images to analyze for autophagy rates but have 
not begun to analyze the images yet, and therefore 
focused this paper on dendritic spine counts.  

Our findings are significant in that ASD 
patients are being treated by a few dietitians with L-
MTHF without understanding a mechanism by 
which this type of treatment may be beneficial. 
Additionally, because research is lacking in this 
area, few are making such recommendations to 
their patients. Our research indicates L-MTHF is 
beneficial to reduce dendritic spine counts after FA 
treatment (Figure 2), and that L-MTHF does not 
alter dendritic spines on its own (Figure 1). 
However, we also indicate that more research is 
needed to reflect the effects of L-MTHF in complete 
physiological systems.  
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Figures 
 

 
Figure 1.  Average dendritic spines (±1 SD) across treatment groups. Treatment groups: Control 
siRNA+water (C-N), Control siRNA+2x FA (C-F), Control siRNA+L-MTHF (C-L), MTHFR siRNA+water 
(KD-N), MTHFR siRNA+2x FA (KD-F), and MTHFR siRNA+L-MTHF (KD-L).  A * indicates p<0.05, ** 
indicates p<0.01, and *** indicates p<0.001. 

 

 
Figure 2. Average dendritic spines (±1 SD) across treatment groups. Treatment groups: Control siRNA+92 
hours water (C-N-N), Control siRNA+48 hours 2x FA+48 hours water (C-F-N), Control siRNA+92 hours 
2x FA (C-F-F), Control siRNA + 48 hours 2x FA+48 hours L-MTHF (C-F-L), MTHFR siRNA+92 hours 
water (KD-N-N), MTHFR siRNA+48 hours 2x FA+48 hours water (KD-F-N), MTHFR siRNA+92 hours 2x 
FA (KD-F-F), and MTHFR siRNA+48 hours 2x FA+48 hours L-MTHF (KD-F-L). A * indicates p<0.05, ** 
indicates p<0.01, and *** indicates p<0.001. 



Seventeenth Annual SC Upstate Research Symposium 

226  

 

Does Vitamin B12 Affect Gene Expression in a  
Human Neuronal Cell Line? 

 
Tina Fadel and Dr. Kimberly R. Shorter 

Division of Natural Sciences and Engineering 
University of South Carolina Upstate 

800 University Way, Spartanburg, SC 29303 
tfadel@email.uscupstate.edu, shortekr@uscupstate.edu  

 
Abstract — Vitamin B12 consumption has increased via 
energy drinks, vitamin waters, and supplements. Little 
research is dedicated to high levels of Vitamin B12; 
research has centered on low Vitamin B12 and associated 
neurotoxic homocysteine levels. Interestingly, as Vitamin 
B12 consumption increased, neurological diseases such 
as Autism Spectrum Disorders (ASD) increased 
exponentially. Currently, 1 in 59 children is diagnosed 
with ASD. ASD is a disorder that involves epigenetics, 
genetics, and neurobiology changes that lead to 
behavioral patterns like decreased sociability and 
increased repetitive behaviors. These behavioral changes 
are rooted in neuronal communications involving vesicle 
trafficking along microtubules that are stabilized by Tau 
using dynein and kinesin as molecular motors. Vitamin 
B12 has the potential to affect gene expression since it 
assists with the one carbon metabolic pathway where a 
methyl group is added to DNA and histones. Therefore, 
we investigated whether excess Vitamin B12 affects gene 
expression and vesicle trafficking in a neurobiological 
model, the SHSY5Y cell. High Vitamin B12 does slightly 
affect gene expression in SHSY5Y cells so far, and more 
research is needed to understand the physiological 
changes that may occur with high Vitamin B12 exposure 
in a full organism. 
 
Keywords — Vitamin B12, Autism, Vesicle Trafficking, 
Gene Expression, Epigenetics 
 

Introduction 
 

One of the most common neurobiological 
disorders that is linked to a deficiency of B Vitamins 
like Vitamin B12 is Autism Spectrum Disorders 
(ASD). According to the Center for Disease Control, 
1 in 59 children have been diagnosed with ASD 
(CDC, 2019). ASD presents with decreased social 
interactions and increases in aggressive and 
repetitive behaviors (Lewis et al. 2007). Studies 
have associated nutritional deficiencies with ASD, 
and hence, low Vitamin B12 levels have been studied 
extensively. One of the main ways a person counter-
acts Vitamin B12 deficiency is to consume high 
doses of Vitamin B12 at levels well above the FDA’s 
recommended daily amount through either 
supplementation or via injections.  Some commonly 
found supplements can contain up to or more than 
2,500 mcg of Vitamin B12, which is 41,667% of the 
FDA’s recommended daily amount for an individual. 

Excess Vitamin B12, however, has received little 
attention when it comes to neurological effects.   

