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Jenny Galvan 2-01-001 

Eradication of Pomacea canaliculata Using Novel Water Treatment Methods 
The problem being addressed in this experiment is decreasing the population of the invasive 
Pomacea canaliculata to stop their harm on rice plantations and local amphibian species. The 
experiment used vitamin C and D to acidify/toxify the water of two groups of four Pomacea 
canaliculata. The dosage of each vitamin began at 2 ppm but was later doubled and then tripled. 
Results on the health and death rate of the species were recorded daily. The results of the 
experiment show that both vitamin C and D damaged the vitality of the groups of Pomacea 
canaliculata they were applied to; however, no deaths among the subjects were evident. When 
compared, vitamin D shows to be more harmful to the specie. The overall outcome of the 
experiment is that vitamin D and C could be potentially used to reduce the population of 
Pomacea canaliculata. In further experiments, the probability of a higher concentration of 
vitamin D and C can be researched on its effect to the same species. 

Tristin Niccoli 2-01-002 
An Investigation of Environmental Conditions and the Sporulation of Eimeria 

Livestock owners are often plagued by loss of young claves of kids due to a disease called 
coccidiosis. Coccidiosis in goats and cattle is caused parasitic protozoans of the genus Eimeria. 
Eimeria have a unique and complicated lifecycle in which it undergoes sexual reproduction in 
the intestine of the host animal forming oocysts. The oocysts are passed from the host, undergo 
asexual reproduction and sporulate. Only after sporulation are the oocysts infectious again. The 
focus of this study is to investigate environmental conditions, such as temperature and pH, that 
could inhibit the sporulation of the oocysts, thus preventing the re-infestation of the host animals. 
It was hypothesized that a basic pH solution would inhibit Eimeria sporulation and that 
temperatures similar to the internal temperature of the host would promote sporulation. Slides 
containing Eimeria oocysts collected from caprin (goat) and bovine (cattle) were obtained from 
CSU Veterinary Diagnostics Lad. each slide was examined under the microscope at 100x and 
400x, counting viable oocysts and existing sporulation. Slides were then labeled according to the 
environmental condition that was to be tested (pH 5, 7 or 9 and 4 C 21 C or 34 C) Slides were 
either treated with sterile pH or placed in appropriate temperature and then examined 
approximately every two days, recording percent sporulation for about a week. The data from the 
pH trails indicate that both the acidic and basic solutions inhibited sporulation both in amount 
and longer time. The data from the Eimeria oocysts. Livestock produers will benefit from the 
data from this experiment, understanding potenial methods of preventing sporulation of the 
oocysts of the parasite that cause coccidiosis in a goat or cattle herd would result not only in 
healthier stock, but also in less economic loss due to the illness. 

  



Anuradha Prakash 2-01-003 
Two-Bottle Choice Test: Alcohol Consumption and Preference in Mice Selectively Bred for High 

Activity Low Anxiety Compared to Mice Selectively Bred for Low Activity High Anxiety 
The purpose of this investigation was to test the impact of a genetic predisposition for anxiety on 
alcohol use disorders. I hypothesized that alcohol, due to its anxiolytic properties, has a calming 
effect on individuals with a predisposition for high anxiety. I predicted that high anxiety mice 
would consume more alcohol when compared to those with low anxiety. Using two strains of 
mice, each selectively bred for different anxiety traits, a two-bottle choice test was run. The mice 
always had a choice between two different fluids: water and different concentrations of alcohol 
(3% to 20%). Each concentration of alcohol was supplied for four days and alcohol consumption 
and alcohol preference were calculated. Repeated measures analysis of variance tests revealed no 
statistically significant difference in alcohol intake behavior of male mice (p=0.58). Similarly, no 
statistically significant difference in alcohol consumption in female mice was observed (p=0.06); 
though there is a potential trend towards significance. However, female mice with low anxiety 
did prefer more alcohol than those with high anxiety (p=0.00149). Overall female mice with 
genetic predisposition for high activity and low anxiety have an increased alcohol preference. 
Since anxiety and impulsivity/activity are inversely correlated in mice, these results call for 
further studies to be conducted, with larger sample sizes, to independently understand the impact 
of these two traits upon alcohol intake. 

Camille Rawinski 2-01-004 
UnBEElievable Pollination: Examining the Effects of Air Pollutants on Bumble Bee Pollination 

A research project was done on 75 Eastern Bumble Bees (Bombus impatiens) to determine the 
effects of air pollutant gases on pollination and behavior. The bees were marked with distinct 
colors and numbers and kept in a mesh enclosure. The marked bees were divided into five 
groups and each group was exposed to one of the following gases: Carbon dioxide, sulfur 
dioxide, one dose of car exhaust, car exhaust with a double dose, and a control group. After gas 
exposure, the bees were released into a testing area where I recorded the bee’s actions for 30 
minutes. After analyzing data, there were no significant differences between control bees and 
bees that were exposed to gases. Bees exposed to the gases all had varying pollination rates. This 
is likely the result of limited sample sizes and testing times. However, it was shown that bees 
exposed to a double dose of car exhaust pollinated less than the control bees. I recorded the 
number of marked and unmarked bees that died outside of the hive. Based on the bee markings, I 
was able to identify the type of gas they were exposed to. Out of 17 marked bees found, the 
largest number of deceased bees were exposed to carbon dioxide. This suggests that gases do not 
affect the bees immediately, but may have long term effects. Knowing the effects of air 
pollutants on bee pollination can help prevent the loss of critical insects that pollinate over one 
third of the world’s food source. 

Sydnee Roth 2-01-005 
The Future of Farrowing 

The purpose of this project was to determine if an Expected Progeny Difference (EPD) for the 
gestation period of swine could be created. Ten bloodlines were used. Each bloodline consisted 
of one sow/gilt for three generations. Each sow/gilt had three gestation periods. The average 
gestation period for swine is three months, three weeks, and three days (116 days). This project 
found that an EPD can be made for a sow/gilt and a bloodline. To get an EPD, the difference 
between the industry average and data set average gestation period was divided by the industry 
standard giving a baseline. Then the difference between the industry standard and the bloodline 
average gestation period was divided by the industry standard. To get the final EPD, the 
difference between the result of the baseline and the bloodline result was divided by the baseline. 
An EPD was created for the individual sow/gilt and for the bloodline. 

  



Diamond Salas 2-01-006 
Now You See Me, Now You Don’t: The Effect of Artificial Light on Crickets 

My project is about insects that are phototaxis, when an organism’s instinct to move towards or 
away from light. I wanted to research what certain draw insects to the lights, and would this be 
cause of the extinction on certain in insects Crickets are very uncared about insects, where we 
just kill off on a daily, but sooner or later they are going to become extinct from our actions. I 
believe that all insects are important to the environment as in they have in role so way and show 
how. The effects on the artificial lights can help cricket breeders and also people who sell 
crickets can know which lights affect the behavior of the crickets. The steps I took to achieve my 
goals was I put the crickets into a container and did three different trials on the crickets. I tested 
different color artificial lights to see how the crickets reacted. I started to notice that crickets, 
oddly loved to be the blue light rather being near the control which was a white light. For least 
color the cricket was attracted to it was the green, they kind of just avoid the light. In conclusion 
what I had learn from which lights that the crickets were most attracted to from either the white, 
yellow, blue, green, red light bulb. The blue light bulb is where the most amount of crickets 
stayed by the light and the least amount of crickets stay by green light bulb. In my hypothesis 
that the white light will have the greatest impact on the cricket’s behavior was wrong about the 
crickets wanting to stay by the white light bulb because they reacted better to the blue light bulb. 

Nariah Smith 2-01-007 
Pigeon Training: Sociability, Innovation, and Ability to Adapt and Learn 

In the exploration on sociability and pair bonding and how that affects a pigeon's ability to learn 
and adapt, two pairs of pigeons, one mated and one only bonded, and two isolated pigeons, one 
male and one female, were placed in an Operant Conditioning Chamber and given a task to 
complete over the course of seven days, thirty minutes each day. As a result, the hypothesis that 
the pairs would perform better than the isolated pigeons was found correct, as the mated pair 
achieved more than bonded, and the isolated pigeons did not show any signs of understanding 
and growth in the task. This opened up experimenting possibilities with gender roles and how 
that affects the learning capabilities of a group or pair, and/or how different numbers of pigeons 
or more time in a day to learn may also affect the innovation of the species. 
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Ariel Bowen 2-02-001 

iSpy: Malevolent Observation 
Does being a psychopath affect your observation skills? Are people who are more malevolent 
more suspicious of others? Using a recent study created by German scientists and a Forensics 
observation skills test, this project explains the connection between personality and observation 
skills. The first test – for D-Factor, or the tendency to be a ‘bad’ person – was given, then 
followed up by an observation skills test. With teachers as my main test group, the results were 
not as expected. After sorting both test results by low, medium, and high scores, I discovered the 
majority of subjects had a medium observation and a medium/low D-Factor. The teachers I 
tested proved to have one major thing in common – a low D-Factor (they are good people) with a 
high observation skills score (they have to watch children). This concluded that being observant 
has nothing to do with how terrible of a person you are. After using linear regression to test my 
data for any correlations, my hypothesis was not supported. On the flip side of things, as the 
creators of the test concluded, all dark traits correlate. All participant scores were recorded, and 
some of the subjects’ highest scores were in Sadism, Moral Disengagement, Psychopathy, and 
Self-Centeredness. While this was the case for my current test subjects, mostly teachers, I would 
have preferred to have a wider scope of professions to test. A very analysis-heavy project about 
personality and observation skills, this project is magnificently malevolent. 

Ellory Boyd 2-02-002 
The Relationship Between Comprehensible Input and Affective Filter in Second Language 

Acquisition 
Does secondhand smoke correlate to high blood pressure and heart rate in children? Second-hand 
smoke may be a prime factor in the elevation of heart rate during exercise but does not appear to 
have a dramatic effect on blood pressure. This is against the initial hypothesis that second-hand 
smoke would lead to both a greater increase in heart rate and blood pressure in smoker’s 
children. The percent of increase between resting and exercising in the second-hand smoke 
category was a 26 percent rise in heart rate, an unchanged systolic blood pressure, and a diastolic 
decrease of 9 percent. For the smoke-free category, heart rate between resting and exercising 
increased by an average of 14 percent, the systolic blood pressure increased by 6 percent, and the 
diastolic blood pressure decreased by about 51 percent. Although it has been previously 
hypothesized that students who reported a lower affective filter (i.e. high motivation, high self-
confidence, and low anxiety) were able to absorb more comprehensible input while engaging in 
language acquisition, this project aimed to demonstrate the effect that receiving more 
comprehensible input had on student’s affective filters. Further research about the relationship 
between these two essential elements of language acquisition could help to further the theory that 
perhaps one can learn a second language just as effectively in a classroom as through complete 
language immersion. It was hypothesized that students who received more comprehensible input 
would, in fact, self-report lower affective filters, as the input they were receiving would be 
sufficiently challenging, yet not overwhelming. Each participant was given a survey to establish 
their baseline by measuring the three elements which are widely considered to compose the 
affective filter on a 5-point scale. The students responded to the same survey questions after class 
for four days. Each day, the amount of time the class spent receiving Comprehensible Input was 
recorded. The students’ daily perceptions of their own affective filter, in relation to their 
baseline, were then compared to the amount of Comprehensible Input which the class received 
each day. In the German Level One class which was observed, there was shown to be a 
significant positive correlation between increased comprehensible input and a lowered affective 
filter. In the French Level Two class, the two were also positively correlated, although not 
significantly so.  



Iliana Castillo 2-02-003 
Me Entiendes? 

The process of this investigation was to test if cognates help understand a language better. I 
hypothesized that if a person understands cognates, then they will be able to interpret a passage 
with more cognates better. This experiment involved creating two tests with 3 question in each 
test. I decided to test 10 people from ages 14-16. They were told to read a passage with cognates 
and try to identify the cognates. they were also told to read a passage with less cognates and also 
try and identify if there were any cognates. The data collected did conclusively support the 
hypothesis. 

Gigi Keziah 2-02-004 
Feature Weighting in Multimodal Affect Prediction and Emotion Inference 

Emotion inference is the ability to infer how another individual is feeling and is crucial to social 
interaction and well-being. The predominant form of investigation involves unimodal, simplified 
cues that participants use to evaluate others’ feelings. However, observers in real-world 
situations must rely on multiple factors in determining the emotion expression of others (e.g. 
facial expression, voice, prosody). Although daily emotion inference requires multimodal cue 
integration, little is known about the relative importance of expressive features, specifically 
which are most predictive of emotional valence. Emotion inference also becomes increasingly 
important in creating emotionally intelligent AI as technology is further integrated into daily life. 
Here I investigate the process of emotion inference, and the relative importance of expressive 
features. I created three models to infer emotion based on vocal, facial, and multimodal cue 
inputs, with an output of instantaneous predictive ratings of emotional valence. Such features 
were extracted from continuously rated naturalistic videos. Each model was correlated to the 
storytellers’ actual ratings and the average observers’ ratings to evaluate their relative 
performances. I then used a system of lesioning each feature within instances in which the 
multimodal model was successful to investigate which features had the biggest effect on the 
model’s error, and were therefore most predictive of emotional valence. This project both builds 
groundwork for more emotionally intelligent AI and introduces a system of feature classification 
to aid human observers with poor emotion inference capabilities. 

Abby Klapp 2-02-005 
Sport Climbing: The Impact on Spatial Awareness 

Spatial ability is the mental capacity to generate, transform, and rotate a visual image. Prior 
research suggests that males and athletes perform better both on spatial ability tasks. Several 
studies have shown that males tend to outperform females on tests of spatial ability. However, 
more recent research has revealed that these gender differences can be diminished for women 
who engage in highly spatial hobbies like video games. This study examines the differences in 
spatial ability between male and female rock climbers and non-climbers. A hypothesis was 
formed that male non-climbers would score high than female non-climbers. However, among 
climbers, females would perform just as well if not better than males. Participants in this study, 
100 high school students and community members with ages ranging from 12-20 (M=15.15, 
SD=1.39), were asked to complete a demographic survey that included questions related to 
climbing ability as well as experience with spatial tasks like playing video games and solving a 
Rubik’s cube, and the Vandenberg Mental Rotations Test (VMRT). The results of a 2x2 
between-subject’s ANOVA suggest that climbers (M=18.01) have a significantly higher spatial 
ability scores than non-climbers (M=12.80, p < .002). In addition, females (M=17.17) have 
significantly higher spatial scores than males (M=13.64) in the sample. Consistent with other 
studies, participants who played video games have a positive correlation with spatial ability. 
These findings may contribute to future training to improve climbers’ technique and interaction 
with the rock face. 

  



McKinze Vaughn 2-02-006 
Race Against Time: Intensity of the Cross-Race Effect 

Eyewitnesses have been a trusted source of identification in the criminal justice system for a very 
long time. As of recent though, many people have begun to discredit the reliability of eyewitness 
identification due to numerous accounts of unintentional accusations against innocent people 
because of altered memories and the inability to store information correctly under stress. It has 
been learned that race can play a part of how we identify people. Does time affect the validity of 
an eyewitness identification when identifying an offender of a different race? An experiment was 
done in which participants had a certain amount of time to look at pictures from different race 
groups and try to identify which person was in a particular location in the room. The hypothesis 
for this experiment was that the cross-race effect will be amplified when participants stay in the 
room for a shorter amount of time, but will be reduced the longer the participant is in the room. 
The results of the experiment showed that after thirty seconds, participants could correctly 
identify Caucasians correctly 100% of the time, identify Latinos correctly 70% of the time, and 
identify African-Americans correctly 45% of the time. An increase in time led to more accuracy 
until they were able to correctly identify all groups. The hypothesis was supported and the cross-
race effect is amplified when there is a shorter amount of time to look at a possible offender. 
These results can be used to discredit or validate an eyewitness’s testimony. 

Sebastian Negron 2-02-007 
The Effect of Implicit Gender Science Biases on Influence 

Regardless of experience, skill or talent there are significantly more men than women 
represented in scientific fields. Implicit gender stereotypes have the potential to perpetuate that 
imbalance. The Implicit Association Test (IAT) for Gender Science measures automatic 
associations for males or females with science. This study was conducted to examine the effect 
of implicit gender science biases on influence. Subjects first completed the IAT for gender 
science. The IAT results showed that 70.6% of the subjects associated males with science, 19.6% 
had no association, and 9.8% associated females with science. The subjects then performed a 
simple memory test. A male or female test administrator provided a false answer and the subject 
was asked to repeat the test. The amount of influence was measured if the subject selected the 
false answer. The results showed that the female administrator had the least amount of influence 
on the subjects and there was a statistically significant difference in the amount of influence of 
the different administrators (Chi-Square, P = 0.020278). The results support the hypothesis that 
implicit gender science associations can influence a subject and may contribute to the gender gap 
in scientific fields. Educators can use this knowledge to help curb these stereotypes by 
highlighting women scientists and their accomplishments and to better understand approaches to 
teaching students with these implicit associations. Educators can also use this data to help 
students understand their implicit biases to better understand how they affect their perceptions of 
others. 

  



Amada Quintana 2-02-008 
The Effects of Stress on Teenage Substance Use 

The correlation of this project is to determine the effects of stress on teenage substance use. This 
study was conducted at Monte Vista High School in Monte Vista Colorado. This study was 
conducted from 2/5/2019 until 2/21/2019. This study was conducted by using a survey focusing 
only on participants aged 14-18. In total I had 37 participants varying from 9th grade to 12th. 
Statistics were run to determine correlations between varying factors and substance use. It was 
found that there were no statistically significant correlations between substance use and stress. 
Though a strong trend was determined between athletics and reported substance use. A similar 
strong trend was determined between family history (in regards to substance use) and reported 
substance use, as well as the group regarding grades (approximate GPA) and substance use. The 
group regarding grades did demonstrate a strong trend, but it showed a negative trend. Meaning 
that as GPA increased, the number of reported substances used decreased. My groups regarding 
extra-curricular activities, gender, race, age, friend use, AP courses, honors courses, friend use, 
and immediate family did not demonstrate a significant trend nor did they qualify as statistically 
significant. These results may be used by administrators to address substance use amongst high 
school aged students, especially in regards to the substance use amongst student athletes. 

Angel Castillo 2-02-009 
Reviving Recycling Through Art 

The reason I am experimenting is because I want to know if art with color psychology affects the 
way people recycle. This can change the way we set up recycling bins and how we promote it. 
The procedure for this was: First, Study art psychology with colors and come up with the design 
of the art installation. Then collect all materials to create the art. All art is different so, materials 
may differ. For my art, my materials were: blue roll paper, black marker, black tape, large poster 
paper, scissors, water colors, facts printed on paper. Then create the art installation using the 
materials listed above items with also using the color psychology. I will make a total of five art 
installations. Setup the art installations (which for me were the turtles) evenly between the high 
school and middle school. After one month count the items in the recycling bins with and 
without the recycling bins. I will compare the number of items between the bins with 
installations compared to the ones without. Finally, will create tables and graphs to better show 
the comparison in the two bins with Google sheets and with the number of recycled material in 
the bins. I concluded that the recycling bins with art installations that use color psychology do 
receive more material by 11%. This mean my original hypothesis is correct. 

Dayshia Martinez 2-02-010 
Parenting Style and Adolescent Decisions 

The overall purpose of the experiment was to show that parenting style has a big impact on an 
adolescent’s behavior, and if parents are not careful, the way that they raise their child will lead 
to failure when their child has to make a decision on their own. Methods used during this 
research were completely understanding each type of parenting style before creating a survey to 
uncover what kind of parenting style the participants receive. In the end of the research 
experiment, children with uninvolved parents were more likely to have trouble in substance 
influenced situations because of their lack of experience with the correct discipline. 

