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Preface and Welcome 
As the pre-college student branch of the North Carolina Academy of Science, one primary function of 

NCSAS is to hold a state competition in which 6th-12th grade students present research projects as 

written papers and oral presentations.  Each student has qualified to participate in the state competition 

by previously placing in a regional competition in one of nine NCSAS districts.  NCSAS has designed 

the process of performing and presenting their research to resemble, as much as possible, what 

professional researchers do.  We make small research grants available through a process that includes 

a written grant proposal from the student.  Prior to the competition we circulate their written papers to 

the judges who are drawn from currently active and retired research professionals and graduate 

students.  During their oral presentations the students are asked questions by the judges, who also 

provide written comments to the students on their papers.  To provide the students with a sense of what 

life as a research professional is like, we schedule an informal conversation about science careers and 

related topics over dinner with the individuals who judged their research.   

A component of research that has been missing from the NCSAS experience, however, is for students 

to have their papers included in proceedings that are made available to the public.  Thus we are 

inaugurating an online NCSAS Proceedings with the 2013 NCSAS State Competition.  Following the 

competition students were given the opportunity to edit and submit their abstracts with a release form.  

While having the distinction of seeing their research in an the online Proceedings, available on the 

NCSAS website www.ncsas.org, students retain all rights to their work.  According to the Copyright 

Consent Form, students “agree that NCSAS may reproduce and distribute copies and may permit 

others to reproduce and distribute copies, and that any required clearances have been obtained by the 

author(s).  A nonexclusive right is hereby granted to NCSAS to reproduce and distribute as above, and 

to place its copyright notice thereon the abstract and/or article. No other rights are transferred, and all 

other rights remain with the author(s) as applicable.”   

The NCSAS Board of Directors is delighted to announce this, the inaugural issue of the NCSAS 

Proceedings.  Students submitted abstracts and releases for 33 of the 113 projects presented in the 

competition.  It further validates the thought and hard work by the student researchers, and the 

dedication of the teachers, mentors and sponsors who supported them in their work.  The Board 

expects that more students will want to have their work included in future issues of the Proceedings, 

and we look forward to making that possible. 

 

Steve Warshaw, Ph.D. 

Retired Executive Director 2004-2013   North Carolina Student Academy of Science 

http://www.ncsas.org/
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Capture your EEG – Developing a Reliable Bio-Indicator for Safer Driving. 

Jenny Wang 

William G. Enloe High School, Raleigh 

Each year, a high percentage of accidents are caused by drowsy drivers. In addition to safe 

driving education, new technology that can detect driver fatigue is critically needed. This project 

focuses on using EEG technology to detect driver fatigue. Common drowsy signs, including blinking, 

extended eye closing, and yawning, were used as bio indicators to detect driver fatigue. A low cost dry 

EEG headset was used to capture human subject;s EEG signals for analysis during alert and drowsy 

states. The raw EEG data was digitally sampled and band filtered into eight distinct frequency bands, 

from Delta to high Gamma. The power of each spectrum band was calculated at every second. Analytic 

comparison between alert and sleepy states were made in order to find a correlation between EEG 

signals and human fatigue indicators. Using the non-linear energy operator filter, the responding power 

peaks were identified. Two metrics, the peak to mean ratio and the number of response peaks, were 

used to quantify the strenghth and participation of EEG band signals. Experiment results have shown 

that certain EEG band spectrum power spikes are reliable bio-indicators for detecting specific types of 

fatigue phenomena. Based on the resulting power signatures, detection algorithims were created. The 

headset sends the EEG data to the smartphone via Bluetooth. With the onset of fatigue indicatiors, the 

corresponding EEG fatigue signature will be detected, triggering audio/video output on the phone to 

alert the drowsy driver. 

 
Lepidoptera Spiracle Variation. 

Alina Suedbeck 

Green Acres Academy, Greenville 

Five different Lepidopteran caterpillar species, three specimens per species, were compared 

using a Scanning Electron Microscope (SEM).  The objective of the research was to determine if 

Lepidopteran caterpillar spiracles vary per species.  Pictures were taken with a digital SLR camera, 

Stereo Microscope, and Scanning Electron Microscope (SEM). Measurement of spiracle length, width, 

diameter and area was determined from stereo microscope micrographs using Adobe Photoshop 

measuring software. Data was analyzed using Minitab. Results showed that Lepidopteran caterpillar 

spiracles vary by inside structure (lamellae) and by the shape of the spiracle. One species, the Grape-

Leaf-Skeletonizer, was found to be the most different of the five species. This species’ spiracles were 

circular instead of ovular and had branch-like structures along the perimeter that protruded out and over 

the spiracle cavity (confirmed using stereo-pair pictures). Another species, the Looper, was noted to 

have small spiracles for its body length, as well as having the least circular spiracles of the five species. 
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The four species with the ovular spiracles varied on their lamellae design, as well as how tightly-packed 

their lamellae were. The first and the last spiracles on the four of the five species were slightly larger 

than the seven middle spiracles. 

 
Pass Down the Longevity! Can the Effects of Caloric Restriction on Lifespan Be Passed Down 

to the Next Generation Using Drosophila Fruit Flies? 

Adam Berry and Jacob Berry 

Draughn High School, Valdese 

 The study was a continuation of a previous project that demonstrated caloric restriction would 

increase longevity using Drosophila melanogaster fruit flies. The purpose of this study was to expand 

the experimentation with more than one food source and fly species, and to determine if the increase in 

longevity was due to an epigenetic mechanism. The hypothesis was that lifespan extension with 

calorically reduced food formulas would be demonstrated, and that the increase in lifespan would be 

passed down to the next generation due to an epigenetic mechanism.  