Behavioral changes in ASD can be attributed to 
both the neurobiological changes, specifically 
dendritic spine count changes and decreases in 
neuronal intracellular trafficking, and epigenetic 
changes. Metabolically, Vitamin B12 is used to 
produce methyl-cobalamin, which is a cofactor for 
methionine synthase enzyme that assists in 
formation of a methyl group by forming S-
adenosylmethionine (SAM).  SAM is then utilized to 
donate a methyl group to DNA and/or histones. This 
affects gene expression.  Little is known, however, in 
regards to how Vitamin B12 may affect vesicle 
trafficking in neurons, which is the basis for neuron 
to neuron communication.  Proper neuronal 
communication relies on microtubules that are 
stabilized by Tau protein.  If Tau is 
hyperphosphorylated, aggregates form and it will 
not stabilize microtubules, causing dynein and 
kinesin motor proteins to be trapped in tangles. Low 
Vitamin B12 levels have been studied extensively 
and are associated with high homocysteine (Hcy) 
levels, which are neurotoxic. Increased Hcy leads to 
higher activity of a cyclin-dependent kinase (CDK5) 
that phosphorylates proteins like Tau (Shirafuji et 
al., 2018; Zhang et al., 2008).  Increased Hcy also 
inactivates a protein phosphatase (PP2A) that 
removes phosphates from proteins like Tau 
(Shirafuji et al.,  2018). Therefore, high Hcy is likely 
a cause of neurofibrillary tangles through 
hyperphosphorylation of Tau.  However, in many 
circumstances, a deficiency in a vitamin does cause 
similar effects as an overconsumption, as has been 
seen in the many folic acid studies done in many 
different labs (Al Sayed et al., 2019; Degroote et al., 
2018). Vitamin B12 is thought to inhibit Tau 
aggregation, but these studies were done using 
isolated bacterial Tau protein mixed with Vitamin 
B12 in a test tube (Raffiee et al., 2017).   

Physiological studies indicate synthetic Vitamin 
B12 (in fortified foods and dietary supplements) 
combines with a protein called intrinsic factor in the 
stomach so that the intrinsic factor-Vitamin B12 
complex can be absorbed by the small intestines 
(Carmel, 2008; Klee, 2000).  Absorption drastically 
decreases when the stomach intrinsic factor is 
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saturated with Vitamin B12, notably at only a 1-2 
mcg dose (Carmel, 2008; Klee, 2000).  However, it 
has been proven that Vitamin B12 can be absorbed 
by diffusion without intrinsic factor.  This is 
concerning considering there are many energy 
drinks and Vitamin waters that contain 100% of the 
FDA’s recommended daily amount, grains are 
fortified with Vitamin B12, and supplements such as 
the prior mentioned supplement contain exorbitant 
levels of Vitamin B12. The Mayo Clinic states that 
high Vitamin B12 is associated with neurological 
symptoms such as anxiety, but there is no research 
into how this may occur (Mayo Clinic, 2017).  Recent 
study shows the association of extremely high levels 
of B12 levels with ASD risk in humans, and this 
should lead to concerns regarding the B12 exposure 
on early brain development (Ji et al., 2017). It is 
evident there needs to be more research both in 
vitro and in vivo for the effects of excess Vitamin 
B12. Therefore, my study investigated the effects of 
high Vitamin B12 on gene expression and vesicle 
trafficking in a neuronal cell line.  
 

Materials and Methods 
 
SHSY5Y cells were grown in tissue culture-

treated T75 flasks with DMEM:F12 medium 
supplemented with 10% fetal bovine serum (FBS) 
and 1% penicillin/streptomycin at 37°C with 5% CO2 

and high humidity.  Cells were passaged at 80% 
confluence and were plated at 50,000 cells/well in 
24-well tissue culture treated plates for gene 
expression experiments.  Three replicates were 
obtained per treatment group per experiment. Cells 
were plated at 15,000 cells/well on poly-d-lysine 
coated glass coverslips for vesicle trafficking 
analyses. Cells were then differentiated with 10uM 
all trans-retinoic acid for 72 hours using reduced-
serum medium (3% FBS).  After differentiation, cells 
were treated with a control (water), 2x Vitamin B12, 
or 10x Vitamin B12 treatment based on the amount 
of Vitamin B12 already in DMEM:F12. The 2x dose 
is equivalent to persons that are diagnosed with 
“elevated” B12 levels, and the 10x dose is equivalent 
to B12 levels in persons with liver disease. 

Protein was isolated from cells using the RIPA 
buffer system from Santa Cruz.  Each protein sample 
consisted of the contents of 12 wells- four wells from 
three separate 24-well plates.  Three replicates per 
treatment group were obtained for a total of 9 
samples.  Protein amounts were determined by 
Bradford Assay and Western Blotting was done 
PP2A, a phosphatase that dephosphorylates Tau. B-
tubulin was also assayed as an endogenous control 
in Western Blotting. Images were analyzed using 
ImageJ. Statistical analyses were conducted via t-
tests.  Dynein, Kinesin, Tau, P-Tau, and CDK5 

Western Blotting and vesicle trafficking studies are 
still currently in progress.  
 

Results 
 

Expression of PP2A was not changed 
significantly between treatment groups though it did 
increase some in the 2x B12 treated cells (Figure 1).  

 

 
Figure 1. Adjusted density indicating protein 
expression levels of PP2A through Western Blotting 
in control (water), 2x B12, or 10x B12 treated cells.  
Error bars indicate +/- 1 Standard Deviation. 
 

