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AS (ANIMAL SCIENCES) 

                    9 AS 101 

          

Berger, Cecilia  

Washington-Liberty High School 

Teacher: Sotomayor 

 

The Effect of Essential Oils on Brine Shrimp Larvae 

Organic pesticides are used as a healthier and more environmentally friendly substitute 

to synthetic pesticides. The active ingredients in most organic pesticides are essential oils, but 

there is doubt as to whether these oils are actually safe. In this experiment, essential oils from 

lemongrass, cedarwood, and garlic were tested on the larvae of brine shrimp to determine their 

lethality. It was hypothesized that garlic oil would yield the greatest mortality rate of brine 

shrimp. The data supported this hypothesis, as the brine shrimp exposed to garlic oil had a 

mean mortality rate of 99% after 24 hours, compared to the control’s 1%. An ANOVA test 

showed that these results were statistically significant, as they yielded a p-value of 0.000063. 

Multiple t-tests performed between each of the experimental groups also produced statistically 

significant p-values. Lemongrass oil yielded a mean mortality rate of 49%, and cedarwood oil 

81%. Pesticides containing essential oils are toxic to brine shrimp and, considering their lethal 

effects on the insects and other organisms they are meant to target, potentially dangerous for 

many other life forms. These products should be used responsibly and with caution. 
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AS (ANIMAL SCIENCES) 

                    9 AS 102 

          

Dickerson, Rachel  

Washington-Liberty High School 

Teacher: Sotomayor 

 

Prevalence of Mixed Species Herding with Giraffe Calves 

The rapid disappearance of giraffes from the African savanna is an imminent reality, but there is 

still little knowledge on these famous creatures. Giraffes are known to be found in herds that 

include other species, such as zebras. The purpose of this investigation was to study whether 

giraffes were more likely to herd with zebras if there were giraffe calves in the herd. It was 

hypothesized that the giraffe herds with giraffe calves will herd more frequently with zebras, 

because the zebras protect the giraffes from predators, which calves are especially vulnerable 

to. Using live cameras placed in two locations in the Mpala Research Centre, the giraffe herds 
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BE (BEHAVIORAL AND SOCIAL SCIENCES) 

                    10 BE 201 

          

McAndrew, Rory; 
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BI (BIOCHEMISTRY ) 
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BI (BIOCHEMISTRY )  
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BI (BIOCHEMISTRY ) 

                    9 BI 304 

          

Bartrum, 
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BI (BIOCHEMISTRY ) 

                    11 BI 305 

          

Zheng, Charles 

Episcopal High School 

Teacher: Krivaceck 

 

Genomic Biomarker Discovery in Lung Cancer 

Lung Adenocarcinoma (LUAD) and Lung Squamous Cell Carcinoma (LUSC) are two of the 

most common lung cancer subtypes, and effective diagnosis and subsequent treatment of them 

through the help of genomic biomarkers could benefit the thousands of lung cancer patients. 

The purpose of this project is to identify potential genomic biomarkers that could distinguish 

normal tissue and lung cancer tissue. I also aimed to identify the potential biomarkers that could 

distinguish and therefore molecularly diagnose these two subtypes of lung cancer from each 

other. Furthermore, I analyzed the biological pathways that are involved by these biomarkers in 

order to understand the underlying mechanisms that may drive the formation of each subtypes 

of lung cancer. Principle Component Analysis (PCA) and paired Student’s t-tests were used to 

examine the likely true differences between tumor and normal tissues in the high dimensional 

RNA-seq data. Various visualizations were used to emphasize their differences in the form of 

PCA plot, volcano plot and heatmap. Then, genes with the top p-values and mean gene 

expression difference (between normal and tumor tissues) are chosen for further pathway and 

functional analysis with DAVID method to link them to tumor formation in lung cancer or the 

subtypes. KRT5, KRT9, DSC3, CERS3, TRIM29 were identified as lung squamous cell 

carcinoma biomarkers, when EPHA10, TGM1, ANXA8L1 were identified as lung 

adenocarcinoma biomarkers, and CENPF, AURKB, and ERCC6L are three that show the 

greatest potential in serving as lung cancer biomarkers. 

  

  



NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2021 16 

 

CH (CHEMISTRY) 

                    7 CH 400 

          

Chikh-Ali, Cherin  

Dorothy Hamm Middle School 

Teacher: Azzara 

 

The Effect NaHSO Has on the Precipitation of Tin 

The Effect NaHSo Has on Precipitation of TinBoth developed and developing countries 

distribute more than 50% of water throughout metal pipes. Children and adults consume an 

excess of metals in their drinking supply in over 70 countries. This experiment opens the door to 

the possibility of decreasing water contamination by metals. The two chemicals used in this 

experiment are, NaHSO4 (sodium bisulfate) and SnCl2 (tin chloride). Since NaHSO4 makes a 

great electrolytic solution it allows for electrons to move throughout the solution with ease. As 

the electrons move through the solution they attract the tin atoms. It takes two electrons for 

each tin atom to precipitate into a solid state. This process is called electrolysis. Electrolysis is 

the basis of the experiment. The results from the experiment supported the objective of 

removing metals from a solution. The theory worked in each experiment tin was recovered 

however, the experiment was met with challenges due to the limitation of the equipment. 