  



Brecken Dobbs & Savannah Buchschacher 2-02-301 
Improving Reading Comprehension Through the Enhancement of Private Speech 

Reading comprehension is a crucial link to effective reading. In theory when a child can listen to 
themselves directly they can decode and fix mistakes, ultimately visualize and comprehend 
better. The goal of this study is to determine if the use of whisper phones can improve reading 
comprehension. Four whisper phones will be made by using 1 inch PVC pipe cut to 4” long 
pieces. Two 90° elbows will be glued to each end of the 4” pipe. Four subjects will be identified 
in each grade 1st-4th (16 subjects). These subjects will be randomly selected by their teachers. 
Selected students will be pulled from class individually, the students will be asked to read a 
reading section within their reading level without the whisper phone and a similar passage with 
the phone. Preliminary findings conclude that, on average, students who used the whisper phones 
showed an increase in comprehension skills by 13.8%. Before the whisper phones, students 
averaged a grade of 66.2% correct on comprehension questions. After using the whisper phones 
the average increased to 72.8%. We found that Second Grade had the largest increase in correct 
test questions at 24.1%. While Third grade had a decrease at -15.4%. First grade had a 19.65% 
positive change and Fourth grade had a 16.7% positive change. Overall the data shows that the 
whisper phones helped the students. 

Shreya Naik, Callandra Peters & Kezia Dick 2-02-302 
Effect of TBI on Learning and Memory in D. melanogaster and the Efficacy of Piracetam as a 

Treatment 
Traumatic brain injury (TBI) has increased at an alarming rate in the last decade. Even with this 
increase, few effective pharmaceutical treatments for TBI exist beyond anti-inflammatories, 
making the establishment of a TBI model organism essential. In this research, we investigated 
how a TBI-inducing event affects learning and memory in Drosophila melanogaster, and how 
piracetam, a nootropic, “Smart drug”, affects their performance in a learning and memory assay. 
We hypothesized that TBI would impair learning and memory in D. melanogaster and that 
piracetam would improve their performance over time. D. melanogaster were exposed to a high 
impact force after which they were tested in a learning and memory assay where they were 
trained to negatively associate the presence of a wire grid with an electric shock. The 
performance of the TBI-treated D. melanogaster in this assay was compared to the non-TBI 
control group for both the piracetam and no piracetam trials. We discovered that fewer TBI flies 
remembered to avoid the grid than control flies. Additionally, with piracetam treatment after 
TBI, the flies’ learning improved 8% more than flies given the same recovery time but no 
piracetam. After statistical analysis, we determined that the learning assay effectively quantifies 
learning, and the HIT machine lowers the ability of D. melanogaster to learn in the learning 
assay. Although piracetam did not have a statistically significant effect on the flies’ learning 
within our project, more research is needed to determine the efficacy of piracetam as a treatment. 

  



Hanaa Salman & Hannah Hong 2-02-303 
Charities and Non-Profits: From Whom Does the Money Come From? 

Giving to charities is an essential part to our society and allows people to recycle/give items they 
do not need in order to help other people live and thrive. With the data collected from surveys, 
charities can tailor their advertisements and campaigns in order to maximize their benefits, 
helping more underprivileged people in the world. There are many charities, including St. Jude’s 
and The Thirst Project that use the money donated to them to help others in need. With the 
information gathered about the age, income, marital status of individuals donating money, 
organizations can increase their donation money by catering to certain demographics, therefore 
furthering the goals of these charities. By answering the question of how age, marital status, and 
income influence charity tendencies in terms of the causes donated to and how much is donated, 
we will be able to better inform charitable organizations that run on these donations. As adults 
were surveyed about their donation tendencies and preferences, the older the subject, the more 
likely they were to donate and in addition, the causes donated to were the most publicized. 
Tracking these patterns in donation tendencies will prove beneficial for both those donating and 
those donated to. Using statistical tests and various methods of analysis, we were able to 
conclude that there are many variances among age and income groups of causes donated to, 
however, the variables that we studied may not be the cause of these differences, something we 
would like to investigate more. 

Emilee Wells & Kaytlyn Keating 2-02-304 
"Math Mindset":  Experimental Evidence of the Value of Students Attitudes Towards 

Mathematics 
The purpose of our study was to analyze mindset on mathematics, correlation of test scores and 
mindset, and correlation of mindset and motivation. We hypothesized that the younger grades 
would have a better outlook and higher test scores in mathematics. We also predicted that there 
would be a direct correlation between mindset and motivation. The experiment involved 
surveying 461, third through eighth graders in Morgan County. Students were asked questions 
about their feelings towards mathematics. CMAS scores were also collected for all grades. 
Statistical analysis was done to compare all data collected. The data collected supported our 
original hypothesis. We found clear correlation of higher test scores and positive math mindset. 
Students who enjoyed math wanted to succeed and had a positive outlook towards math. We also 
discovered that the younger grades (3rd-5th) had a greater positive outlook towards mathematics 
compared to their older peers. Through ANOVA study we also found that there was a direct 
correlation between math motivation and math mindset. These findings led us to believe that 
there is a direct correlation to math mindset and math scores. Finding ways to motivate students 
and increase positive math mindset will help students in our community find joy in studying 
math. 

Zeida Arceneaux, Micha Vallejos & Deandra Manzanares 2-02-305 
Teens Attitudes Toward Gay Men and Lesbian Women:  A Multidimensional Perspective 

This study examined the acceptance of gay men and lesbian women. The purpose of this study 
was to see the correlation of how one’s surroundings can influence an individual's acceptance on 
gay men and/or lesbian women. Sixty-four high school students of all grade levels were surveyed 
on this particular topic. We predicted that there would be a higher rate of acceptance towards 
lesbian women then gay men. Our hypothesis was correct. Although many students accepted gay 
men as well, our studies showed that a majority of the high school students we surveyed were 
more accepting of lesbian women over gay men. 

  



Senior Division Chemistry & Biochemistry 
 
Akber Shaikh 2-03-001 

Degradation, Stabilization, and Delivery of Immune System Targeted Drugs 
Loteprednol Etabonate (LE), a soft corticosteroid, is commonly used to treat various ocular 
inflammatory conditions. Its unique design allows it to fulfill its therapeutic purpose without 
significant adverse side effects, making it highly promising. This drug is currently distributed in 
suspension form, which limits drug flux into the eye, due to its high instability in aqueous 
solution. Hence, I explored the stability and degradation of this drug in solution, as well as, 
attempted to design a delivery system in which the drug remains stable. In order to create a new 
formulation of LE in aqueous solution, this experiment attempts to discover the factors that 
influence its degradation rate and to use that information to develop a formulation that stabilizes 
the drug. The drug was incubated at different conditions for various durations, specifically, 
different pH’s (5.4, 6.4, and 7.4), different buffers (PBS or Boric Acid), the presence of metal 
chelator EDTA and the presence of antioxidant Sodium Metabisulfite. In most cases, the 
degradation of LE was significantly different between conditions. Additionally, the measured 
levels of degradation product were significantly different between groups. However, it was found 
that this difference in degradation product was due to internal standard error, rather than 
experimental variation. This difference was not significant enough to warrant a successful 
formulation. It was concluded that the degradation of LE could be slowed by adding a metal 
chelator but accelerated by the addition of Sodium Metabisulfite. Additionally, pH had no effect 
on degradation. 

Chinmay Jayanty 2-03-002 
Pure or Impure: Rapid Test for Adulteration in Milk 

Intentionally reducing the quality, removing essential ingredients, or substitution of inferior 
substances is an act of adulteration. Milk adulteration can present adverse human health risks, 
ranging from a weak digestive system to cancer. Adulteration of milk is a big problem in 
developing countries due to the demand and supply gap and lack of monitoring by authorities. 
Currently, detection of milk adulteration is lab-based and time taking process. It is challenging to 
differentiate between pure and contaminated milk by an everyday consumer. I designed a simple, 
easy to use rapid quantitative test with Whatman paper test strips that can detect commonly used 
adulterants in milk. Common adulterants in milk are starch, urea, detergent, pulverized soap, 
borax, sodium hydroxide, sodium carbonate and sodium bicarbonate. Whatman test strips are 
coated with different chromogenic chemical reagents for each adulterant. Each Whatman test 
strip reacts with adulterant and changes color when drops of milk are placed on the test strip. 
Consumers can use these test strips at the point of sale before consumption. 

  



Nikhila Narayana 2-03-003 
Does Adding Coconut Oil to Rice Reduce Its Calorific Value? 

There are multiple claims on the internet that cooking rice with coconut oil reduces calorie 
content by up to 50%, the so called half-calorie rice. This seems counterintuitive since adding 
coconut oil adds additional calories to rice. If coconut oil does reduce the calorie content of rice, 
it offers great potential to reduce obesity and diabetes in rice-eating populations. So I decided to 
check the validity of these claims by measuring and comparing the calories in rice cooked with 
and without coconut oil. I constructed a simple bomb calorimeter and measured the calorific 
value of fresh cooked rice (Group A), my control. Group B was rice refrigerated for 12 hours. 
Group C was rice cooked with coconut oil and refrigerated for 12 hours. The rice was fabricated 
into 15 narrow strips and dried to facilitate combustion. Each strip was ignited with a butane 
lighter such that the flame heated a soda can containing water. The rise in water temperature was 
converted into calorific value, which for each group was calculated as the mean of 15 
measurements. The mean was 1.308 for B, 1.374 for C, and 1.603 for A. A t-test revealed 
p=0.0017 for fresh vs. refrigerated rice and p=0.0501 for coconut oil rice vs. fresh cooked rice, 
supporting the conclusion that calorific value was reduced by cooking rice with coconut oil and 
even more so just by refrigeration. Further research is required to substantiate these results, in 
addition to uncovering the biochemical basis for this in vitro observation. 

Tristan Dory 2-03-004 
The Knead to Bake Dough Arises, or Does It? 

In bread, kneading the dough causes a change in the texture of the bread. This is because bread 
contains the proteins gliadin and glutenin which combine to form gluten. When first mixed, these 
proteins are knotted and mangled in no particular order. Kneading the dough lines up the proteins 
and forms chains of amino acid and a matrix in the dough to trap gas in a more organized manner 
after fermentation occurs thanks to yeast’s feeding off simple sugars and forming carbon dioxide, 
ethanol, energy, and flavor molecules. The longer bread is kneaded, the softer and lighter in 
texture the bread becomes. This should cause a lower density and mass as the volume will be 
constant in all measurements. Another aspect of dough is rising. Slowly applying heat to dough 
over a long period of time to allow fermentation to take place is essential for baking bread. The 
rising has a large effect on the dough and the way it is baked, and has been found to even more 
so affect the mass and density of bread then the kneading. 

Calvin Ewing, Olivia Cesarone & Sarah Mellett 2-03-301 
Efficacy of Triton X-100 as a Candidate for Whole Organ Decellularization 

The purpose of this investigation was to assess the efficacy of Triton X-100 in whole porcine 
kidney decellularization as compared to sodium dodecyl sulfate (SDS). Additionally, we tested 
the extent to which glycosaminoglycans (GAGs) would be preserved in kidneys decellularized 
with Triton X-100, as SDS-treated tissues cannot be tested for GAG content. We hypothesized 
that both SDS and Triton X-100 would remove more cellular material from kidneys than a 
control solvent, phosphate buffered saline (PBS). Further, we hypothesized that GAGs in 
kidneys treated with Triton X-100 and PBS would be partially preserved. To measure GAG 
concentrations, kidney samples underwent spectrophotometric testing. Five kidneys from each 
group were tested for GAG contents. One sample from each treatment group was stained with 
DAPI and imaged under an EVOS FL microscope to corroborate qualitative observations 
regarding cell removal. The data collected supported our hypotheses. The Triton X-100 samples 
conserved 48.56% of GAGs, while the PBS samples preserved 22.07% of GAGs relative to 
untreated kidneys. Based off of histological analysis and visible changes in kidney coloration, 
both Triton X-100 and SDS were successful in removing cellular material from kidneys. These 
findings have led us to believe that while both Triton X-100 and SDS are suitable for whole 
organ decellularization, the perfusion of any solution will cause extensive damage to the 
extracellular matrix and GAGs specifically.  



Timothy Johnson & Alyssa Bullock 2-03-302 
Vitamin C Content in Fresh vs. Canned Foods 

Vitamin C (ascorbic acid) played a large role in history and continues to be a vital part of 
people’s diet. The experiment’s purpose was to determine if there were differing amounts of 
Vitamin C in fresh and canned produce. Differing amounts would mean people with less access 
to the richer source were at a disadvantage in getting adequate amounts. Pears and tomatoes were 
used. The hypothesis was fresh foods would have more Vitamin C than their canned 
counterparts. An iodine solution and starch indicator solutions were made for all trials. Fruit 
solutions were made just prior to experimentation. The starch solution was combined with the 
liquid extracts of the fruit solution and small amounts of the iodine solution were added until a 
blue-black color was formed. This indicated the conclusion of the experiment. The results were 
recorded, and the mass percentage of Vitamin C was calculated. The hypothesis was not 
necessarily supported as not all fresh foods outperformed the canned foods, meaning fresh 
produce is not always the best choice in terms of providing Vitamin C. More trials would be 
needed to solidify the connection between time and Vitamin C degradation. Furthermore, testing 
different brands of produce with differing production processes would help highlight how it 
influences the food, and ultimately, the people who consume it. 

Stephen McDonald & Nizhoni Valdez 2-03-303 
SPROSIN 

Bow rosin is a fragile solid at room temperature, made from tree sap, it causes the bow hair to 
become sticky and grip the strings as the instrument is played. Our experiment stemmed from a 
school project, where we were challenged with improving a product. If dropped from any height, 
the rosin cracks and becomes ineffective. The product that we designed completely changes the 
state of rosin from a solid to a liquid using a solvent. We conducted a pre-experiment test using 
the solvents; water, ethyl alcohol, and methyl alcohol. We dissolved 1.9g of rosin in 100 ml of 
each solvent. Overall, the ethyl alcohol dissolved the rosin the best without using heat. We chose 
to continue tests using ethyl alcohol and rosin. In the main experiment we compared; Traditional 
solid rosin, The ethyl solution that was dissolved at room temperature, and an ethyl solution that 
was dissolved at 89.66°C. 

Shajesh Sharma & Samantha Honan 2-03-304 
Development of Quantitative Nuclear Magnetic Resonance for Multiple Phases 

The goal of this project was to develop quantitative nuclear magnetic resonance (NMR) for 
multiple phases (e.g. liquids and gases), and to use NMR to observe terpene partitioning between 
such phases. Development of NMR for quantitative use was done through the observation of the 
caffeine content of various beverages. By decarbonating and concentrating samples using a 
rotary evaporator to separate the beverages into two vials, one with a high boiling point and one 
with a low boiling point, we were able to separately observe the contents of both vials and 
determine the caffeine content in each fraction. NMR is a powerful quantitative tool, and was 
able to accurately detect and measure the caffeine content of various beverages even in very 
small quantities, including the 10 microliter samples placed in the NMR tubes. NMR as a 
quantitative tool can be applied to the observation of terpene partitioning between phases, as well 
as reduction of data scattering from material measurement laboratories. 

  



Charles Wang & Suhaas Narayana 2-03-305 
The Novel Synthesis of 3,5-disubstituted Δ2-isoxazoline as a Precursor to Various Diabetic 

Medications 
The main focus of this research is to find a cost-effective pathway to synthesize 3,5-disubstituted 
Δ2-isoxazoline with relatively high yields. 3,5-disubstituted Δ2-isoxazoline contains an 
isoxazole ring, which is an essential structure in anti-diabetic medications known as glucose-
derived spiro-isoxazolines and ISO-1. Glucose-derived spiro-isoxazolines can be used to treat 
Type II Diabetes. Spiro-isoxazolines inhibit an enzyme known as glycogen phosphorylase. By 
inhibiting this enzyme, glucose will be released into the bloodstream at reduced rates, thereby 
mitigating the effects of Type II Diabetes. ISO-1, an inhibitor of Macrophage Migration 
Inhibition Factor (MIF), plays a role in treating Type 1 Diabetes. By inhibiting MIF through 
ISO-1, the onset of Type I Diabetes can be slowed. This synthesis relies on a catalyst that 
converts an oxime into an isoxazoline by forming an isoxazole ring. Palladium (II) Chloride is a 
current metal catalyst for this reaction and is being tested against Nickel (II) Chloride as well as 
Lead (II) Acetate. It is hypothesized that all three metal-mediated cyclizations will produce 3,5-
disubstituted Δ2-isoxazoline. After performing the reactions to synthesize the 3,5-disubstituted 
Δ2-isoxazoline, Lead (II) Acetate was deemed to be the most viable and promising option for 
future research. Nickel (II) Chloride produced traces of 3,5-disubstituted Δ2-isoxazoline, 
meaning that it is also a feasible option. In future experimentation, both processes will be refined 
to optimize results. In addition, Lead (II) Acetate and Nickel (II) Chloride are substantially 
cheaper than Palladium (II) Chloride, which will strengthen their viability for usage in the 
pharmaceutical industry. 

Luke Werkmeister, Paxton Hansburg & Ben Kowalski 2-03-306 
Tuning the Surface Properties of Janus Particles 

The goal of this project was to develop an effective and repeatable procedure to create 
hydrophobic/hydrophilic janus particles. Janus particles are microscopic, engineered, asymmetric 
particles used as a liquid surfactant to stabilize oil-water emulsions. In industrial oil applications 
liquid surfactants have been used for a long time, however it creates an additional chemical 
process in which the liquid surfactant must be removed from the oil. With Janus Particles as a 
solid surfactant it is far easier to filter out a solid from a liquid than it is to remove a liquid from 
another liquid. Therefore, correctly engineered janus particles have the potential to greatly 
improve efficiency and output in industrial oil applications. By adjusting the amount of 
Cetyltrimethylammoniumbromide in our procedure, hydrophilic silica beads can be made 
hydrophobic so that when water and paraffin wax are introduced into the solution, the now 
partially hydrophobic silica beads will embed themselves into the paraffin wax. At this point 
hexanes were used to functionalize the product into its final form as a half hydrophobic and half 
hydrophilic particle. The procedure was refined over time until the ideal process was discovered 
that would produce janus particles with the desired properties. The Janus particles can be 
observed under the scanning electron microscope to determine whether the creation of the 
particles was effective or not. At which point if they are deemed effective they can be used to 
stabilize oil-water emulsions, and if they are not effective then the necessary procedural changes 
can be made. 

  



Senior Division Earth & Space Sciences 
 
Nicholas Entin 2-04-001 

Variability in the Thermosphere of Mars 
The Martian atmosphere holds clues to the evolution of the planet’s climate. Characterizing the 
atmosphere of Mars can not only reveal how an atmosphere varies and evolves, but also has 
practical implications for designing Martian spacecraft. Observations made by the Mars 
Atmosphere and Volatile EvolutioN (MAVEN) orbit from the Extreme Ultraviolet Monitor 
(EUVM) has expanded on this field by producing temperature and density profiles of the 
thermosphere. In the present study, observations of atmospheric waves are quantified and 
repeated, and additional analysis is done to understand the nature of the oscillations, including 
fourier analysis and potential energy calculations of the wave at different altitudes over a 50 sol 
period. All analyses are done in Interactive Data Language (IDL). After temperature profiles are 
calculated from neutral density profiles, the oscillations are analyzed using a Fast Fourier 
Transform. The potential energy of the wave is calculated from the density and temperature 
profiles and energy changes with altitude and time are examined. The profiles reveal a wave 
feature at fixed pressures that correspond to altitudes from 140 to 200 km with a period of 
approximately 2.2 sols. The wave potential energy calculations show that the energy in the wave 
decreases logarithmically as pressure decreases and corresponding altitude increases. A plot of 
energy versus latitude shows energy increasing equatorward at about 25 degrees. The results of 
this research explores methods to analyze atmospheric variability on Mars and broadens 
understanding of the atmosphere as a whole. 