 The first generation of Drosophila melanogaster, hydei, and virilis were cultured using three 

different food formulations with both full and reduced caloric contents. The second generation of the 

flies received food formulas with full caloric contents. First generation Drosophila flies cultured on 

calorically reduced food mediums demonstrated an average 29.4% increase in lifespan. When 

offspring flies of the parent generation that had received calorically reduced food were cultured with 

non-calorically reduced food, the offspring still demonstrated a 27.2% increase in lifespan.  

 The hypothesis for the project proved to be correct. The continuation demonstrated increased 

longevity in the parent generations of three different species of fruit flies using three different food 

formulas. Because the offspring of the parent flies received food containing full caloric contents and still 

demonstrated increased longevity compared to the control group offspring, the hypothesis that 

increased lifespan was due to an epigenetic mechanism was proven correct.  
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Ketone Bodies: Possible Natural Remedy for Alzheimer’s Disease 

Ronak Bhagia  

Metrolina Regional Scholars Academy, Charlotte  

Alzheimer’s disease is one of the leading causes of death in the US. In Alzheimer’s disease the 

ability of patient to get glucose to the brain is limited due to breakdown of vital cell passages. Ketone 

bodies are a natural form of energy that the human body uses when glucose intake is low. In this 

experiment epithelial cells were tested to see the impact of the ketones and to see if the cells survive or 

not. To do this epithelial cell line was placed in 1:2 diluted media. They were given varying increments 

of ketone body concentrations to determine at what level the cells would thrive the greatest. The ratios 

were from 1:1000 to 1:1, and included a control and a test with only ketone bodies. This was done for 

two data sets, one with 2500 cells per well and one with 5000 cells per well. In the first set, with 2500 

cells per well, the best concentration of ketones to cell media were 1:50. In the second set, with 5000 

cells per well, the best concentration was 1:1. The results of this experiment show that ketones did in 

fact have an effect on the epithelial cell line, with improved cell growth at all concentrations except 

when only ketones were used.  

 

Genetic Analysis of Developmental Genes Involved in the Ras-ERK Signaling Pathway in 

Cancer Using RNA Interference Techniques 

Kanan Shah 

North Carolina School of Science and Mathematics, Durham 

 The goal of this research was to understand the effect of gsk-3 and rskn on vulval protrusions in 

C. elegans using RNA interference (RNAi) to inhibit Rksn and gsk-3 gene expressions. The progeny 

was compared to the progeny of worms with functional corresponding genes to determine the 

importance of the particular genes in the Ras-Raf-Signaling pathway. A higher number of protrusions 

when compared to the control worms signified that the gene normally has a negative effect on the 

signaling cascade. Ht-115 and pos1 served as controls because the worms did not have the DNA 

sequence for Ht115 to interfere with and should have resulted in one protrusion, and pos1 is an 

embryonic lethal. Worms with rskn had a significantly higher number of protrusions than expected. Gsk-

3 displayed a fewer number of protrusions, but the result was not significant. The noise in the 

experiment could have been due to incorrect worm scoring. My results indicate that rskn normally has a 

negative effect on the Ras-Raf-Erk Although gsk-3 is implicated in the Ras-Raf pathway, it does not 

have a significant effect on vulva development. The Ras-Raf-Erk signaling pathway is overexpressed or 

mutated in cancer, so this research can be used elucidate new targets for molecular targeted cancer 
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therapies. Since rskn has a negative effect, further research could be done to determine if its 

overexpression will control cell growth.  

 

Phenology, Sap Flux, and Transpiration in Urban Quercus alba 

Christopher Yuan 

North Carolina School of Science and Mathematics, Durham 

There is consensus among scientists that global warming is occurring. Consequences of this 

detrimental phenomenon include drought and tree mortality. Trees under drought stress transpire less, 

and higher tree mortality similarly decreases net transpiration. If transpiration is positively correlated to 

photosynthesis, global warming would result in lower carbon uptake, exacerbating the negative effects 

of the phenomenon. The goal of this project is both to determine if correlation between transpiration 

and photosynthesis can be quantified and to track the arrival time of spring year after year using a 

novel combination of sap flux sensors and phenology cameras. After a month of monitoring in March 

and April, data were taken showing a positive, medium correlation between the photosynthetic content 

in the canopy and the rate of transpiration.  Further monitoring is required to increase the correlation 

between the two factors.  We will quantify the arrival time of spring over the next few years as we 

receive more data year after year.  Future students will be trained to monitor and analyze data from this 

project. Future work will focus on taking additional environmental data and looking for correlation 

between environmental trends and transpiration/photosynthetic trends. 

 

Investigation of Motility and Adhesion of Batrachochytrium dendrobatidis Zoospores 

Kaitlin McCreery 

Brevard High School, Brevard 

Frog populations on six continents are exhibiting population declines due to chytridiomycosis, a 

disease caused by the deadly pathogen Batrachochytrium dendrobatidis. The reproductive cycle of B. 

dendrobatidis begins as a motile, single-celled zoospore that encysts and forms a sessile adult thallus 

within the epidermal layer of amphibian skin. While several hypotheses of zoospore transmission and 

infection have been considered, an in vitro model has yet to be developed to test these hypotheses. To 

determine whether cultured mammalian cells could be used for an in vitro model system, I investigated 

the infectious behavior of zoospores upon exposure to cultured human HEK293 cells. The number of 

motile zoospores (which is inversely proportional to the number of non-motile zoospores that had 

adhered to the HEK293 cells) was monitored over the course of thirty minutes. There were no motile 

zoospores within 12 minutes after exposure to the HEK293 cells. In contrast, 100% of the zoospores 
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remained motile for more than 30 minutes in a flask that lacked HEK293 cells. These data indicate that 

cultured mammalian cells may serve as an informative in vitro model for investigations of B. 

dendrobatidis infection. 