Results showed when there was a decreased amount of NaHSO the tin mass was below 

detectable levels. When there was an excess amount of NaHSO the did show below detectable 

levels. It was only when 2M of NaHSO did the tin mass show a total of 1g.  
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CH (CHEMISTRY) 

                    7 CH 401 

          

Menta, Arhan  

Williamsburg Middle School 

Teacher: Zarro 

 

The Effect of Type of Stain Remover on the Shade of the Coffee Stain 

The purpose of this experiment was to determine what type of stain remover removes a coffee 

stain the most effectively. The results of this experiment will save people time, money, and 

water by removing the coffee stain the first time. The hypothesis was, 3% Hydrogen Peroxide 

would be the most effective stain remover in removing a coffee stain from a t-shirt. For this 

experiment, Baking Soda, 3% Hydrogen Peroxide, 5% Distilled White Vinegar, and Shout 

Laundry Stain Remover were procured to remove a coffee stain from a white cotton t-shirt. First, 

15 milliliters of black coffee was poured onto a white t-shirt. After the black coffee was poured, 

there was a wait of 48 hours to let the coffee stain dry. Once the 48 hours were over, 15 

milliliters of the stain remover was poured onto the coffee stain. Subsequently, the t-shirt was 

washed and dried. The hypothesis was supported because Hydrogen Peroxide worked the best 

in removing a coffee stain, with a mean value of 3.8 on the shade scale. Baking Soda performed 

the worst with a mean value of 2.0 on the shade scale. The data was reliable because the type 

of stain remover that had the highest variation only had a range of 1. When a coffee drinker 

encounters a coffee stain on their t-shirt, they will know to use 3% Hydrogen Peroxide. 
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CH (CHEMISTRY) 
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CH (CHEMISTRY) 

                    8 CH 404 

          

Floom, Kate 
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CH (CHEMISTRY) 

                    8 CH 405 

          

Menn
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CH (CHEMISTRY) 

                    8 CH 406 

          

Tulchinsky, Ophelia  

Dorothy Hamm Middle School 

Teacher: Kennedy  

 

The Effect of the Type of Salt on the Amount of Corrosion of the Wires 

The experiment’s purpose was to look at the 
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CH (CHEMISTRY) 

                    9 CH 407 

          

Baasansukh, Haley  

Washington-Liberty High School 

Teacher: Sotomayor  

 

The Type of Mordant on the Weight of the Yarn  

The purpose of this experiment was to test if various mordants would have an effect on the 

weight of yarn trials. Mordants are chemicals that are used to help bond the natural dye 

molecules to the yarn 





NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2021 25 

 

CH (CHEMISTRY) 

                    9 CH 409 

          

Finkelstein, Allie  

Yorktown High School 

Teacher: McKowen 

 

The Effect of the Type of Fruit on How Much Electrical Energy It Can 

Conduct 

I tested the effect of the type of fruit on the amount of electrical energy it conducts. The 

independent variable levels I used were lemons, oranges, red apples, bananas, and 

watermelon. It’s known that many fruits are able to conduct electricity because of the citric acid 

within their juices, which acts as an electrolyte. This led me to my hypothesis that lemons would 

conduct the most electrical energy because out of all the fruits, they’re the most acidic. In order 

for the fruits to conduct electricity they must be turned into a model of a battery, with 2 

oppositely charged electrodes and an electrolyte. The acid within the fruit acts as the electrolyte 

and for the 2 electrodes I used a copper and zinc nail. This is because copper acts as a cathode 

(positively charged) and the zinc acts as an anode (negatively charged). A multimeter was used 
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CH (CHEMISTRY) 

                    10 CH 414 

          

Wahl, Joanna  

Wakefield High School 

Teacher: Gaither 

 

The Amount of Blue Dye #1 in Various Blue-Colored Products 

Blue 1 dye is one of two blue dyes approved by the U.S. Food and Drug Administration. It is 

commonly used in candy, beverages, and medicines. This dye has been found to have 
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EN (ENGINEERING) 

                    7 EN 500 

          

Name Withheld Upon Request  

Williamsburg Middle School 

Teacher: Willet 

 

The Effect of Magnetic Strength on Diagonal Deflection of a Magnetically 

Levitated Platform 
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EN (ENGINEERING) 

                    7 EN 501 

          

Reiss, Sam  

George Washington Middle School 

Teacher: Kazanciyan 

 

The Effect of 3D Printed Infill Patterns on the Load Weight 

My idea for this project was to find the strongest 3D printed infill pattern. I would use the 

research to print tools and parts for household products. I would cad my own parts to fix and or 

make a solution to different household problems like the button on our sink was lost so I printed 

another one. 
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EN (ENGINEERING) 

                    8 EN 502 

          

Connor, Hosanna  

Kenmore Middle School 

Teacher: Brown 

 

The Effect of the Diameter of a Geodesic Dome on its Weight-bearing 

Capacity 

Geodesic domes are a strong, energy efficient structure, however does increasing the diameter 

increase or decrease its strength? Scientists, architects and engineers are looking at geodesic 

domes as possible solutions to housing on Mars. Since domes are also the most energy 

efficient structure, they would also be good sustainable architecture with our declining climate. 

Therefore, it is important to know how to make these structures as strong as possible. The goal 

of this project was to find the effect of the diameter on a geodesic domes weight bearing 

capacity. In order to do this, six different domes (two of each size) were made out of straws and 

brads. Then each dome's strength was tested by placing bags of rice on top. The bags of rice 

were later measured on a kitchen scale to determine the exact weight. After conducting this 

experiment, the smallest dome, with a diameter of 18.5 centimeters, was found to be the 

strongest. This dome held an average of 638.5 grams more than the middle sized dome, and 

1,556.5 grams more than the largest dome. In conclusion, increasing the diameter of a geodesic 
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EN (ENGINEERING) 

                    8 EN 503 

          

Oberkirsch, Evan  

Gunston Middle School 

Teacher: Pentland 

 

Armature Design and its Effect on Motor Torque 

It’s useful to know how things run in such a complicated world. And what’s better than building a 

device that’s found in fans, blenders, electrical toothbrushes, and so much more! In my 

experiment I studied the construction of a DC motor and its effect on torque.  The objective of 

the experiment was to find if there is a direct relationship between the equation for the strength 

of an electromagnet, and the torque generated by a DC motor. I predicted that there would be a 

relationship. I constructed a homemade motor, and measured torque by attaching a sturdy wire 

onto the motor, so when the motor spun, the wire spun. The wire would hit a precise scale. 