Conclusions 
 

PP2A expression did not change significantly, 
but it did increase some in the 2x B12 treatment 
group.  The lack of significance might be due to the 
large variation in PP2A expression among the 3 
replicates. Since PP2A expression did not 
significantly change, we might expect that Tau 
phosphorylation could remain the same (Raffiee et 
al., 2017; and Shirafuji et al., 2018).  This is not a 
definitive statement though, as CDK5 expression is 
just as important since CDK5 phosphorylates Tau.  
We also still don’t know whether dynein or kinesin 
expression levels are altered, which could affect 
retrograde and anterograde transport, respectively.   
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Abstract — The effects of caffeine exposure during 
embryonic development can be harmful and pose 
various health complications to the embryo. This study 
tested the effect of increasing concentrations of caffeine 
on corneal thickness in a developing chicken embryo. 
Fertile chicken eggs were injected in ovo with either 5.75 
mg/mL, 9.5 mg/mL, or 13.25 mg/mL of caffeine on 
embryonic days (E) 1, 2, and 3. On day E18, the corneas 
were harvested, processed, and sliced. Measurements of 
corneal thickness were taken and recorded. Our results 
showed that corneal thickness was significantly smaller 
in the embryos treated with 9.5 mg/mL and 13.25 
mg/mL of caffeine compared to the non-treated and the 
lowest treatment group. These results are consistent 
with previous studies and indicate that caffeine has a 
detrimental effect on corneal development. 
 
Keywords — Cornea, Caffeine, Chicken Embryos, 
Corneal Thickness 
 

Introduction 
 

Caffeine is widely recognized as a stimulant to 
increase alertness and provide a boost of energy as 
it is consumed through our diet and over the 
counter supplements. However, some studies have 
shown too much caffeine can have detrimental 
effects on the body during development. Ma et al. 
(2012) found that excess caffeine can inhibit the 
closure of the neural tube in chicken embryos and 
Rana et al. (2010) found that caffeine exposure 
caused left ventricular hypertrophy during 
development in zebrafish. Studies have also shown 
that caffeine exposure can cause developmental 
issues in the eye. One study by Ma et al. (2014) 
showed that caffeine altered the morphology of the 
optic vesicle of chick embryos. Kujawa-Hadrys et al. 
(2010) found caffeine was linked to a decrease in 
the corneal thickness of chicken embryos.  

The cornea is a vital part of the eye. It is 
responsible for refracting incoming light and helps 
focus the light onto the retina. While research has 
shown that caffeine does affect the cornea, it is 
currently unknown how caffeine causes 
morphological changes in the cornea and why it 
affects corneal thickness. The purpose of this 
experiment was to analyze the effects of increasing 
concentrations of caffeine on corneal thickness in 

chicken embryos. It is hypothesized that increasing 
the concentrations of caffeine will decrease the 
thickness of the cornea in developing chicken 
embryos.  

 
 Materials and Methods 

 
This experiment was approved by the Lander 

University Institutional Animal Care and Use 
Committee (IACUC). Thirty-eight broiler chicken 
eggs were purchased from Clemson University and 
divided into four treatment groups: non-treated, 
5.75 mg/mL, 9.5 mg/mL, and 13.25 mg/mL of 
caffeine. Caffeine concentrations higher than 3.5 
mg/mL were selected based on findings from 
Kujawa-Hadrys et al. (2010) to determine the 
influence of higher concentrations on corneal 
thickness in chicken embryos. Each treatment 
group was injected in ovo with 100 µL of their 
respective concentrations of caffeine on embryonic 
(E) days 1 and 2. According to the Hamburger and 
Hamilton (1951) stages, optic structures begin 
developing in stage 7 or roughly the first 29-33 
hours. The eggs were incubated at 37°C and 57% 
humidity during the duration of the experiment. On 
E18, the chicks were retrieved to dissect the eyes for 
analysis. The eyes were processed, embedded with 
paraffin wax, and sliced in 8µM sections using the 
Excelsior AS, Histostar, and a Microm HM 355S 
(ThermoScientific). Corneal thickness was 
measured for each group using Motic Live Imaging 
software through live image captures (Figure 2). 
The mean corneal thickness was determined for 
each group. A one-way ANOVA was conducted to 
analyze the data, and Tukey’s Post Hoc test was 
used to determine the difference among the 
groups.   

 
Results 

 
Corneal thickness for each group was measured 

and the average thickness was determined (n=6). 
The results for mean corneal thickness are as 
follows: the non-treated group measured 111.16µm, 
the 5.75 mg/mL group measured 96.18µm, the 9.5 
mg/mL group measured 60.87µm, and the 13.25 
mg/mL group measured 47.35µm. There was a 
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significant difference among certain groups. The 
corneal thickness was significantly less in the 9.5 
mg/mL and 13.25 mg/mL groups compared to the 
non-treated and 5.75 mg/mL group (Figure 1, df = 
3, p <0.05). No significant difference was found 
between the 9.5 mg/mL and 13.25 mg/mL groups. 
(Figure 1, df = 3, p >0.05)  
 

Conclusions 
 

Using higher caffeine concentrations, our 
results show similar findings to those found from 
Kujawa-Hadryś et al. (2010), which showed a 
significant difference in corneal thickness with 
concentrations less than 3.5 mg/mL in chicken 
embryos. This study was limited to a smaller 
sample size but results still showed significant 
effects in corneal thickness with increased caffeine 
concentrations, which supports findings from other 
studies. An increase in caffeine concentrations did 
appear to alter the mean corneal thickness in 
developing chicken embryos. Embryos injected 
with the most extreme concentrations (9.5 mg/mL 
and 13.25 mg/mL), showed decreased corneal 
thickness when compared to the non-treated and 
lowest treated group. Small increases in caffeine did 
not appear to have any significant developmental 
effects on the corneal thickness compared to the 
non-treated group. This could indicate that low 
concentrations do not have significant effects on 
corneal thickness and once certain caffeine 
concentrations are reached, increasing caffeine will 
not have further significant effects on corneal 
thickness. This could be further investigated to see 
at what specific concentrations of caffeine will no 
longer have a significant difference on corneal 
development and mean corneal thickness. Results 
from Evereklioglu et al. (2003) showed that high 
doses of caffeine injected into pregnant rats had 
histological effects on the cornea in newborn pups. 
This could indicate that caffeine has similar effects 
on the same structures in different animals such as 
birds and mammals. Understanding the role of 
caffeine in multiple animals with the same eye 
structures is important due to the possible effects it 
can have in humans and human embryos as a 
stimulant that is commonly consumed in our diet.  
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Figures 
 