Skylar Gale 2-04-002 
Induced Seismicity: Relationships Between Earthquake Frequency and Magnitude to Saltwater 

Injection in Oklahoma Arbuckle Group 
The objective of my project was to analyze and evaluate seismicity data and oil and gas 
companies’ return saltwater data from a determined Area of Interest (AOI) in Oklahoma to 
understand the relationships, if any, between induced earthquakes and saltwater injection. 
Understanding the causes of induced earthquakes helps us predict and prevent future events—
saving buildings, businesses, and lives in the process. I manipulated and contrasted public data 
and maps to find relationships between earthquake frequency, magnitude, depth, well location, 
and saltwater injection volume in the AOI. I determined there is a positive correlation between 
injection volume and frequency. However, the magnitude is not affected by injection rates. This 
is because the energy that generates a certain magnitude is pre-determined by thousands of years 
of tectonic processes, but the energy is being released sooner than it should be due to injection. 
Also, it was previously assumed all AOI earthquakes are happening in a small geologic layer, but 
my data provides evidence that earthquakes are occurring at a larger range underground. Lastly, I 
determined the tectonic provinces in the AOI play a major role in seismic activity: various 
provinces in the AOI are compressing against each other, creating a boundary more susceptible 
to earthquake disturbance. The underground faults and fault swarms contribute greatly to areas of 
greater disturbance, too. I was able to conclude that saltwater injection does correlate to seismic 
frequency, and if we take into account the geologic behavior of the different provinces, we can 
regulate injection caps accordingly. 

  



Matyson Jones 2-04-003 
Fire Storm: Examining the Relationship Between El Nino/La Nina Weather Cycles and Wildfire 

in the Western US 
The purpose of this project was to see if El Nino and La Nina weather cycles are correlated with 
wildfires in different parts of the western US. I looked at Washington that total wildfires and 
acres would increase during El Nino in the Northern states and vice versa for southern states. I 
found that Northern states did have the most wildfires in La Nina years compared to the others 
and for the southern states it showed more wildfires in El Nino years. I went back from 2002-
2017 on the state data and I discovered some very strong trends in my northern data and even 
though the majority of my data didn't come out statistically significant, my southern correlations 
did show a slight trend towards La Nina years, showing there is higher number of total of fires 
and acres in Arizona and New Mexico. 

Sarah Tang 2-04-004 
Ground-Based Followups of TESS Exoplanet Candidates 

The goal of this study was to further confirm, characterize, and classify LHS3844b, an exoplanet 
detected by the Transiting Exoplanet Survey Satellite (TESS). Additionally, I strove to determine 
the likeliness of LHS3844b and similar planets as qualified candidates for spectroscopic 
observation with the future James Webb Space Telescope (JWST). These objectives were 
accomplished by analyzing the transit light curve graph, theoretical emission spectroscopy metric 
(ESM), and theoretical Planck spectrum of LHS3844b. I remotely obtained pre-reduced ground-
based followup data of LHS3844b from the El Sauce Observatory; these data were taken on 
September 6, 2018. Through AstroImageJ - a graphical user interface - and the Python 
programming language, I converted the calibrated data images into normalized and fitted transit 
light curve graphs. Chi-squared goodness of fit tests were used to isolate the best-fit light curve 
model, and chi-squared maps were used to determine the 1σ error bars for all of my planetary 
calculations. Through my best-fit transit light curve model, I classified LHS3844b as a Terran 
planet. The calculated ESM of LHS3844b surpassed the projected threshold for simulated 
planets deemed qualified for JWST spectroscopic followup, and the Planck spectrum of 
LHS3844b revealed that the observed wavelengths between 6,000 and 10,000 nanometers would 
produce the most accurate spectroscopic observations of LHS3844b and like planets. These 
findings will improve the accuracy and efficiency of spectroscopic followups done by the JWST, 
and I intend to apply these methods to different exoplanet classes to gain knowledge regarding 
the future observation methods of a larger variety of TESS candidates. 

  



Jenna Salvat 2-04-005 
A Geochemical and Petrographic Analysis of Metamorphic Lithologies Proximal to the CC&V 

Diatreme 
An inquiry worthy of primary investigation in this project concerns the formation of an alteration 
halo around the alkaline magmatic center of Cripple Creek and Victor as a result of Oligocene 
magmatic and hydrothermal activity and the consequent enrichment or depletion of elements 
contained within lithologies that are proximal to the diatreme. To accomplish this, a field study 
was conducted; samples of metamorphic lithologies were taken from viable outcrops. The 
samples were prepared in a lab for Energy Dispersive X-Ray Fluorescence (EDXRF) 
spectrometry by producing powders of each sample and were modified for petrographic 
microscopy by cutting thin section blanks. Geochemical information was obtained using the 
EDXRF and observations were made concerning the relative abundances of diagnostic 
compounds contained within the samples. This chemical data was cross-referenced with data 
received from the Newmont Mining Corporation laboratory, which was obtained using 
inductively coupled plasma spectrometry, to provide comprehensive evidence of possible 
hydrothermal fluid interaction and alteration of the wall-rock material in question. A 
petrographic analysis of samples in thin section was also conducted and observations about 
mineralogy and texture were made. The combination of chemical and textural information 
permitted further investigation of units that are contained within a region that is suspected to 
have been hydrothermally altered by the various episodes of magmatic activity associated with 
the evolution of the diatreme. The extent of the alteration halo was partly clarified by the 
chemical composition of units directly contiguous to the diatreme. 

Max Warnock 2-04-006 
Spatial Analysis of the Glaciers in Grand Teton National Park between 1994 and 2015 

The Teton Range in Wyoming is home to ten prominent glaciers. This project aims to study area 
change of these glaciers over the last 25 years using publicly available aerial imagery not yet 
used for this purpose. Using National Agriculture Imagery Program (NAIP) images in concert 
with historic Google Earth images taken in August and September, it was possible to compare 
glacier areas from recent years. Perimeters of glaciers were traced using Google Earth’s polygon 
tool. Rock outcrops inside perimeters of glaciers were subtracted to get the correct area of the 
glacier. Difficulties in measurement such as debris and shadows obscuring glaciers were 
overcome by adjusting image brightness and contrast. An error analysis revealed that 
measurement points must be spaced no more than 5 meters apart to get accurate data. My data, 
which included over 55 glacier area measurements from the period of study, showed that the 
total area lost from the glaciers was 0.288 km², equal to the area of 55 football fields. To 
correlate area changes with temperature and snow water equivalent (SWE), I retrieved historic 
data from five weather stations nearest to the glaciers. The data indicated that increases in 
temperature and decreases in SWE were the likely causes of decreasing glacier size. If the rates 
of temperature increase and SWE decrease stay linear, these glaciers will be gone by 2090. 
Increases in glacier area as seen in 2009 should give us hope that a modest amount of cooling 
can help to preserve these important water reserves. 

  



Raja Braford-Lefebvre & Belen Roof 2-04-301 
Replication of Artificial Dendrite Crystals 

The purpose of our experiment was to determine an experimental setup and protocol that would 
allow growth of dendrite snow crystals in lab. Our hypothesis was: low temperature and low 
humidity will yield dendrite-like snow crystals. To test this hypothesis, we will use a small 
amount of water and a large amount of dry ice. We engineered a humidity chamber in which we 
could adjust the temperature and water levels during different tests to try to grow snow crystals. 
We discovered that dendrite-like snow crystals were formed with 50 milliliters of water and 574 
grams of dry ice. We also found during other tests that using consistent amounts of water and dry 
ice did not give consistent results. Due to these results, we reject our hypothesis because low 
temperatures and low humidity did not yield dendrite crystal growth. If we were to expand our 
research it could contribute to snow making at ski resorts during dry winters. 

  



Senior Division Energy 
 
Kevin Yang 2-05-001 

From Greenhouse to Redhouse: Development of an Advanced Film to Promote Photosynthetic 
Activity and Crop Production 

By 2055, the United Nations projects a 2.5 billion increase in the global human population and a 
climate change induced 10-50% decrease in the global crop yield of conventional farming 
practices. Fortunately, greenhouses are able to elongate production seasons while creating 
optimal crop growth conditions, but they are highly energy-inefficient. Therefore, it is important 
to develop novel transformative greenhouse materials that enhance crop productivity and reduce 
the energy required to cultivate crops in order to feed a growing population. Here, I designed a 
novel greenhouse film material containing a fluorescent dye that converts green light (reflected 
by plants) into red light (absorbed by plants to drive photosynthesis). However, internal 
reflection causes much of this fluoresced red light to be trapped within the film. Therefore, I 
incorporated microdome-shaped surface light extraction structures, inspired by OLEDs, to 
extract fluoresced light and increase red photon flux through the film. I utilized spectroscopic 
transmittance and fluorescence measurements as well as a photosynthetic activity to test the 
effectiveness of the spectral-converting film. Spectroscopic tests revealed a statistically 
significant (~200 μmol/m^2/s) greater red photon flux with the spectral-converting film as 
compared to a regular greenhouse film (t=65.28, α=0.01, t-crit=4.60). Growth tests showed that 
the spectral-converting film consistently increased oxygen production and thus photosynthetic 
rate of the model photosynthetic algae Chlamydomonas reinhardtii. The combination of 
fluorescence green-to-red conversion and extraction of red light increased photosynthetically 
efficient light available to plants and thus crop yield, increasing greenhouse efficiency. 

Scott Clousing 2-05-002 
Multivariate Time Series Analyses of Crude Oil Supply and Price 

Crude oil accounts for 71% of transportation energy consumption and 24% of industrial energy 
consumption. Therefore, its price has widespread effects across the energy industry. This 
research seeks to examine the complex relationship between price, American crude production, 
and American crude imports. Through a variety of statistical analyses, including autocorrelation, 
vector autoregression, and Granger causality, this research will determine which variables are 
leading or lagging and how they influence other variables in the system. Statistical analyses on 
392 monthly observations from 1986 to present were conducted on the STATA platform. 
American crude production was the leading variable in the system, as it directly influenced 
imports, indirectly influenced price, and was unaffected by other variables. Price was the lagging 
variable in the system, as it had no influence on other variables. These results can be useful to 
decision makers in the energy industry, as they consider the returns and consequences of policy 
changes in American energy production and trade. 

Eguineldo Estrada 2-05-003 
A Novel Approach to Aluminum-ion Batteries 

Energy storage devices are going to be a hot topic issue in the next coming years. With the 
current limitations of lithium-ion batteries being shown time and time again, perhaps an 
alternative is needed. Aluminum-ion batteries are starting to gain traction as a potential source 
due to several factors. They can be more cost efficient, lightweight, and higher performing. This 
was found through looking at the resources needed for each battery and comparing: cost, energy-
density, and availability of resources. After this analysis it was found that the aluminum-ion 
battery was a worthwhile alternative in these three areas, therefore it is worth further study. 

  



Ian Gowen 2-05-004 
Testing the Effectiveness of Electrolysis Being Used to Split Carbon Dioxide Molecules 

I believe carbon dioxide can be filtered from the air and turned into fuel, energy, and clean air. 
To do this, I’ll need to separate carbon from the oxygen. I decided to use electrolysis to split the 
carbon and oxygen in carbon dioxide. I hypothesized that if I ran an electric current through 
carbonated water, then I would be able to separate the dissolved carbon dioxide in the water and 
get carbon, oxygen, and hydrogen. To test my hypothesis, I set up an electrolysis experiment 
with four 9-volt batteries, electrical tape, a plastic dish, two wires, baking soda, two test tubes, 
and carbonated water. As a control, I repeated the same experiment with regular water. I set my 
experiment up by creating a circuit between the batteries, connecting the wires to the positive 
and negative ends of the batteries, and put them in the solution of carbonated water and baking 
soda. I put test tubes over the anode and cathode and recorded my data in the amount of oxygen 
produced. The carbonated water produced triple the amount of gas on the cathode side vs. the 
control. I decided to test the gas on the cathode side to determine what is was. After eight failed 
attempts trying to determine if the gas was oxygen or carbon dioxide, I determined that my 
hypothesis was inconclusive. Even though there was triple the gas on the side with the cathode, I 
was still unsure that the gas was oxygen. 

Mohamed Ibrahim 2-05-005 
Microbial Fuel Cells in the Initiation of Electrolysis in River Water 

Microbial Fuel Cells (MFCs) have the potential of providing alternative energy sources and 
practical implementations. The purpose of this investigation was to determine if MFCs could 
supply a sufficient voltage output (1.23 volts) to perform electrolysis in South Platte River 
Water. A total of two MFCs with electrolysis configuration were constructed for each trial, and a 
total of two trials were conducted during experimentation. The control had a two chambered, 
anode and cathode, MFC with the voltage source supplied to a baking soda and distilled water 
electrolyte solution. The experimental configuration had an identical MFC build with its voltage 
source supplied to a baking soda and river water electrolyte solution. Each trial lasted a total of 
five days where voltage output and water displacement from electrolysis was measured. Trial 1 
Control had an average voltage output of 0.310 volts and an accumulated .25 mL of Hydrogen 
gas and .1 mL of Oxygen Gas. Trial 1 Experimental had an average voltage output of 0.380 volts 
and identical gas production. Trial 2 control and experimental had identical gas production and 
slightly differing voltage productions. The hypothesis was supported by the data and results 
collected from each trial. There was no statistically significant (p-value > 0.05) difference in the 
use of river water vs. distilled water in the Microbial Fuel Cells (MFCs). The experimentation 
reinforces the potential, renewable applications of MFCs. 

Sophia Markuson DiPrince 2-05-006 
Anaerobic Digestion of Food Waste Part 4: Does Temperature Affect the Production of Food 

Waste Generated Electricity? 
The purpose of this experiment was to determine the effect temperature has on the process of 
anaerobic digestion and the energy production involved in the process. In order to perform this 
experiment, I made multiple fuel cells and put them into different climates of varied 
temperatures. Each cell was made the same and had all the same contents. The only variable 
changed was whether the cell was in a 40°F, 50°F, 70°F, 90°F, or 120°F environment. The object 
of this experiment was to see in which environment the fuel cell performed most efficiently. The 
hypothesis that the warm 90°F environment would prove to be the best climate for these cells 
was supported by the data in that this cell not only produced the highest voltage but did so at a 
longer period of time than the other cells. 

  



Mark Bloomfield 2-05-007 
Charged Up: Testing Lithium Ion Battery Performance Using a Raspberry Pi Load Cell 

From small villages in Africa providing basic lighting to powerful Teslas, batteries are the future 
of energy. An inexpensive, accurate, small scale battery testing system would aid small 
organizations in running tests to optimize and monitor their battery systems. This investigation 
developed a Raspberry Pi constant load cell to test how temperature, drain rate, and charging 
patterns affect energy recovery. It was hypothesized that lower temperatures and varied charging 
patterns would decrease battery performance, while differing drain rates would have no effect. 
Two batteries were tested per treatment and the time before voltage and amperage dropped to 0 
was used to calculate recovered power which was normalized to amp hours for comparison. Cold 
batteries recovered 41% less energy than at room temperature. Tukey HSD p-values of 0.0480 
and 0.0010 suggest this difference is significant. Statistics did not show a difference between 
room temperature and hot batteries nor between the 250 and 500 milliamp drain rates. 16% less 
energy was recovered from the 750 milliamp tests than from 500 milliamp tests, with significant 
p-values of 0.0065 and 0.0110. Charging pattern results were mixed; only one battery had 
significant results. As hypothesized, cold had a negative effect on battery performance. Drain 
rate had a significant effect, while constant wattage charging did not. Areas for further research 
include testing additional types of batteries, testing other factors, and running more trials. The 
inexpensive load cell developed has potential to allow affordable battery research across the 
world. 

  



  



Senior Division Engineering 
 
Matthew Anderson 2-06-001 

Reduction of Aircraft Noise via Landing Gear Surface Controls 
Noise pollution contributes to the development of several illnesses. Aircraft are a chief cause of 
noise pollution, creating noise pollution upwards of 120 decibels to communities in close 
proximity to airports, such as suburban Chicago. Prior aeroacoustic studies have identified the 
aircraft landing gear to be the most prominent airframe noise source during departure and arrival, 
the times in which residential communities are most vulnerable. Using a simplified version of the 
Airbus A320 landing gear as a baseline, three experimental fairings were tested. The studies 
were completed through simulated modeling with two prongs: computational and empirical 
modeling, both of which analyzed the experimental fairings over a representative domain of 
conditions. The findings suggest that various landing gear fairings have the potential to reduce 
airframe noise propagation. Finally, measured aerodynamic and structural stress forces indicated 
that the experimental fairings had no significant impact on the aerodynamic performance or 
structural integrity of the model. 

Chase Cromwell 2-06-002 
Stampede Arm III 

Can 3D Printing be used to manufacture a myoelectric prosthetic arm for under $350? The 
design criteria for this version were: inclusion of an opposable thumb, repeatable testing rig, 
code compile limits, open source compliance and improved electronics safety. The design was 
updated to add an opposable thumb, include electronics protections, and correct previous errors. 
The prosthetic was then re-printed and assembled, and files were released to meet open sourcing 
requirements. Final testing measured and compared the prosthetic with the model arm and grip 
strength. Results show that the prosthetic performs at a low grip strength for a 16 year-old male, 
failing grip requirements. The knuckle strength measurements match last year’s results and the 
testing rig update improved repeatability and reliability of the testing. Range of motion 
evaluation showed all functionality is normal except for the wrist’s radial and ulnar movement, 
but the inclusion of the opposable thumb improved general aesthetic and functionality. 
Additionally, the arm’s firmware and microcontroller added extensive logging and functionality 
over Bluetooth. This revision met or partially met all design requirements. Future additions could 
be to add machine learning and AI technology to add brain-wave based EEG control of the arm. 
The use of human participants and in depth case studies of amputees would improve 
development and feedback from ideal users could turn the prosthetic into a beta medical device. 

Hannah Dirks 2-06-003 
Smart Home Climate Control System 

Many homeowners run their air conditioners at night during the summer, even if the temperature 
outside has become colder than the temperature inside the home. Running A/C all night is costly 
and environmentally unsustainable. I built a “smart home climate control system” that, using 
temperature sensors, will autonomously control when to run A/C and when to draw in air from 
outside. It is merely conceptual and is not correctly scaled to an HVAC system. If the 
temperature of the outside air is equal to or greater than the indoor temperature, the system will 
run the air conditioning. Conversely, if the temperature of the outside air is less than the indoor 
temperature, it will draw in air from outside. Calculating figures of savings applicable to every 
home scenario is not possible with my system; however, my data yielded definite cost benefit 
savings demonstrated by the concept. 

