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Welcome to the first edition of our high school science research journal, New Science. While 

there are other journals dedicated to high school science research, we wanted to provide a 

broader opportunity for students to have the experience of conducting research, getting their 

work ready for publication and then submitting it for review before acceptance. We feel that 

this experience will better prepare students to get positions in research labs in college. It will 

also help them identify areas of interest for both college majors and careers. From a course 

perspective, the research papers published in this journal represent a capstone for the students 

to complete their research project started months or possibly years ago.  

  

The process has been challenging for all of us. Students and sponsors have had to overcome 

many challenges, from choosing a project to getting the final poster to print out. It has been a 

long and difficult journey. These students experienced many of the same challenges that career 

scientists face, such as finding appropriate participants and hoping experimental plants survive. 

They overcame fears of public speaking and grew in their ability to quickly and succinctly ex-

plain and defend their work. They gained new skills, such as statistical analysis and how to 

properly explain what the statistics mean. The group of students in this issue were exceptional-

ly mature and highly motivated. It was a privilege and honor to work with them throughout 

this entire process.  

 

John Murnan and Dr. Michelle Barthlow 

Editor’s Note 
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Interpretation of emotions based on the 

angle of the face 

Sindhu Manivannan 

Abstract 

 There is a saying that reading someone’s 

face is like reading a book. What would happen if 

we read that book from different angles? This 

study focuses on whether the angle of the ob-

served face affects the ability to accurately identi-

fy an emotion. An online quiz was created with 37 

questions, two of which asked the subject’s gen-

der and age and the other 35 containing pictures 

of seven emotions in five different angles, and test 

subjects were asked to identify what emotion they 

thought was being portrayed. A group of 14, 15, 

16, and 17 year old students were tested. The ini-

tial hypothesis predicted that observing emotions 

from the full right and left sides of the faces will 

have a greater impact on identification accuracy 

than other angles. Calculating age and gender 

factors into test results, the experimental data 

showed that 14 and 17 year olds had the largest 

identification accuracy when looking at the face 

from a half-left angle, and 15 and 16 year olds 

had the largest identification accuracy when look-

ing at the face from a full-left angle. The emotions 

anger and fear were most commonly confused 

with each other, and overall, half-right, half-left, 

and full-left had the highest accuracy while half-

right and half-left also had the lowest accuracy 

rate.  

Introduction 

Our faces are a key component in under-

standing other people and their emotions. We get 

the visual cues needed to recognize emotions 

from other people’s faces and process them in the 

limbic system, the part of the brain consisting of 

the amygdala and hippocampus that processes  

emotions. Several studies have indicated that the 

seven major emotions are anger, disgust, fear, 

happiness, neutral, sadness, and surprise (Jack, 

2013; Ekman, 1977; Breiter (et al.), 1996; Law-

rence (et al.), 2015) . The ability to identify these 

emotions varies with age and depends on the 

emotion, since a study conducted by Lawrence (et 

al.) found that 6 year-olds have a difficult time 

identifying disgust and fear but had no trouble 

identifying sadness and anger whereas 16 year-

olds could identify all emotions. They also found 

that gender also plays a role in emotion identifica-

tion since the aforementioned study also found 

that females had a higher identification accuracy 

rate than males. 

Emotions are identifiable by minute or 

sometimes major changes in facial features. This 

can cause some emotions to be confused for an-

other emotion, especially those of anger, disgust, 

fear, and surprise since the facial features that dis-

tinguish them can overlap. A study by Prkachin in 

2003 found that anger and disgust are similar ex-

pressions since they both involve changes in faci-

al features around the nose, mouth, and middle of 

the face, and surprise and fear are similar in that 

they both involve a possible opening of the face 

and changes in features around the eyes. Regard-

ing specific facial features as markers for facial 

emotions, Guarnera et. al found that children from 

ages 6 to 7 were able to identify disgust, fear, 

happiness, and surprise using the whole face 

while sadness was more identifiable by the eyes, 

neutral was identified by the mouth, and anger 

was identified by either the whole face or eyes. 

Small changes in facial features can also lead to 

micro expressions, a different form of facial ex-

pressions of emotion that is very fleeting and oc-

curs from either deliberate or unconscious con-

cealment of emotions (Ekman, 2015). These types 

of facial emotions are difficult to study since they  

exist for such a short time, but they allow for a 

broader range of the understanding of emotions 

and the variables behind expressing them. 

In social settings, emotion recognition can 

affect and be affected by certain factors. Emotions 

can dominate a setting and reflect a person’s per-

sonality or what they wish to be reflected as their 

personality. Facial expressions can also influence 

people to behave a certain way; for example, fear 

and anger are common expressions that portray 

submissiveness and dominance, respectively. The 

identification of these emotions in a person can 

cause the observer to be more or less aggressive 

and forces them to adapt to the situation 

(Elfenbein, Marsh, & Ambady, 2015). These re-

actions can also be affected by head orientation, 

or gaze direction. Head orientation might play a 

role “not only for our interpretation of the expres-

sion but also for our emotional and behavioral 

responses to different facial displays.” (Hess, 

2007). Gaze direction refers to whether a person 
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approaches another person looking straight at 

them or looking to the side with an averted gaze. 

This has some correlation with facial expression 

of emotion identification as one study by Ric-

ciardelli (et al.) found that “direct gaze enhanced 

the perception of approach-oriented emotions, 

such as anger and joy, while averted gaze en-

hanced the perception of avoidance-oriented emo-

tions, such as sadness and fear.” They also found 

that a neutral direct gaze and an anger or neutral 

averted gaze is less threatening in appearance and 

perception. 

The identification of emotions are also af-

fected by inverting, or changing the orientation of 

the face (usually turning the face upside down), 

the face, as some studies have found. Depending 

on the emotion, inverting certain parts of the face 

can have an effect on emotion recognition. One 

study found that happiness was recognized both  

inverted and normal, and fear, sadness, and anger 

were less accurately recognized with inverted fac-

es (White, 1999). Inversion as well as lighting, or 

luminance, and distance of the light from the face 

have a significant effect on emotion identification, 

as accuracy in recognizing the correct facial ex-

pression was found to increase as luminance in-

creased (Yang & Fotios, 2015).  

Few studies have been conducted on the 

correlation between emotion recognition and the 

angle at which the emotions are perceived. Con-

sidering all other factors that have an effect on 

emotion recognition, relatively little to no studies 

have been done to see if observing the face at a 0, 

45, or 90 degree angle would have an effect on 

identification. The current study attempts to find a 

correlation between the two variables using a 

study group of adolescents ranging from ages 14 

to 17.  

Research Question 

This project attempts to answer the ques-

tion of whether there is a correlation between the 

angle of the observed face and the ability to accu-

rately identify it. The straight angle is expected to 

have the highest identification accuracy rate while 

the 90 degree horizontal turns (Full Left/Right) 

are expected to have the lowest identification ac-

curacy rate. The emotions anger, fear, and disgust 

are also expected to have the greatest variance in 

the identification of any facial observance angle.   

 

Research Methods 

 The study was conducted with 128 sub-

jects ranging from ages 14 to 17. Test subjects 

were required to fill out and return an informed 

consent form, distributed through their teachers. 

Students were asked to take an online quiz created 

on Quia (www.quia.com), which required no 

username or password, between the dates of No-

vember 6, 2015, to November 30, 2015. The quiz 

was given during either the student’s instructional 

period or free time  after school. The quiz asked a 

series of 37 questions, the first two of which asked 

their current age and gender in order to factor in 

the two variables when analyzing data. The re-

maining 35 questions portrayed a face (Lundqvist, 

Flykt, & Öhman, 1998) and asked the subject to 

identify what emotion was expressed. Each emo-

tion (anger, disgust, fear, happiness, neutral, sad-

ness, and surprise) had five questions each; each 

of the five questions contained an image of the 

emotion at a different angle.  