  
Figure 1. Corneal thickness in E18 chicken embryos treated with different concentrations of caffeine 
represented as mean ± SEM. There was a significant difference in the high concentrations (9.5 mg/mL and 
13.25 mg/mL; df= 3, p<0.05) compared to the non-treated group, as well a significant difference between 
the high concentrations and the 5.75 mg/mL treatment group (9.5 mg/mL and 13.25 mg/mL; df=3, 
p<0.05).  
 

  
Figure 2. Representative slides show the thickness of the corneal epithelium measured in micrometers 
(μm) in the non-treated group (2A) was 111.3μm and 13.25 mg/mL (2B) was 50.1μm. Slides have been color 
corrected to enhance the appearance of the cornea.  
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Abstract - Per- and polyfluoroalkyl substances (PFAS) 
are an emerging environmental contaminant of 
growing concern due to their potential negative effects 
on the health of wildlife and humans. PFAS have been 
shown to alter immune function in various taxa, which 
is of concern because of the potential impact on host-
parasite interactions. To date, studies have focused on 
the effects of PFAS on host susceptibility to parasites, but 
there have been no studies addressing the effects of PFAS 
on parasites. To address this gap in knowledge, we 
assessed the effects of environmentally relevant long-
term PFAS exposure on larval northern leopard frog 
(Rana pipiens) susceptibility to trematode infection, 
cercarial infectivity, and cercarial longevity outside of 
the host. We found that host-only exposure to PFAS led 
to a reduction in parasite load and parasite-only 
exposure to PFAS led to a marginal reduction in host 
parasite load. We found that when both host and 
parasite were exposed to PFAS there was no difference 
in parasite load. Additionally, we found that there were 
significant differences in cercarial longevity outside of 
the host following exposure to PFAS. Our results indicate 
that long-term exposure to PFAS can potentially impact 
host-parasite interactions.  
 
Keywords - PFAS, host-parasite interactions, 
trematodes, larval amphibians 
 

Introduction 
 

For centuries, contaminants have been released 
into the environment due to anthropogenic 
activities. One class of contaminants of emerging 
concern are per- and polyfluoroalkyl substances 
(PFAS). Although in production since the 1940s, 
researchers have only just begun to investigate the 
effects of PFAS on wildlife and humans. PFAS are 
ubiquitous in the environment and are introduced 
via industrial effluents, the application of biosolids 
to agricultural fields, and the use of aqueous film-
forming foams at airports and military bases. 
Additionally, PFAS are found in many consumer 
products such as food packaging, clothing, 
cosmetics, and non-stick cookware. PFAS do not 
naturally degrade and have been dubbed “forever 
chemicals” due to their persistence in the 
environment. Previous studies have shown that 
PFAS bioaccumulate in organisms (Abercrombie et 

al., 2019; Kowalczyk et al., 2020) and biomagnify in 
food webs (Haukås et al., 2007; Koch et al., 2020). 

Exposure to PFAS can have several detrimental 
sublethal effects on organisms such as altered 
growth and development (Flynn et al., 2019), 
hormone disruption (Cheng et al., 2011), and 
changes in immune response (Granum et al., 2013). 
Changes in immune function could lead to reduced 
host resistance and tolerance to pathogens and alter 
host-parasite dynamics (Keller et al., 2000). 
Currently, there are few studies that address the 
effects of PFAS on host susceptibility to parasites. 
However, these studies suggest that hosts exposed 
to PFAS are at a greater risk for parasitic infection 
(Brown et al., 2020; Jacobson et al., 2010). The 
aforementioned studies focus on the effects of PFAS 
on the host, but in order to elucidate complex host-
parasite interactions it is important to understand 
how these chemicals can affect parasites as well.  

To investigate the effects of PFAS on host-
parasite interactions, we used a larval amphibian-
trematode model system consisting of larval 
northern leopard frogs (R. pipiens) and 
echinostomes. These organisms co-occur in aquatic 
systems and are at risk of exposure to PFAS (Ankley 
et al., 2020; McAlpine & Burt, 1998). We used 
controlled laboratory experiments to assess the 
effects of 1) PFAS exposure on parasite infectivity in 
PFAS-free tadpoles, 2) PFAS exposure on tadpole 
susceptibility to PFAS-free parasites, 3) host and 
parasite PFAS exposure on host infection, and 4) 
PFAS exposure on cercarial longevity outside of the 
host. We predicted that 1) parasite infectivity would 
be reduced after exposure to PFAS, 2) tadpoles 
exposed to PFAS would have higher parasite loads 
relative to the control, 3) the combined effect of 
host and parasite exposure to PFAS will result in no 
difference in parasite loads relative to the control, 
and 4) cercarial longevity will be reduced following 
exposure to PFAS.  