Multiplying the measured weight by the length of the wire yielded the torque. The motor spun 

by flowing a current through a wire in the presence of a magnetic field. The magnetic field 

generated by the current (the electromagnet) interacted with the stationary magnetic field, 

causing rotation. The independent variable was the amount of loops in the electrical coils that 

made up the electromagnet (what the current would flow through) and the dependent variable 

was the torque. Each trial I increased the amount of loops in the electrical coil by 20, and 

measured the torque. The data I gathered didn't match my hypothesis, but after more research I 

found a maximum torque equation for a DC motor. There was significant resemblance 

between the second equation and the data points I gathered. 
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EN (ENGINEERING) 

                    9 EN 505 

          

Berhanu, Eyuel  

Washington-Liberty High School 

Teacher: Brodowski 

 

The Effect of 3D Printing Material on 3D Print Strength 

The purpose of this study was to determine the effect of 3D printing materials on their maximum 

tensile strength. The independent variable was 3D printing material (PLA, ABS, PETG).  There 

was no control group. The dependent variable was the maximum tensile strength in newtons. 

The constants were, test sample design, infill percentage, perimeters, testing procedure. The 

hypothesis was if 3D printed materials are tested for strength then ABS will withstand the most 

load. 30 3D printed test samples per trial were designed in Autodesk Fusion 360 and printed on 

the Creality Ender 5 PLUS 3D printer. 10 samples were printed for each material. These test 

samples were then pulled apart with an electric winch and the averages were calculated. An 

ANOVA test was also performed to determine statistical significance. The results showed that 

ABS had the highest average maximum load.  These results supported the hypothesis. In 

conclusion, the study suggests that ABS has the highest average maximum load. 
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EN (ENGINEERING) 

                    9 EN 507 

          

Savage, William  

H-B Woodlawn Secondary Program 

Teacher: Smith 

 

Autonomous Temperature Dependent Entry Controller (ATDEC) 

As schools and businesses nationwide struggle to safely re-open, many are turning to 

technology to help accelerate the re-opening process. Among the many innovations being used 

to help slow the spread of COVID-19, handheld no-
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EN (ENGINEERING) 

                    10 EN 508 

          

Henshaw, Morgan  

Yorktown High School 

Teacher: Hessler 

 

Building an Autonomous Car 

Human error accounts for most car crashes, so autonomous driving technology could vastly 

improve the safety of drivers, passengers, cyclists, and pedestrians. The goal of this project was 

to integrate autonomous driving technology into a small scale battery-powered vehicle.The 

Raspberry Pi 3B+ was set up by enabling Remote Access, establishing Remote File access, 

and downloading Webcamoid. The PiCar software was configured and the PiCar was 

assembled with a wide angle camera. OpenCV and TensorFlow were installed for EdgeTPU, 

allowing the PiCar more processing power. The Python coding translated the live video feed 

from the PiCar to detect lane lines, calculate heading direction, and stabilize steering angles of 

the vehicle.The PiCar operated autonomously using the explicitly written Python code. It 

successfully detected the lane lines and calculated the correct steering angles. Without user 
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EN (ENGINEERING) 

                    10 EN 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    7 EV 600 

          

Chudiwale, Vedica  

Dorothy Hamm Middle School 

Teacher: Araya 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    8 EV 604 

          

Hemsch, Emma  

Dorothy Hamm Middle School 

Teacher: Kennedy  

 

The Effect of a City’s Number of Public 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    8 EV 606 

          

Mohanty, Anna  

Williamsburg Middle School 

Teacher: Warden 

 

The Effect of the Electromagnetic Field Density on the Biomass of Chlorella 

vulgaris  

The purpose of this experiment was to determine the effect of the flux density of an 

electromagnetic field on the biomass of the algae, Chlorella vulgaris. More efficient ways to 

increase the biomass of algae is crucial to biofuel production, which could be key in lowering 

carbon emissions. Algae is a promising biofuel source; however, it is commonly treated with 

large quantities of fertilizers to aid in growth (Miller, 2019), which is detrimental to both the 

environment and the biofuel quality. This experiment was completed by exposing cultures of 

Chlorella vulgaris to increasingly dense electromagnetic fields. A solenoid wire was coiled 

around one beaker five times, which connected via the wire to one coiled ten times, which was 

then connected to one coiled 25 times. An increase in the coils around the beaker meant an 

increase in the electromagnetic field density around that beaker. The wire was connected to an 

iron nail and an electrode current source. This and a control group were left for 150 hours; the 

cultures’s biomass being taken, then examined under a microscope for any cell abnormalities 

every 24 hours. The hypothesis— that the sample with five coils of density would have the 

greatest increase in biomass— was supported. It increased the most in biomass of all the 

groups. The ten coiled increased slightly, and the 25 and control groups decreased in biomass 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    8 EV 609 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    9 EV 611 

          

Shapiro, Harriet  

Washington-Liberty High School 

Teacher: Sotomayor 

 

The Effect of Plant Type of a Green Roof on Internal Building Temperature 

This experiment was conducted with the goal of determining which plant type of a green 

roof would best mitigate heat transferred through the roof of a building, subsequently reducing 

energy and money spent on air conditioning. Three plants were tested (grass, moss, and 

sedum) along with traditional roofing tiles as the control. It was hypothesized that the sedum 

roofs would allow the least heat transfer due to the extensive coverage provided by the thick 



NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2021 55 

 

EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    9 EV 612 

          

Sinha, Ananya  

Arlington Tech and Career Center 

Teacher: Le 

 

The Effect of Additives on Melting Ice 

Climate change is a prevalent problem in the world today, caused by the change in the Earth’s 

atmosphere.  
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    10 EV 616 

          

Coe, Elizabeth  

Wakefield High School 

Teacher: Tran 

 

The Effect of Different Litter on pH of Water 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    10 EV 617 

          

Docena, Elise Francesca  

Washington-Liberty High School 

Teacher: Bohn 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    10 EV 620 

          

MacMullen, Maggie  

Washington-Liberty High School 

Teacher: Bohn 

 

The Effect of Varying Levels of CO2 in Micropropagation Through 

Autotrophic Tissue Culture on the Growth of Radish Plants 

The objective of this experiment was to test the effects of CO2 levels on the health of radish 

plants grown through autotrophic tissue-culture. It was hypothesized that, if radish plantlets 

micropropagated through autotrophic tissue-culture are exposed to varying levels of CO2, then 

the plantlets exposed to the most, will be healthiest. Three levels of CO2 were tested, a control 

level of ~400 ug/m3, the amount of carbon dioxide found in the plants’ growth environment, a 

moderate amount of carbon dioxide: 4600 ug/m3, and an elevated amount: 9200 ug/m3. 20 

plantlets were grown per level. Plantlet cuttings were extracted and placed in peat pellets, then 

into growth chambers with designated amounts of carbon dioxide, dispensed by a yeast CO2 

generator, then plant heights were recorded.  