 

Determination of Polyphenol Contents in Chrysanthemum and Chamomile Teas     

Sharon Chen 

North Mecklenburg High School, Huntersville 

Antioxidants in tea extractives are polyphenol compounds of catechins, belonging to the 

chemical group of flavonoids. Antioxidants and their associated health benefits in traditional green and 

black teas have been well documented. However, limited scientific data is available for polyphenols in 

flower/herb teas. In this study, the polyphenols in two flower teas, Chrysanthemum and Chamomile 

teas, were determined and compared with two black and two green teas. Individual tea was extracted 

consecutively four times with hot water and the extractives were then reacted with Folin & Ciocalteu 

reagent. The colored reaction solutions of the tea extractives and gallic acid standards were measured 

with a UV/visible spectrophotometer at the wavelength of 725nm to quantitatively determine the 

polyphenol concentrations as Gallic Acid Equivalence. This study found that the two flower teas had 

2.0-2.5% total polyphenol concentration, which was about 1/5 of that of dry green and black teas, but 

still significantly higher than polyphenols in most fruits and vegetables. The data suggested that 

drinking flower tea may have less health benefits associated with antioxidants than green and black 

teas yet it would still be beneficial. Also, the extraction rate study demonstrated a significant rate 

difference on polyphenol extraction due to the physical forms of the teas.  For ground teas a short 

steeping time was sufficient to extract   the majority of antioxidants to take advantage of the health 

benefits.  However, for non-ground teas, such as tea leaves and flower buds, allowing a longer and/or 

repeated brewing would be more beneficial. 

 
How Does Vitamin C in Orange Juice Degrade Over Time? 

Alice Liu 

Marvin Ridge High School, Waxhaw 

  The purpose of this experiment was to find if vitamin C in orange juice degraded over time, how 

the vitamin C degraded, and how long orange juice should be kept in refrigerator. 

The iodine titration method was used for testing vitamin C in orange juice because iodine can react with 

vitamin C (ascorbic acid) by oxidizing it into dehydroascorbic acid.  

           First, five known Vitamin C concentration solutions were made. Next, 30 ml of each solution was 

taken and mixed with 10 drops of starch solution in triplicates. Then, the iodine solution was used to 
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titrate the solution until the color changed. The amount of iodine solution used was recorded. The linear 

relationship between vitamin C concentration and iodine solution used was established.  

          The tests for two types of orange juice, freshly-squeezed and store-bought orange juices, were 

repeated on different days for a period of 28 days. Since vitamin C concentrations and iodine solution 

showed the linear relationship, the vitamin C concentration in each orange juice on different days were 

calculated. The vitamin C in orange juice did degrade over time. Although, there was more vitamin C in 

freshly-squeezed orange juice than store-bought orange juice, the rates of degradation were similar. 

Vitamin C concentrations in a 12 oz cup were also compared to the FDA suggested dietary reference 

intakes. The results of this research support the declamation of store-bought orange juice that the 

orange juice should be “best if used within 7-10 days after opening”. 

 
Probing the Bases of Polymer Glass Transitions 

Miles Ndukwe 

Millbrook High School, Raleigh 

In industry and commerce, many of the materials produced are composed of polymers.  It would 

be very beneficial for industries to improve their knowledge of polymer properties.  The glass transition 

temperature, Tg, is the temperature at which amorphous polymers soften, and determine their 

processing and use temperatures. Large differences in the glass transition temperatures have been 

observed for structurally distinct polymers, and the following factors have often been considered to be 

the leading causes of this wide range in Tgs : 1) the inherent conformational flexibilities of polymer 

chain backbones; 2) the sizes or steric bulk of polymer side chains; and 3) the interactions between 

polymer chains.  A procedure was proposed and employed to synthesize and analyze two structurally 

analogous polymers, which only differ in the interactions between polymer chains, the third factor, so its 

importance could be determined by comparing their Tgs.  The polymers to be synthesized were wholly 

amorphous co-polyamides and co-polyesters.  Unfortunately, the procedure did not synthesize a wholly 

amorphous co-polyamide. However, melt-blending of four different nylons seemed to produce a tetra-

polyamide that was amorphous, so a similar melt-blending of four polyesters will be employed in the 

future to obtain an analogous tetra-polyester. 
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An Optimal Design of Electrode Surface Morphology to Improve Water Electrolysis Efficiency 

Jaehyeong Lee 

North Carolina School of Science and Mathematics, Durham 

In this study, a new design of surface morphology was proposed to optimize efficiency. 

Reducing particle size does not affect efficiency as modifying the surface morphology to the proposed 

design. With nickel and specified pattern thickness, and by changing pattern size of the film, the new 

design has 13.4% more effective surface area compared to a simple pattern with straight side walls. To 

realize the proposed surface morphology, photoresist-patterned Ni electroplating was used. The 

surface morphology of the photoresist and resulting plated film were confirmed by SEM. To improve 

accuracy, Kelvin probe method was used to reduce effect of contact resistivity and external resistance 

of the system. For Ni electrode test, Ag/AgCl in 4M KCl solution was used as reference and Pt was 

used as counterelectrode. To see surface area effect quantitatively, sputtered Ni film was tested with 

Teflon tape as masking material to define active film area. The test system was accurate enough to 

detect the effect of bubble accumulation on the film surface . The Voltammogram was analyzed by 

using modified Butler Volmer equation with a series resistance. To improve accuracy of the analysis, a 

data-analyzing program was written to find resistance, rs (ohm), exchange current density, J0 

(Amps/cm2), and charge transfer coefficient, a;. This new analysis method was compared with 

conventional method for validity. From this analysis, it was found that with the proposed surface 

morphology modification, the series resistance decreased 20.4% from expected value, which translated 

into a 25.6% increase in efficiency at given bias voltage. 