 
Methods 

 
Animal collection and husbandry 

We collected northern leopard frog egg masses 
(n = 10) and ramshorn snails (Helisoma trivolvis; 
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n = 75) from ponds at the Purdue Wildlife Area 
(West Lafayette, IN). Egg masses were placed 
outdoors in 100-L tanks filled with 70 L of aged well 
water. Upon hatching, tadpoles were fed Tetramin 
and rabbit chow ad libitum. Prior to the start of the 
experiment, 700 tadpoles were collected from the 
outdoor tanks and housed indoors in 15-L tubs 
filled with 7.5 L of aged well water at 22 °C on a 
12:12 h light:dark schedule. We screened snails for 
echinostome infection by individually placing them 
in 50-mL centrifuge tubes filled with 35 mL of aged 
well water under incandescent light for 1 h to induce 
shedding. Infected snails were housed indoors 
under the same conditions as the tadpoles. 

 
PFAS exposures 

Both tadpoles and snails were exposed in 
groups to seven PFAS treatments: no PFAS 
(control), perfluorooctanesulfonic acid (PFOS) 10 
ppb, perfluorooctanoic acid (PFOA) 10ppb, 
perfluorohexanoic acid (PFHxA) 10 ppb, 
perfluorohexanesulfonic acid (PFHxS) 10 ppb, 
perfluoropentanoic acid (PFPeA) 10 ppb, and a 
PFAS mixture for 21 d. The PFAS mixture was 
comprised of 4 ppb PFOS, 1.25 ppb PFOA, 3 ppb 
PFHxS, 1.25 ppb PFHxA, and 0.5 ppb PFPeA (10 
ppb total PFAS). We chose these chemicals and 
concentrations because they are environmentally 
relevant based on water sample analyses from 
AFFF contaminated sites (Anderson et al., 2016). 
Because the life span of the parasite is ~24 h outside 
of the host, we exposed the infected snails to PFAS 
to assess the effects of long-term exposure on the 
parasites.  

 
Parasite exposures 

We exposed tadpoles to parasites over three 
days. Each day of exposure addressed one of our 
three hypotheses (Figure 1). We exposed tadpoles 
(n = 15 per treatment) individually in 150-mL cups 
filled with 100 mL of clean aged well water to 50 
cercariae. Cercariae were obtained by shedding 
snails using the method described above and 
pooled by treatment to account for genetic 
variation. Tadpoles were euthanized 3 d post-
exposure using MS-222. Previous studies show that 
three days is enough time for cercariae to encyst but 
limits parasite clearance by the host (Hoverman et 
al., 2013). We quantified parasite load by removing 
the kidneys, pressing them between two glass 
slides, and counting cysts using an inverted scope. 

 
Parasite time-to-death assays 

We conducted time-to-death assays to assess 
cercarial longevity outside of the host after 
exposure to PFAS. We shed snails from the above 
PFAS treatments to obtain cercariae. We used 48-

well plates as our experimental units with six wells 
per plate assigned to each of the seven PFAS 
treatments (n = 24 wells per treatment). We filled 
each well with 1 mL of reverse osmosis water 
treated with Replenish (Seachem) according to 
manufacturer’s instructions and pipetted one 
cercariae into each well. Cercariae were checked for 
mortality every hour for 12 h and at 24 h using a 
dissecting scope and were considered dead if there 
was no movement after mechanical stimulation. 
Since the ability of cercariae to encyst is greatest 
during the first 8 h after emergence, we chose to 
end hourly checks at 12 h. Thus, our observations 
covered the period of time where cercariae are most 
likely to infect a host (Morley et al. 2003; Rohr et 
al. 2008). 

 
Statistical analyses  

All statistical analyses were conducted using 
program R (R Core Development Team, 2019). We 
used a generalized linear model (GLM) with a 
negative binomial distribution to account for 
overdispersion using the glm() command in the 
stats package for all analyses. To estimate p-values, 
we used the Anova() command in the car package 
(Fox and Weisburg 2019). We used subsets of our 
data to address each hypothesis (Fig. 1). Our 
response variable was total metacercarial cysts with 
PFAS treatment as the fixed effect. To assess 
cercarial longevity outside of the host we compared 
time-to-death among treatments at 12 h using a 
Wilcoxon-Gehan D test. We used a pairwise 
comparison to assess differences between 
treatments. This analysis was conducted using 
SPSS 26 (IBM Corp, Armonk, NY).  

 
Results 

 
Parasite exposures 

In the analysis for the first hypothesis, we 
found significant differences in parasite load in 
PFAS-free tadpoles when exposed to PFAS-treated 
cercariae (𝜒𝜒62 = 20.22, p = 0.003). This effect was 
driven by the PFAS mixture treatment, which 
significantly decreased parasite loads relative to the 
control (p = 0.002; Fig. 2). No other PFAS 
treatments had a significant effect on parasite load 
(p = 0.416). For analysis of the second hypothesis, 
there was no significant effect on parasite loads in 
PFAS-treated tadpoles exposed to PFAS-free 
cercariae (p = 0.135). However, the PFHxS 
treatment was marginally significant (p = 0.057) 
and decreased parasite load relative to the control. 
For the third hypothesis, there was no effect of 
PFAS treatment on parasite load in tadpoles when 
both the tadpoles and the cercariae were treated 
with PFAS (p = 0.342).  
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Parasite time-to-death 
We found an overall effect of PFAS treatment 

on the survival of cercariae outside of the host 
(Wilcoxon-Gehan D2 = 98.541, df = 6, p <0.001; 
Fig. 3). Based on pairwise comparisons, cercariae 
from the PFHxA, PFPeA, PFOS, and the PFAS 
mixture treatments had greater survival compared 
to the control, PFHxS, and PFOA treatments (p < 
0.001). PFHxA, PFPeA, and PFOS treatments had 
greater survival compared to the PFAS mixture 
treatment (p < 0.01). Survival did not differ among 
the PFHxA, PFPeA, and PFOS treatments (p > 
0.05). Additionally, survival did not differ among 
the control, PFHxS, and PFOA treatments (p > 
0.05).   