  



Alyssa Keirn 2-06-004 
Solar Powered Ozone and UVC-Based Decontaminator 

Worldwide, 420,000 people die annually from foodborne illnesses. Almost 30% are children 
under the age of five. In this study, a portable, solar powered device was designed, built, and 
tested to decontaminate a variety of pathogens from foods and utensils in areas where access to 
easy cleaning methods or electricity is limited. It was hypothesized that the device would 
drastically reduce the number of both gram negative and gram positive bacteria on the surface of 
foods and other items. The device is controlled by a single board Raspberry Pi computer, 
utilizing a combination of UVC light and ozone gas in a sealed, reflective aluminum chamber to 
kill pathogens. It is powered by a lithium ion battery charged via a dual axis sun tracking solar 
panel. Reflectivity tests were run on the interior of the device to determine the most practical 
aluminum finish and minimum decontamination time. The device was tested in a BSL-2 
laboratory using gram negative bacteria Salmonella enteritidis and gram positive bacteria 
Staphylococcus epidermidis. The device reduced the bacteria present on the surface of potatoes, 
kale, eggs, and forks by greater than 99% when compared to inoculated controls. 
Decontamination of bacteria inside of eggs was also tested with S. enteritidis, but the device had 
no effect. Field testing showed the device reliably and accurately tracked the sun and 
decontaminated 600 eggs with a full charge. It was concluded that the device could be a valuable 
tool in reducing foodborne illnesses in off the grid locations. 

Logan Klein 2-06-005 
The Reliever: An Exercise in Port Protection 

A port-a-cath (port) is used to administer medications. A port includes an access target (port) and 
an artificial vein (catheter) that allows medical professionals to easily inject medications. The 
port creates a protruding bump under the skin that can be agitated causing discomfort to the 
patient. In extreme cases the port can suffer trauma causing the port to separate from the catheter, 
fracture, or malfunction. A device called “The Reliever,” was developed with the hypothetical 
recipient being a baseball pitcher, due to the complex movement the pitcher has to make to throw 
the ball, as well as the risk of being struck by a baseball. The Reliever was designed to be 
comfortably worn for extended periods of time and create an impact resistant surface to protect 
the port. The researcher determined a multi-layered system consisting of a tightly woven 
synthetic fiber layer (WSFL) and a thermoset elastic layer (TEL) would absorb most of the 
shock. The WSFL distributes shock over its entire surface area. The TEL, classified as a non-
Newtonian material, is able to absorb up to 90% of whatever impacts it, further nulling the 
impact of a baseball. Chicken eggs were suspended in ballistic gel to simulate the port in human 
skin. A pneumatic baseball device launched a baseball at the Reliever and egg/gel solution to 
determine the effectiveness of the multi-layered system. It was found that the egg survived when 
protected by The Reliever, when exposed to speeds up to 36.6m/s or 81 mph. 

  



Jasmine Li 2-06-006 
The Future of Microrobots: Development of a Bio-inspired Synthetic Swarm Network 

Recently, researchers have become interested in mimicking insect swarm behavior to employ 
these functionalities in the form of microrobots for various applications. For example, cancer 
medications are often so effective that they can destroy healthy cells along with their target 
cancerous cells. Microrobots offer a promising new method of drug delivery that not only is 
more effective, but also minimizes the risk of side effects that harm the surrounding 
environment. In this project, my route to ultimately fabricate microrobots that exhibit such 
functionalities was to utilize the basic rules governing biological systems as a blueprint to design 
my own synthetic system. I designed individual particles in SolidWorks and 3D-Printed them. I 
placed magnets inside each particle to create the system’s affinity; the particles spontaneously 
form a network due to their attraction. To induce activity to the network, I designated certain 
particles as “leaders” and connected them to rotary motors. I performed various tests on my 
network to analyze its functionalities. My system displayed various biological behaviors. The 
particles had high connectivity and constant internal motion, attaching and detaching. It was 
viscoelastic — able to hold mechanical integrity and flow like a fluid. My system autonomously 
transported foreign objects through itself and morphed based on user input. Not only can this 
system—and its improved offspring—be potentially useful in developing cheap, safe, and 
versatile targeted drug delivery methods, but can also be useful in designing scaffolds in tissue 
engineering, shape-programmable wings in aerospace, environmental remediation, and self-
healing materials in industry. 

Rithwik Mylavarapu 2-06-007 
Leveraging Satellite Imagery and Convolutional Neural Networks to Classify Road Surface 

Conditions 
Classifying road conditions is a time taking, expensive, and environmentally harmful task. The 
two current methods of road condition classification require driving millions of miles, 
contributing to the growing pollution levels. However, a feasible solution is to use satellite 
imagery and convolutional neural networks (CNN) to classify road conditions. The objective of 
this project was to develop a refined solution in which spectral data from satellite imagery could 
be processed through a CNN to produce accurate road condition classifications. This was done 
by using a geographic information system and collecting the statistics of the red, green, and blue 
spectral bands in the satellite imagery. These data were then prepared and placed through a CNN 
training process. After training and retraining the CNN, the networks were evaluated for their 
accuracy and then used on a satellite image to produce road condition classifications. The map 
was then colored based on the road conditions to produce a final map that can be given to entities 
such as the Department of Transportation (DOT). This project has many implications, especially 
due to the fact that this solution is scalable and can be used to classify road conditions all over 
the world without requiring any driving. This can save money, time, and most importantly the 
environment. The future of the project is also bright, as this solution will be adapted to run on 
various data sources and an app will be created to crowdsource the ground truth data collection 
process. 

  



Krithik Ramesh 2-06-008 
Utilizing Computer Vision Systems and Machine Learning to Develop a Live Time Navigational 

and Surgical Aid for Spinal Reconstructions 
The existing navigational system for spinal reconstructions called fluoroscopy presents 
significant visual and physiological disadvantages. Fluoroscopy has a limited field of view of the 
spinal column and emits a significant amount of radiation that affects the patient and the surgical 
team. Implementation of a machine learning (ML) and computer vision based navigational 
system eliminates these risks. Microsoft HoloLens, an augmented reality headset, gives the 
surgeon the ability to see the real-world and pertinent medical data. These data were parsed 
through ML algorithms that mapped the spinal column, suggested the best approach, and guided 
the surgeon in real-time. The project was tested in two phases: algorithmic and real-world 
viability. Algorithmically, the performance was measured by training and testing over 2,000 
patient’s publicly available CT and MRI scans. The data was used to build a spine model. The 
real-world testing was conducted through Microsoft HoloLens, and data was validated post-
operatively. Algorithmic performance measured found that the algorithm created a map of the 
spine within 88 seconds with 98.6% accuracy. The real-world testing found that the headset was 
able to map the vertebrae and suggest the correct approach 96.6% of the time within 1.33 mm 
accuracy of the true values. The data suggests that the developed navigational system would be a 
pragmatic and economically viable replacement for fluoroscopy. The easily integratabtle and 
mobile nature of the diagnostic device makes it viable in both medical centers as well as remote 
locations (i.e. war zones and developing regions). 

Tate Schrock 2-06-009 
Agriculture Soil Probe Rover 

The reason the researcher is designing and fabricating a soil sampling agriculture rover prototype 
is to reduce the manual labor needed by farmers to collect field soil samples. The goal is to 
create a rover that is easy to use, quick to deploy, have sufficient field range, and be able to mark 
and collect soil from precise locations in fields using MUSYM soils map overlay. The easy-to-
use design will be man-operated, drill and collect soil, and be overlaid with MUSYM soil maps 
of the fields. The small rover was constructed from recycled parts and supplies such as a laptop 
computer, small motors, servos, a laptop camera, portable drill batteries, and portable drills. The 
few new parts included an Arduino, motor drivers, relays, a router, and a GPS unit. Specialty 
parts for construction required fabrication by the researcher using a lathe, mill, or a 3-D printer. 
The rover prototype was successful in many ways; it is in fact a driver-controlled unit with the 
ability to drill soil in specific soil types of a field. Although, being a prototype, many additions 
and improvements could be made by the researcher, such as basic design, versatility, durability, 
and autonomous function. 

Braden Wedel 2-06-010 
The Effect of Rebar Position on the Tensile Load Bearing Capacity of Concrete 

I performed my experiment to see how changing rebar position in concrete affects its strength. 
This experiment is important because it should show how to produce stronger concrete by 
placing rebar in different spots throughout the concrete. My hypothesis was that the batch of 
concrete with the horizontal would be the strongest. To start my experiment, I built 20’’ by 1.5’’ 
by 1.5’’ forms. Then I mixed concrete with different rebar positions. I used oxy acetylene 
welding rod to represent rebar. A month later, I broke the concrete bars with weights and 
recorded my results. The concrete with horizontal rebar was the strongest, with vertical rebar in 
second, no rebar in third, and one rebar in fourth. I believe that the concrete with horizontal rebar 
was the strongest because it had two rebars that were bearing weight, and the concrete with other 
rebar position had only one weight-bearing rebar. My hypothesis, which was that the concrete 
with horizontal rebar would be the strongest, was proven correct by the data collected. 

  



Brylie Thompson 2-06-011 
Pure and Udder Strength: Casein Plastic 

This project was an attempt to figure out if casein biodegradable plastic could be used to replace 
commonly used plastic. Making casein plastic was done by mixing a cup of heated skim, 2%, 
whole, fresh cow’s milk, or fresh goat milk with vinegar. Once mixed, the contents were stirred, 
creating curds that were strained and formed into a ball. This substance was then pressed down 
and set to dry for 72 hours. Once dried, the strength was tested by holding the plastic still and 
pulling the plastic apart with two spring scales located on the end of plastic hanging off the table, 
and pulling down until the plastic broke. The skim milk, though producing the least amount of 
plastic, took 100 Newtons to break on the first test; the most of any casein circle. Fresh cow’s 
milk was extremely weak, only requiring around 15 N on average to break it. Casein plastic, 
though biodegradable, could not be used to completely replace more commonly used plastic due 
to it being relatively weak. 

Katelynn Salmon & Josh Nakka 2-06-301 
Engineering a Low-Cost, Portable Refreshable Braille Display for Developing Countries 

There are 50,000 individuals living in the US that are considered both blind and deaf. Their 
communication with the outside world is limited to people fluent in sign language and 
fingerspelling. Our project seeks to design and engineer a portable, low-cost Refreshable Braille 
Display to enable communication between the deaf-blind population and anyone with a cell 
phone via text message. The final prototype consists of 42 individually controllable pins to 
display 7 letters at a time. An Arduino Nano translates texts received by a SIM card embedded in 
the device to Braille and transmits to pins via pulse width modulation. Most commercially 
available displays utilize piezoelectric actuators which create a mechanical force when current is 
applied, but the necessary electrically sensitive ceramics or crystals cause costs to add up 
quickly. Average Refreshable Braille Displays cost 40 to 50 times as much as an Amazon Kindle 
and can only display 40 characters at a time. Cycle time between letters can leave users waiting 
several seconds to continue reading. Our device replaces troublesome piezoelectric ceramic with 
Nitinol Spring actuators. Nitinol is a shape memory alloy of Nickel and Titanium which can be 
programmed to return to a specific shape in response to step-wise temperature changes, which 
functions in our device to raise a pin when temperature is greater than 45oC. A matrix circuit 
design allows expansion of the device without significant cost increases or alterations to the 
underlying design. When produced at scale, each unit can be produced for less than $50. 

Logan Van Grinsven & Jessica Gregory 2-06-302 
The Light of Sounds 

Is it possible to use light to convey a frequency of sound? This project creates a way that it is 
possible, an analog Spectrum Analyzer. What the analyzer is supposed to do is take the 
surrounding sounds and light up a different column of LED lights depending on the frequency 
and strength of the sound. The analyzer employs the use of a 4 to 16 decoder that turns 4 inputs 
into 16 and a bandpass filter that takes the frequency and rejects it if it's too high or too low, 
which helps only the right column of LEDs to light up. Depending on the amplitude of the 
frequency a certain amount of lights in the column will light up. Theoretically, the analyzer can 
be compressed into a size where a blind person could wear it and when a certain frequency is 
present it will buzz alerting the wearer that they need to look at their surroundings. 

  



Max Witwer, Jacob Thomas & Alexander Grisak 2-06-303 
A High Altitude Study: The Effects of Jet Streams on High Altitude Balloons 

Every day more than one thousand weather balloons are launched from locations around the 
world. One of the major complications faced by such devices are high wind speeds that form at 
about thirty to forty thousand feet; due to the rotation of the earth and atmospheric heating. 
These areas of inordinate air flow are known as jet streams. A weather balloon was launched to 
test the effects of jet stream like conditions (wind speeds exceeding about 60 miles per hour 
between thirty and forty thousand feet) on a high-altitude weather ballooning device. Contrary to 
the hypothesis, the turbulence of the weather balloon was mild. In the accelerometer data, there 
was no noticeable difference in the G’s experienced by the device until the balloon pops at 
around 166 minutes after launch. In the video, however, there was a noticeable amount of sway 
and a relatively fast rotation speed at the target altitudes that was not observed at other 
elevations. Nonetheless, the high wind speeds increased the distance traveled by the balloon 
substantially. It was also observed that at target altitudes the temperatures reached lower than 
other altitudes at around -40 degrees centigrade. At around thirty to forty thousand feet a 
combination of high wind speeds and extreme temperatures can affect the flight and function of 
high altitude ballooning devices. The low temperatures can wear on unprotected batteries, 
decreasing their life, and the high wind speeds significantly increase the distance traveled by the 
balloon making recovery a more lengthy and unpredictable process. 

  



Senior Division Environmental Sciences 
 
Ignacio Baixas 2-07-001 

Detection of Bisphenol A 
Water pollution is one of the biggest concerns nowadays; however, people are still not aware 
about the numerous threats that plastic pollution produces. Bisphenol A (BPA) is a hazardous 
chemical present on plastic older than 2012. The purpose of this experiment is to determine if 
BPA actually leaches to ocean and fresh water. The initial hypothesis was that BPA does leak 
from the plastics when the temperature raises. To test this hypothesis, different plastic objects 
were submerged in heated water (using four different temperatures 20°C, 30°C, 50°C and 70°C) 
for five minutes. After that, using rubbing alcohol and a BPA indicator, an Iron (III) Chloride 
solution, was used to determine the presence of BPA in the object as well as the water it was 
submerged in.   Three different plastic objects were used, in both a fresh water and a 3.5% salt 
water solution. In all tests (all objects, all temperatures and in both types of water) the presence 
of BPA was found. This supported the hypothesis. In addition, the results showed that BPA leaks 
faster in salt water than in fresh. This test also revealed that not only does BPA leak at high 
temperatures, but also at lower ones, like the ones found in the natural environment. This means 
that plastic pollution is an even bigger threat. Removing the plastic from the ocean does not 
completely solve the problem since chemical residues remain in the water, and essentially the 
damage has already been done. 

Paul Brophy 2-07-002 
Effects of Produced Water on Wisconsin Fast Plants 

Produced water (PW) is a byproduct from gas and oil wells. PW is deemed hazardous due to one 
or more of the following components: high salt concentration, oil and grease particles, toxic 
organic/inorganic materials, and radioactive materials. The hazardous substances vary on 
geological location. This project focuses on finding useful water for agricultural purposes. It was 
hypothesized that if Wisconsin Fast Plants are watered with specific water for 40 days, then 
produced water will kill them, and the dilutions of purified water and the tap water will allow 
them to grow through the 40-day cycle at a 90% success rate. PW and solutions of purified 
produced water (PPW) were used to determine whether PW could be cleaned to become viable 
in agriculture. Dilutions of distilled tap water (DTW) and PPW were made in concentrations of 
25:75, 50:50, 75:25, and 0:100. 100% DTW and unpurified PW were also used. Brassica rapa 
plants were watered with these dilutions for 40 days. Plant height was measured weekly, and 
biomass was recorded after 40 days. The hypothesis was rejected for all dilutions except for the 
25:75 dilution, plants watered with 100% PW did not germinate, and the 75:25 plants died after 8 
days. Success rates and average heights for each dilution were: DTW - 59.4% (11.16cm), PPW - 
59.4% (20.03cm), 50:50 - 87.5% (20.38cm), and 25:75 - 100% (23.39cm). Research indicates 
under specific conditions PW could be viable for agricultural purposes. 

  



Mikailah Feinmand 2-07-003 
Repurposing Produced Gas Well Water as an Alternative Water Source For Agriculture Year III 
Can Raton Basin produced gas well water be reused for agriculture? Last year’s project 
determined produced water is comparable to other water sources for agriculture in a hydroponic 
system. This year compares plants’ germination rates, wet and dry weights, and heights, utilizing 
soil. I will also conduct testing procedures myself to determine the chemical composition of the 
water sources and chemical/metallurgical effects the water sources have on plants. The project 
uses Sprouting and Hyton’s Medicago sativa, Agropyron cristatum, and Dutch Trifolium repens. 
The project tests the water sources for TDS (Total Dissolved Solids), pH, total hardness, total 
nitrate and nitrite, mercury, water metals, total alkalinity, free chlorine, copper, total chlorine, 
lead, fluoride, total iron, zinc, arsenic, salinity, chromium, phosphate, sulfate, aluminum, and 
arsenic (water sources only). The hypothesis is that produced water would facilitate plant growth 
as well as other local water sources. Also, in terms of chemical and metallurgical properties, 
produced water and plants grown using produced water would be comparable to other local 
water sources. The project will first measure out soil and seeds and place them into mini-
greenhouse growing flats, labeling them according to plant type and water type. Each day, the 
plants will be watered according to their corresponding water source. At the conclusion of the 
experiment, the wet and dry weights, germination rates, and heights of all four species will be 
recorded. The experiment will be conducted twice. The plants and waters will also be tested as to 
their chemical and metallurgical compositions. 

Xiaonmeng Gong 2-07-004 
Biodegradation of Environmental Waste Utilizing Edible Fungi 

Plastic debris causes significant environmental damages due to its resistance to photo-oxidative, 
mechanical, and biological processes of degradation. Plastic takes upwards of centuries to 
decompose once discarded into the environment. Wood fungi are efficient at breaking down 
hydrocarbons, which are integral parts of plastics. These mushrooms secrete enzymes to convert 
complex chemical structures into simple fungal carbohydrates to use as food. As fungi are 
capable of breaking down plastic without storing them, the mushrooms produced are edible. This 
project tests the ability of Pleurotus ostreatus, Hericium erinaceus, and Lentinula edodes to 
decompose plastic while also providing a viable food source. The most commonly found types of 
plastic were tested, and the setup consisted of inserting pieces of plastic into a mushroom log and 
recording the mass of both the plastic and the mushroom produced. Pinheads started to form 
within fourteen days of setup, and the mushrooms were harvested two to seven days later. The 
control groups consisted of mushroom logs grown without plastic, plastic buried in garden soil 
without any inoculated fungi strands, and plastic exposed to UV light. The experimental factors 
tested were pre-exposure to UV light before inoculation, moisture level, and temperature. The 
mass of the plastic decreased with the fruiting of mushrooms, demonstrating that the fungi 
successfully decomposed plastic. Polyurethane showed the greatest decrease in mass of 22.67% 
when pre-exposed to UV light and inoculated with Lentinula edodes. The results suggest that this 
procedure helps with bioremediation of plastic and provides a sustainable food source. 

  



Gracean Hoesli 2-07-005 
Soil Composition, Well Water, Sulfur Levels,and Polioencephalomalacia in Sheep 

The purpose of this experiment is to test to see if by looking at the soil composition we can 
determine if the area is at risk of having sheep develop polio. Polioencephalomalacia is a 
neurological disease caused by a high hydrogen sulfide levels in water. This disease is also 
known as the stargazing disease. It is causes by a thiamine deficiency. Thiamine is a B vitamin 
(vitamin B1) that plays a critical role in all cells, acting as a cofactor for several key enzymes 
involved in glucose metabolism. Thiamine is especially important for proper brain function as 
the brain relies on glucose as its major source of energy. The brain begins to break down and 
lose the function of the nervous system. This can help farmers not lose their herds and lose 
money because of polio. 