 

Electric Motorcycle Conversion Kit for Developing Nations 

Jetsun Randall-Peangmeth 

Studio for The Curious Mind, Washington 

 This project involved designing and building a Universal Conversion Kit to convert a combustion 

engine motorcycle into a fully electric motorcycle, intended for use in developing nations. Motorcycles 

make-up 70-80% of traffic and create 45% of the air pollution in developing cities. This simple, 

adaptable, and low-cost electric motorcycle conversion kit would help improve air pollution and the 

health of people in these cities by converting pre-existing combustion motorcycles into zero-emission 

vehicles. 

 Once design criteria were developed, a motorcycle was acquired and combustion engine 

removed. The frame was documented, conversion kit components drafted to scale, and 3D computer 

model created. Finally, parts were fabricated, assembled, and the electrical components wired.  
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Testing was designed to prove that the converted motorcycle could transport a rider and be universal 

for a variety of spine/backbone frame motorcycles. Weight, emissions, and power differences were 

evaluated and compared between the combustion engine and electric conversion.  

The objective to design a kit that is adaptable to suit different frame geometries was met, but the kit 

required a stronger motor and higher voltage for more power. The combustion engine made 10x more 

power, but the final electric motorcycle weighed roughly the same with no emissions.  

The most important aspect of the conversion kit is its adaptability. The kit could be installed at different 

angles and had variability to adapt to different motorcycle frames. For use in developing nations, the 

electric conversion kit, with little modification, would contribute to solving an enormous problem in 

developing cities.  

 

Design and Development of a Ground Effect Vehicle 

Will Jordan 

Avery County High School, Newland 

This engineering project was conducted to engineer an operational model of a ground effect 

aircraft.  Ground effect is a phenomena experienced by all heavier-than-air craft flying in close proximity 

to the ground, specifically one wingspan (of the craft described) from the surface, or less.  Ground 

effect results in a reduction in drag and an increase in lift for a wing, therefore increasing efficiency.  

This project was intended to generate a basic ground effect vehicle design for use in future engineering 

projects. 

The aircraft was designed around basic parameters, which were determined through 

background research and project constraints.  The aircraft possessed a rectangular plan form wing, 

which was situated at the base of the fuselage.  The aircraft was of a conventional configuration with 

the main wing located to the front with a tail assembly of a vertical stabilizer and horizontal stabilizer 

located to the rear.  The aircraft was powered by an electric motor and propeller, located above the 

fuselage on a support mount, which was controlled by a radio transmitter. 

The aircraft was launched consistently with a constant section of powered operation for each trial or 

“flight”. External modifications to the aircraft were made according to flight characteristics to optimize 

performance. 
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Novel Fe2O3 and Sulfur Catalyzed Rocket Propellants: A Synergistic Approach to the Sorbitol 
“Flushing” Phenomenon 

Parth Thakker 

North Carolina School of Science and Mathematics, Durham 

 The purpose of this study was to characterize and alleviate the negative consequences of 

"flushing" within rocket propellants of low melting-points. Flushing, which is the rapid ejection of molten 

propellant from a cylindrical motor core, reduces impulse as a function of mass (specific-impulse) and 

yields sharply progressive thrust curves by expelling unburned propellant from the nozzle during 

combustion. Many low melting-point formulations are based upon sorbitol fuel, a sugar alcohol that 

melts at 98 °C. While sorbitol is known to have favorable material, chemical, and economic properties, 

its practical applications and research potential have been limited by the consequences of flushing. As 

a solution, this study analyzed the effects of a traditional propellant catalyst (red iron oxide - Fe2O3), to 

those of a hypothesized combustion-temperature reducer (sulfur) on sorbitol propellant performance. A 

previously optimized 65:35 sorbitol:KNO3 propellant base was used for subscale testing within an 

aluminum-alloy motor casing and a horizontal force/temperature sensing apparatus. Although 

independent tests of red iron oxide and sulfur additives yielded mixed results, the composite sulfur-

Fe2O3 formulation demonstrated positive effects in nearly every measure of performance. These 

benefits included a large drop in combustion temperature, increased thrust stability, and reduced 

propellant loss from the motor (based upon specific-impulse calculations). Put together, these results 

corroborate the hypothesized synergy between Fe2O3 and sulfur as sorbitol propellant additives and 

represent a novel solution to propellant flushing that can be further optimized to improve motor 

efficiency for eventual commercial use. 

 

Determining the Effects of Phosphorus Interception by Aluminum Potassium Sulfate on 

Cyanobacteria Concentrations in Lake Mattamuskeet 

Anne Blythe Davis 

Lake Comfort School, Swan Quarter 

The west side of Lake Mattamuskeet on Mattamuskeet National Wildlife Refuge supports 

minimal vegetation, water bird, and fish populations due to its phosphorus loading and resulting 

cyanobacteria populations. One possible solution to the cyanobacteria overpopulation could be to 

prevent cyanobacteria from accessing phosphorus. This experiment was designed to determine the 

effects of phosphorus interception by aluminum potassium sulfate on cyanobacteria concentrations in 

Lake Mattamuskeet. Alum was added to 46 water samples that were incubated in floating corrals for 

either one or two weeks and then filtered. No alum was added to 21 water samples, seven of which 
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were immediately filtered, and 14 of which were incubated for either one or two weeks and then filtered. 