The control had the least growth, at a mean of 6.603 cm, while the moderate & elevated 

amounts of CO2 produced plants that grew taller, at 9.189 & 9.163 cm. An ANOVA test was run 

to determine the significance of data, and it was found that the p-value of data collected was 

equal to 0.139745, making it possible to reject the null hypothesis that autotrophic radish 

plantlets exposed to levels of CO2 will result in no correlation between growth and CO2. These 

findings tell us that increased CO2 levels in a growth chamber are beneficial to growth of 

autotrophic tissue-cultured plantlets and assist in furthering the research regarding efficiency of 

mass-propagation systems and contributing to expansion of autotrophic tissue culture research.  
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    10 EV 621 

          

Sherlick, Maya  
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    10 EV 622 

          

Watson, Ivy  

Washington-Liberty High School 

Teacher: Bohn 

 

The Effect of Firework Display Length and Frequency on Amount of 

Particulate Matter 2.5 in the Air 

The purpose of the investigation was to determine a method to coordinate local firework 

displays in order to decrease levels of particulate matter 2.5 (PM2.5) released. The hypothesis 

was that having one firework display per night over several nights would release lower levels of 

PM2.5 than having multiple firework displays on one night.  

Data from the EPA’s Air Quality Service API was downloaded from three locations. The data 

was organized into three groups: before, during, and after firework events, and the average was 

calculated for each hour of the day.  

Hourly data from the night of each firework event showed a large increase in the PM2.5 levels 

for Washington D.C. in 2019 and 2020. In 2019, Weston, WY didn’t have as large of an 

increase, however it was statistically significant. The highest levels during the night of the 

firework display were found in DC 2019 and the lowest levels were in Weston 2019.  

The results indicate reduction of PM2.5 released by firework displays in a region with frequent 

displays is to schedule events across several days as opposed to all being released on the 

same night. Applications of this investigation are relevant as particulate matter has detrimental 

health effects on people with respiratory conditions, such as Covid-19. Covid-19 increases the 

risk of lung infections and diseases and can also reduce lung function, placing more people at 

risk from fireworks and particulate matter.  
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    10 EV 623 

          

Wayman, Elizabeth  

Yorktown High School 

Teacher: Hessler 

 

The Effect of Percentage Cloud Cover on the Amount of Solar Energy 

Produced 

The purpose of this experiment was to determine how much weather changes, specifically the 

percentage cloud cover, affect a rooftop solar array. Additionally, the results of the experiment 

helps homeowners, businesses, and power companies better understand the potential 

fluctuations in the power output of rooftop solar arrays due to changes in cloud cover. The 

hypothesis for this experiment was that, if the percentage of cloud cover is closer to 0, then the 

amount of solar energy produced will be greater because the fraction of the sky covered by 

clouds will be less. Therefore, less visible light is refracted before being able to hit the panels 

and produce energy. To test this hypothesis, the daily percentage cloud cover was tracked 

using the Accuweather application. While the corresponding number of kWh of energy produced 

was monitored using the Enlighten application. All data was recorded in a data table along with 

the date for thirty-one days. Next, the data was graphed and the line of best fit for the amount of 

solar energy produced was calculated. The resulting graph showed a clear relationship between 

cloud cover and energy production; as the percentage of cloud cover increased, the amount of 

solar energy produced decreased. These results likely occurred because clouds refract light in 

different directions, decreasing the chances of the light hitting the solar panels on cloudier days. 

Overall, it can be concluded that increased cloud cover has a negative effect on the energy 

production of rooftop solar arrays. 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    11 EV 625 

          

Ackleson, Thomas  

Washington-Liberty High School 

Teacher: Hedderly 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    11 EV 626 

          

Quinn, Sam  

Yorktown High School 

Teacher: Wright 
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EV (ENVIRONMENTAL AND EARTH SCIENCES) 

                    11 EV 627 

          

Stievater, Adam  

Washington-Liberty 07] TJ

ET

Q

q

0.00Sd5tn

BT

/F2 14.73 12 Tf

1 0c[m

0 g

0c[m

0 g

0c[m

0 g

0c[m

0 g

0c[m

0 g

0c[m

0 g

0c[m

0 g

0c5 681

0c[m

05 681

0c[0c5 681

2oT

Q

q

07] TJ

ET

Q

q

0.00Sd5tn

BT

/F2 14.73 12 Tf
oTJ

ET

Q

q

0.001(R)-66(O)-64(N)-76(M)-63(E)-62(N)-76(T)-58(A)-69(L)-69( )-72(A)-69(N)-53(D)-78( )-72(E)-rtton





NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2021 72 

 

MC (MATHEMATICS AND COMPUTER SCIENCES) 

                    7 MC 700 

          

Stievater, Henry 

Swanson Middle School 

Teacher: Seavolt 

 

The Effect of School Size, Percent of Teachers With a Master’s Degree or 

Higher, and Per-Pupil Expenditures on SOL Pass Rates 

The Virginia Standards of Learning (SOLs) are tests taken by all students in Virginia from 

grades 3-12 and are used as indicators of teacher and student ability. The purpose of this 

experiment was to test for any correlation between SOL pass rates (the dependent variable) 

and school size, p.525 701.72 3 15.25 6er
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MC (MATHEMATICS AND COMPUTER SCIENCES) 

                    8 MC 701 

          

Klinger, Andrew 

Swanson Middle School 

Teacher: Schultz 

 