Alden Kruse 2-07-007 
Where Has All the Ceanothus megacarpus Gone? 

Wildfire is a large part of the chaparral biome, where seedlings from sclerophyllous plants often 
need fire to crack the seed coat. Most chaparral species are resprouters which limit genetic 
diversity and variation. When chaparral shrubs reach maturity they can also produce seeds and 
seedlings, allowing for greater genetic diversity and variation. Yet, short fire returns of less than 
twelve years, severe drought, and pre-burn plant infections have greatly challenged seedling 
recruitment. We examined three sites on the Pepperdine Campus in Malibu, CA. One of which 
was subjected to five different fires in less than 35 years. We quantified the post fire facultative 
seeding success of Malosma laurina and Ceanothus spinosus, as well as obligate seeding success 
in Ceanothus megacarpus. We compared our findings to a 1986 study conducted during a time of 
chaparral abundance. We also examined a low fire return site. Botryosphaeria dothidea had 
killed 62% of the M. laurina pre-fire at a differing site and we determined seedling density there 
as well. We discovered that drought and increased fire frequency has diminished all three 
population sizes by 86-100% since 1986 and weeds were filling the void. C. megacarpus had 
become extinct due to the combination of drought with frequent fire return and M. laurina 
managed to repopulate the fungal infected stand at a rate of 4-5 seedlings per meter square. Our 
findings indicate that drought and frequent fire return have implications towards chaparral type 
conversion, to a non-indigenous grassland. 

Amber Michel 2-07-008 
Rock On: Limestone's Potential to Improve Water Quality in the Alamosa River Drainage 

The goal of this project is to simulate the application and use of limestone in acidic riparian 
systems, and how it positively impacts water chemistry from toxic tributaries within the Upper 
Alamosa River Watershed. While testing different limestone exposure times (25, 50, and 100 
minute) for each site location, there were drastic changes in metals levels with elimination of 
some toxic metals and increased hardness and alkalinity. Limestone increased pH with the 
largest increases over the 100-minute exposure time which also showed the most change within 
the metals as well. Limestone could be applied to the field to increase pH in acidic river systems, 
which will help remediate poor water quality in compromised riparian systems. This will enable 
the introduction and/or the recovery of variety of aquatic life. 

  



Madeleine Nagle 2-07-009 
Radiation at Rocky Flats National Wildlife Refuge 

Rocky Flats has long been a source of controversy based on its history as a plutonium trigger 
manufacturing plant. There has been significant backlash since Rocky Flats National Wildlife 
Refuge opened to the public in September 2018. The concern is that the radiation levels are still 
too high to be safe for public access, despite extensive cleanup efforts. The aim of this study was 
to determine whether there are elevated radiation levels in the Wildlife Refuge that could be 
hazardous. Using a Geiger counter, the Ludlum Measurements 2221 Ratemeter, the number of 
radiation counts in two minutes was measured at 25 random locations along the main Wildlife 
Refuge trail. These locations were scaled to the South Boulder Creek Trail as a control, where 
the same procedure was followed. Five measurements were taken to determine the radiation 
counts of a Trinitite sample (sand from the first nuclear weapons detonation site). The data were 
compared and statistically analyzed, yielding several conclusions: first, there is no significant 
difference in the number of radiation counts between Rocky Flats and South Boulder. On the 
other hand, the radiation counts from Rocky Flats are significantly lower than those from the 
Trinitite sample. Using a Pearson Correlation Coefficient Test, it was also determined that there 
are no “hot spots” or “cold spots” in terms of radiation within the randomly sampled locations at 
Rocky Flats. Overall, this does not mean that there are no trace amounts of plutonium, but that 
Rocky Flats National Wildlife Refuge is largely safe. 

Nathan Nash 2-07-010 
Comparing Water pH Upstream and Downstream From Mines to Determine If Mines Are 

Affecting the Purgatoire River 
Coal mines are infamous for changing the pH of nearby water sources. Are aspects of the New 
Elk Mine, Allen Mine, and Golden Eagle Mine near the Purgatoire River influencing the pH of 
the river? If the pH of a water source is altered ever so slightly, then this could seriously harm 
aquatic macroinvertebrates, fry, and fish eggs. A chemical in the Allen Mine, New Elk Mine, and 
Golden Eagle Mine that the Purgatoire River runs through nearby is altering the pH of the 
Purgatoire River significantly. If this project tests the pH of the water upstream and downstream 
from a mine, then a significant difference in the data will be observed. To find out if the mines 
are affecting the pH, this project will collect a water sample directly upstream from a mine, and 
will then test the pH ten times and will record the result. After that, the water pH will be tested 
downstream right after the same mine. This project will then compare the results from upstream 
and downstream to determine if there is a difference, which would indicate the New Elk Mine, 
Allen Mine and/or Golden Eagle Mine is affecting the pH of the water. This process will be 
repeated for four weeks. 

  



Orion Pipersky 2-07-011 
Initial Soil Testing of a Soil Binding Fertilizer 

US farmers spend $7.2B/y on nitrogen fertilizers, principally urea, that don't bind soil. About 
half of this fertilizer is lost either through vaporization to NH3 causing smog, or through 
migration as NO3- into subsoil where runoff causes water pollution, including ocean dead zones.  
Additionally, typical soil nitrogen fertilizers are toxic to plants at high concentrations and must 
be added in stages. For an Iowa corn farmer on low-productivity soil, eliminating N loss and 
decreasing fertilizer toxicity represents a potential 50% increase in net profits. A local company, 
GeneBiologics, is developing a protein-based fertilizer that tightly binds soil in order to slow 
both nitrogen migration and mineralization. This peptide fertilizer is comprised of a string of 
arginine amino acids, each of which has one of the strongest positive organic charges in nature. 
The high positive charge of the polyarginine peptide should enable tight binding to the negative 
charges of soil, stop losses due to volatilization to NH3 and migration away from the root zone 
as NO3. The purpose of our experiment was to test for the ability of Arabidopsis thaliana to grow 
in the presence of increasing concentrations of polyarginine, to determine application rates which 
lead to kill of seedlings, determine whether the peptide acts as a fertilizer, and compare these two 
attributes to urea. Our preliminary results show: 1) Polyarginine acts as a fertilizer at application 
rates typically used for adding nitrogen to soil; 2) Polyarginine can be applied at concentrations 
10- to 100-fold that of urea without compromising plant growth. Further trials are underway 
based on our initial data. 

Alyssa Rawinski 2-07-012 
Tracking Microplastics Through a Food Chain to Determine the Effectiveness of Plastic 

Biodegradation in Mealworm 
By 2050, there could be more plastic in the ocean than fish (Parker, 2018a). This inspired me to 
research the mealworm as a possible solution to the global plastic problem. My goal was to 
determine if mealworms (Tenebrio molitor) can biodegrade plastics, and if those plastics would 
transfer along a food chain. This study may be one of few to examine this. I fed polystyrene to 
mealworms, and fed the mealworms to crayfish (Orconectes sanbarnii). Crayfish organs and 
excrement went through a chemical digestion process that I designed. I found microplastics in 
the crayfish gastrointestinal (GI) tract but found significantly more in the excrement. This 
indicates that mealworms might not metabolize all the plastic they consume. Crayfish health was 
not affected by plastic ingestion. Unexpectedly, plastic microfibers from unknown sources 
appeared in all samples. In an individual mealworm, I found an average of 117 microplastics. In 
an individual crayfish, the GI tract had an average of 56 microplastics. Microplastics transferring 
up the food chain may indicate low biodegradation abilities of mealworms. However, my data 
may suggest that mealworms adjust to the plastic diet and therefore metabolize more of it over 
time. There was considerable variability throughout my project. Larger sample sizes and more 
precise measurement techniques may be needed to conclude how much plastic mealworms 
metabolize. My study demonstrates how difficult microplastics are to track and how problematic 
they may become in the environment. 

  



Andres Villa 2-07-013 
Examining the Toxicity of Herbicides and Fungicides on Aquatic and Terrestrial Environments 

This study represented the deadly effects of various herbicides and fungicides on aquatic and 
terrestrial environments, and in an attempt to negate these effects in aquatic systems, Activated 
Carbon was utilized in a water filtration process. I set up terrestrial and aquatic environments in 
trays and tanks and applied pesticides periodically. For my terrestrial environments I applied 
concentrations 50%, 100%, and 200% the normal application rate as what is used in agriculture 
on plants, earthworms, and beetles on 2/6, 2/11, and 2/19/19. For my aquatic environments I 
exposed Daphnia magna to pesticide through a chronic exposure and applied 2 mL of each 
concentration of each pesticide every 12 hours for 15 days. After running T-Test comparisons 
assuming unequal variance I found high amounts of statistical significance between comparisons 
of chemical, filtration, concentration, height of plants, germination of seeds, and life to death 
rate. Through this experiment I was able to represent the effects of pesticides on terrestrial 
environments. I found activated carbon can be used to improve the health of a water body and 
found that through filtration populations of Daphnia m. in only 15 days can increase up to seven 
times the original population. It is possible that activated carbon in the future may be able to 
increase the health of a contaminated aquatic systems and increase macroinvertebrate count. 

Laura Zhang & Brooke Newell 2-07-301 
The Impact of Rhinocyllus conicus on the Native Thistle in the Colorado Front Range 

The goal of this project was to repeat a similar study done in previous years to examine the 
change in weevil presence over time. The biological control agent, weevil Rhinocyllus conicus, 
is evidently harming the native thistle in the meadow and riparian zones, and as global warming 
occurs it may even seek higher elevation and attack thistle at that level. As native thistle is a 
crucial food source and plays an important role in pollination ecology, it is necessary to study the 
impacts of biological control to prevent similar cases. Field work was conducted at the Mountain 
Research Station in Nederland, Colorado and followed by lab work. By counting stem densities 
and viable seed numbers we could add to the data done previously to analyze changes. It is 
evident that in 2018, the weevil had stronger preference to the riparian zone and is gradually 
shifting away from dominating the meadow, however plant densities in the meadow continue to 
decrease by about 0.15 plants per square meter a year. While in previous years the weevil 
dominated the meadow, the shift implies a change in preference area. A further trip to treeline 
allows for stronger analysis as to whether the weevils can now sustain life at higher elevations. It 
is not certain that the weevil has been the complete cause of the decrease in thistle population, 
however they evidently contribute significantly to seed reduction. 

  



Emma Stone & Reiley Leake 2-07-302 
Orange Is the New Black: Methylene Blue Removal Using Citrus Peels 

Our project tested the theory that citrus peels would filter out toxic dyes such as methylene blue 
from water. Currently, companies use activated charcoal to remove dyes from their water. 
Activated charcoal is expensive and requires that trees to be cut down to manufacture it. We 
wanted to see if citrus peels could be an organic, cost efficient, and environmentally friendly 
alternative for activated charcoal. We tested our theory by making filters from orange peels, and 
lemon peels to adsorb methylene blue from water. The peels were cut up, dried, and ground to a 
powder. The powder was massed into 10 different amounts (.2g, .4g, .6g, .8g, 1.0g, 1.4g, 1.8g, 
2g, 2.2g, 2.6g, and 3.0g). Each mass was mixed will 100 mL of 2.5 ppm concentration of 
methylene blue. They were mixed for 1 hour. We then ran the mixtures one by one through the 
spectrophotometer. Color, transmittance, and absorbance were recorded. When the data was 
analyzed, we discovered that both the orange and lemon peels removed a significant amount of 
methylene blue from the water. However, orange peels were more efficient in removing the dye. 
Oranges adsorbed 1.884 ppm at their highest performance mass (2.2 g) and lemon peels adsorbed 
1.540 ppm at their highest performance mass (2.6 g). We feel that Orange peels could be used as 
a filter for toxic dyes because it costs $1500 less per ton to purchase and it makes use of the 3.8 
million tons of orange peels that are thrown away each year. 

  



  



Senior Division Math & Computer Sciences 
 
Khai Hughes 2-08-001 

The Price of Free 
My project studied the usage of metadata in search engines and internet browsers. I focused 
mainly on how location plays a part in what results appear on the screen. In order to gain my 
data, I contacted family and friends from various states including Texas, Colorado, Oklahoma, 
California, Delaware, and Ohio. I had them research the phrase “government shutdown” and 
send me a screenshot of the first page of their results. I also requested the type of device they 
used, what time they made the search, what town/state they live in, what browser they used, and 
the political party they associate with. I got a total of 13 responses, totaling 131 search results. A 
majority of participants identified as Democratic and Individual/no stance. I found though, that 
the general party of their state affected the results. More right-wing states showed associated 
results such as Fox News. Left-wing states showed results like CNN and ABC News. 
Conclusively, I found that an individual’s own data might not play a big role is search results, 
but their location and general data of their location does. Though, the more specific and 
individual metadata could play a bigger role in things like advertisements. 

William Hofgard 2-08-002 
Optimal Switching Between Egocentric and Geocentric Navigation for Scarabaeus lamarcki 

Scarabaeus lamarcki, a species of old-world dung beetle, utilizes both egocentric and geocentric 
navigation methods in order to move radially away from a central point. In their 2016 paper, 
Peleg and Mahadevan devised a mathematical model that predicts optimal switching between 
egocentric and geocentric navigation through the use of a cost function that penalizes the number 
of reorientations (time cost) and deviation from a straight path (distance cost). Simulations of the 
model predicted optimal switching as number of reorientations increases. The model has yet to 
be verified with experimental data. Experimental data was provided by the Marie Dacke of Lund 
University and was initially recorded as overhead videos of dung beetle trajectories. Coordinates 
and points of reorientation were extracted from the video data, and the resulting trajectories were 
then plugged into the cost function as defined by the mathematical model in order to produce 
experimental cost function values. Theoretical cost function values were developed through 
simulations that Peleg and Mahadevan utilized in their initial model. Correlation between 
theoretical and experimental results was tested with a Pearson correlation coefficient test. The 
results of the mathematical model were not consistent with experimental results. Correlation tests 
between theoretical and experimental values revealed a negative correlation between the model’s 
distance cost and experimental distance cost, indicating that the distance cost term of the cost 
function is incorrect. Furthermore, statistical significance was not established for a majority of 
tests, demonstrating the necessity for further testing in order to definitively confirm or reject the 
mathematical model. 

  



Emilie Xu 2-08-003 
Modeling the Advantages of a Virtually Imaged Phased Array with a Graphical User Interface 

In optical physics, wavelength interference is produced by the interaction of multiple waves and 
this phenomenon is examined and utilized in many important technologies. Under certain 
circumstances when the peaks and valleys of waves meet the waves cancel out, and when the 
peaks of two waves intersect the resultant wave gains a higher frequency and intensity. 
Diffraction gratings and Virtually Imaged Phased Arrays (VIPAs) can both disperse wavelengths 
and create repeating monochromatic waves, yet there are slight angular and resolution 
differences between the two systems. Here I sought to determine and model the advantages of a 
VIPA compared to a standard 150/mm Ruled Diffraction Grating from ThorLabs®. I determined 
the difference in angular dispersions for a VIPA by employing the Paralaxial Spectral Dispersion 
Law, differentiating for the angular dispersion factor, and then deriving for the unique angles for 
a given interference order. I used the angular dispersions of a diffraction grating derived from the 
Diffraction Equation to both numerically and graphically compare the difference in angular 
dispersions between the two devices. I then compared the output angular dispersion and positions 
to experimental data, which are fitted by the theoretically derived model. Theoretical and 
experimental data both reveal that a VIPA yields a greater angular dispersion and higher 
resolution than that of a diffraction grating. These results will allow users to change the 
wavelength(s), distance, input angle, and refractive indexes with key presses and predict the 
resulting properties of the dispersed waves. 

Siddarth Ijju 2-08-004 
Fast MRI: Reconstructing MR Images Using Undersampled K-Space and a GAN 

Magnetic Resonance Imaging (MRI) is used extensively across the world to get detailed 
physiological images that are unattainable with other imaging modalities. Although it has 
widespread appeal, the MRI process tends to be noisy, confined, and can cause discomfort when 
a patient is being scanned. In addition, the patient needs to be completely still during the scan to 
ensure the machine can acquire a good image, a significant issue for seniors and children. My 
project aims to address these problems by reconstructing MR images via undersampling the 
underlying data of the MR image, which is called k-space. A generative adversarial network 
(GAN) was constructed, and consisted of two separate neural networks, a generator network that 
generated samples of an image, and a discriminator network which compared the generated 
sample to a ground truth version of that image. I used publicly available datasets (OASIS3 and 
IXI) and preprocessed each image with Fourier transforms, line-by-line sampling, and 
normalization. Multiple iterations of the generator model were attempted before the final U-Net 
inspired model trained on a Tesla V100 GPU for 100 epochs over 6 hours. The generator was 
able to successfully generate images similar to the ground truth MRI images in the testing 
dataset, with a true positive to false positive ratio (AUC-ROC) for the discriminator of 0.58 (a 
perfect generator would have AUC-ROC of 0.50). The contributions of this project include 
reducing the costs of MRI, reducing the discomfort and error of the process, and increasing the 
speed of the process. 

Austen Mazenko 2-08-005 
Cop Strategy and Cop Number Analysis of k-Regular, Fully Active Cops and Robber Games 

We analyze the cop numbers of certain graph characterizations in the k-regular witness, fully 
active version of the cops and robber game played on graphs. In this variant, emulating imperfect 
information provided by witnesses, the cops only gain periodic information about the robber's 
position, and not the direction or his future strategy. Moreover, we play on simple graphs without 
implied loops, and as such no player may inhabit the same vertex on consecutive turns. 
Motivated by the Scotland Yard game, we establish cop strategies on sparse graph families such 
as outerplanar graphs, and consider similar approaches on highly dense graphs like 
circumventing the fully active condition through oscillation.  



Sara Nehring 2-08-006 
Pattern Recognition Using Neural Networks in the MATLAB Programming Environment 

The purpose of my project was to create an artificial intelligence algorithm that would, be able to 
identify hand-written digits without using any existing artificial intelligence libraries. I started by 
creating a single layer neural network that involved having inputs connected to outputs by 
weighting factors. I created my computer programs in MATLAB. I randomly generated data 
with different patterns that my algorithm would, over time, learn to identify. I used a series of 
equations to train my algorithm on. After I successfully created my single layer neural network I 
created a hidden layer neural network. This is similar to the single layer network except that the 
inputs are connected by weights to a hidden layer and then the hidden layer is connected by 
weights to the outputs. This network works similarly but with one extra step which was the 
hidden layer. I tested different training data sizes and came to the conclusion that the more 
training data, the better. Then I used my hidden layer network and edited it to be able to identify 
hand-written digits. I downloaded all of my data for this program from MNIST’s database and 
was successful in my goal of creating a neural network that would be able to read hand-written 
digits. My algorithm read the digits correctly at 95 percent. I was very pleased with this result 
because I originally hoped that it would be at a 50 percent accuracy. 

Elizabeth Sundheim 2-08-007 
A Picture Is Worth a Thousand Words 

This project focused on ways to improve LSB (least significant bit) steganography in Python 
such that the image could be resized without losing the hidden message. In this method of 
steganography, the message is hidden by transforming it into a string of ones and zeros, which 
then replace the last digit in the RGB value of each pixel. When the picture is resized, that data 
are either lost if shrinking the image, or separated by non-message values if enlarging the image. 
By adding start and stop codons, so named after the biologic versions, and a checksum, the 
program was able to identify the start of the true message, even if the full message was too 
garbled to be reconstructed. 