 

Data Analysis 

Figure 1: Fear was the least accurately recognized emo-
tion out of all seven whereas happiness was the most 
accurately recognized. The angles Half Right and Straight 
had inaccuracies in all emotions while Full Right, Half Left, 
and Full Left had zero inaccuracies in happiness and sur-
prise respectively. Anger had the most inaccuracies with 
Full Right (48.74%); Disgust had the most inaccuracies 
with Half Left (64.7%); Fear had the most with Half Right 
(40.34%); Happiness had the most with Half Right 
(12.61%); Sadness had the most with Half Left (14.29%); 
and Surprise had the most inaccuracies with Full Left 
(26.89%). 

http://www.quia.com
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When comparing adolescent age groups 

(14, 15, 16, and 17), adolescents were found to 

have the greatest amount of significant differences 

in identifying Anger and Fear. Significant differ-

ences were taken between age groups using t-

tests; every age group comparison (i.e. 16 versus 

17, 14/15) had significant differences in the emo-

tions except for 16/17. 14/15 (6) and 14/16 (6) had 

the largest number of significant differences 

among the age group while 16/17 (0) and 15/17 

(2) had the least. Through this, it was also found 

that Anger was commonly confused with Disgust 

and Fear was commonly confused with Surprise. 

Data concerning the specific angles of the differ-

ent emotions was taken using the whole set of data 

(a total of 119) instead of separating the data by 

age. The percentage of people who got each angle 

of each emotion correct and incorrect was taken. 

Anger resulted in being recognized the most in the 

Half Left and Half Right angle (96.64%) and the 

least in the Full Right angle (51.26%); Disgust 

had the most recognition in Straight (96.64%) and 

least in Half Left (35.3%); Fear had the most in 

Full Right (54.62%) and the least in Half Right 

(38.66%); Happiness had the most in Full Left 

(100%) and the least in Half Right (87.39%); Neu-

tral had the most in Full Left (97.48%) and the 

least in Half Left (85.71%); Sadness had the most 

in Half Right (94.96%) and the least in Full Left 

(73.11%); and Surprise had the most in Half Right 

(100%) and the least in Full Left (63.34%). Over-

all, Half Right, Half Left, and Full Left were the 

most recognized angles across the seven emotions 

while, coincidentally, Half Right and Half Left 

were also the least recognized angles across the 

emotions. However, an average of the percentage 

of correct emotion identification was taken for 

each angle of the face, and results showed that 

straight had the highest percentage of correct iden-

tification (82.71%).  

Happiness had the highest accuracy rate among 

adolescents while Fear had the lowest accuracy 

rate. The prediction that Full Right and Full Left 

would be the least accurately identified was par-

tially correct since this was the case for Anger and 

Sadness (respectively); however, the Half Right 

and Half Left angles were alternatingly the least 

accurately identified for all other emotions.  

Conclusion 

The experiment resulted in Half Right, 

Half Left, and Full Left being the most recognized 

angles while Half Right and Half Left were also 

the least recognized angles. Straight had the high-

est average correct percentage across the seven 

emotions tested, and Anger and Fear had the most 

number of significant differences when analyzed 

via t-test, meaning that there were more signifi-

cant differences in identification accuracy for 

these emotions when tested between age groups 

than for other emotions.  

This in turn leads to a partially supported 

hypothesis. I hypothesized that Full Right and Full 

Left Anger and Fear would be affected the most 

affected variables in the experiment and that 

Straight would be the most accurately identified 

emotion while Full Right and Full Left would be 

the least accurately identified. The experiment re-

sulted in Anger and Fear being the most affected 

by the angles of observation as they did have the 

most significant difference; however, Full Right 

and Full Left were not the least accurately identi-

fied angles - Half Right and Half Left were. 

Straight was the most accurately identified emo-

tion only when an average of accuracy percentage 

was taken, leading to conclusion that Straight was 

identified as the most accurate for some emotions 

but was not the mode overall.  

These results are not entirely reliable as 

the pictures used for the experiment may have had 

Figure 2: Happiness was the most accurately identified emo-
tion while Fear was the least accurately identified. Happiness 
Full Left and Surprise Half Left were accurately identified by 
all test subjects; Disgust Half Left was incorrectly identified 
the most. Anger had the highest accuracy rate with Half 
Right and Half Left (96.64%); Disgust had the highest with 
Straight (96.64%); Fear had the highest with Full Right 
(59.66%); Happiness had the most with Full Left (100%); 
Neutral had the highest with Full Left (97.48%); Sadness had 
the highest with Half Right (94.96%); and Surprise had the 
highest accuracy rate with Half Left (100%). 
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overly exaggerated facial expressions of emotion, 

and this may have altered some people's answer 

choices. For future experimentation, I would like 

to use more subtle emotions rather than using pic-

tures of extremely obvious emotions.  

This experiment could possibly help future re-

searchers and analysts understand what happens in 

certain social settings. For example, analysts 

could better understand why people think a certain 

person looks threatening or angry if they are look-

ing at the person from different areas around him. 

It could better explain how emotions are perceived 

and lead to a greater understanding of how emo-

tions are processed if given different visual cues. 

In many such tests and experiments concerning 

facial expressions, the faces are seen face-front or 

Straight. The original hypothesis of the study pre-

dicted that angle Straight would have be the most 

accurately identified; however, this was not the 

case in most emotions except for Disgust. This 

leads to the conclusion that this is not the best an-

gle to conduct future experiments in for whether 

the observation angle of faces is affected by 

them). The role of microexpressions (expressions 

that result from attempted suppression of emotion) 

in emotion identification could also be tested for a 

correlation between it and the observation angle of 

facial expressions.  
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Quantifying the attentional blink that occurs 

with distracted driving 

Madeline Gilmer 

Abstract  

 In this investigation, the experimenter was 

interested in whether the attentional blink could 

be identified with respect to visual distraction and 

cognitive stress during the act of texting and driv-

ing. It was hypothesized that there would be an 

increase of interior glances while texting and 

driving, and the amount of glances and duration 

of each glance would result in an attentional blink 

and create more danger while driving. The experi-

ment was carried out through a video recorded 

driving simulation including human participants. 

The participants were asked to complete a survey 

prior to testing and then a 3-lap driving test on 

Mario Kart, which included one lap for comfort 

and adjustments, one lap for texting, and another 

for base and comparison. Results and affiliated 

footage were analyzed. Student’s T-test were run 

to analyze the data. 100% of the subjects took 

their eyes off of the simulation when responding to 

the text. Subjects averaged 8.97 seconds looking 

off of the simulator and the average number of 

glances was 12.54 to respond to a single text. It 

took subjects 10.54 seconds longer to complete 

the lap including the text compared to the control 

lap. Subjects more experienced texting and driv-

ing were less likely to make a driving error but 

were more likely to text and drive, therefore ne-

gating any reduced safety risk.  