The filters were placed in 90% acetone solution. The filter solutions were analyzed in a 

spectrophotometer to determine chlorophyll a concentrations. The data did not support the hypothesis 

that as alum concentration increased, cyanobacteria concentrations would decrease; there was a 

positive correlation between alum concentration and cyanobacteria concentrations. This could be due 

to the elimination of zooplankton in the samples, decreasing populations of the cyanobacteria’s 

competitors, domination of the samples by phosphorus-storing diatoms, or a variety of other factors. 

This information will be useful to limnologists and biologists interested in managing cyanobacteria loads 

in freshwater lakes. Specifically, it will be useful to managers at Mattamuskeet National Wildlife Refuge 

as they consider various approaches to improve the water quality of Lake Mattamuskeet.   

 

Testing the Efficacy of a Constructed Wetland in Stone Mountain State Park, North Carolina 

Lydia Burcham 

East Wilkes High School, Ronda  

The focus of this project was to test the efficacy of a constructed wetland in Stone Mountain 

State Park, North Carolina. The researcher measured pH, ammonium nitrogen, nitrate nitrogen, 

hardness, carbon dioxide, chloride, alkalinity, dissolved oxygen, water temperature, and air temperature 

at three sites upstream from the constructed wetland within the park and three sites downstream from 

the wetland area weekly for a period of sixteen weeks. The researcher used LaMotte water quality 

testing equipment and tracked all data. The researcher also did t-tests on each set of data to determine 

the significance of each data set. 

Based on the findings, the downstream sites had a considerably higher dissolved oxygen level 

as well as considerably lower chloride and carbon dioxide levels. The pH level for the downstream side 

was very steady at 6.5 while the test sites upstream varied considerably and averaged 6.32 for the 

duration of the study. The hardness level upstream was higher than downstream, which indicated 

mineral content may be filtered through the wetland area. The ammonium nitrogen and nitrate nitrogen 

levels were constant on both sides of the wetland. The alkalinity levels were on the low side at all test 

sites, which suggests the fragility of the water system as a whole.  

The overall conclusion based on this study suggests the constructed wetland area does aid in 

improving the overall water quality of the stream running through Stone Mountain State Park. 
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The Forgetful Planaria: Can Exposure to Excitotoxins Cause Neurological Problems and 

Memory Loss? 

Elijah E. Shuford  

E.B. Aycock Middle School, Greenville 

Planaria were exposed to excitotoxins to assess the effects on the neurological system.  In the 

Memory Experiment, planaria were classically conditioned for a learned response to light/electric shock.  

Planaria were exposed spring water (control group), aspartame (0.01M), and MSG (0.005M) for 4 days 

after which memory retention was tested.  The control group had almost perfect memory, responding 

42 out of 50 total trials.  The aspartame group had 26 responses and the MSG group had 16 

responses.  A Likert scale was used to measure the strength of memory retention of the learned 

response.  The control group’s strength of memory retention was high at 75%.  The excitotoxin group’s 

strength of memory retention was low at 25% for Aspartame and 12% for MSG.  In the Regeneration 

Experiment (blind study), a known control was used to determine if photoreceptor regeneration was on 

schedule.  All Known control planaria regenerated eyes by Day 6 and most of the Blind control 

regenerated eyes by Day 7.  The Aspartame and MSG groups were behind and did not regenerate 

eyes until Day 10 or had no eye development.  There were no abnormal behaviors in the Known control 

and Blind control groups.  Abnormal behavior in the Aspartame and MSG groups were body 

contraction, lethargy and corkscrewing.  New memories were damaged by excitatory characteristics of 

Aspartame and MSG.  Memories were lost like in Alzheimer’s disease and planaria showed abnormal 

movements and behaviors like in Parkinson’s disease.  Based on the analysis there is a link 

excitotoxins and memory loss and development problems. 

  
How Can Various Genres of Music Affect a Human’s Resistance to Becoming Dizzy When 

Spun Around? 

Andrew J. Morrow 

Millennium Charter Academy, Mt. Airy 

My experiment investigated whether different genres of music could affect the length of 

dizziness in a person after being spun around for 30 seconds. My hypothesis was that listening to rock 

music would take a person the longest to recover from the dizziness and listening to no music would 

have the quickest recovery time. My results proved rock and pop music did take the longest to recover 

and that no music and classical music the least time. My research showed classical music soothes the 

brain and rock music energizes the brain with classical helping and the rock hindering recovery time. 
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Does BMI Correlate with Back Pain in Teenagers?   

Rhea Bhagia 

Metrolina Regional Scholars Academy, Charlotte  

Low back pain is a condition affecting teenagers to a great and growing degree. The teenage 

population of the United States has also seen an increase in obesity in recent decades. The purpose of 

this study is to determine if there is an association of low back pain and Body Mass Index (BMI) in 

teenagers aged 13 to 18. After obtaining Institutional Review Board (IRB) approval, the study and 

control patient list was generated by the query of the OrthoCarolina patient database. The age, height, 

weight, and pain score (in the study group) was collected from the chart review and documented in 

Microsoft Excel table. The Body Mass Index (BMI) was calculated using the standard formula. The data 

was analyzed using standard statistical measures. The study and control group were age matched. 

There was no significant height difference in the two groups. The study group was lighter in weight at 

143.31 pounds compared to the control group at 153.74 pounds. The average BMI in the study group 

was slightly lower with 22.99 kg/m2 compared to the control group's BMI at 23.68 kg/m2. This difference 

was however not statistically significant with a p-value of 0.34, thereby indicating that BMI has no 

influence on back pain in teenagers. 