Rahul Thomas 2-08-008 
A Comparative Study of Neural Networks vs. Classical Methods for Solving Differential 

Equations 
Because many ordinary differential equations (ODE's) in science lack a closed solution, we use 
simple and effective "classical" methods, such as the Runge Kutta method and the finite element 
method, to numerically approximate their solutions. In this project, we investigate the 
applications of machine learning to the numerical solutions of ODE's through the use of artificial 
neural networks (ANN's). First, we build a model assessing the effectiveness through a 
combination of run time, accuracy and consistency. Then, we vary the trial function, learning 
rate, depth, batch size, optimizer, loss function, size of training set and activation function for the 
ANN's, observing corresponding changes in effectiveness. We provide a comparative analysis 
between the most effective such ANN and various classical methods. Finally, we build a hybrid 
of classical and ANN methods and compare its effectiveness to that of the ANN and classical 
methods. 

  



Drake Ludgate & Nathaniel Miner 2-08-301 
The Mathematical Correlations in an Origami Coiled Structure 

Creating a crease in a ring-shaped circular piece of paper results in a saddle-shaped structure 
which when cut creates a frustum with inner and outer edges in contact with a surface. The 
purpose of this research is to describe the mathematical relationship between the angle of the 
peak formed after the circular saddle is cut perpendicular to the crease, the surface area of the 
ring, the slant height, and the inner and outer radius of the resulting cone (frustum) as the ring is 
coiled into a loop. Paper rings were created of various size and a circular crease was formed 
between the inner and outer edge. The resulting saddle-shaped origami structure was then cut 
and coiled. Measurements of angles, heights, and surface areas were determined. Data was 
obtained and graphed. Data collected from this research indicates that a curved crease placed on 
a circular ring will produce a double frustum once the creased ring has been cut. Coiling this 
double frustum will increase the peak height and decrease the outside angle of the outer frustum 
as the outer radius is decreased. A double frustum with equal sides, forming an isosceles 
triangular cross-section, is the optimal design for coiling having the least impact on the total 
height of the frustum. 

Leonard Shearer, Ayush garg & Brandon Guo 2-08-302 
Object Disambiguation for the Preposition "Between" 

The continued development of autonomous assistants necessitates the further development of 
object disambiguation. Object disambiguation, or the probabilistic analysis of the identification 
of physical objects through natural language phrases, is required to ensure that artificial 
intelligence can discern which object a natural language phrase references. Machine learning 
models, such as neural networks, decision trees, and various types of regression, were trained 
using Amazon Mechanical Turk (MTurk) responses. MTurk participants appraised the 
applicability of the preposition “between” from a scale of 0-100 in reference to a digital scene of 
two reference objects and one target object. The performances of the aforementioned models 
were compared with the performance of a heuristic algorithm designed with the same purpose in 
mind. To validate and test each model, data from a human study was utilized. This study 
consisted of participants completing the same task as in the MTurk study, but in a physical 
setting, to measure the ability of digitally-trained models to translate into physical settings. 
Current literature merely tests the success rate of predetermined algorithms, leading to solely 
binary data points (either correct or not) to train future algorithms. However, this approach 
demonstrates distinct potential success in object disambiguation as the non-binary, ranged 
outputs of each model would allow for definitive ranking and prioritization of objects within 
cluttered and otherwise ambiguous scenes. Furthermore, the method used to evaluate the efficacy 
of the created models offers a novel means of introducing further accuracy and precision into the 
training and validation set data. 

  



Senior Division Medicine & Health 
 
Edwin Bodoni 2-09-001 

Bruxism: A Novel Diagnostic Approach - Part II 
Bruxism (teeth grinding), a parafunctional activity of the masticatory system, affects 20% of the 
general population. Although extensive research has been conducted on bruxism, this condition 
is still poorly understood and its diagnosis is often just based on patient history. Recent research 
indicated that bruxers display significantly higher maximum bite force (MBF) values than non-
bruxers and that measuring individuals’ bite forces could be an objective way to diagnose 
bruxism. However, the correlation between MBF values and bruxism was only analyzed under 
ideal dental and periodontal conditions. Since previous studies have shown that, besides muscle 
activity, teeth restorations and the periodontal status are two main factors influencing bite forces, 
the present study was exploring how individuals’ MBF values vary under less than ideal dental 
and periodontal conditions. Three main groups were evaluated: teeth restored with crowns, 
missing teeth replaced with dental implants, and incipient periodontal disease. The results of this 
study showed no significant difference in the MBF values recorded for these groups compared to 
control (perfect natural dentition). When comparing bruxers to non-bruxers, there was a 
statistically significant difference in the MBF values in all groups. Based on these findings it can 
be concluded that bite forces are mainly influenced by muscle activity and not by tooth support 
or restorations. These results also suggest that measuring MBF values could have a promising 
diagnostic potential for bruxism. Early diagnosis and treatment of this condition can significantly 
diminish the irreversible damage bruxism inflicts, reducing the need of costly future dental 
procedures. 
Emily Idler 2-09-002 

Blood Clotting Agent: The Development of an Improved Blood Clotting Agent 
Constantly, trauma situations are occurring and striking death upon people whose injuries are 
potentially survivable if an efficient blood clotting agent was available. The purpose of this 
experiment was to develop an improved blood clotting agent to be used in trauma situations. 
Three clotting products were used including kaolin, kelp, and blue green algae, as well as two 
carrier products that were aloe and glycerin. All products involved were organic compounds, 
which provides the benefit that there is a very low risk for any safety concerns to arise. A series 
of eleven tests were performed with using a variation of products to test the effectiveness, 
ultimately helping to find the best balance of the products. Tests were conducted by inserting the 
prepared blood clotting agents into a tube that was connected to a blood supply. Recorded data 
was measured by time until clotting, weight of visible clots, and weight of blood spillage prior to 
clotting. The success rate of the products was ten out of eleven tests, and the data shows a 
significant amount of the tests were efficient in quickly clotting blood with minimal blood loss. 
The data collected in this project supports the hypothesis that by incorporating technologies such 
as gels, an improved blood clotting agent can be developed for use in trauma situations. After all 
data was analyzed, a clear result of success appeared, which supported the initial hypothesis. 
With the success produced by the developed blood clotting agent, the applications are endless. 
Every day, trauma situations transpire, and with the use of the developed blood clotting agent, 
many lives can be saved. 

  



Kate Kaczmarek 2-09-003 
Tiny Hand Clan 

The purpose of this investigation was to establish if there was a correlation between had size 
(cm) and height (cm) in children in first through sixth grade. I hypothesized that as the grade 
level went up, there would be a correlation (direct variation) between hand size and height 
growth. The measuring process itself involved splitting the class into boys and girls, and 
measuring their hand size and height using a chart and a standardized measuring tool. Data was 
inputted into a scatter plot graph to analyze the correlation. The correlation was found by taking 
the distance from each point to the line of best fit. The data collected did support the original 
hypothesis. These findings led to the conclusion that there was a moderate correlation between 
hand size and height in children in first through sixth grade. The correlation coefficient squared 
for girls was 0.7303, and for boys it was 0.6841. A correlation is shown by how close the 
decimal is to one. The closer the decimal gets to one, the stronger the correlation is. This shows 
that girls have a slightly stronger correlation than boys. 

Peyton Oswald 2-09-004 
Does Secondhand Smoke Affect Blood Pressure and Heart Rate in Children? 

Does secondhand smoke correlate to high blood pressure and heart rate in children? Second-hand 
smoke may be a prime factor in the elevation of heart rate during exercise but does not appear to 
have a dramatic effect on blood pressure. This is against the initial hypothesis that second-hand 
smoke would lead to both a greater increase in heart rate and blood pressure in smoker’s 
children. The percent of increase between resting and exercising in the second-hand smoke 
category was a 26 percent rise in heart rate, an unchanged systolic blood pressure, and a diastolic 
decrease of 9 percent. For the smoke-free category, heart rate between resting and exercising 
increased by an average of 14 percent, the systolic blood pressure increased by 6 percent, and the 
diastolic blood pressure decreased by about 51 percent. 

Spoorthy Reddy 2-09-005 
Determining the Cytotoxicity and Mechanism of Novel Piperlongumine Analogs in Acute 

Myeloid Leukemia 
Piperlongumine(PLM) is a drug that can selectively kill cancer cells. Mice treated with PLM at a 
dosage 30 mg/kg/day had strong antitumor effects on breast cancer (Malavolta et al., 2018). 
Combined with the fact that PLM is water-soluble, PLM has the potential to a valuable cancer 
treatment. Recent literature has shown that PLM is also a senolytic agent, a compound that 
targets aging cells. As a potent anticancer agent, senolytic agents can be used to target the 
mutated aging stem cells of elderly cancer patients so that the newer stem cells can produce cells 
that can survive more debilitating treatments such as chemotherapy. However, PLM is less 
potent than PTL, suggesting that analogs of PLM may have higher cytotoxicity while retaining 
PLM’s senolytic activity. The purpose of this study is to determine which of several novel 
analogs of PLM have the highest cytotoxicity and whether certain structures within the 
molecules of each compound contribute to the overall cytotoxicity. I found that analogs of PLM 
with a sulfur dioxide, exocyclic alkyne, reversed orientation of the C7-C8 olefin, and a relocated 
C3-C4 olefin lowered the EC50 drastically, suggesting that combining these structural alterations 
may lead to the development of new analogs of PLM with an EC50 value in the optimal range 
for a clinical dose, while selectively targeting cancer stem cells and senescent cells. 

  



Shreya Shubhangi 2-09-006 
Effect of Maternal Weight on Insulin Sensitivity in Adipocytes Differentiated from Umbilical 

Cord Mesenchymal Stem Cells 
Maternal obesity during pregnancy adversely impacts infant health. Since the intrauterine 
environment affects the epigenome of a fetus, maternal obesity during pregnancy is a key 
contributor to increased infant fat mass. While it is known that infants born to obese mothers 
have higher adiposity, it is still not clear if this is due to greater fat cell number (hyperplasia) or 
greater adipocyte size (hypertrophy). Hypertrophy in mesenchymal stem cells is strongly 
correlated to a greater amount of proinflammatory markers and insulin resistance. This study 
assessed the effect of maternal weight on the growing patterns of adipocytes differentiated from 
umbilical cord mesenchymal stem cells (MSCs). Mesenchymal stem cells were differentiated 
into adipocytes and the cells were subsequently stained with BODIPY, DAPI, and Wheat Germ 
Agglutinin. The hypothesis was that the adipocytes derived from the umbilical cords of infants 
with obese mothers would exhibit hypertrophy, not hyperplasia. After a t-test was conducted on 
the results, it was observed that the obese MSCs stored more fat, were less in number, and were 
larger than NW-MSCs, confirming that they were hypertrophic. This is possible indication that 
infants born to obese mothers are likely to demonstrate insulin resistance later in their life. 

Megan Starkey 2-09-007 
Scrambled 

Concussions are a very common injury in soccer. When a player gets hit in the head with not a 
lot of time to prepare and lots of force, their brain hits the inside of their skull. After calculating 
the amount of force in a collision of a head and a ball, I successfully created a model to show this 
collision. To show how the amount of contact time affects the force inflicted onto the brain, I 
conducted another experiment where the amount of contact time was larger. The force was 
spread out over a longer period of time, allowing the head structure to absorb more of the force, 
causing the egg not to crack. 

Evelyn Bodoni 2-09-008 
The Role of NGAL as a Biomarker for Early Detection of Acute Kidney Injury 

Acute kidney injury (AKI) is a common complication in hospitalized patients, with mortality 
rates as high as 50% in intensive care unit patients, therefore early detection of this condition is 
critical for patient survival and cost of care reduction. Finding reliable biomarkers for early AKI 
diagnosis has been a research priority in the past decade. Neutrophil gelatinase associated 
lipocalin (NGAL) is the most studied biomarker of AKI. Because plasma and urine NGAL levels 
increase within two hours after AKI, it was assumed to be due to enhanced kidney production of 
NGAL. However, the ability of NGAL to predict AKI in patients has been inconclusive, 
suggesting that other mechanisms of NGAL production may also be involved. Other studies have 
shown that there could be a link between interleukin-6 (IL-6) and NGAL production in sepsis. In 
the present study, murine models of AKI induced by warm bilateral ischemia-reperfusion on 
wild type (WT) mice and IL-6 knock-out (KO) mice were utilized. My results demonstrated that 
after AKI, the main source of NGAL is the liver. Furthermore, because elevated NGAL levels 
were only detected in WT mice and not in KO mice, suggests that the hepatic NGAL production 
is IL-6 regulated. These results provide significant insight into the mechanisms of NGAL 
production in AKI, and the role NGAL plays as an early AKI biomarker. 

  



Sarah Bermingham, Zoe Zizzo & Tyler Tankersley 2-09-301 
Inducing Neuronal Injury in C. elegans to Serve as a Model Organism for TBI 

Traumatic brain injury (TBI), indicated by neuronal damage, is caused by acute head trauma. 
Despite the lasting damage of a TBI, there is currently a lack of medication to treat the neuronal 
damage directly. To better treat TBI, there is a need for a better understanding of the mechanisms 
of neuronal damage and treatments that promote healing and repair. In our research, we 
engineered and verified protocols for inducing neuronal damage in a transgenic strain of 
Caenorhabditis elegans with GFP labeled neurons. We hypothesized that we would be able to 
induce damage that is measurable and statistically significant. Both the treatment and control 
groups were put in microcentrifuge tubes with two glass beads and anesthetic. The treatment 
group was placed in the shaking incubator for 5 minutes while the control group received no 
treatment. To measure neuronal damage, C. elegans were visualized using an EVOS FL 
microscope and ranked using a 1-5 neuronal damage severity scale. The average rating for the 
control group was 1.55 while the treatment group average rating was 3.95. This suggests that the 
method implemented in our research is a viable method of inducing neuronal damage. Data was 
analyzed with a t-test. The resulting p-value of 0.0000134163 showed statistical significance. In 
the future, optimizing the protocol in order to successfully induce a range of severities is 
necessary. Using assays that assess the physical behavior of C. elegans is an imperative future 
step. Once optimized, this method can be used in future drug studies. 

Cody Robinson & Emmanuel Fierro Bustillos 2-09-302 
An Acetone Specific Breathalyzer for T1D 

Type 1 diabetics monitor ketones through the blood, which is the most reliable method; however, 
the most expensive. Breathalyzers have been commonly mistaken to register false-positives 
when tested on diabetics due to the production of ketones, specifically acetone which is exhaled 
through the breath. Therefore, a specialized breathalyzer that is highly sensitive to acetone was 
produced. An electronics-based microcontroller with an air quality sensor was used as the basis 
of the breathalyzer, which was coded to read concentrations of acetone. Seven concentrations of 
acetone, ranging from 15 to 500 ppm, were tested at three times each. Ketones start to be 
produced at 75 ppm in mild cases and can range up to 1,250 ppm in severe cases. A pressure 
sprayer was used to vaporize the acetone and simulate a person’s breath. The hypothesis being 
investigated was: If acetone is produced in certain concentrated amounts, then it will register a 
“high pollution” on the specialized breathalyzer when the amount of acetone is 150 ppm or 
above. After data was collected and analyzed, it was determined that the researchers accept the 
hypothesis. A majority of the values below 150 ppm were at a low pollution value with minimal 
change in voltage; whereas a majority of the values above 150 ppm were at the upper limit of the 
sensor’s sensitivity. For future data collection, more specific values will be tested in order to 
determine the level of pollution in which acetone becomes too high. 

  



Katherine Zilligen, Vaishnavi & Ashley Kozlowski 2-09-303 
Danio rerio Embryos as a Model Organism of Secondary Injury Mechanisms in Traumatic Brain 

Injury Research 
Traumatic brain injury (TBI) is an injury to the brain causing damage that requires treatments 
such as rest, medications, and rehabilitation. In TBI, secondary injuries continue after the initial 
impact, which affects neurocognitive functioning. To better understand these mechanisms and 
identify drug targets, invertebrate model organisms are needed for early stage TBI research. Our 
research evaluated Danio rerio (zebrafish) embryos as models of TBI. We used a shaking 
incubator at 250 rpm to induce head trauma in zebrafish embryos at 4 days post fertilization 
(dpf), after which we evaluated the mortality, response to stimulus, and head size to determine if 
secondary injuries of TBI can be induced and quantified in zebrafish embryos. The mortality 
assay demonstrated injury with an average of 11.7% mortality with treatment. The touch assay 
resulted in inconsistent data and did not serve as a good indicator of TBI. In addition, the head 
size assay overall showed little difference between the control and experimental groups. The 
touch and mortality assays were analyzed with a two proportion z-test and resulted in p-values of 
0.555 and 0.1271 respectively. Statistical significance for the head size data was analyzed using 
a paired t-test and resulted in p-values ranging from 0.07-0.75. Although the embryos in this 
research failed to show TBI symptoms of head edema and delayed response time, damage was 
inflicted. Zebrafish embryos are extremely fragile; therefore, future research should explore 
zebrafish TBI inducing treatments with more localized damage to the head. 

Chloe Hodgson & Sundeepti Nareddy 2-09-304 
Gastrointestinal Organoid Growth in Photo-degradable Hydrogels 

Organoids are self-organized structures formed from stem cells. They can be used to study 
disease and organ formation, to provide more accurate and efficient drug tests, and to potentially 
improve organ transplants in the future. Therefore, it is necessary to design materials to study the 
growth of organoids in a defined environment. The goal for this research project is to optimize 
organoid growth conditions in a photodegradable hydrogel system. We are interested to see how 
the hydrogel polymer weight percentage impacts gastrointestinal stem cell colony growth. In 
order to test this research question, intestinal stem cells were inserted into photodegradable 
hydrogels and allowed to grow into organoids. These hydrogels were fixed and were imaged 
using confocal microscopy. These images were analyzed using ImageJ software to determine 
colony forming efficiency, morphology and colony size. The highest colony forming efficiency 
was observed in hydrogels containing 4 weight percent polymer, and there is a clear linear 
decrease in efficiency as the weight percentage of the hydrogel increased. The colony size didn’t 
significantly differ as a function of polymer weight percent. Understanding the growth of 
organoids has widespread implications in the fields of pharmacology, tissue engineering and 
developmental biology. Expediting the production of more accurate organoid models would 
increase the ability of scientists to accurately examine how diseases and drugs impact tissues and 
organs. 

  



Demi Brown & Grace Hardwick 2-09-305 
A Method for Prevention of Heart Failure by Switching Substrates from Glycolysis to Oxidative 

Phosphorylation to Strengthen Mitochondrial Function in the Heart Cell 
Within the cardiomyocytes of the heart, there exists cardiolipin, which holds fatty acid side 
chains. On an optimal functioning heart, linoleic acid is the fatty acid present in the cardiolipin. 
Yet during heart failure, for reasons that are unknown, the fatty acid side chain switches from 
linoleic acid to oleic acid. For reference, oleic acid is more consistent with cardiolipin in the 
brain. Oleic acid in the heart impairs cellular respiration because the bonds are spaced out (rather 
than tightly packed in linoleic acid), causing electrons to escape during oxidative 
phosphorylation, which causes minimal ATP production. With reduced ATP in the heart, there is 
less energy to contract the cardiac muscle, which ultimately leads to heart failure. The cells are 
first treated with one of three fatty acids: linoleic acid, oleic acid, or a Bovine Serum Albumin 
control. Then, the cells are analyzed using mass spectrometry, which measures the mass of the 
two fatty acids making sure this project is possible, and the Seahorse XFe96 analyzer, which 
measures for oxygen consumption in order to find the mitochondrial ATP production for the 
different cells. Findings showed that linoleic acid cells consumed the most oxygen, while the 
oleic acid treated cells consumed even less than the control. With this data, a diet rich in linoleic 
acids (ie. avocados, canola oil, pumpkin seeds) is recommended. 