Weather Conditions Affect on GPS Running Routes 

My project was conducted with the interest of informing athletes of the accuracy of their metrics 

that they rely on in different conditions. Athletes depend on their numbers to enhance their 

training regardless of the condition and deserve to know if they can depend on the accuracy of 

their metrics. If the weather is rainy, then GPS running routes won’t be as accurate. I used GIS 

along with Strava (GPS running maps and metric application) and The Weather Channel to 

perform my experiment. I inserted each trial from Strava into ArcGIS to take measurements. I 

found that rainy weather had the worst performance of the different independent variable levels I 

tested with a mean of 7.82 meters of inaccuracy. I deduced that partly sunny weather performed 

the best of all of the levels with only 4.89 meters of inaccuracy. Sunny weather fell between with 

a mean inaccuracy of 7.18 meters. My results supported my hypothesis because rainy weather 

performed the worst. Although, there was one result that surprised me. I was surprised that 

partly sunny weather conditions outperformed sunny weather conditions. I came up with two 

explanations for this. One is that the difference in the actual conditions was so little that the 

results between these levels might fluctuate. Another explanation might involve government 

interference with GPS. To end, my experiment brought a lot of insightful information to athletes 

about their metrics. Athletes can expect to see very reliable metrics but might see worse results 

in rainy conditions.  

 

  





NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2021 75 

 

MC (MATHEMATICS AND COMPUTER SCIENCES) 

                    10 MC 703 

          

Beasley, Elise  

Yorktown High School 

Teacher: Hessler 

 

Connecting Monitors with Raspberry Pi Zero W 

With rising technology usage, more advanced devices gain availability and widespread interest, 
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MC (MATHEMATICS AND COMPUTER SCIENCES) 

                    10 MC 704 

          

Haron, Rose  

Washington-Liberty High School 

Teacher: Bohn 

 

Predicting Ideal Group Sizes for COVID-19 Pooled Testing Using 

Mathematics 

Pooled testing is a method which combines multiple individual samples together and tests them 

as one. If that sample returns positive, one or more members of the pool are COVID-19 positive 

meaning the entire group must be retested individually. If the pooled sample is negative, then all 

individuals are negative. This strategy is particularly relevant to the unprecedented global 

pandemic the world currently faces. Pooled testing is potentially an efficient method for curbing 

the spread of COVID-19 through increasing testing capacity. For this experiment, It was 

assumed that a group size of 20 would result in maximum reductions in testing across most 

prevalences of COVID-19 since the group size would be large enough to decrease number of 

tests needed to test a population, without having to retest the majority of pooled groups.  For 

this experiment, COVID-19 prevalence and group size were plugged into a mathematical 

equation in order to obtain the theoretical percentage of groups which would return positive, 

leading to the number of tests required to sample an entire population of 10,000 individuals. The 

results for this experiment did not support the hypothesis. A group size of 4 achieved the 

maximum reduction for 30 of 40 COVID-19 prevalences tested. The p-value regarding the effect 

of COVID-19 prevalence on reduction in tests required was 2.64e-245. The p-value regarding 

the effect of group size on test reduction was 2.48e-132. These p-values suggest a statistical 

significance between prevalence, group size, and test reduction, meaning the null hypothesis 

was rejected. 

  





NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2021



NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2021 79 

 

ME (MEDICAL AND HEALTH SCIENCES) 

                    9 ME 800 

          

Abera, Elida 

Wakefield High School 

Teacher: Troiano 

 

The Effect of Different Types of COVID-19 Testing on the Frequency of 

False Negatives 

If it takes the human body 1-3 weeks to accumulate a significant amount of antibodies large 

enough that it could be detected in a molecular assay, then coronavirus antibody tests may be 

more likely to have a higher false negative rate than rapid antigen, rapid molecular or molecular 

testing. I expected that, because of my background research, antibody testing would have been 

the one with the most false negatives, but these results mention that rapid antigen testing is the 

least efficient in testing for COVID-19. These results (antibody) are also not efficient because 

the sensitivity (ability of a test to correctly identify patients with a disease) is too low during the 

first week. I expected that, because of my background research, antibody testing would have 

been the one with the most false negatives, but these results mention that rapid antigen testing 

is the least efficient in testing for COVID-19. In the end, my data rejected my hypothesis, but my 

research backed it up. It takes the body a while for it to start to produce a blood protein that 

fleshes out foreign substances in the blood. Therefore, antibody tests should only be taken after 

2 weeks have passed since you first started seeing symptoms. They shouldn’t be the first 

course of action.  
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ME (MEDICAL AND HEALTH SCIENCES) 

                    9 ME 801 

          

Ahmed, Sabrin  

Washington-Liberty High School 

Teacher: Sotomayor 

 

HIV Infection Rate in Fiji, Malaysia, and Ukraine From 2009-2019 

The effect of HIV infection over a ten-year increment was examined in an experiment using data 

from the World Health Organization. The purpose of this experiment was to evaluate whether or 

not the HIV infection rate would decrease as years went by from 2009-2019 in Fiji, Malaysia, 

and Ukraine. This virus is becoming more and more common, with people all over the world 

obtaining it. Couldn’t this virus be stopped with people having an education concerning how the 

virus is acquired and transmitted in the first place? If HI





NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2021 82 

 



NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2021 83 

 

ME (MEDICAL AND HEALTH SCIENCES) 

                    10 ME 804 

          

Aniss, Lina 

Washington-Liberty High School 

Teacher: Bohn 

 

The Effect of Tissue Thickness on Temperature Change Induced by 

Cellular Radiation 

This experiment tested the effect of different brain tissue thicknesses on temperature change 

induced by cellular radiation. This experiment was conducted to show how vulnerable brain 

tissue is to cellular radiation. For this experiment, I purchased five cattle brains which were all 

cut into halves. For each trial, I placed a cell phone 10 cm away from the brain tissue, which 

was also in a call with another phone to simulate a phone call. Three precision thermometers 

were then placed in different thickness to measure the temperature change. The temperature 

was recorded every minute for 15 minutes. The results showed that the highest change was 

found in the grey matter (2mm, 12mm) of the brain, which increased on average .64 degrees 