 

Introduction/Background: 

A modern-day increase in the popularity of 

cell phone use through texting has created a sig-

nificant habit of texting and driving. A recent sur-

vey conducted by AT&T demonstrated 90% of the 

population having knowledge of the danger of tex-

ting and driving, yet continuing to do it. This cor-

relates with the section of the survey where re-

sponses showed 3/10 of survey takers feeling con-

fidence in the ability to do several other things 

while driving. The state of mind during the act 

seems to be "this one instance will not be danger-

ous”. When a driver is texting, their motives are 

sensation seeking and impulsive. Crothers (2014) 

found that a neurochemical is released in the brain 

that makes the user feel happy when using the 

phone, but a sense of withdrawal when not using 

the phone. One who texts and drives is constantly 

on an anticipatory search for a response (Crothers, 

2014). They feel as if they can strategically 

choose times of little mental demand in the driv-

ing scene, which is the road, surrounding cars and 

environment, and redistribute the unused attention 

to the cellular device (Strayer, 2003). The strate-

gic reallocation of attention takes less relevant in-

formation in the driving scene and directs it to the 

cell phone, but the highest priority is maintained 

in the driving scene (Strayer, 2003). Physical at-

tention and complex mental processing make up 

the act of driving, and adding the element of tex-

ting causes the sensory information amount to 

cross the brain’s limit. The depleting attention that 

occurs when tasks are performed concurrently es-

tablishes the limit on the number of tasks able to 

be completed with enough brain capacity (Park, 

2013). Mental processing is made up of four com-

ponents: feeling a sensation, recognition of the 

situation, becoming aware of the situation, and 

picking a response to the situation. While driving 

is a large cognitive load, adding texting to the sit-

uation would create an even larger cognitive load; 

therefore, this will result in a longer mental pro-

cessing time (Anderson, 2012).  

The existence of an attentional blink exists 

throughout many studies. An attentional blink is 

defined as a lapse in attention that is not always 

recognized by the subject. It is predicted to occur 

when the visual is switched from an original target 

to a second target. The result of the switch could 

be a delayed mental processing or no mental pro-

cessing at all of the second target (Park, 2013). 

According to Di Lollo (2005), the identification of 

the second target is impaired or prohibited if it 

occurs less than 500 milliseconds after the identi-

fication of the original target. The attentional 

blink occurs if the second target is of a different 

“category” than the first; this is evident in the cat-

egory of the road versus the category of the cellu-

lar device. Di Lollo (2005) concluded that the ab-

rupt switch to the second target causes a tempo-

rary loss of control and ultimately, an “attentional 

blink” (Di Lollo, 2005). Sundin carried out a simi-

lar experiment by examining the correlation be-

tween glances and texting while driving. He de-

fined a glance as the time it takes to refocus and 

focus on a new area and then refocus on the origi-
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nal area (Sundin, 2012). The existence of an atten-

tional blink is verified by the results of Drews in 

his experiment of texting during simulated driv-

ing. He found that drivers engaged in a phone 

conversation process up to 50% less information 

than drivers who are not engaged in distractions 

(Drews, 2009). 

After many experiments and testing of var-

ious variables, texting and driving has been con-

cluded as a stress on the central nervous system. 

The stress can be seen through increased arterial 

pressure and respiratory abnormalities. Ultimate-

ly, the brain’s ability to react to visual stimuli is 

reduced, and the human body is forced to compen-

sate with physiological reactions (Park, 2013). 

When the driver is looking at the phone, the time 

spent looking inside the car is increased; there-

fore, drivers increase following distance, miss 

lane change cues, and deviate from the lane more 

often. A study carried out by Owens (2010) 

showed the correlation of age and time spent look-

ing inside the car while texting. It concluded that 

older drivers took significantly longer to send me-

dium-length messages, which is an age-related 

impairment (Owens, 2010).   

In this investigation, the research conducted an 

experiment to quantify the attentional blink that 

occurs with distracted driving. The simulation was 

carried out with driver participation in a Mario 

Kart driving simulation, or video game. Glance 

duration and frequency was recorded to allow the 

researcher to quantify the attentional blink that 

occurred when reading and responding to a com-

mon text message.  

Methods: 

The goal of the simulation was to create 

the most realistic driving atmosphere. A black 

Honda Accord was used as the driving simulation 

environment. The simulation was set up in the 

passenger seat, as the steering wheel on the driv-

er’s side interfered with the Wii Racing Wheel 

configuration. A Wii Racing Wheel was con-

structed that allowed 180 degree turns and angle 

angle adjustment lever that was fixed to most the 

most common angle of driving wheels in a typical 

car. A 26 in. Samsung television monitor was set 

up on the hood of the car where the windshield 

met the hood. The Wii game console was posi-

tioned on the hood with the sensor placed inside 

the car on the dashboard. Two video cameras were 

set up: one, a Canon Vixia HFR20, behind the Wii 

sensor on the dashboard and the other, a Canon 

Vixia HFR300, was positioned with a tripod in the 

back seat. The back seat camera showed footage 

of the drivers back and profile, hand movements 

around the steering wheel, and the screen of the 

television monitor.  

After the simulation atmosphere was set 

up, a Texting & Driving Survey was created that 

included questions from the 2012 AT&T Teen 

Driver Survey (AT&T 2012, see appendix). The 

participants were asked to respond as accurately 

and honestly as possible. After receiving their re-

sults, the subject entered the simulator and buck-

led themselves in. The experimenter recorded 

their driving experience, in months starting from 

the date they received their license, and their Mar-

io Kart experience and made sure the subject was 

comfortable in the environment. The simulator 

was set on 1-Player, Time-Trial, and the race that 

was chosen was N64 Mario Raceway. Mario was 

chosen as the character, and the Standard Kart on 

automatic was chosen as the vehicle. 

After each video camera was started, the 

Time-Trials began. The first lap was their baseline 

lap that allowed the participants to get used to the 

simulation environment, and the lap time was rec-

orded. The second lap was the experimental lap. A 

text that read “What are you doing after school?” 

was sent to each subject within the first five sec-

onds of starting the lap. The experimenter record-

ed the total amount of time the kart was off the 

simulated round, including number of swerves and 

number of obstacles hit. After completion of the 

second lap, the subject completed a third lap, 

which served as the control and comparison lap to 

lap two. After all lap times were recorded, the 

subjects were asked “On a scale of 1 to 10, how 

stressed were you during the act of texting and 

driving?” 

After all video footage and data was collected 

throughout the experiment. The experimenter re-

viewed the video footage and gathered data re-

garding the total amount of glances taken by the 

subject and the total amount of time the subject 

was looking off of the simulated road. T-Tests 

were performed the compare the results and corre-

lations were created to represent trends.  

Results: 
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All participants had driving experience. A 

little over half of the participants believed that 

texting and driving is dangerous, which relates to 

over half of the participants texting and driving 

often. There was a very small variation between 

Lap 1 and Lap 3 times, which means that the par-

ticipants had little trouble adjusting to the environ-

ment of the simulation. However, there was a sig-

nificant difference between Lap 2 and Lap 3 

times, which means that texting and driving dur-

ing the second lap greatly increased their lap time. 

Every participant was recorded swerving off of 

the simulated road for at least two seconds. So, 

texting and driving negatively affected every par-

ticipant's driving performance. Each participant 

had to take at least five glances while reading and 

sending their text message, which increased their 

time looking off screen and directly affected their 

driving performance.  

P-values were obtained using a paired two 

sample T-Test for means when comparing varia-

ble group. Following that, correlations were con-

ducted between variables. Lap 2 was used as the 

experimental lap where participants received and 

responded to the text message, while Lap 3 was 

used as the control lap. Comparing the two laps, it 

was discovered that there is a significant differ-

ence in lap times that averaged 10.548 seconds. 

The variation is due to the total amount of glances 

taken by the subject and the total time the subject 

looked off the screen. On average, subjects took 

12.4 glances and looked off the screen for an aver-

age duration of 8.961 seconds while reading and 

responding to the text message. 