Megan Hupka, Tabitha Samuel & Seth Rohr 2-09-306 
The Effect of Piracetam on Plaque Formation and Paralysis on an Alzheimer's Model C. elegan 

The purpose of this project was to test the effects of Piracetam, a nootropic drug that is thought 
to increase acetylcholine in the brain, on Alzheimer’s model C. elegans. This drug is not 
regulated by the FDA and has had few studies on its effect in patients with Alzheimer’s disease 
(AD), none of which focused on the beta-amyloid (Aβ) plaques causing the disease. We 
hypothesized that with Piracetam healthier than paralyzed C. elegans would be seen at the end of 
10 days. Our research tested the effects of Piracetam on the CL2006 strain of Caenorhabditis 
elegans that had been co-injected with the transgene pCL12 (Punc-54:: SP::Aβ 1-42) resulting in 
Aβ plaque formation and subsequent paralysis. Mortality and paralysis were recorded each day 
for ten days after a synchronized population was achieved with a sodium hydroxide bleach 
solution. The data collected for the 3M treatment of Piracetam supported our hypothesis with a 
21% reduction in paralysis making this a statistically significant difference when compared to 
the control (z = -4.72, p = 1.17 x 10-6 < 0.05); however, the number of paralyzed C. elegans in 
the 0.5M treatment of Piracetam was not statistically significant with only 9% paralyzed. This 
suggests higher doses of Piracetam may work to decrease or protect against the effects of Aβ in 
the AD C. elegans. This data could give insight into how to prevent and treat AD, as well as 
other acetylcholine and choline related diseases such as Parkinson’s, Huntington, schizophrenia, 
and Myasthenia gravis. 

Mollie Schloss & Zach Hee 2-09-307 
The Keto Diet 

The Ketogenic Diet or the 'Keto Diet' is a specialized diet that's purpose is to burn stored fat 
instead of carbohydrates in order to sustain bodily functions and provide energy throughout the 
day. The diet is a carbohydrate restricting diet that requires your body to burn fat via ketones. 
The ketones than act as carbs. The keto diet can be difficult due to the fact that one must 
supplement certain nutrients and electrolytes. If done correctly the keto diet is an efficient way to 
lose weight as well as combat other medical issues. 

  



Senior Division Microbiology & Molecular Biology 
 
Kylie Guiles 2-10-001 

Are We Butchering the Effectiveness of Antibiotics? 
This project was conducted due to the growing issue of antibiotic resistance. In commercial 
feedlots animals are often pretreated with antibiotics as a precaution. When an animal is treated 
with unnecessary antibiotics, resistance grows. This is a problem for humans because feedlot 
animals are used primarily for human consumption, and when humans consume antibiotic 
resistant animals their antibiotic resistance is built up. The purpose of this project is to determine 
the optimal treatment plan when attempting to reduce antibiotic resistance, and cure Escherichia 
coli with penicillin. This was tested using 12 petri dishes; half of the petri dishes were pretreated 
with penicillin and half were treated after they were infected with E. coli. There were four 
different treatment plans: Sick (infected with E. coli before introduced to penicillin), Control-
sick, Pretreat (introduced to penicillin before infected with E. coli.), and Control-pretreat. Petri 
dishes in each of the four groups received the following treatments: one dose, five doses, and ten 
doses of antibiotics. The results of the project indicated that the optimal treatment plan is 
pretreating with penicillin, along with one additional dose of penicillin after the animal is 
infected. This concludes that pretreating E. coli with penicillin and then treating with another 
five to ten additional doses is unnecessary because one dose was enough to kill all the bacteria in 
the pretreated petri dishes which shows that treating animals with five to ten doses is 
unnecessary. The redundant doses of antibiotics given is contributing to the world-wide epidemic 
of antibiotic resistance. 

Danae Beauprez 2-10-002 
The Antibacterial Properties of Breastmilk and Its Comparison to Antibiotics 

Pregnant women often hear “old wives’ tales” and are unsure which ones are true. Many mothers 
believe breastmilk will help prevent an infant from getting sick. The purpose of this experiment 
is to determine whether breastmilk has antibacterial properties, if properties change when 
breastmilk is frozen, and if differences exist depending on the age of the child. It was 
hypothesized, by analyzing zones of inhibition, that: 50% of the breastmilk samples would be 
able to inhibit bacterial growth; milk would be more effective from mothers with babies less than 
3 months of age than babies over 3 months of age; and fresh samples would be more effective 
than frozen samples. Fresh breastmilk donations were obtained from nine lactating females. 
Upon receipt, 15 ml of milk were frozen for 1 week at -15°C. Three types of bacteria: 
Escherichia coli, Staphylococcus epidermis, and Group B Strep (GBS), were plated. Fresh 
breastmilk drops from each donor were dispensed onto blank antibiotic disks and placed on the 
plates along with a control and antibiotic disks. Plates were incubated at 37°C for seven days. 
Zones of inhibition were then measured and recorded. The process was replicated with thawed 
frozen milk samples. It was found that 100% of the breastmilk samples inhibited bacterial 
growth on S. epidermis and GBS plates, but 0% on E. coli. Hypotheses were rejected regarding 
the influence of the age of the infant as well as the impact of fresh versus frozen; as differences 
in averages were not statistically significant. 

  



Cooper Godfrey 2-10-003 
Slime Mold Redefining Intelligence 

Physarum polycephalum, a slime mold, is known to track through mazes and map land areas. 
The researcher wanted to know how efficiently slime mold could map out a maze and 
landscapes. It was hypothesized that the slime mold would learn its way through a maze and be 
able to identify the most habitable or ideal area in a specific landscape. A maze that had two 
possible routes to the finish was developed. P. polycephalum was introduced to the maze at the 
designated start location. Oat flakes, its food source, were located at the finish. This setup was 
replicated three times. Controls included two dishes without any maze, one without any nutrient 
source, and one with a nutrient source surrounding the outer edge of the dish. In the first maze, 
the slime mold tracked in the opposite direction of the maze, but after 24 hours, the slime mold 
had tracked over the walls of the maze, but had found the shortest route to the nutrients. In the 
second trial the slime mold completed the maze in under 24 hours. Additionally, the entire slime 
mold relocated itself from the starting location to the finish. It was observed that the slime mold 
does not always take into account the terrain it is traveling over to create the most efficient 
means of receiving nutrients. Future additional testing would entail similar techniques but using 
a 3D printed area Mars’ Jezero crater to possibly figure the most efficient means of colonizing an 
area of Mars. 

Anudeep Golla 2-10-004 
Discovery of Hidden Gene Regulators: A Novel Machine Learning Approach to Transcriptional 

Pause Site Determination 
Transcriptional pausing, the inhibition of RNA polymerase (RNAP) elongation during 
transcription, is a vital regulator of DNA transcription that offers increased control over gene 
expression. However, the only way to determine pause sites in a genome is to spend multiple 
days and thousands of dollars on genome sequencing. The objective of this study was to develop 
a more effective and less expensive way to determine pause sites. Using previously supported 
pause sites in the E. coli genome and aggregating sequential and parametric DNA data, this study 
developed and optimized probabilistic and neural machine learning models to predict pause site 
incidence in DNA segments. A randomized trees algorithm and a novel sequential memory and 
convolutional hybrid model proved to accurately predict pause site locations at an unprecedented 
0.95 confidence level across all test environments. In addition, the pause site predictions of these 
models were then back-tested through in vivo biochemical experiments that centered around 
inserting the predicted pause sequence into spaces between active promoters and RNAP in a non-
pathogenic strain of E. coli, resulting in a strong correlation between real and predicted locations. 
The results of this study ultimately provide a highly favorable alternative to pause site prediction. 
Furthermore, gaining insight into the relationship between transcriptional activities and the 
human body can potentially help elucidate solutions for genetic conditions and diseases, such as 
Down Syndrome, Cystic Fibrosis, Huntington’s Disease, and Sickle Cell Anemia, that stem from 
an irregular expression of genes and in extension abnormalities occurring at pause site locations. 

  



Daniela Acosta 2-10-005 
Measuring the Zone of Inhibition Natural vs. Synthetic Antibacterials 

The purpose of this experiment was to find out which antimicrobials are most effective at killing 
bacteria. I hypothesized that the GS neutral Disinfectant Cleaner and ammonia will be most 
effective at killing bacteria, with the GS Neutral Disinfectant Cleaner having the biggest zone of 
inhibition. The garlic solution, vinegar solution, and ginger solution will not be as effective at 
killing the bacteria. My hypothesis was partially correct and the disinfectant cleaner killed a lot 
of bacteria, measured by the zone of inhibition. Surprisingly, the garlic solution was the next 
antimicrobial that killed the most bacteria, therefore proving my hypothesis partially incorrect. 
The first step in this experiment was to grow bacterial lawn, meaning that the agar is completely 
covered with bacteria. Unfortunately, we were not able to have any antibacterial growth, so we 
bought some more Carolina Biological supply petri dishes already prepared with a bacterial 
lawn. We tested on these petri dishes. After that, the bacteria was exposed to different types of 
antimicrobials. This was done by soaking sterile cotton discs in sterile water mixed with 
antimicrobials and setting the discs on the bacteria culture. I used five different antimicrobials: 
an industrial grade cleaner used at our school to clean bathrooms, vinegar, ammonia, garlic 
solution and ginger solution. I waited two days, then measured the zone of inhibition.  According 
to my findings, the disinfectant cleaner was the most effective antimicrobial to kill the three 
different types of bacteria. The second most effective was garlic. The rest made small zones of 
inhibition or had no effect. This proved my hypothesis partially correct in that the industrial 
cleaner would be the most effective in killing bacteria and therefore create the largest zone of 
inhibition. This information is significant because it can help with keeping surfaces clean and 
reducing the spread of potentially harmful bacteria. Instead of using harsh chemicals that can be 
potentially harmful to children or even adults, this proves there are healthier natural alternative 
options. This information can help people stay healthy. 

W. Hall Matthews 2-10-006 
Algistatic Effects of Retail Barley Extract Applied in Reduced Dosage Rates as a Treatment for 

Lake Okeechobee, A Second Year Study 
The ecological crisis in Florida is a human health hazard and resulted in a state of emergency in 
2016 after pollution rich water was released from Lake Okeechobee spreading a harmful algal 
bloom (HAB). As a solution other than harmful algicides or mechanical means, the algistatic 
effects of retail barley extract, found to be effective in the first year study, was further tested in 
reduced dosage rates on two of the most harmful cyanobacteria species, Anabaena sp. and 
Microcystis aeruginosa, to lower potential treatment costs of Lake Okeechobee. It was 
hypothesized that all reduced dosage rates would inhibit growth of both species compared to the 
control, with 50% group as an effective treatment dosage. Under controlled conditions, 
Anabaena and Microcystis were exposed to barley extract in 25%, 50%, and 75% reductions of 
the recommended dosage rate. Anabaena RGB numbers collected on day 0, 7, 14, and 21 were 
calculated. Microcystis cells were counted with a hemocytometer on day 21. All reduced dosage 
rates tested successfully prevented cyanobacterial growth. Compared to the control, Anabaena at 
25%, 50%, and 75% dosage rates had a decreased growth of 5%, 43%, and 82% respectively and 
Microcystis showed 22%, 33%, and 55% reductions respectively. In conclusion, a 75% dosage 
rate would reduce the annual treatment cost from $323,922,557 to $242,941,917, $81 million in 
savings. Treating only on water-release years or partial treatment plans are other savings options. 
Billions of dollars in annual funding is available from FL Amendment 1 and the Department of 
Environmental Protection. 

  



Fathima Thathey 2-10-007 
Effectiveness of Turmeric as an Antibiotic Against E. coli 

Turmeric is widely known as a spice used in cooking in some Asian cultures and has anti-
bacterial and maybe even anti-cancer properties. H. pylori is a bacterium that grows in the inside 
of the stomach. It affects about two-thirds of the world’s population and is the leading cause for 
gastric cancer. Antibiotics such as amoxicillin are used in treating this infection. However, 
turmeric’s antibacterial properties could be used as a cost effective treatment for the H. pylori 
infection, especially since it affects people living in poor conditions in developing countries the 
greatest. However, because of the limitations on what microorganisms can be used for research, 
the E. coli K-12 strain is used as a safe and effective model for H. pylori. In order to determine 
the effectiveness of turmeric against E. coli, three separate experiments were set up. The first 
included E. coli in agar plates and using turmeric soaked disks on half of the plates and 
ampicillin soaked disks on the other half. Monitoring for any zones of inhibition around the disks 
was done over a period of 24 hours. The second included E. coli in broth with either water as 
control, turmeric, or ampicillin and these solutions were placed in the spectrophotometer to read 
any changes in absorbance over regular time intervals. Another similar method was used in agar 
plates and doing colony counts. While the turmeric was not as effective as ampicillin, it still 
yielded results wherein there was a noticeable difference proving its effectiveness against the 
bacteria. 

Shannon Whitten 2-10-008 
Time to Wash Your Hands! 

The purpose of this experiment was to find the best amount of time to wash your hands for to get 
rid of bacteria and prevent the spread of germs and diseases. This experiment involved preparing 
agar filled petri dishes, collecting volunteers, having them wash their hands in a specific way for 
a specified amount of time, then letting them sit at room temperature for 5 days and examining 
them. The data collected in this experiment somewhat supported the original hypothesis. The 
averages of the number of types of bacteria for the plates (of the same times) showed conclusive 
data that if you wash your hands longer, less species of bacteria will remain. However, after 45 
seconds, the average amount of bacteria types rose from 2.7 to 3.3. On the other hand, the 
percentage of the plate covered by bacteria gave different results. The results from this data table 
are mostly conclusive to the original hypothesis in that 45 seconds and 60 seconds both gave 
results that were rather similar (7.8 and 8.72). At the same time, the plates with the lowest 
average percentage of bacteria grown were from the 15 seconds trials. My findings from this 
experiment lead me to conclude that 45 seconds is likely the best amount of time for you to wash 
your hands for. I have also found that washing your hands for a minute is a bit less sanitary than 
washing them for 45 seconds. 

  



Kathryn Broderius 2-10-009 
Metals in the Fight Against Bacteria 

For my science fair project, I wanted to do something related to both chemistry and the medical 
field because I eventually would like to go into those areas of study. As I was thinking back on 
past experiences for ideas I remembered my grandpa had his knee replaced and a copper lined 
bandage was placed on top of the wound to keep bacteria from growing. I had never thought 
much about the reason behind why copper was used but later became curious what properties it 
possessed that allowed the metal to do that. This sparked the question of, are there other metals 
that could have the same properties as antibacterial substances? In turn my science fair project is 
a reflection of that question. I took to researching a variety of metals similar to copper on the 
periodic table, that were attainable to get a hold of to use. This left me with the metals zinc, 
copper, cobalt, silver, nickel and tin to test. For the actual science fair project, I set up 25 petri 
dishes of E. coli bacteria and before placing them inside the incubator I put a piece of specific 
metal on the bacteria. Once the bacteria with the metal had grown in the incubator I removed the 
petri dishes and measured the ring around the metal where bacteria had not grown. From the data 
collected I then used it to conclude my experiment and what antibacterial properties metals really 
had. 

Amanda Avila & Trindady Gonzales 2-10-301 
Let There Be Light: The Effects of UV Rays on Bacterial Growth in Foods 

The purpose of this experiment is to see if short-wavelength ultraviolet light (UV-C) can be used 
as a way to keep food fresh for a longer period of time in a refrigerator. We set up an area 
separating the non-UV light area and the UV light area in a refrigerator. We then prepared the 
food by boiling the chicken and cutting them into 4 squares and did the same with the 
strawberries and cucumbers. We streaked the first set of food, interior and exterior, for day 0 and 
incubated the plates for 48 hours, and continued on with days 2, 5, and 10. After the incubation 
was complete, we counted the colonies and recorded the data. We found that overall, the 
ultraviolet light did indeed affect the bacteria growth of the food. The interior surfaces had less 
bacteria growth in the cucumber while the chicken shown more in the interior and less in the 
exterior. The chicken overall, showed lees bacteria than both cucumbers and strawberries, while 
the cucumbers had less than the strawberries. Though there were not strong patterns found in the 
data, we have potential results that may lead to future studies on ultraviolet food. 

  



  



Senior Division Physics 
 
Hope Dannar 2-11-001 

Designing and Testing an Oscillator System for Pilot Wave Hydrodynamics 
In 1987 Jearl Walker discovered that a droplet of soapy water bounced on a bath of vibrating 
water. He found that the droplet did not get absorbed back into the water because an air pocket 
was in between the droplet and the liquid. 1 Then in 2005, a group of French researchers 
discovered that a droplet can walk on the surface of an oscillating oil bath. 2 The experiment I 
did was based on previous experiments done in the UNC physics lab where they have been 
designing systems to test and track the droplet similar to that of the French researchers. For my 
experiment I created two oscillator systems. The first system was a direct mount system in which 
the oil bath was directly mounted to the oscillator. The second system I designed was a magnet 
system in which a series of magnets stabilized the oil bath. For each of the systems I took a 
frequency sweep which showed the impedance profiles. From this I could see the resonant 
frequencies of each system. Presented are the impedance profiles of both the direct mount system 
and the magnet system. Through analyzing these graphs the efficiency of the magnet system was 
compared to the direct mount system. 

Joy Ma 2-11-002 
Nanoscale Optical Probing of Two-Dimensional Heterostructures Suspended on Nano-Slits 

The decades long trend of transistor size reduction has recently faced a roadblock because of its 
reliance on already extremely scaled silicon transistors. However, atomically thin 
semiconductors such as transition metal dichalcogenide possess many useful and novel 
properties including a direct bandgap and strong photoluminescence, promoting the next big 
innovation in optoelectronics and photovoltaic devices. A key component of this innovation and 
its potential applications is the control of the optical properties of these materials which requires 
investigating their underlying mechanisms. Here I explore the optical properties of these 
materials by understanding how they can be changed and the underlying mechanisms that are 
driving these changes. The photoluminescent emissions were measured and analysed with their 
relation to the nanoslit by constructing an MoS2/WSe2 Van der Waals heterostructure suspended 
on a gold nanoslit substrate using dry transfer techniques and using photoluminescence 
spectroscopy to create a spatial-spectral map of the sample. This substrate was used to study the 
effect of substrate and strain in conjunction with plasmonic effect which impacts the efficiency 
of the excitonic process as a whole. The data revealed increased plasmonic enhancement 
especially at the edges of the nanoslit, a shorter lifetime on the nanoslit, strain-induced 
redshifting on the nanoslit, and increased interlayer emissions on the nanoslit. These results can 
further be used to study the plasmonic effect and interlayer coupling in the heterostructure, 
advancing the potential for use in devices and understanding of the physical phenomena behind 
these properties. 

  



Aria Mundy 2-11-003 
Characterizing Linear and Nonlinear Ultrafast Pulse Propagation in Optical Fibers 

Fiber optic systems are important telecommunication infrastructure for world-wide broadband 
networks. Information is transmitted from one place to another by sending pulses of light 
through optical fiber, the light forming an electromagnetic carrier wave that is modulated to 
carry information. Understanding and controlling the propagation of optical pulses in these 
networks is critical to their correct operation. This involves both the quantification of dispersion 
and nonlinearity in light propagation in optical fibers. The goal of this project is to examine how 
a pulse of light evolves when propagating along different lengths of optical fiber and at different 
input powers. Specifically, this project explores the conditions under which pulse evolution is 
governed by dispersive (linear) effects or nonlinear effects, and under which conditions the 
interplay of linear and nonlinear effects allows for the propagation of highly stable soliton 
pulses. Light pulses where generated using a MenloSystems Femtosecond Erbium:Fiber Laser, 
and were propagated through various lengths of fiber at different powers. An autocorrelator and 
optical spectrum analyzer were used to characterize the pulse duration and spectra, respectively, 
of the output pulses. Modeling these data to the nonlinear Schrödinger equation allowed for the 
extraction of the β2 and γ fiber parameters, which provide key information pertaining to the 
properties of the optical fiber material. These parameters were used to determine under which 
conditions solitons pulses can be generated. Solitons are of great importance in optics as such 
pulses experience neither temporal or spectral broadening and introduce the potential for ultrafast 
data transmission. 