Celsius. The lowest change was found in the white matter (22mm), which increased on average 

.4 degrees Celsius. An ANOVA test and three T-Tests were done in order to determine if the 

data was statistically significant, which according to the tests they were. Standard deviation was 

calculated as well, which showed that the data was also reliable. These tests led to a rejection 
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ME (MEDICAL AND HEALTH SCIENCES) 

                    10 ME 805 

          

Cunningham, Charlotte  

Washington-Liberty High School 
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ME (MEDICAL AND HEALTH SCIENCES) 

                    10 ME 807 

          

Licato, Anne  

Washington-Liberty High School 

Teacher: Bohn 

 

The Effect of Proximity and Particles Exhaled Based on Breath Rate on the 

Number of COVID-19 Virus Particles Accumulated 

In early March of 2020, the COVID-19 pandemic overtook the world. Since then, the CDC and 

other public health organizations have stressed wearing masks and remaining 6 feet apart from 

others to help prevent the spread of the virus.  The purpose of this experiment was to determine 

how many COVID-19 virus particles were accumulated by people standing in a line at different 

proximities to an infected person and by the position of the infected person in the line. The 

hypothesis for this experiment was if a person with a higher breathing rate was infected with 

COVID-19 and they stood in a line with a proximity of 1.5 feet to the people around them, then 

the people around them would accumulate more COVID-19 virus particles, because the infected 

person had a higher breathing rate and they were standing closer to the people around them. 

The breathing rates for all simulated persons was randomized and the number of particles 

exhaled and inhaled per person was calculated. The number of virus particles accumulated 

based on the infected person was then calculated. The results found that when infected, 

position 4 caused the most spread of virus particles. It was also found that the greatest 

accumulation of virus particles for distances and positions, occurred when position 9 was 

infected and stood 6 feet apart. All data was statistically significant, however the breathing rate 

of the infected person had little to no effect on virus particles accumulated.  
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ME (MEDICAL AND HEALTH SCIENCES) 

                    10 ME 808 

          

Portner, Benjamin  

Washington-Liberty High School 

Teacher: Bohn 

 

The Effect of the Chemical Constituency of Type of Milk Dominant in an 

Area on the Percent of Lactose Persistence of Human Groups 

Lactose persistence (LP), i.e. the ability to digest lactose, is well-studied topic in genetics, but 

the explanation for its uneven distribution around the world is still a subject of research. Fat and 

protein are two dietary necessities for humans, and their deficiencies have been linked to a 

number of developmental issues. The goal of this study was to identify a possible link between 

the percentage of fat and protein in the dairy supply and the prevalence of LP genes in a 

region.The study focused on Eastern Africa. Using data from Itan et al. (2010) and the UN FAO, 

among other sources, the study found a strong correlation (p<.01) between both the amount of 

fat and protein in the milk supply in a location and the level of LP genes in the population. Still, 

the relatively low r2 value suggests that, while there is a correlation, it is not the sole actor in 

influencing the distribution of LP genes.These findings support the conclusions of much 

previous research that has showed dietary necessities directly impacting genetic changes, and 

even built on those previous studies by illustrating how such genetic changes could take place 

over a smaller time frame. Despite this, a few elements of the project could be refined, notably 

regarding the uneven diaspora of different ethnic groups and recent climate shifts. In summary, 

this study has derived useful information on the topic of LP gene distribution by performing 

statistical tests and through a geospatial model. 
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ME (MEDICAL AND HEALTH SCIENCES) 

                    11 ME 810 

          

La Piana, Caroline  

Washington-Liberty High School 

Teacher: Hedderly 

 

Is There a Correlation Between Current Smokers and Heart Attack 

Mortality for Individuals Over 65? 

The research question is, 
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ME (MEDICAL AND HEALTH SCIENCES) 

                    11 ME 812 

          

Nemirow, Devin  

Washington-Liberty High School 

Teacher: Hedderly 

 

Testing the Effect of Tampons on pH in a Simulated Uterine Environment.  

Tampons are a necessary product for billions of women worldwide, yet many tampons contain 

unnatural and potentially harmful substances.Tampons are regulated by the FDA and are 

considered Medical devices. Medical devices are not required by the government to disclose 

their materials, and thus deciphering what you are using becomes challenging. This lack of 

regulation causes confusion when determining the safety of feminine products. For example, 

many tampons have additives to provide different accommodations such as scenting, or pH 

balancing. In my experiment I take the tampons out of the uterus and experiment them in a 
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ME (MEDICAL AND HEALTH SCIENCES) 

                    11 ME 814 

          

Shiells, Katherine  

Bishop O'Connell High School 

Teacher: O'Connor 

 

A Study of Popular Artificial Turf Surfaces' Ability to Sustain Bacterial 

Growth and Associated Health Ramifications 

As much concern has been raised regarding potential human health risks associated with 

artificial turf infills, the objective of this study was to verify these health related speculation and 

determine the microbial population of infills for synthetic turf systems. It was hypothesized that 

the reproduction of e. coli pathogens is greater on artificial turf with crumb rubber infill than 

grass or natural infill surfaces. Twenty-one sets of measurements were conducted July 9 to 

August 29, 2020 on three artificial turf fields and three grass fields, all in close geographical 

proximity. Average ambient air and surface temperatures of 88.5°F and 103.5°F were then 

calculated for grass and artificial turf respectively. Six duplicate specimens of turf with different 

infills were preheated and tested for their ability to sustain e. coli at 88.5°F and 103.5°F 

temperatures. Measurements showed that at 88.5°F, natural grass harbored significant lawns of 

e. coli cultures, while cork infill showed the largest culture count for the infills. At 103.5°F, cork 

again sustained the most e. coli cultures. It was concluded that natural systems, especially 

grass and cork, harbor significantly more bacteria growth than completely artificial options. 



NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2021 94 

 

ME (MEDICAL AND HEALTH SCIENCES) 

                    11 ME 815 

          

Tripathi, Anika  

Washington-Liberty High School 

Teacher: Hedderly 

 

The Relationship between Particulate Matter 2.5 and Case-fatality Percent 

from COVID-19 in Virginia Counties 

The purpose of the experiment was to determine if there was a correlation between the 

particulate matter 2.5 air pollution and the case-fatality percent from COVID-19 in various 

Virginia counties. COVID-19 is a respiratory targeted virus and finding a strong positive 

correlation between the variables could indicate that PM2.5 air pollution has an effect on 

morbidity from COVID-19. 17 Virginia counties were randomly sampled. The PM2.5 averages 

from 2019 and the case-fatality percent were tabulated for each county. It was hypothesized 

that there would be a strong positive correlation between the two variables because based on 

Wu et al. 2020, the researchers found a positive relationship in the U.S between mortality rate 

and PM2.5. Descriptive statistics were tabulated for each of the 17 Virginia counties. Factors 

tabulated included population density, average persons per household, and other factors. 

Smaller data sets were created by isolating a factor with a specific range in an attempt to 

observe the correlation when a confounding variable was controlled. All the data sets were 

plotted on scatter plots with trend lines after calculating the Pearson's correlation coefficient. 

The random sample had a correlation coefficient of .132. The value indicated very weak positive 

correlation but rejected the null hypothesis. The smaller data sets showed stronger positive 

correlations than the random sample, indicated by the r-value, except for the data set matched 

for average per capita income, regarded as an outlier. 
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ME (MEDICAL AND HEALTH SCIENCES) 

                    11 ME 816 

          

Wang, Susan  

Episcopal High School 

Teacher: Olsen 

 

Single-cell RNA Sequencing Analysis of Human Neural Grafts Revealed 

Unexpected Cell Type Underlying the Genetic Risk of Parkinson’s Disease 

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disorder, affecting 

more than 6 million patients globally. Though previous studies have proposed several disease-

related molecular pathways, how cell-type specific mechanisms contribute to the pathogenesis 

of PD is mostly unknown. In this study, we analyzed single-cell RNA sequencing data of human 

neural grafts transplanted to the midbrains of rat PD models. Specifically, we performed cell-

type identification, risk gene screening, and co-expression analysis. Our results revealed the 

unexpected genetic vulnerability of oligodendrocytes as well as important pathways and 

transcription factors in PD pathology. The study may provide an overarching framework for 

understanding the cell non-autonomous effects in PD, inspiring new research hypotheses and 

therapeutic strategies. 
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MI (MICROBIOLOGY) 

                       

         

Microbiology has been merged with Biochemistry. 
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PH (PHYSICS AND ASTRONOMY) 

                    7 PH 1001 

          

Van Hoey, Josephine  

Gunston Middle School 

Teacher: 
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PH (PHYSICS AND ASTRONOMY) 

                    7 PH 1002 

          

Hwang, Theodore; Hwang, Dorothy 

Gunston Middle School 

Teacher: Giblin/Quiroga 

 

How Does the Type of Current at Different Voltages Affect Electromagnetic 

Force? 

Electromagnets are constantly used in daily life, but which current is the most effective- 

alternating currents or direct currents? This project set out to investigate how the type of current 

affects electromagnetic force at 3, 6, and 24 volts. Two nails wrapped in copper wire were used 
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PH (PHYSICS AND ASTRONOMY) 

                    8 PH 1003 

          

Merdad, Obai  

Dorothy Hamm Middle School 

Teacher: Kennedy  

 

The Effect of the Number of Rocket Fins on the Trajectory of a Rocket 

My purpose for this project was to show how rockets were affected by the difference in the 

number of fins, and how it would change flight patterns. My hypothesis was If the number of fins 

is 4, then the trajectory of the rocket will be the best because there is more fins to stabilize 

it.  My procedure consisted of building the rockets- a rocket with 0 fins, 2 fins, 3 fins, and 4 

fins, inserting fuel into the rockets, launching the rockets, and how to collect the data. This data 

showed that the 3 and 4 fin rockets were more accurate than the 2 and 0 fin rockets, because 

these rockets were able to fly in a straight line, unlike the 2 and 0 fin rockets which flew 

accurately for a very short amount of time but spun around mid-air for the rest of the flight. With 

this, I concluded that the 4 fin and 3 fin rockets were the most accurate, and the 2 fin and 0 fin 

rockets had an inaccurate trajectory. This was shown in the data when the 0 fin rocket went 

more than 20 degrees off course and the 2 fin rocket 45, while the 3 and 4 fin rockets stayed 

within 10 degrees of the initial launch. If this project were to be done again, Parachutes would 

be added to the rockets to do more repeated trials, and the wind would be checked to be below 

5 mph in any direction. 
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PH (PHYSICS AND ASTRONOMY) 

                    8 PH 1004 

          

Shah, Sheel  

Dorothy Hamm Middle School 

Teacher: Marszalek 

 

The Effect of the Type of Mask on Air Flow 

For my experiment I tested different kinds of everyday masks on air flow because I want to 

know which type of mask I should wear to better protect myself and others. I used a hair dryer 

covered by a mask to see if it could blow out a candle. I had a control which was no mask, a 

one-use plastic mask, a double layered cotton mask, and a mouth covering gaiter. I predicted 

that the double layered cotton mask would be the most effective because it has two layers, has 

no air flaps, and it was the thickest.  
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Bass, Sonia; Bass, Ally 
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PH (PHYSICS AND ASTRONOMY) 

                    9 PH 1008 

          

Kaminski, Maya  

Washington-Liberty High School 

Teacher: Brodowski 

 

The Effect of Artificial Lighting on the Ability to View the Night Sky 

This experiment’s purpose was to examine artificial lighting’s effect on the ability to view the 

night sky in summer and fall. Artificial light (light pollution) wastes energy, harms the ecosystem, 

and interferes with visibility of the night sky. There were two hypotheses: (1) if the light is 

brighter in a location, then fewer stars will be visible; and (2) if measurements are taken in the 

fall, then more stars will be seen. Eight locations in Arlington were visited for 33 nights in 

summer and fall. At each site, the constellation Hercules (summer) or Perseus (fall) was located 

in the sky and compared to star charts, ranked zero to seven (zero, meaning no stars seen, to 

seven, meaning a sky filled with stars). Globe at Night, a citizen science program, supplied 

these charts. A light meter was used at each location to measure the lux (measurement of light) 

given off by streetlights, as well as a sky quality meter, which measured mag/sq arcsec 

(measurement of sky quality). The results supported both hypotheses. The first hypothesis was 

proven true: the location with the most artificial light had the fewest stars seen, whereas the 

location with the lowest average light measurement had the highest average star chart ranking. 