There is a .521 correlation between the variation 

of lap times of Lap 2 and Lap 3 and the total time 

the participant spent looking off of the simulation 

screen. This means that the more time the subject 

spent looking off screen, the higher the variation 

was between Lap 2 and Lap 3 times. This result 

suggests that there is an existence of an attentional 

blink when the subject glances from their phone 

screen the simulated road. This attentional blink 

exists because of a delay in the subject’s brain 

when focusing between the phone screen and the 

road; during that delay, the subject has a hard time 

keeping their kart on the simulated road. There is 

a .508 correlation between the total time the par-

ticipant spent looking off of the simulation screen 

and the time they spent off the road during the 

simulation. This means that the more time they 

spent looking off screen, the more time they were 

off the road.  

Discussion: 

Twenty-five subjects completed a survey 

and participated in the simulation of texting and 

driving. Responses to the survey showed that 80% 

of the participants believed that texting and driv-

ing was dangerous; however, 52% responded that 

they still continue to do it once or twice, or more 

every time they step in the car. 

My hypothesis was accepted, as there was 

a direct relationship between the number of glanc-

es and the length of the glances and driving per-

formance. One interesting, possibly disturbing 

finding is that participants who were more skilled 

at texting and driving spent less time looking off 

screen during the test. The less time spent looking 

off screen can be related to those participants that 

could text and drive faster and more efficiently. 

So, they reduced their chances of swerving off of 

the road because they looked away from the 

screen for a shorter amount of time. This result 

suggests that those who perform the task of tex-

ting and driving more often, are less likely to stray 

off the road while doing it. The risk from this 

finding is that people who are experienced may be 

more likely to text more often. So while their skill 

is better, they increase the number of times they 

do it and as a result the risk of texting and driving 

is not decreased, but likely increased. 

 One big limitation of the study was that it 

was a simulation instead of a real-life driving ex-

perience. The use of the Mario Kart video game 

likely produced results that would differ from a 

real-life experience. The participants also sat in 

the passenger seat due to the interference of the 

real steering wheel on the driver’s side. This could 

have altered their performance as the participants 

are accustomed to sitting on the right side of the 

vehicle. The wii wheel that was used for the simu-

lation was significantly smaller than a typically 

car steering wheel, which may have affected the 

drivers’ performance. However, after all differ-

ences from simulation to real-life situations, the 

data was consistent from participant to participant, 

which suggests that the results would be similar to 

what would be expected from a real-life experi-

ment.  
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The effect of magnetism on plant growth 

Alyssa Goldin 

Abstract 

The study of magnetism and its impact on radish 

plant growth will become an important study if 

scientists continue to show the positive effects of 

magnetism on the growth of plants. This includes 

increase of yield and widespread use of the tech-

nology could result in cheaper, and more availa-

ble food supply. Along with farmland decreasing, 

the need for techniques that can grow healthy 

food more quickly is in demand. This could also 

contribute to the poor countries in need of a 

healthy food supply. I tested to see if magnetism 

impacts the growth of radish plants and their 

roots over the course of four weeks. Many aspects 

of magnetism, gravity, hormones, roots, type of 

plant, water, temperature, etc. all have an impact 

on the growth of plants. I looked into the main 

points of Magnetism and Iron, Gravity on Roots, 

and Radish Plants. They all explain mostly how it 

affects the growth of the radish plants. Water is 

also the main component of plants, but that isn’t a 

variable in my experiment. When people grow 

plants, they don’t necessarily think about what 

could improve the quality or speed at which it 

grows. If they take a little time doing some re-

search, they could realize what all contributes to 

the growth of plants and how to improve it. Scien-

tists have studied this for years and hopefully one 

day it could be put to a benefit. A lot of this re-

search was conducted in order to help understand 

mainly how all of this works. With time I came to 

the conclusion after all my findings and figured 

out how important little things are when growing 

a plant and caring for it. 

Keywords: magnetism, radish plants, growth, 

yield, supply, roots, iron, gravity, water  

Introduction 

This topic had been previously researched by Lou-

is Pasteur in 1862. His research concluded that 

http://bit.ly/21tTfoG
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magnetism affects the growth of plants, when he 

was experimenting on the fundamentals of fer-

mentation. Found in previous findings, magnetism 

does effect the growth of plants based on Earth’s 

geological magnet of the north and south pole. 

According to the research of Louis Pasteur, the 

plants will grow faster and taller when exposed to 

the North Pole. Earth’s gravity acts on the plants 

roots by pulling them towards the magnetic field. 

He did not specifically study radishes that plant 

was chosen for my experiment. In the future, I 

will study the effects of magnetism on multiple 

types of plants. Another problem is, he did not 

study if it affected the growth and strength of the 

roots. This leads to the question: if magnetically 

manipulated, will it make the plant a better tasting 

and stronger fruit or vegetable? Which could be 

resolved with further experimentation. I tested the 

effects of magnetism on radish plant height and 

their root length. There is no current research 

available on the impact of magnetism on roots. I 

chose this topic because I found that radishes are 

high in iron, they are fast growing in cold weather, 

and they grow from their roots. Iron has a huge 

contribution to the growth of plants and it is pre-

sent in high quantities. Without iron, plants cannot 

produce chlorophyll,  

cannot receive oxygen, and would not be green. 

Iron flows needs elements through the circulatory 

system. This study will help with faster crop pro-

duction, which could make money faster and feed 

those in need.  

Materials & Methods 

In my experiment I grew radish plants over the 

course of four weeks and measured the height of 

the plants in centimeters every other day.  

My hypothesis is that the magnet at the bottom of 

the pot will pull the roots causing them to grow 

longer and faster than the plants without the mag-

net. Also the height of the stem with the magnet at 

the bottom of the pot will grow taller and faster 

than the plants without the magnet. I base my hy-

pothesis on the fact that the magnetic field creates 

energy that increasing the speed and development 

of the plants growth. 

My null hypothesis is that there will be no signifi-

cant difference in the height of radish plants with 

a magnet compared to the radish plants growth 

without the magnet and there will be no signifi-

cant difference in the length of the roots of the pot 

with the magnet compared to the radish roots 

without the magnet.  

The dependent variable is the effect on the plant 

growth and root growth in centimeters, and the 

independent variable is the magnet inside the plant 

vs. no magnet in the plant. 

The materials I will need are: 36 Cherry Belle rad-

ish seeds, 6 clay pots, a permanent magnet, glow 

light, measuring cups, ruler, soil, and Miracle Gro 

Quick Start solution. 

For the method of my experiment I will first gath-

er all the materials.  

In preparing for this experiment I had six 6 inch 

pots three of which contained a single Neodymi-

um Permanent Disc magnet, which is a rare-earth 

magnet typically 1.3 teslas, at the bottom center of 

the pot. Then labelled 3 pots Pot A1, A2, and A3 

and the other 3 pots B1, B2, and B3 and fill each 

with four cups of Pike’s Indoor and Outdoor Pot-

ting Soil. Pots A did not contain a magnet, but 

Pots B did. 

I planted one Cherry Belle Radish seed 2 centime-

ters deep around the center of the pot spaced about 

4 centimeters apart. Six seeds were planted in 

each pot, creating a total of 36 radish plants. Half 

were being affected by a magnet, the other half 

were not. They were under the grow light from 

9:30AM to 9:30PM. The pots were placed in two 

rows. 

Since they do not need much water, I watered 

them with ½ a cup of water every two days. On 

the first day I planted them, I used the Miracle 
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Gro Quick Start solution instead of water. The 

tallest plant in each pot was measured with a ruler 

in centimeters every other day after the first week. 