Molly Nehring 2-11-004 
Galactic Outcasts: A Simulation and Study of the Interaction Between Stars in Globular Clusters 
The goal of this project was to develop a simulation that could accurately model the interaction 
between individual stars in globular clusters. Globular clusters are dense masses of stars that 
orbit galaxies, and are nearly as old as the universe itself. Because of this, and the fact that 
clusters are so distant, little is known about their inner workings. This is a classic example of the 
n-body problem, a physics problem first pondered by Newton that has no analytical solution due 
to the complexity of the forces and objects within, therefore a simulation is necessary. By using 
the Implicit Euler Method and Newton’s laws of motion and universal gravitation, I developed a 
computer program that could accurately model a globular cluster of significant size. For data 
collection, I was able to gain access to an Adams State University super computer and by 
utilizing the MATLAB parallel processing package, I collected data for 24 different programs 
simultaneously. I tested clusters of 100, 1000, and 5000 stars and manipulated initial star 
velocity, from 0 to 21000 meters per second. Stars’ velocity was randomized within the range of 
the designated initial velocity. For each globular cluster at the 0 initial velocity setting, the 
density stayed relatively constant, decreasing some as the core collapsed. At higher initial 
velocity distributions, the 100-star cluster rapidly dispersed while the 1000 and 5000 star clusters 
had constant densities regardless of the velocity, implying that individual star initial velocity has 
little effect on overall cluster evolution. 

  



Kyle Shi 2-11-005 
Polarized Light Microscopy on the B7 Phase of Methyl Heptyl Oxy Tail Bow Shaped Mesogen 

(MHOBOW) 
The polarization modulated smectic B7 liquid crystal phase is an aesthetically intriguing phase 
where highly complex filament structures form. Historically, liquid crystal layers in glass 
capillaries only a few microns thick have been used primarily to study the B7 phase. The original 
purpose of this project was to determine how a thicker glass capillary would reduce confinement 
of filaments and affect their growth in the B7 phase. Visually complex B7 filament structures 
were prepared and observed in a mixture of light mineral oil and Methyl Heptyl Oxy-tail Bow 
Shaped Mesogen (MHOBOW). After observing the new filament structures, the goal of this 
project shifted to developing models for specific filament structures formed in the B7 phase. 
Several samples consisting of 5% light mineral oil and 95% MHOBOW were made and stored in 
50µm thick capillary tubes. For each sample, MHOBOW was heated to its isotropic phase and 
mixed with light mineral oil. The finished mixtures were collected in individual 50µm glass 
capillaries. Each sample was heated to its isotropic phase transition temperature and cooled to 
the B7 phase. Data of these samples were collected by taking several sets of pictures consisting 
of individual filaments at a series of different orientations under a polarized light microscope. 
The filaments observed demonstrated intriguing periodic patterns with great depth of color. A 
double helix model was proposed to explain a specific filament structure commonly observed. 
Overall the double helix model fit well given the data for the filament, and may be verified 
through computer simulations. 

Akshunna Vaishnav 2-11-006 
Computer Modeling, Simulation, and Calculation of GPS Error Due to Fluctuations in Space 

Weather 
GPS technology is integral in day-to-day life. The usages and dependencies are massive, and 
prominent examples include location, navigation, land surveying, military operation, timing and 
tracking of airplanes, automobiles, ships, and more. The scope of usage is unlimited, and it 
depends on the reliability and performance of signals that are received and transmitted via GPS 
satellites. Satellite communication and thus the performance and precision of GPS system is 
strongly affected by space weather. This was an extension of the project I did last year, and this 
year I have expanded my research to include not only the Dilution of Precision (DOP) of GPS 
receivers but also the cycle slips and signal power (C/No). I have developed a customizable 
software program using Java that finds peaks of x-ray emissions in space weather (data from 
GOES-15) and corresponding changes in all of those variables (data from GPS satellites). A 
correlation was generated and analyzed between space weather phenomena and other variables 
using the software program and checked for statistical significance to conclude the possibilities 
for reduction in DOP in GPS receiver, and a model is being tested to help predict future space 
anomalies and their impact on these satellites. 

  



Olivia Odle & Brady Sanchez 2-11-301 
Staple This 

Experiments on granular materials often use simple table-top apparatus’ in which the forces and 
motion can be easily visualized and studied, thus making granular material research very 
accessible. Studying the interaction of staples under various loads (stresses) is an excellent 
opportunity to study visually macroscopic interaction of non-convex materials of uniform 
dimensions. The purpose of this project to study to effect of vertical vibration on the 
entanglement of various staples of uniform dimensions in a nest-like structure. The researchers 
hypothesize that the paper staples will remain on the frequency table the longest duration of time. 
Researchers also predict that the peaked and rounded staples will remain on the vibrating plate 
for a longer duration of time. Individualize staples and place into a PVC pipe on a stationary 
vibration plate. Attach mechanical vibrator apparatus to the generator. Set frequency generator at 
frequencies between 10 and 30 Hz. Vibrate the staple samples and record time for the nest to 
disintegrate. Results indicate that standard paper staples create a nest with the greatest interaction 
between particles. Rounder and peaked staples performed poorly with nest structural retentions 
of only a few seconds. Above frequencies of 25 Hz the nest became unusually stable. The 
researchers conclude that there exists an optimal frequency below 25 Hz which a nest of staples 
will disintegrate more quickly. 

Michelle Ren & Julianna O’Claire 2-11-302 
Interpreting Physical Quantities of Data from an Air-Gapped System 

Numerous technological advances have made keeping electronic devices secure from hackers 
and malware a significant challenge. The purpose of this project was to demonstrate how data 
can easily be stolen from air-gapped systems that transmit measurable physical quantities and to 
analyze what this means for computer and laptop users. The researchers hypothesized that the 
range for measuring full screen brightness is 4 meters in a darkened room and 8 meters for a high 
tone in a quiet room as measured by a decibel meter. Researchers also hypothesized that 
accelerometers will only be capable of picking up motion six inches away from the system. 
Keyboard and touchpad motions such as spacebar clicking and randomized typing were 
monitored using accelerometers. Screen brightness was measured using light sensors and the 
distance between the system and sensors was increased to determine the range of light detected. 
Similar steps were executed while using a decibel meter to measure the range of sound pressure 
produced by a downloaded tone generator. Data collection and calculations refuted the 
hypothesis. Various external disruptions had to be minimized for accurate readings. 
Accelerometers were moved a foot away from the system and continued to generate data. When 
at maximum brightness the detected range was 8.07 meters whereas the maximum distance for a 
high tone of 450 Hz was 12.83 meters. The vulnerability of air-gapped systems was 
demonstrated by the ability to detect physical quantities from greater than expected distances. 
Data interpretations can be utilized to create software to secure air-gapped systems and minimize 
potential malware and hacker interference. 

  



Emily Stratman & Mattie Singley 2-11-303 
Stirred Not Shaken 

We studied the organization of materials using the movements of shaking and stirring a container 
to determine if miniature dice would stack or organize. We hypothesized that stirring would be 
more effective at organizing the dice. We also hypothesized that the most efficient movement to 
stack the dice come from a back and forth stirring motion. The container used was a 17.5 cm tall 
by 8.1 cm wide glass vase. The dice were round edged cubes with all sides measuring exactly 0.5 
cm each. Using a Vortexer mixer, the researchers placed 1 row, approximately 140 dice, into the 
container and shook the dice for ten, 30-second intervals. The process was continued for five 
minutes using 1, 3, 6, 9, and 16 rows of miniature dice. We recorded whether or not the dice 
organized and the time it took to organize. We collected this data for both the stirring and 
shaking trials. For the stirring trials, there were two different motions tested; back and forth and 
spiral rotation. For the back and forth motion, we placed both hands on the side of the container 
and moved one forward while pulling one backwards, at the same time. For the spiral rotation, 
the vase was grabbed at top and the hand was moved in a continuous circular motion, spinning 
the dice in a spiral. The researchers concluded that the back and forth stirring motion was the 
most efficient motion for organizing and stacking the dice. 

  



  



Senior Division Plant Sciences 
 
Paige Beedy 2-12-001 

Growth Impact of Seed Treatments on Planted Wheat 
In this project, fungicides were tested with and without zinc to see which combinations resulted 
in the greatest biomass. Overall, for the amount of dry biomass in the roots, the Re-Vise 
performed the best and Stamina F performed the worst. For the amount of dry biomass for the 
shoots Stamina F performed the best and Zinc alone performed the worst. The Re-Vise alone 
performed the best; however, Zinc and Revise was not far behind in numbers. In this study, 
treating with Re-Vise, whether with or without Zinc, appeared to produce the most biomass. 
Future replications of this experiment in a field setting would be greatly beneficial to determine 
the most adequate combination of herbicides and zinc. 

Gurleen Kaur 2-12-002 
Detection of Compounds in the PVY Infected Phloem of Solanum Tuberosum Using GC-MS 

Potato Virus Y (PVY) is a single-stranded RNA virus that has become one of the most 
economically important plant pathogens that infects mainly Solanaceous plants including, potato. 
The difficult detection of the PVY makes it important for plant interactions to be studied. As new 
strains of PVY can correspond to 40 to 70 percent of the yield loses annually, a clearer 
understanding of the metabolic pathway alternations may lead to creating synthetic resistance to 
the virus for plants. Gas Chromatograph Mass Spectrometer, Agilent 7890A paired with 240 Ion 
Trap, was used to compare potato plant phloem of infected and uninfected potato varieties: Rio 
Grande, Norkotah 3, Norkotah 112, and Canela russet. The greenhouse grown plants were first 
diagnosed for PVY infection through enzyme-linked immunosorbent assay (ELISA), prior to 
extraction and freeze-drying of phloem sap followed by methoxymation which allows 
fractionation of metabolites to be analyzed separately. The freeze-dried pellets were then 
derivatized with Trimethylsilyl-N-methyl trifluoroacetamide (MSTFA) to stop further chemical 
reaction within the samples and then injected into GC-MS, from which peak chromatograms 
were analyzed through the NIST library and XCMS online software. In the phloem infected with 
the PVY virus, compounds that demonstrate further investigation include, 5-Allysulfanyl-1-(4-
methoxy-phenyl)-1H-tetrazole, Levamisole, and Malonic acid. Tetrazole and Levamisole 
appeared within the varieties, Rio Grande Russet and Canela Russet, while Malonic acid was 
more prominent in infected phloem and appeared within Norkotah 3, Norkotah 112, and Rio 
Grande Russet. 

  



Kathryn Kummel 2-12-003 
Fractals & Catastrophic Bifurcation: Exploring Treeline Structure Using Drones and Math 

Models in R 
This investigation presents a novel approach of characterizing the alpine treeline as a phase 
transition from one phase (forest) to another (tundra). Phase transition research in other systems 
shows that the structure of transitions often displays fractal geometry, which is a hallmark of 
catastrophic bifurcations. Catastrophic bifurcations are characterized by abrupt shifts between 
two phases that are hard to reverse and coexistence of both phases within the same 
environmental conditions. This project investigates how theories on phase transitions could 
explain the creation and maintenance of spatial structures in the treeline. Mathematical models of 
treelines were created, followed by analyses of a drone-derived map of an actual treeline to 
examine which of the mathematical models best fit the empirical data. Using R (programming 
language), a mathematical model was created with adjustable parameters to examine how 
competition and facilitation between trees affected treeline elevation and spatial patterns. All of 
the models produced fractal structures. The models differed in the elevation and spatial pattern of 
the treeline. Only one model, where trees facilitated survivorship and inhibited recruitment, 
showed catastrophic bifurcation. The analysis of a real treeline showed that it has a fractal 
structure and is most like the treeline model with catastrophic bifurcation, but it was not possible 
to determine if it is a result of a catastrophic bifurcation. The presence of fractals cannot predict 
the reversibility of a phase change but can predict when a system nears a tipping point; this is 
applicable to climate change and medicine, as well as societal phenomena. 

Tyson Lichty 2-12-004 
Dry Distiller Grains: Ethanol By-Products as a Source of Fertilizer 

The purpose of this experiment was to determine whether ethanol by-products, specifically Dry 
Distiller Grains with Solubles (DDGS), would work as a nitrogen (N) fertilizer. Research 
conducted by Dr. Amber Moore (2011) pointed to DDGS having a N supply that would allow it 
to serve as a useful N fertilizer. The hypothesis was that the DDGS would serve as a N fertilizer 
and cause an increase in growth throughout the first part of the growth period. To test the 
hypothesis three different rates of DDGS were applied in soil with uniform N amount. 25 corn 
seeds were planted under each different rate—control, 25 lbs. of N, 50 lbs. of N, and 75 lbs. of 
N. The N rate was tracked weekly for four-week; plant height was tracked every two weeks. 
After the data was analyzed it was determined that the N in the DDGS was not significant 
enough at the amount that was applied to create a significant difference in the plant growth and 
overall N in the soil. The DDGS should be analyzed for N content first with which the N target 
rate can then be figured. 

  



Gabriel Lorenz 2-12-005 
Optimizing Mangrove Root Structure by Using 3d Printed Mangrove Models to Prevent 

Hurricane Waves 
Hurricane damage exceeded $28 billion last year, and is projected to increase to $39 billion by 
2075. Not only this but around 200 million people depend on coastal mangrove ecosystems to 
protect their property from hurricane damage and storm damage. Mangroves are a natural coastal 
defense to Hurricane damage. Last year my project focused on the impact of substrate (pebbles, 
sand or silt) on mangrove root growth. Mangroves grown in sand and silt developed roots 
oriented at a negative angle, while mangroves grown in pebbles developed roots oriented at a 
positive angle. This year I’m investigating the impact of root angle and root length on mangrove 
wave impact resistance. I utilized Computer Aided Design (CAD) to design mangrove models 
with root angles of -60°, -15°, 0°, 15°, and 60°, and root lengths of 12 mm, 18 mm, and 24 mm 
(15 designs in total). These designs were then 3d printed and subjected to wave impact testing. 
This allowed me to test optimal mangrove root structure to maximize wave resistance. Mangrove 
models with positive root angles deflected the least: an average of 60.334° for the +15° root 
angle models and 57.334° for the +60° root angle models after wave impact. Mangroves models 
with negative root angles averaged 41.667° for the -15° root angle models and 55.667° for the -
60° root angle models after wave impact. Mangroves with neutral angles (0°) averaged 49° after 
the wave hit. In order to optimize hurricane resistance, root growth at a +15° angle should be 
encouraged. Pebble substrates should be utilized to encourage root growth at positive angles, at 
the maximum length possible. 

Ashlyn Rockey 2-12-006 
Physiological Yield and Tolerance Response to Managed Irrigation in Chenopodium Quinoa 

Less than 2% of the population is in production agriculture. Our producers are working endlessly 
to keep up with our growing population, that will double in size by 2050, while still staying 
efficient with water. Therefore, it is essential for our producers to use every strategy, in order to 
achieve high yields, and to operate as efficiently as possible. Testing different managed irrigation 
systems during different stages of a plants growth is highly applicable to our producers. Research 
such as this can help producers become more efficient while producing higher yields and in turn, 
profits. I hypothesized that watering a crop of quinoa with the 60%, 20%, 20%, method would 
result in the highest yield. My experiment was based on the, 33%, 33%, 33% (Plot 1), the 60%, 
20%, 20% (Plot 2), the 20%, 20%, 60% (Plot 3), and 20%, 60%, 20% (Plot 4), watering 
methods. These percentages, out of 12 inches of water that was given to the whole crop; of water 
was applied to the crop of quinoa during the months of the crops growing period. After the crop 
had matured, and data was collected, I determined that the best watering method was the 33%, 
33%, 33% method, and in turn resulted in the highest yield. Thus, my hypothesis wasn’t 
supported. 

Lauren Thompson 2-12-007 
pH Crops 

The reason for this experiment is to see how prosperous a crop will be in either acidic or basic 
soil. It is important to know this kind of information to modify our cropland to produce the 
highest quality and quantity of crops for American people. Since our nation’s population is 
growing at a steady rate of .7 % or 2.2 million people per year, it is important that the world’s 
farmers combat this issue by finding out better ways to grow our food. I decided to conduct this 
experiment because I believe that the nation’s growing population is a huge issue that we need to 
find solutions to in order to sustain the American population. The question for this experiment is 
“How does the pH balance of soil affect the growth of plants?” I had to plant my pea plant and 
wait a month for them to start to sprout, after a month I could now finally start recording the 
length of my plants every week. The results did fluctuate from plant to plant, but I can conclude 
that the best soil to grow crops in is silt soil with an acidic pH.  



Audrey Valdez 2-12-008 
Root Hormone 

My experiment was to research how willow water stimulates faster root growth. I chose this 
topic to see how rooting hormones increase the chance of successful plant rooting and how it can 
also help produce roots of higher quality. I observed that this experiment was effective with 
visually having stem and root growth. I also observed that plants that have different acids and 
different strengths with having the two different sets of Geranium cuttings and Willow cuttings. 
It shows how the hormone works differently on different types of plants. I was interested in the 
fact that Willow trees contains a substance that can induce rooting in cuttings of plants. It 
contains auxin hormones: salicylic acid (SA) and indolebutyric acid (IBA), which are found in 
the willow trees' growing tips. These auxins in combination encourage root growth while 
protecting the cutting from diseases and bacteria. This rooting hormone avoids waste and it's all 
natural. I feel it was worthwhile to try this method, the concept of willow water being used as a 
rooting hormone has been around and shown proof that it works. 

Aubrey Stevens & Jacob Carlson 2-12-301 
The Efficacy of Varying Methods for the Genetic Engineering of I. purpurea with the AtPCS1 

Gene 
Heavy metal contamination affects millions, including those in Colorado, a mining state; high 
concentrations of heavy metals are toxic to humans. In this investigation, we tested the efficacy 
of seed-infection and seed-injection protocols with an A. tumefaciens vector to genetically 
engineer Ipomoea purpurea (morning glories) with AtPCS1 (Arabidopsis thaliana phytochelatin 
synthase 1), which increases the uptake of heavy metals. PCR was used to test for the presence 
of the CaMV-35S promoter and NOS terminator, which are present in the pART27-AtPCS1 
plasmid. Hypothesizing that seed-injection protocols would be the most effective compared to 
seed-dip protocols, we found that 41.67% of both seed-injection and seed-dipped plants 
contained both the CaMV-35S promoter and the NOS terminator while 99% of all plants 
contained the CaMV-35S only, suggesting the controls were also genetically engineered. We 
believe the control plants testing positive for CaMV-35S originated from a Cauliflower-Mosaic-
Virus infection, which was visually evident in the plants, making our results inconclusive. 
However, only treatment plants tested positive for the Nos terminator - still indicating the 
success of genetic engineering. The next stage of research will be repeating the experiment with 
AtPCS1 primers to conclusively verify genetic engineering and testing the efficacy of the I. 
purpurea in lead sequestration. 

 