The second hypothesis was also proven: most Perseus (fall) average star chart rankings were 

higher than those of Hercules (summer). The star chart classifications were entered into the 

Globe at Night website, giving the world knowledge of Arlington’s light pollution. 
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PH (PHYSICS AND ASTRONOMY) 

                    9 PH 1009 

          

Kappler, Rachel  

H-B Woodlawn Secondary Program 

Teacher: Smith 

 

Do Different Temperatw1T/  

Teacher: 
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PH (PHYSICS AND ASTRONOMY) 

                    9 PH 1010 

          

Planey, Violet  

T.C. Williams High School 

Teacher: Kazanciyan/Matthews 

 

The Effect of Car Model on Speed 

The purpose of this project is to determine which model of car is most effective. First, three cars, 

the Ford Mustang, Ford Torino, and Monte Carlo SS were constructed using wood, and they 

were sized, scaled, and sanded to be approximately the appropriate size and shape. Then, the 

wheels were put in, along with eye hooks on the bottom. Holes were previously drilled in the 

back of the car, in order for a rocket engine to be placed in the vehicle. When testing, an s-hook 

and spring wire system was used, in order to regulate the tautness of the wire. Each car was 

placed on the wire system three times, and launched by an EIS. The photogate being used to 

measure speed, velocity, and acceleration did not work, so the data was collected by scanning 

through trial videos frame-by-frame to calculate the speed. This determined that the Mustang 

was the fastest, the Torino second, and the Monte Carlo SS third. Speed is not always the best 

determining factor for effectiveness, so in the future, an experiment with different or more cars 

and a more accurate testing system could be used.  
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PH (PHYSICS AND ASTRONOMY) 

                    10 PH 1012 

          

Ashfaq, Zainab 

T.C. Williams High School 

Teacher: Winborne 

 

The Egg Drop 

Going to the grocery store and picking up eggs is something most if not all people do but there 

is always the fear of accidentally breaking them since they are very delicate. My experiment was 
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PH (PHYSICS AND ASTRONOMY) 

                    11 PH 1016 

          

Sheehey, Alexander  

Yorktown High School 

Teacher: Schuetz 
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PS (PLANT SCIENCES) 

                    8 PS 1102 

          

Lowe, Sydney  

Kenmore Middle School 

Teacher: Brown 

 

The Effect of Hydrogen Peroxide on Seed Germination 

Hydrogen peroxide is a product frequently used by farmers. This experiment tests the effect of 

hydrogen peroxide on seed germination. First, the researcher made four different growing 

solutions (250 ml of water, 5 mL of hydrogen peroxide and 250 mL of water, 15 ml of hydrogen 

peroxide and 250 ml of water, 30 ml of hydrogen peroxide and 250 ml of water), each with a 

different concentration of hydrogen peroxide. Secondly, each bag was labeled with the 

concentration of hydrogen peroxide and a paper towel was folded to fit flat in the bag and the 

growing solution was added to the bag. Ten (garbanzo)seeds were evenly lined up on the damp 

paper towel inside of the bag. Lastly, the bags were placed on a flat surface where they could 

get plenty of sun for fourteen days. After 14 days, the experiment showed that, 92% of the 

seeds with no hydrogen peroxide germinated, whereas only 70% of the seeds with high 

hydrogen peroxide germinated. The hypothesis was if less hydrogen peroxide is added to the 

seeds, then more seeds will germinate and they will germinate healthier, and possibly grow 

taller. In conclusion, the researcher‘s hypothesis was supported. The data supported the 

hypothesis by showing that as the amount of hydrogen peroxide increased, the amount of seeds 

germinated decreased.  
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PS (PLANT SCIENCES) 

                    9 PS 1105 

          

Zouhon, Moya  

Wakefield High School 

Teacher: Troiano 

 

The Effect of Eco-Friendly Multi-Purpose Cleaners and their Ratio on the 

Height of a White Dutch Clover 

The purpose of this study was to test the effect of eco-friendly multi-purpose cleaners and their 

ratio on the height of a White Dutch clover. The independent variable was the concentration 

ratio and brand of eco-friendly multi-purpose cleaner.  The experimental group included: Home 

& Planet Multipurpose Cleaner concentration ratios: 1:5, 1:2, 1:1, Method All Purpose Cleaner 

concentration ratios: 1:5, 1:2, 1:1, and Mrs. Meyers Lavender Multi-Surface Everyday Cleaner 

concentration ratios: 1:5, 1:2, 1:1. The control group was no cleaner at all. The dependent 

variable was the height of the white Dutch clover plant. The hypothesis was: If White dutch 

clovers were given a 1-5 ratio of Home & Planet Multipurpose Cleaner to water then they 

would grow the tallest.48 cups were labeled, filled with soil and one seed and separated into 

four groups. Each group was watered with a different eco-friendly solution and ratio every day 

for three weeks. The highest mean heights were the plants watered with Home & Planet with an 

average of 2.4. The plants with the lowest mean height were the plants watered with Mrs. 

Meyers with a mean of 0. The plants watered with the 1:5 ratio of cleaner to water had the 

highest mean of 2.6.The 1:1 ratio had the lowest mean of 0. In conclusion, not all eco-friendly 

cleaners are created equal and some may be just as harmful as everyday cleaners. Also, the 

ratio of cleaner to water does have an impact on plant height. 
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