The first week allowed time for the radishes to 

develop and surface the soil. There wasn’t much 

to measure the first week. At the end of each week 

I took pictures of the plants progress . 

Results 

For my results, I took the height of the stems at 

the end of each week to see how much it grew 

each week. At the end of week one, Pot A1 grew 

6cm, Pot A2 grew 8cm, Pot A3 grew 6cm, Pot B1 

grew 9cm, Pot B2 grew 4.5 cm, and Pot B3 grew 

5cm. At the end of week two, Pot A1 grew 8cm, 

Pot A2 grew 10.5cm, Pot A3 grew 9cm, Pot B1 

grew 10cm, Pot B2 grew 9cm, and Pot B3 grew 

10cm. At the end of week three, Pot A grew 

*.5cm, Pot A2 grew 11cm, Pot A3 grew 9.5cm, 

Pot B1 grew 11.5 cm, Pot B2 grew 9cm, and Pot 

B3 grew 11.5cm. At the end of week four, Pot A1 

grew 9cm, Pot A2 grew 12cm, Pot A3 grew 10cm, 

Pot B1 grew 12cm, Pot B2 grew 9.5cm, and Pot 

B3 grew 12cm. 

The plants were dug up after four weeks and 

measured the length of the tallest plant’s roots of 

each pot. The tallest plant in Pot A1 had a root 

length of 3.5cm. The tallest plant in Pot A2 had a 

root length of 7cm. The tallest plant in Pot A3 had 

a root length of 5cm. The tallest plant in Pot B1 

had a root length of 5cm. The tallest plant in Pot 

B2 had a root length of 8cm. The tallest plant in 

Pot B3 had a root length of 7cm. 

Conclusion 

For my conclusion, after testing for four weeks, I 

found that magnetism does impact the growth of 

radish plants and their roots. At one point in the 

beginning, some plants in Pots A were taller than 

those in Pots B, but after a week the plant is Pots 

B grew faster and eventually passed the height of 

those in Pots A. The plants grew the fastest the 

first two weeks and slowed down towards the last 

two weeks. I believed this happened to make the 

stem thicker and more stable to support itself as it 

grows taller and less stable. When the stems first 

appeared out of the soil, it started as a little leaf, 

which grew taller, and eventually another leaf 

branched off the side. Since the plants were a little 

‘floppy’ they didn’t stand up very straight, most 

were leaning to the side. I believe this was a 

weight issue along with the rapid growth of the 

plant, the stems were not able to be as stable.  

After digging up the plants, I found that the roots 

in Pots B were longer than those in Pots A, I do 

believe the magnets energy force and magnetic 

field pulled the roots downward causing them to 

grow a little faster.  
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Using the Stroop Test to  examine cognitive  

interference 

Erin Williams 

Abstract 

This experiment investigates if and how cognitive interfer-

ence affects human processing and understanding of infor-

mation. The Stroop test is utilized to determine if there is a 

difference in how the informational conflict affects individu-

als and if practice improves the results. Participants were 

asked to name the color that the word was written in versus 

the word that is spelled out, causing simultaneous compet-

ing cognitive stimuli. Participants were given a chance to 

practice, and then tested again to see if practice improves 

the time and accuracy of this test. Participants of two age 

groups were used: 16-18 and 35-50. Many mental abilities 

decline with age. This experiment will investigate how age 

affects interference. The data recorded was the time of re-

sponse along with the accuracy of the response. Participants 

engaged in two practice sessions to practice the overall con-

cept of the study. Null hypothesis one states that there will 

be no statistically significant difference in accuracy (number 

of colors correct) for ages 16 to 18 versus ages 35 to 50. 

Null hypothesis two states that there will be no statistically 

significant difference in accuracy scores before practice or 

after practice for ages 16 to 18 versus ages 35 to 50. Null 

hypothesis three states that there will be no statistically sig-

nificant difference in speed of completion of task before 

practice or after practice for ages 16 to 18 versus ages 35 to 

50. 

Keywords: neuroscience, interference, Stroop test, 

neural signals, cognitive abilities, attention, informational 

conflict 

Introduction 

The topic of informational conflict and how our brain pro-

cesses it is something that neuropsychologists are trying to 

learn more about. Since a large portion of the human brain is 

a mystery, it is difficult to determine how much certain pro-

cesses affect it. My study will contribute to the findings 

about how our brain focuses on one signal versus another. It 

will show how age affects this informational conflict and 

anything that can be added to that subject will be very use-

ful. This study may find the same results as other attempts 

before my study, but either way it will prove or disprove 

theories that others have concluded. Most of the studies 

done with the Stroop test involve a comparison of age with 

no practice sessions, only the test. They would have the par-

ticipants take the Stroop test only once and compare accura-

cy. With this study, the goal is to provide more context on 
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whether or not practice has any effect on interference. I am 

also doing an age study to compare how our brain’s mental 

abilities, such as attention and focus, slow down as we age. 

It will contribute to the findings about how our brain focuses 

on one signal versus another and will show how age affects 

cognitive interference. The main problem with this topic is 

the lack of knowledge. Only so much research can be con-

ducted on this topic, because not enough is known about 

whether or not the results found have any relevant meaning 

to conflicting neural impulses. Our brains process so many 

different signals at once it is impossible for all of them to be 

fully received and sent back out all at once. So the question 

is which signals override one another? And do some signals 

take more priority over other signals? I was able to gain an 

insight to these questions through the results of my study. 

Through this test, information about interference proved that 

there are different parts of our brain that assist in processing 

competing neural signals, which could lead to advancements 

in how we learn. This one test can reflect a lot about the 

brain and lead to greater things that we can’t even imagine.  

Materials and Methods 

The experiments were conducted from the beginning of No-

vember to the end of December. Participants from both age 

groups (16-18 and 35-50) were tested separately and indi-

vidually. First, the experiment began by laying the first offi-

cial Stroop test face down in front of my participant and 

gathering my supplies. I had the answer key on a table in 

front of me, a pen to record their answers, and a stopwatch. 

Then I read them the instructions and began recording their 

answers as soon as they started. I put a check mark beside 

every correct answer. If the participant started to say the 

incorrect word then fixed the error I marked an X beside the 

word, because the interference was greater than the ability to 

receive and interpret the incoming signal. If the participant 

said the wrong color then I put an X beside the word. As 

soon as the participant said the last color on the test I 

stopped the time and counted up their total number of cor-

rect answers. Next, I wrote their time, number of correct 

answers out of 100, name, and age group on the front of the 

answer key. This process was the same for all three official 

Stroop tests they took. Each official Stroop test took any-

where from three to five minutes from the time it took to set 

up and read the instructions to the time their results were 

calculated.  

or the two rounds of practice Stroop tests, I conducted the 

experiment differently. These two rounds were not timed, 

and I was not keeping track of accuracy. I have a total of 

eight practice tests (four each round), and I would have all 

four faced down on a table. I would read the instructions to 

the participant, which entailed them flipping over the next 

test as soon as they finish the previous one. After the fourth 

and final practice test, I then administered the second offi-

cial Stroop test to test the immediate affects the practice had 

on the accuracy and time. I conducted the second and third 

official Stroop tests the same way I did the first official test 

(paragraph 1), but the second and third official test were 

taken after practice rounds. Each set of four practice tests 

took about five minutes to complete. After all the data was 

collected for each participant, it was stored in an excel docu-

ment to compare the accuracy and time between ages as well 

as the affect practice had on the results. The materials that 

were used in conducting these experiments included: three 

official Stroop tests, eight practice Stroop tests, a stopwatch, 

paper, a pen, and a quiet place to take the tests.  