 
Conclusions 

 
We found that there were significant 

differences in parasite loads in PFAS-free tadpoles 
that were exposed to PFAS-treated cercariae. 
However, PFAS mixture was the only treatment 
that was significant and resulted in decreased 
parasite loads relative to the control. Previous 
studies have also shown that exposure to 
contaminants can reduce cercarial infectivity and 
encystment in both molluscan and amphibian hosts 
(Koprivnikar et al. 2006; Morley et al. 2003). While 
we predicted that tadpoles exposed to PFAS would 
have higher parasite loads compared to PFAS-free 
tadpoles, we did not detect significant effects. In 
fact, we found that tadpoles exposed to PFHxS had 
marginally lower parasite loads compared to 
control tadpoles and no effect was seen for other 
PFAS treatments. This result is in contrast to a 
study by Brown et al. (2020) which found that 
tadpoles exposed to 10 ppb PFHxS, the same 
concentration in our study, had elevated parasite 
loads compared to control tadpoles. We found that 
when both tadpoles and cercariae were exposed to 
PFAS, there was no difference in parasite load 
among treatments. This effect has been observed in 
other studies. For example, Koprivnikar et al. 
(2007) found that when both tadpoles and 
cercariae were exposed to atrazine, there was no 
difference in host parasite loads. 

We found that there were differences in 
cercarial longevity after exposure to PFAS. While 
cercariae from some of the PFAS treatments had 
survival times similar to the control, some 
treatments survived longer than the control. This 
longer survival time could be due to a reduction in 
swimming speed of cercariae, which would allow 
them to expend less energy and live for a longer 
period of time. A study by Cross et al. (2001) found 
that cercariae from snails collected from a site 
polluted with a mixture of heavy metals had 

reduced swimming rate. It is possible that exposure 
to PFAS could also cause reduced swimming rate in 
cercariae, but more research is needed to test this 
hypothesis.  

Our results indicate that long-term exposure to 
PFAS could potentially alter host-parasite 
interactions. Future studies should aim to identify 
possible immunological or behavioral mechanisms 
to explain our results. In addition, field studies 
investigating host-parasite interactions at PFAS 
contaminated sites could provide more insight into 
the dynamics of this complex system.  
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Figures 
 

 
Figure 1. Three days of parasite exposure. Each treatment had 15 replicate northern leopard frog tadpoles 
and each individual was exposed to 50 cercariae. 
 

 
Figure 2. Mean cysts +/- 95% confidence interval for all trematode exposures. For each treatment n = 15 
tadpoles.  
 

 
Figure 3. Survival curve for cercariae exposed to seven PFAS treatments. For each treatment n = 24 
cercariae.  
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Abstract — In this research, field crickets, male and 
female, were captured and put through jump and 
fighting trials. It was hypothesized that winning male 
crickets would have shorter hindlimbs with larger hind 
limb muscles which would lead to a worse jump 
performance while the loser males would have longer 
hindlimbs with smaller hind limb muscles which would 
allow them to have better jump performances. Both 
male and female fiend crickets were put in a jumping 
arena in order to measure their jump distance and jump 
velocity. They were put through trials on two different 
days and video recorded. The male field crickets were 
placed in a fighting arena and fought to in order to 
determine a winner and loser male. The purpose of this 
was to measure the winning males body mass, hind limb 
length, and hind limb muscle mass. This was also done 
with the loser males, and once completed, the data 
collected was compared to see if there was a functional 
tradeoff between hindlimb length, hindlimb muscle 
mass, jump velocity and fighting. 
 
Keywords — aggression, locomotion, functional trade-
offs 
 

Introduction 
 

Survival for crickets often relates to their ability 
to effectively jump in order to flee from predators. 
Just as jumping is important for all crickets, the 
ability to fight is crucial for male crickets. Being a 
successful fighter allows a male cricket to control a 
territory and gain access to females within that 
territory, allowing the male to reproduce and attain 
greater biological fitness. However, traits that make 
a male a good fighter may negatively impact their 
jumping performance. For example, longer 
hindlimbs increase jumping distance in some 
hopping insects such as grasshoppers (Queathem, 
1991), but shorter legs are predicted to improve 
fighting performance because it increases leverage 
of the hindlimb muscles that are used to push an 
opponent when grappling occurs (Carrier, 2002; 
Morris et al., 2017). By having hindlimbs, a male 
cricket might have a better ability to escape 
potential predators but could possibly not be able to 
win fights against other male crickets. This presents 
an interesting potential conflict between natural 
selection and sexual selection on the same trait. 
With this in mind, we wanted to determine if such 
a functional trade-off is present in male field 

crickets. We hypothesized that males who were 
better fighters (“winner” males) would have shorter 
hindlimbs with larger leg muscles, and that these 
traits would lead to poorer jumping performance as 
compared to non-winning males (“loser” males), 
which would have longer legs and, therefore, better 
jump performance. We also hypothesized that 
males, as compared to females, would have shorter 
hindlimbs and greater hindlimb muscle mass, 
relative to overall body size, as a result of sexual 
selection on male fighting ability. 
 