 

The X-Factor: How X-Rays Affect Plant Growth 

Brandon Standley 

E.B. Frink Middle School, La Grange 

For a new method to find out the radioactive levels in areas, sets of plants were exposed to 

electromagnetic (x-ray) radiation. The groups were divided into a total of 35, and 5 groups, 7 plants per 

group. Each set of plant groups (other than the control) were exposed to the electromagnetic radiation, 

and grown in contained environmental conditions. The test was ultimately to figure out if the plants 

would be affected by the radiation directly, and or, if their offspring would be produced, and the results 

of those. Plants were given the same amount of water, sunlight time, and they were exposed to the 

same temperature. After a total of 60 days, each group getting 15 more days than the other and being 

removed at the proper interval, the plants were removed from the radioactive testing procedures, and 

set to finish growth. The plants that were exposed to radiation ended up not surviving past their last 

days of growth before an offspring would most likely be produced. The group that was not exposed to 

radiation, much to expectation, grew and produced offspring. Visible deformities were apparent on the 

exposed plants, such as holes in the leaves, flimsy stem, and a color differentiate.  Based on the 

observations and recordings made during this experiment, radiation will directly affect the growth of this 
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particular plant, and most likely other types of plants. Radiation has been proved in humans to be 

dangerous, and the same applies for the organic community.  

 
Decaffeinated? A Study of Decaffeinated and Caffeine Free Beverages 

James Burcham  

East Wilkes Middle School, Ronda  

For this project, the researcher wanted to find out if beverages that say decaffeinated or caffeine 

free are truly free of caffeine. The researcher thought that decaffeinated or caffeine free beverages 

would still contain some caffeine. 

The researcher took tannic acid and made it into a solution with alcohol and water. Next, 2 ml of 

each beverage was placed into test tubes. After that, the researcher took a dropper and did drop by 

drop into each beverage. If it formed a precipitate (a white solid material) the researcher stopped 

putting drops in the beverage, then recorded how many drops it took to form a precipitate. The fewer 

drops it took to form a precipitate, the more caffeine the beverage had. The more drops it took to form a 

precipitate, the less caffeine the beverage had.  

Mtn. Dew, Lipton Green Tea, and Water were used as a control group because Mtn. Dew and 

Lipton Green Tea were known to have caffeine and Water was known to have no caffeine. The rest of 

the beverages were used as an experimental group. Some beverages that said caffeine free didn’t 

have any caffeine like Sierra Mist, Crush Orange, Canada Dry Ginger Ale, Sunny D, 7 Up, and A&W 

Root Beer. Some beverages that said caffeine free had caffeine like Caffeine Free Pepsi, Caffeine Free 

Mtn. Dew, and Yoohoo. All beverages tested that said “decaffeinated” had caffeine in them.  

 

Investigating Tantalate Catalysts for Photocatalytic Water Splitting 

Trevor Daino 

Metrolina Regional Scholars Academy, Charlotte 

The purpose of the study was to effectively investigate the cause of great variability in efficiency 

within the family of Tantalate photocatalysts. Additionally, the study explored the economic potential of 

photocatalyst architecture through the optimization of the Gibbs energy function. The experiment was 

completed through a series of mathematical operations involving the Density Functional Method, 

Hohenberg-Kohn equations, Pauli Exclusion Principle, Derivation of Kronig-Penney equations, and 

other theorems belonging to the realm of quantum chemistry. The features of the mathematics was the 

electron-hole mobility/ lifetime proof, a master function for the application of maximized ambient Gibbs 

energy, and NiO (co-catalyst)  loaded mass optimization, providing a conclusion approaching the 

common reason for efficiency in hydrogen evolution and the expected parameters for industrial 
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application. As a result, the experiment has shown overall that NiO-loaded NaTaO3 is most optimal for 

further investigation. With that, the experiment recognized that the mobility of electron-hole pairs in the 

conduction and valence bands (respectively) is a significant factor in determining catalyst effectiveness. 

Lastly, it was also concluded that with the application of a hydraulic ram mechanism, mercury based 

photonic up-conversion panel, and a fullerene membrane (for durability), the effectiveness of 

photocatalytic water splitting can be increased when designed for mass production. These results are 

significant for the ability to plan the engineering of future catalysts and facilities for photocatalytic water 

splitting. 

 

Saved By the Bug: Building and Testing a Multi-Purpose Insect Trap 

Emma Christensen 

Stone Circle Academy, Greenville 

A multi-purpose insect trap was designed, built, and tested. Previous work showed that the 

scale model worked for fruit flies but needed to be tested outdoors. Research was performed to 

determine the best time of year to collect insects. A full sized insect trap, based on the design tested in 

the earlier project, was made of wood and aluminum. The first design of the trap was tested over a 

period of thirty-four days. Weather conditions, including barometric pressure, rain fall, temperature, 

visibility, moon phase, darkness, cloud cover, humidity, and wind speed, were recorded daily. Insects 

caught in the trap were weighed and recorded daily. After testing the first version of the trap and 

evaluating data, it was determined that the trap was too big and its light was too dim. A new and 

improved trap was built of wood and Teflon. This new trap was considerably smaller and lighter than 

the first trap, although it was of the same basic design.  Teflon was used instead of aluminum because 

it was more reflective and more slippery for insects. The second trap was tested over a period of forty-

four days, using the same methods for data collection. The results show that the second insect trap, 

with an average catch of 27.62 grams of insects caught per night, works much better than the first trap 

which caught an average of 15.06 grams of insects per night. The results showed that the changes 

made to the second trap improved the effectiveness of this invention.  

 

Water Transportation Trike for Developing Countries  

Camin Randall-Peangmeth 

Studio for The Curious Mind, Washington 

 Millions of people in rural areas of developing countries lack easy access to water. The goal for 

this project was to develop a pedal-powered 3-wheeled tricycle (Trike) using recycled parts that are 
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easy to find and repair in remote locations and that could transport, in less time, 3-4 times as much 

water as the average person can carry. The vehicle design would give users more water to cook, drink, 

and bathe with.  The benefits of better sanitation would help prevent disease and thousands of deaths 

every year. 