Results 

The findings indicate that the teenage group (ages 16-18) 

can better overcome the informational conflict and complete 

the test in a faster and more accurate manner than the adult 

group (ages 35-50). The speed that the tests were performed 

is where the groups differ the most. Adults were substantial-

ly slower than teenagers. The graph above represents the 

averages of accuracy for each Stroop Test for each age 

group. As far as accuracy goes, adults were less accurate as 

a whole, but not as significantly different as first predicted. I 

have found that 56% of teenagers completed Stroop test 1 

under one minute and forty-five seconds. 60% of teenagers 

completed Stroop test 2 under one minute and forty-five 

seconds. 72% of teenagers completed Stroop test 3 under 

one minute and forty-five seconds. I chose to compare the 

times at one minute and forty-five seconds because it was 

close to the average of all the times. As far as accuracy goes, 
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52% of teenagers got 95/100 correct or better on Stroop test 

1. 68% of teenagers got 95/100 correct or better on Stroop 

test 2, and 76% also got 95/100 or better on Stroop test 3. I 

compared these using 95/100 because it was a midpoint 

range for the average of the teenage times. For the adult 

group (35-50), 16% of the adults completed Stroop test 1 in 

less than one minute and forty-five seconds. 28% of the 

adults completed Stroop test 2 in less than one minute and 

forty-five seconds. 28% of adults completed Stroop test 3 in 

less than one minute and forty-five seconds. A minute and 

forty-five seconds was not the average for the adults, but it 

was used as a comparison time between both age groups. As 

far as accuracy is concerned, 32% of adults got 95/100 cor-

rect or better on Stroop test 1. 32% of adults got 95/100 cor-

rect or better on Stroop test 2, and 40% of adults got 95/100 

correct or better on Stroop test 3 The graph above represents 

the averages of time for each Stroop Test for each age 

group. For the 16-18 age group, the average time it took to 

complete ST 1 was 1.46 seconds, the average time for ST 2 

was 1.41 seconds, and the average time for ST 3 was 1.38. 

For the 35-50 age group, the average time it took to com-

plete ST 1 was 1.64 seconds, the average time for ST 2 was 

1.60 seconds, and the average time for ST 3 was 1.58 sec-

onds. Graph 2 represents the average number of correct an-

swers per age category for each test. For the 16-18 age 

group, the average number of answers correct for ST 1 was 

92/100, the average correct for ST 2 was 94/100, and the 

average correct for ST 3 was 96/100. For the 35-50 age 

group, the average number of answers correct for ST 1 was 

88/100, the average correct for ST 2 was 90/100, and the 

average correct for ST 3 was 93/100.  As far as speed is con-

cerned, adults had less of an increase in time between Stroop 

Test 1 and 3, and they also had no increase in the number of 

participants able to complete the time in less than one mi-

nute and forty-five seconds between Stroop Tests 2 and 3. 

The data was analyzed using a t-test. T-tests compare the 

means of two groups to determine there is a statistically sig-

nificant difference in these groups.  Data is found to be sta-

tistically significant if the result of the t-test is a number less 

than .05. When measuring time between ST 1 (Stroop test 1) 

and ST 2 (Stroop test 2) for the 16-18 age category, I found 

that the times were statistically significant. The times be-

tween ST 2 and ST 3 (Stroop test 3) were not statistically 

significant, but the times between ST 1 and ST 3 were statis-

tically significant, even more so than the difference between 

ST 1 and ST 2. This means that practice had the greatest 

effect on times from the first time participants were tested to 

the very last time they were tested. When measuring time 

between ST 1 and ST 2 and between ST 2 and ST 3 for the 

35-50 age category, I found that the times were not statisti-

cally significant, however the times between ST 1 and ST 3 

were statistically significant. This means that overall prac-

tice did improve the time between the first and last time par-

ticipants in this age category were tested. When measuring 

accuracy between ST 1 and ST 2 and between ST 2 and ST 

3 for the 16-18 age category, I found that the number correct 

were not statistically significant. Although between ST 1 

and ST 3 I found that the number correct was statistically 

significant, which means that the overall accuracy improved 

between the first and last test. When measuring accuracy 

between ST 1 and ST 2 for the adult age group, I found that 

the number correct was not statistically significant; however, 

between ST 2 and ST 3 as well as ST 1 and ST 3 it was sig-

nificantly significant. The greatest improvement in accuracy 

was seen for the adult age group between the second and last 

testing and the first and last testing.  

One interesting comparison I noticed, but did not test for, is 

that females for both age groups were able to complete the 

tests faster and more accurate than males. I pulled my data 

for each participant of both age groups to see if a certain 

color messed people up more than the others, and I found 

that words that were written in the colors brown or purple 

were most frequently missed among the participants. So far 

there is not research that indicates certain color-word combi-

nations are more difficult to process than others, but it 

would be an interesting topic for a continuation of my pro-

ject in the future.  

Conclusions 

 Based on the data I have gained throughout the 

experiments, my hypothesis that stated practice did not im-

prove accuracy or speed was invalid. This was the main fac-

tor that I was testing and the research found in my lit review 

supported my hypothesis and some did not, so I personally 

went with the research that took the position of practice not 

having a substantial effect on the scores. The research that 

backed this up stemmed from the concept that certain cogni-

tive and mental processes are something we cannot control 
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and do not fully understand, so how can practice affect 

something that cannot be controlled? Other positions point-

ed out that we learn most things through practice, and we 

can treat our cognitive mind the same as the parts of our 

brain that control physical movement and motor skills. So 

therefore, if we learn how to ride a bike by practice then we 

can learn how to train our brain to better process informa-

tional conflicts, because the cognitive mind and physical/

motor areas of our brain work hand in hand. It was obvious 

after about eleven out of fifty tests that I could tell practice 

had a huge impact on both age categories’ speed and accura-

cy from the first official Stroop test to the last one. Overall, 

practice did improve speed and accuracy for both age 

groups.  My other hypothesis I formed stated that the age 

group 16-18 (teenagers) would have faster times and better 

accuracy, and this was supported by the data. Overall, 16-18 

year olds were able to complete the tests in a faster time than 

the age group 35-50 (adults). This conclusion supports the 

findings in the literature. It ties into the ability for younger 

people to process incoming signals and interpret them in a 

timelier manner. One interesting conclusion that I did not 

expect to find was that the accuracy for the adults and teens 

group was not that far off from one another. Teens were 

slightly more accurate overall, but adults were able to aver-

age a score in the mid 90’s out of 100. All the research I 

found supported the fact that teens would be faster, but none 

of the research compared which group would be more accu-

rate. Many outside factors have an impact on the results of 

this test and how much things, like one’s ability to multitask, 

are hindered due to these factors. Outside factors such as 

educational backgrounds, ethnicity, and stress are things that 

could potentially lower times and affect accuracy. While it is 

impossible to determine how much something like stress 

would affect results, it is something interesting to keep in 

mind while observing tests. One factor that would be intri-

guing to detail upon for a future study would be to test how 

Lexile scores affect the speed and accuracy of the Stroop 

tests. For the statistics, I made my calculations out of per-

centages, and I did this by taking the number of test subjects 

I had (25) and multiplying it by four to get to 100 as the 

overall percentage. I then took the number of participants, 

out of 25, for each factor that I tested and multiplied it by 

four, just as I did to the overall total of subjects. This gave 

me my percentages that were mentioned in the data analysis. 
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Understanding the experience of emotions: role 

of age, gender and empathy 

Caroline Usry 

Abstract 

This experiment, "Understanding and Experience 

of Emotions: Roles of Age, Gender, and Empathy", 

was conducted in order to provide statistical data 

of the various emotional differences in which dif-

ferent genders portray. By conducting this experi-

ment, males and females can be better understood 

based off of how stoic they are. This study will add 

to the existing literature on gender and emotions. 