Methods 
 

In order to test these hypotheses, we measured 
jumping and fighting performance in custom-built 
arenas (Figure 1). For each cricket, we conducted 
jump trials on two different days. We used a long 
straw with strings attached to the end to encourage 
the crickets to jump. The trial was deemed finished 
when the cricket no longer jumped but just ran 
across the bottom of the arena. Each jump trial was 
video recorded, and we used imaging software 
(ImageJ) to measure the three best jumps (greatest 
distance and height) for each cricket. From this 
data, we calculated jump takeoff velocity and used 
this value for overall jump quality. For male 
fighting trials, we built a small fight arena. We 
painted a small color dot on the dorsal thorax of 
each cricket for identification. Two males were 
placed into the divided arena and agitated by 
flicking their antennae with a paintbrush. We then 
removed the barrier and allowed the males to 
interact. A winner was determined when an 
opponent retreated three times. When this failed to 
occur during the 10-minute trial, the fight was 
declared a draw. We categorized "winners" as males 
that won 50% or more of their fights and "losers" 
that won less than 50% of their fights. All data were 
ln-transformed prior to statistical analysis. We 
compared performance and morphology data for 
winner versus loser males and females versus males 
(winning and losing males combined) using T-tests 
and ANCOVA tests with body mass as a covariate. 
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Results 
 

Our results indicated that winner males had 
greater jump takeoff velocity than loser males (P < 
0.05, T-test and ANCOVA with body mass as 
covariate; Figure 2A). We found no significant 
differences between winner and loser males in body 
mass, hindlimb leg muscle mass, or hindlimb 
length (Figure 2B, C, and D, respectively). Females 
had significantly greater body mass than males (P < 
0.05, T-test) whereas males had significantly 
greater relative hindlimb muscle mass than females 
(P < 0.05, T-test). No other comparisons 
between males and females were statistically 
significant. In addition, no interaction terms in 
ANCOVA tests were statistically significant. 
 

Conclusions 
 

Our results suggest that, contrary to our 
hypothesis, there is no tradeoff between jumping 
and fighting performance in male field crickets. 
Instead, some males outperform others at both. 
Surprisingly, we found no differences between 
winner and loser males in body mass, hindlimb leg 
muscle mass, or hindlimb length. Further research 
is needed to identify what allows overall better 
performance in winner males. Potential 
explanations could be related to motor 
coordination or general health and vigor. 

Our results also indicated a few morphological 
differences between males and females. Females 
were larger in body mass, but males had larger 
hindlimb muscles, relative to their body mass, than 
females. Consistent with our hypothesis, larger leg 
muscles in males may be a result of sexual selection 
on male fighting performance. Surprisingly, we 
found no difference in jump performance between 
males and females. Taken together, these results 
suggest that male fighting ability has played a role 
in the evolution of hindlimb musculature and 
related performance traits of male field crickets. 
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Figures 

 

  
 
Figure 1. (A) Image of jumping trail, showing takeoff, maximum height, and landing. (B) Image of fighting 
trial in which two males are engaging in a fight. 
 
 

 
 

Figure 2. Mean jumping performance and morphometric traits of field crickets grouped by sex and male 
fight outcome status. Measurements included (A) jump velocity, (B) body mass, (c) hindlimb length, and 
(D) hindlimb muscle mass as a percentage of body mass. Scatter was added to horizontal values to aid 
visualization. Means ± s.e.m. are shown by bars. 
* significant difference between winning males and losing males 
# significant difference between females and males (winning and losing males combined) 
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Abstract — The impact of neutral salts on the UV-
visible absorption spectrum of bromocresol green in an 
acidic solution was investigated.  Addition of group 1 
cations to the solution resulted in an observed increase 
in the 629 nm peak of the absorption spectrum with a 
corresponding decrease in the 424 nm peak in the 
absorption spectrum.  A clear trend was not observed as 
you move across a row (n=4) of the periodic table. The 
nature of the interactions that cause the unexpected 
results for fourth row elements are not clear, and will 
likely require detailed modeling of the interactions 
involved.  However, all neutral anions appeared to have 
no impact on the measured absorption spectrum.   
 
Keywords — bromocresol green, UV-Vis spectroscopy, 
pH, salt effect, indicators 
 

Introduction 
 

Previous work concluded that the salt error of 
indicators is dependent on many different factors 
(Critchfield & Johnson, 1959; Klotz, 1947; Kolthoff, 
1928). One of these major factors is the kind and 
valence of the cation that is present, along with the 
buffer solution that is used and the behavior of the 
indicator in question. Previous research has also 
stated that the size of the ion will be the greatest 
determinant of apparent change in pH, with 
smaller cations causing the pH to appear to be 
lower than would be expected based on the 
concentration of hydronium ions (Kolthoff, 1928). 
The goal of this research study was to determine 
how the size and type of the different cations and 
anions affected the pH of the solution containing 
the indicator bromocresol green. 

The effect that various ions had on the 
bromocresol green indicator were quantified by the 
change in intensity of the two dominant peaks in 
the absorption spectrum.  The peak observed at 629 
nm was indicative of bromocresol green in a high 
pH solution (pH > pKa), while the peak at 424 nm 
was indicative of bromocresol green in a low pH 
solution (pH < pKa).  Ions that appear to influence 
the pH would cause a change in intensity of these 
peaks. 
 
 
 
 
 

Procedures 
 

Preparing and Testing the Acid Solution 
A liter of 2.5*10-2 M HCl was prepared. This 

new solution was then transferred to a 1L beaker, 
where 15 mg (2.1×10-8 mol) of the bromocresol 
green indicator was dissolved in it. The solution was 
then mixed thoroughly. A sample of the thoroughly 
mixed solution was tested in the UV-Vis 
spectrometer before the sample was returned to the 
1L beaker. 