 Testing measured the time and energy needed to transport the water and compared data on 

water consumption for three situations: 1.) the average person in a developing country; 2.) my own 

water consumption; and 3.) the improvement available to the average person in a developing country 

using the Trike to see how more water might allow better sanitation. 

 Testing expectations were that the Trike could be pedaled easily for a distance of 3.5 miles 

carrying 167 lbs. of water. The Trike worked close to expectations, but used more energy and the frame 

was under stress, causing the swing-arm to twist. 

In conclusion, the design goals were met, but the Trike needed a stronger swing-arm and a 

better gear ratio with more torque for hills.  With more research, the frame could be engineered for 

better strength and durability.  However, the Trike idea was a successful first attempt at solving the 

problem. 

 

Blowing Away Oil Dependency 

Laura Browne 

Millennium Charter Academy, Mount Airy 

After determining that wind turbines can be an effective means of powering an automobile with 

last year’s project, this year’s project tested which location on an automobile that a wind turbine could 

be placed in order to produce the most voltage, amperage, and power.  I am interested in this project 

as a means to help make more fuel efficient vehicles that are better for the environment. I hypothesized 

that the best location for the wind turbine would be on the top of the vehicle when the turbine was 

mounted vertically with the blades pointing towards the wind. I tested the locations of front, side, back, 

and top of an automobile when positioned vertically and horizontally. I performed ten iterations for each 

test to insure accuracy. The turbine I used in my experiment had two blades, each six inches in 

diameter. Power, amperage, and voltage was measured for each test by using a voltage and amperage 

meter. Although sets of averaged results were obtained for each location, when the turbine was placed 

on the top of the car and positioned vertically, it produced the highest amounts, with over eleven volts, 

five tenths of an amp, and almost six watts. This proved that my hypothesis was correct. 
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Refugee Travois:  Reengineering an Ancient Technology to Solve a 20th-Century 

Humanitarian Problem  

Chase Lewis 

Lewis School, Chapel Hill  

During the 2011 Somali famine, hundreds of children who were too weak to walk were left by 

the roadside to die when their parents could no longer carry them on the long trek to a refugee center.  

When I read this in the newspaper, I thought no parent should have to do this.  The Somali famine is 

over, but more famines are expected in Africa.  The objective of my project was to build a transportation 

device that will enable parents to easily transport children who are too weak to walk to the refugee 

centers.  A simple, inexpensive, hands-free device (so a child could be carried in the parent’s 

arms) was needed that could be towed by a parent.  The best solution I could find was a travois, 

originally invented by the American Indians.  I reengineered the travois, putting wheels on it, designing 

it to be towed by a person instead of a horse, making it collapsible so it could be flat-shipped and air-

dropped onto the refugee roads, and ensuring it was easy to assemble using visual instructions.    

Engineering the “Refugee Travois” had many challenges, including: choosing materials that would 

withstand shear forces, bending moment, and horizontal forces; locating a flat-free tire; and designing 

collapsible joints for the frame’s vertices.  The final prototype succeeded beyond my expectations.  The 

best moment was when a 65 lb. girl pumped her arms in the air, while towing the travois with two 

children in it (80 pounds), and yelling, “This is easy!”  

 

Effect of House Cleaners on Ground-Level Ozone 

Navami Jain  

Metrolina Regional Scholars Academy, Charlotte 

Ground-level ozone is one of the main concerns of air quality. Ground-level ozone is created by 

chemical reactions between volatile organic compounds(VOC’s), nitrogen oxides and sunlight. In this 

experiment, the scientist tested for the effect of  regular(of which all contain VOC’s) and natural house 

cleaners on ground level ozone. The regular house cleaners used in this experiment was Windex, 

Clorox all purpose spray (#1), Clorox toilet bowl cleaner (#2),  Creen works, Easy Off and 409. The 

natural house cleaners used in this experiment are vinegar. Two trials were conducted, both of the 

trial’s results concluded that the hypothesis was proven correct; regular house cleaners produced more 

PPB (parts per billion) of ozone. The second part of the experiemnt tested to see the effect of two 

house cleaners combined. Is the ozone produced from this mixture more than the sum of the ozone 

produced from each of the two agents individually? This process is known as synergism, where an 

interaction between two substances is more than the sum of the individual effects. However, only two 
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mixtures were created and the scientists couldn’t conclude anything from this since the data for both 

mixtures varied. 

 
Before You Swim Check What’s In 

Jacqueline Soderberg  

Concordia Christian Day School, Conover 

I wanted to determine the levels of dissolved oxygen, mercury, nitrates, coliform, and 

Biochemical Oxygen Demand (BOD). I did this to understand which areas of Lake Hickory were safest 

to swim in. I tested for dissolved oxygen, mercury, nitrates, Coliform, and Biochemical Oxygen 

Demand. I tested for nitrates because if you have too much nitrates in the water it will cause aquatic 

damage by reducing the dissolved oxygen level in the water. When you have too much BOD in the 

water the dissolved oxygen will decrease quickly. Coliform is a bacteria that can have pathogens and 

hurt aquatic and human life. Mercury is normally found in the environment and when joined with water it 

turns into methylmercury which is harmful to humans. I found out that the main channels were the best 

place to swim. They were the safest because they had more dissolved oxygen, no evidence of mercury, 

low levels of Coliform, and less Biochemical Oxygen Demand. The coves had less dissolved oxygen, 

no evidence of mercury, higher levels of Coliform, and more Biochemical Oxygen Demand. 