It takes a closer look at one's emotional expres-

sion, emotional regulation, and their initial feel-

ings. Although stereotypes often say men have less 

emotions than women, this study could prove that 

theory wrong. By understanding the differences of 

an individual's emotions and the way they choose 

to express them it will allow people to find ways to 

deal with emotions and help them in the future. 

Throughout the study, the questions, “Is there a 

difference between the ways males and females 

express their emotions?", “Is there a difference 

between the ways adolescents and adults express 

their emotions?” and "Are males more stoic than 

females when it comes to expression of sadness?" 

will be considered. A sample of both males and 

females will be used. The study will be conducted 

by using videos in which should trigger emotions, 

such as happiness and sadness, within the sub-

jects. After watching the videos the subjects will 

take a survey in order to tell what they felt. They 

will also take another survey in order to deter-

mine their general emotions. Then, the results will 

be compared to each different sample group in 

order to analyze the variations between them. 

Keywords: Emotional expression, emotional regu-

lation, stoicism, and emotional experience. 

 

Introduction 

It is a common stereotype that men express 

emotions a lot less than women. Emotions of hap-

piness, sadness, and fear are more characteristic of 

women, but anger is considered more of a charac-

teristic in men. Many studies have previously 

shown that the main difference is through their 

emotional expressions and emotional regulation. 

Often times, these differences appeared to be pre-

sent due to customs and stereotypes created by 

these cultures. However, some findings suggest 

similarities between genders of emotional experi-

ences. This leads us to question differences within 

different terms, such as emotions of sadness and 

anger. Men's approach to stressful situations could 

be more problem focused, rather than emotional 

focus as found in women. Instead, men are be-

lieved to be more stoic than woman. Stoicism is 

the endurance of pain or hardship without the dis-

play of feelings and without complaint. This 

makes people believe that men are lacking in 

emotional involvement, lacking in an emotional 

expression, and exercising emotional control or 

endurance often. This study is designed to more 

closely examine the emotions of males versus fe-

males determined by a series of videos and ending 

with a survey. This study focuses mainly upon the 

two most prominent human emotions of happiness 

and sadness that can be analyzed further to under-

stand even more emotions. 

Methods 

Within this project, several different varia-

bles will be tested in attempt to understand the 

different emotional reactions between different 

genders. The results will also be compared to re-

sults of the same tests placed on adults in order to 

determine how the gender differences of express-

ing emotion change with age. A sample of 15 ado-

lescent girls and 15 adolescent boys will be used 

in this experiment, ages 6-17. The same sample 

size will be used again for the adults’ test, but us-

ing 15 adult women and 15 adult males instead. 

Each person will be chosen from a group of vari-
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ous people, ages 18-50, known to me. The sam-

ples will be chosen from this varying group in or-

der to prevent any type of bias. After the partici-

pants are chosen, the experiment can begin. Each 

participant will watch a series of videos. The first 

video displayed will be happy, in attempt to trig-

ger happy emotions (such as smiling, laughing, 

etc.). The second video will be sad, in attempt to 

trigger sad emotions (grimacing, looking away, 

etc.). After watching each video, the participants 

will take a survey. The survey will ask questions 

such as, “Did you feel sad while watching the vid-

eo?” or “Did you try to hide your emotions when 

watching the video?” The first survey will be a 

short survey analyzing the emotions felt by the 

participant while watching the video. It asks ques-

tions such as how they reacted to the  video and 

which parts triggered their emotions. The second 

survey is one in which goes over emotions in gen-

eral in different sorts of situations. For example, it 

asks how emotional they are on a scale of 1 to 5, 1 

being not emotional and 5 being very emotional. 

Each of these tasks will take approximately 30 

minutes and will allow further analyzing. 

Results 

The answers from each survey will help 

determine their actual emotions. Their results 

from the survey will also be graphed. Then, both 

sets of survey results for adolescent and adult fe-

males will be graphed together. Finally, all of the 

data can be observed and analyzed to come to a 

conclusion on which gender shows more emotion 

and whether or not the results vary by age. After 

watching the videos, two surveys will be taken. 

Conclusion 

After the participants completed watching 

the videos and answering the survey, their results 

were compiled together. First, I analyzed the data 

from the survey regarding the videos. What I 

found was that adult males and females had simi-

lar results than adolescent males and females. 

Both genders from the adult group said they felt 

emotions, mainly sadness and happiness, and both 

expressed them. The adults also shared similar 

reasons as to why they expressed the emotion. In 

both cases, they related their emotions to the fami-

ly aspects of the video. However, the adolescent 

group differed based upon gender. The majority of 

the adolescent males said they did feel emotion, 

but this emotion was that of happiness or enlight-

enment, while females said they felt both happi-

ness and sadness. When it comes to the reasons, 

the adolescents focused their emotions on the rela-

tion to the child, instead of the whole family as-

pect which the adults focused on. 

  In the second survey, the results were once 

again similar for adults. However, their answers 

most differed when asked how much they keep 

their emotions to themselves. Female adults typi-

cally answered that they do not keep their emo-

tions to themselves and express them instead. Yet, 

adult males almost always said they keep their 

emotions completely to themselves. Adolescent 

males also said they kept their emotions to them-

selves, and adolescent girls said they expressed 

them most of the time. Although this question was 

similar to adults, many of the others differed. Ad-

olescent males said when they were sad, they do 

not tend to cry. Adolescent females said they 

sometimes do tend to cry, at least more often than 

boys. Also, adolescent males said they were afraid 

to express their feelings, but females' results 

showed they are generally not afraid to do so. Sur-

prisingly, the results applicable to anger was fairly 
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similar between males and females in this study, 

disproving one of my previous theories. 

  Overall, it can be concluded that the emo-

tions of adults are more similar in regard to males 

and females than those of adolescents. Also, as 

predicted, the main difference is that females are 

more willing to express their emotions even 

though both males and females share relatively 

similar emotions. This proves that males are more 

stoic than females and generally express happi-

ness more than sadness. 
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Comparing the physical properties of bioplas-

tics and petroleum-based plastics  

Holt Thomas 

Abstract 

The purpose of this experiment is to discern if 

there is a difference in the physical properties of 

two differently based types of plastics: bioplastics 

and traditional petroleum based plastics. 25 bars 

of each type were obtained directly from the man-

ufacturer. The materials will be tested in a tensile 

impact test that will test their ability to withstand 

a sudden impact. The plastics will be struck by a 

pendulum system that will cause the plastic to de-

flect from their original position. In the first trial, 

the bioplastic tensile bars snapped while the pe-

troleum bars deflected, leading to no conclusive 

data about the physical strength of the bioplastic, 

but does show that the bioplastic is more brittle. 

In the second trial, the plastics were found to have 

no significant difference in the tensile impact 

strength. 

Introduction 

Ever since its invention in 1907 (Fridovich

-Keil, 2014), the world has grown to be dependent 

on plastics for almost everything we do. We use it 

for packaging the majority of the goods that we 

produce and for the casing and structure for every-

thing from toys to electronics. Plastic has become 

a necessity. However, almost all plastics are based 

on taking petroleum and chemically separating it 

so that the polymers can be used to create plastics. 