 
Preparing the Salt Solutions 

Approximately 3.4×10-3 moles of NaCl, KCl, 
LiCl, RbCl, CaCl2, ScCl3, KI, KBr, KNO3, YCl3, EuCl3, 
and CeCl3 were used per trial. For each trial, the 
intended amount of salt that was to be used was 
dissolved in the acid solution and given time to 
properly dissolve. A sample of the thoroughly 
mixed solution was measured in the UV-Vis 
spectrometer before the sample was returned to the 
1L beaker. This process was then repeated until 
twenty, 3.4×10-3 mole aliquots of salt were added.  

 
Abnormalities in the Salt Concentrations 

Though there was supposed to be 3.4×10-3 
moles of added salt per aliquot for each salt that was 
used, the addition of RbCl, CaCl2 and ScCl3 to the 
acid solution resulted in a rapid change that was not 
observed in the other salts that were tested. 
Therefore, to keep the number of trials consistent 
for these salts, the amount of salt that was used had 
to be reduced to 8.3×10-5 moles, 9.0×10-5 moles and 
3.3×10-5 moles per aliquot, respectively. 

 
Results 

 
The role that cation size plays in determining 

the apparent pH of a bromocresol green solution is 
shown in Figure 1A by tracking the changes in peak 
intensity as Group 1 cations are added to the acid 
solution.  The figure shows that Li+, Na+, and K+ 

produce similar results with the peak at 629 nm 
becoming more intense and the peak at 424 nm 
becoming less intense.  However, Rb+ was observed 
to cause a much faster change in the intensity of 
both peaks.  Size alone does not explain why Rb+ 
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causes such a dramatic change compared to the 
other alkali cations. 

As we move across a period (n=4), no 
discernable pattern in the change of the peak 
intensity was observed.  As K+, Ca2+, and Sc3+ are all 
isoelectronic, differences in electron configuration 
can be eliminated as the cause of the odd 
observations.  Both Ca2+ and K+ saw peak intensity 
change in the same direction (increase) (Figure 1B), 
while the addition of Sc3+ caused the 629 nm peak 
to drop significantly in intensity instead of the 
expected rise. 

As we observe in Figure 2, neutral anions do not 
appear to impact the absorption spectrum.  While 
the three anions (nitrate, bromide, and iodide) did 
produce a change in peak intensity, the observed 
change in intensity were of the same magnitude and 
direction observed with KCl.  This suggests that the 
observed change in intensity is the result of the K+ 

and not the anions.  
While previous work had suggested that all 

Group 1 ions would impact apparent pH to the same 
degree (Kolthoff, 1928), we have shown that this is 
not the case. The presence of Rb+ ions clearly 
impacts the bromocresol green indicator to a 
greater degree.  Consistent with previous work we 
observe no clear impact from the anions on the 
bromocresol green indicator. 

When most ions were added, the peak at 424 
nm was observed to decrease in intensity, while the 
peak at 629 nm increased in intensity.  An example 
of this is shown in Figure 3A with the addition of 
NaCl. The moles of ions required to drive the 
change may have varied for the different ions 
studied, but the resulting spectra were nearly 
identical to Figure 3A.  However, when Sc3+ was 
added to the acid solution, the 629 nm peak 
essentially collapsed, and the peak at 424 grew in 
intensity and redshifted (Figure 3B).   

While the absorption spectrum clearly 
indicates that the Sc3+ is forming some type of 
complex with bromocresol green, the mechanism of 
formation remains unclear.  Similar shifts in the 
absorption spectrum were not observed with YCl3 
or EuCl3, which rules out the presence of empty d-
orbitals in the cation as the driving force for the 
complex formation.  Additionally, a redox reaction 
between the Sc3+ and the bromocresol green seems 
unlikely, as this would have required observing 
similar complexes for Ca2+, Y3+, and K+ based on the 
standard reduction potentials of each ion (Vanysek, 
2002). 
 

 

Conclusions  
 

Addition of group 1 ions all appear to have 
similar impact on the intensity of the peaks of 
bromocresol green, except for Rb+.  A clear trend 
was not observed as you move across the row (n=4) 
of cations.  Anions do not appear to have an impact 
on the intensity of the peaks in the absorption 
spectrum of bromocresol green. Further modeling, 
possibly involving DFT calculations, are necessary 
to determine the nature of the interaction 
responsible for the unexpected behavior of Rb+ and 
Sc3+.  
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Figures 
 

 
 
Figure 1. A.) Average change in Intensity at 629 nm and 424 nm for Na+, Li+, K+, and Rb+ group 1 cations. 
The Rb+ cation impacts peak intensity much more than the other group 1 cations investigated.  B.) Average 
change in Intensity at 629 nm for K+, Ca2+ and Sc3+ period 4 cations. No clear trend is observed in how the 
cations impact peak intensity as you move across a period. 

 

 
Figure 2. A.) Average change in Intensity at 629nm for Br-, I- and NO3- anions B.) Average change in 
Intensity at 424nm for Br-, I-, and NO3- anions.  The anions investigated appear to impact the change in 
peak intensity similarly. 

 

 
Figure 3. A) The UV-Vis Spectrum of NaCl in Bromocresol Green B) The UV-Vis Spectrum of ScCl3 in 
Bromocresol Green. 
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