 

Feasibility of Organic Hydroponic System Using Compost and Chicken Manure 

Jenny Lee  

Guy B. Phillips Middle School, Chapel Hill  

  For an environmentally friendly and sustainable way of farming, two hydroponics systems have 

been designed for outdoor and indoor use.  The organic fertilizer was made with chicken manure and 

compost. For comparison, 10-5-10 chemical fertilizer solution was used. The nutrient solutions were 

tested at NCDA (North Carolina Department of Agriculture) soil and water test laboratory. With an 

outdoor hydroponics system, Puerto Rico sweet potato seedlings were planted and harvested after 129 

days. The outdoor system was designed with 2 rock wool pillars and a plastic tray to make an air gap 

for tuber growth. The growth rate from chemical fertilizer was faster than the organic solution for both 

roots and stems/leaves. The roots from the organic solution had more nutrients and tasted sweeter. 

The stems and leaves from the organic solution showed less nutrients but the texture was softer when 

it was cooked. With the indoor hydroponic system designed as NFT (nutrient film technique), lettuce, 

broccoli and kale were tried. 51 days after planting the seeds, the height of each vegetable was 

measured. For all 3 types, the chemical fertilizer solution showed faster growth rate. Based on the 

analysis from the NCDA laboratory, the chemical fertilizer solution had more basic nutrients. Also much 
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higher salt (Na and Cl) was detected from the organic solution. From this experiment, it is clearly 

feasible to use organic solutions for hydroponic soilless farming. However, to improve the growth rate, 

it is desirable to make an organic solution with more nutrients and less saline content. 

 

The Watergate Trials: Determining How Lever Length Affects Floodgate Efficiency 

Coleman Davis 

Lake Comfort School, Swan Quarter 

Coastal wetland managers need water control structures that maintain freshwater habitats in the 

face of rising sea levels. This project was designed to test how lever length affects the mechanical 

advantage and discharge efficiency of two gate designs that had the same dimensions – a long-lever 

gate and a short-lever gate. The model gates and their channels were both built and tested at home. 

Both designs were tested for force required to open, and for the time required to equalize the water 

height on both sides of a bulkhead. Ideal mechanical advantage and force required to open were 

calculated for both gate designs. The data were collected and analyzed; they showed, as predicted 

from the mathematical calculations, that the long-lever gate not only required less force to open, but 

also allowed water to run more efficiently than the short-lever gate. Although neither was as efficient as 

the calculations predicted, both followed the general nature of the formulas. The data from this project 

will be useful to the managers at Mattamuskeet National Wildlife Refuge and others who wish to protect 

their freshwater wetlands from sea level rise. 

 

A Volatility Based Modified Black Scholes Approach to Price Options 

Auston Li 

North Mecklenburg High School, Huntersville 

The market is often very sporadic, and the defining factor for this variable is called the volatility, 

which has numerous methods of calculations and many more applications. One of its most prominent 

usages is within the Black-Scholes option pricing model, which was developed by Fischer Black and 

Merton Scholes, to predict the future prices of call and put options, which are the two types of options 

allowing the user to buy or sell an agreed asset at a specific point in time, at a selected price called the 

strike price. The model also accounts for the duration of the financial derivative, risk-free interest rate, 

and the volatility of the market. In order to allow for a simplification and a more general application of 

the Black Scholes equations, an attempt to remove several limitations of the Black Scholes model was 

done. The major goal was to utilize forecasted volatility to ensure accuracy, as well as shift the focus 

onto American-style markets which is more commonly bought and sold. A computer simulation program 
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was generated to emulate the results of the Black Scholes equations. So, the hypothesis was if a 

computer simulation environment is utilized to analyze the behavior of the Black Scholes equations, 

then it is feasible to identify the overall behavior pattern of the European-style options and alter the 

Black Scholes model’s variables to more accurately match the American-style options because a 

computer analysis allows for more scrutiny and precision in calculation. 

 

 

Optimization of Dye-Sensitized Solar Cells (DSSCs) Through Co-adsorption and Tri-adsorption of 

Organic Dyes  

Saurin Kantesaria 

North Carolina School of Science and Mathematics, Durham 

Although many synthetic dyes have been used easily in the optimization of dye-sensitized solar 

cells (DSSCs), organic dyes provide a less expensive, and simple method of manufacturing such cells. 

The objective of this project was to produce a relatively low-cost dye-sensitized solar cell with optimal 

conversion efficiency and a wide absorption spectrum through co-adsorption and tri-adsorption of 

inexpensive organic dyes. Four organic dyes (pomegranate juice, blueberry extract, Rhodamine B, and 

Thymol Blue) were put to use as sensitizers on a titanium dioxide semiconductor film. Through 

measuring the absorption spectrum of different combinations of these dyes in varying ratios, five cells 

were assembled through the co-adsorption of these dyes and one was constructed through a unique 

method of tri-adsorption. The photoelectrochemical properties (voltage, current, absorption spectra, fill 

factor, and conversion efficiency) of each were thereafter measured using the appropriate equipment. 

After much data collection, these values reflected that open circuit voltages varied from 0.232 V to 

0.464 V and conversion efficiencies ranged from 0.17% to 2.74%. The tri-adsorption of Pomegranate 

Juice, Anthocyanin, and Thymol blue in a ratio of (65:43:2) produced the highest efficiency of 2.74% 

with a fill factor of 25.9%. This not only demonstrated that methods of co-sensitization and tri-

sensitization could yield increases in conversion efficiency in dye-sensitized solar cells that utilized 

organic dyes, but also that such cells could eventually become more commercially viable if optimized 

even further using such inexpensive approaches.
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