Unfortunately, petroleum and crude oil is getting 

harder to obtain due to dwindling supplies of this 

non-renewable resource. Humanity has to find an 

alternative to this material now, or else when we 

get to the point where the resource has run out, we 

will be unable to do anything about it

(Sustainability, 2016). A possible solution to this 

issue is to use other polymers that are found in 

nature. Instead of using petroleum polymers, it is 

possible to use plant or starch polymers that are 

produced as proteins that will be able to serve the 

same purpose in a plastic (KarpuŠenkaitu, 2014). 

Bioplastics, as they are called, are plastics that are 

created using natural polymers found in plant pro-

teins to make a usable plastic. The benefit of these 

plastics is the fact that they are able to be created 

from renewable resources instead of traditional 

petroleum based polymers that are becoming de-

pleted. Some bioplastics also have the potential to 

be more biodegradable than traditional counter-

parts because the bioplastic components are more 

easily broken down in nature (Kuruppalil, 2015). 

The source of the polymers may come from a va-

riety of organic life, mainly fast growing crops 

that can be quickly grown in a large scale 

(Fridovich-Kiel, 2014). One example is polymer 

production from husks of rice, which a byproduct 

from the rice industry that is not used for any oth-

er purpose (Wu, 2014), or from wheat byproducts 

(Gasser, 2014). 

Liu (2005) conducted an experiment in 

which a soy based plastic was tested in a variety 

of tests including tensile strength, heat deflection, 

and water absorption. The subject of the test was a 

plastic made from a composite of soy and pineap-

ple leaf fiber. The experiment mainly tested how 

the plastics varied when traditional additives were 

introduced to the plastic to test if there was an im-

provement in the mechanical characteristics of the 

plastic. This is to discern if traditional methods of 

plastic strengtheners will be applicable when cre-

ating bioplastics (Liu, 2005). This experiment will 

follow similar procedures in order to compare 

plastics and find their mechanical properties, how-

ever instead of comparing bioplastics amongst 

each other, one type of bioplastic will be com-

pared to a similar petroleum based polypropylene 

(Tinius, 2015). Although many bioplastics today 

are not able to hold up to the same standards as 

traditional plastics, using a blend of organic mate-

rials and petroleum will allow plastic to be made 

with a greater amount of efficiency (Taber, 2015). 
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The goal of the testing is to determine how the 

strength of a organic polypropylene plastic will 

compare to the strength of a petroleum plastic. It 

was predicted that there would be no significant 

difference in the tensile impact strength between 

the two plastic types. This would lead to the con-

clusion they would be a viable alternative to un-

sustainable petroleum plastics in an everyday set-

ting.  

Methods 

A pendulum was built to deliver an impact to the 

plastic bars. At the center of the pendulum was 2 

triangle shaped wood blocks, each with two 

screws to hold the tensile bars in place when 

struck by the bob of the pendulum. 

Figure 1 The pendulum device used to generate the deflec-
tion. An iPhone 6 running the VibSensor app served as the 
accelerometer. 

In the bob there was an accelerometer that would 

measure the rate at which the mass was accelerat-

ing into the sample. This test used the accelerome-

ter in an Iphone 6 using the app VibSensor. To 

begin the test, one of the samples was secured in 

place directly beneath the fulcrum. Then the arm 

was raised to a position of 90° from hanging posi-

tion. The accelerometer was then turned on so that 

it would record data and the arm was released. 

Once the arm had struck the sample, the accel-

erometer was turned off. The sample was then 

carefully removed, ensuring not to alter how much 

the plastic had deflected. The plastic was then 

measured with the use of a caliper by putting the 

concave side against a straight surface and meas-

uring how much the plastic deformed. To find the 

strength of each plastic in meters per newton of 

force, the deflection length was divided by the 

product of the mass of the arm and the accelera-

tion. In this experiment the first trial tested five of 

each type of tensile bar. The second trial tested an 

additional twenty bars of each. In  the final results, 

a few outliers were excluded to help contradict 

experimental error. 

Results 

 In the first trial, each sample consisted of 

five bars of both the bioplastics and the petroleum 

plastics. After the first round of testing, the petro-

leum plastics had an average deflection of .024 

mm/N. The bioplastics, however, all snapped ex-

cept for one of the bars, which afterwards was 

found to have been tested incorrectly and led to it 

not receiving the same amount of force as the oth-

er four. This led to inconclusive results concern-

ing the comparison of the two plastics. In a second 

trial, The mass of the pendulum was lowered so 

that the force striking the tensile bars was not as 

large. The reduction resulted in fewer of the bio-

plastics snapping. This allowed the researcher to 

Figure 2 The average deflection strength in mm/N was .017 

for the petroleum plastics and .018 for the bioplastics. A t-test 

proved that there was no significant difference in the 

strengths of the two plastics. 
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compare results between the two plastic sources. 

Of the twenty bioplastics tested, seventeen result-

ed in measurements. The average deflection 

strength for the bioplastics was .018 mm/N with a 

standard deviation of .005. The average deflection 

for the petroleum plastics in the twenty specimen 

second sample was .017 mm/N with a standard 

deviation of .003. In a t-test, the resulting value 

was .234. Due to the fact that the p-value was 

above .05, it was concluded that there was no sig-

nificant difference in the strengths of the two plas-

tics.  

Discussion 

In the process of testing the plastics, it was 

essential for the plastics to deflect after being hit 

with the pendulum so that a quantitative measure-

ment could be taken. Unfortunately, In the first 

trial, all but one of the bioplastics snapped upon 

being hit with the pendulum, so it was impossible 

to get an exact number for comparison with the 

petroleum plastics in the initial testing, leading to 

the need for an additional trial. If the test had gone 

as intended it would have been possible to com-

pare how much the two plastics deflected to find 

out which one was more resistant to the impact. 

Due to the fact that the plastics snapped, it can be 

inferred that the petroleum plastic is stronger than 

the bioplastic because it did not snap where the 

bioplastic did under the same conditions However, 

in the second trial it was found that there was no 

significant difference between the strengths of the 

two plastics. Looking at the results from both tri-

als it becomes apparent that the bioplastic has a 

different factor that led to it breaking in the factor. 

The two plastics have a similar tensile strength, 

but the bioplastics are more brittle. This means 

that when experiencing an impact, the bioplastic 

will be less resilient, but in a load bearing case the 

two plastics show no significant difference.  

When looking at bioplastics as a possible 

replacement to traditional plastics, it is important 

to look at how they will compare to other the pe-

troleum plastics. The testing found that the plas-

tics would be a suitable substitute in a scenario 

where the plastic is simply bearing weight. How-

ever, in a case where the material may be facing 

possibility of an impact, the brittleness factor may 

cause the bioplastic to not be an effective substi-

tute because it would be more likely to break. Liu 

(2005) found that different additives can alter the 

properties of the plastics. Because the additive 

content of the two plastics used in this study are 

not known, it could be that the differences in per-

formance were not due to the plastic, but rather to 

the additives present. 
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Assessing the impact of carbon dioxide on driv-

er alertness in passenger vehicles 

 

Michaela Yarbrough 

 

Abstract 

One rarely thinks about the levels of carbon diox-

ide increasing to the point of being harmful. Driv-

ing a vehicle requires complete attention, and in-

creased levels of carbon dioxide could affect this 

when exposed to for a long duration of time. For 

my project, I tested the carbon dioxide concentra-

tion in an enclosed vehicle for fifteen minute ses-

sions while the engine is running. I tested the car-

bon dioxide as I increased the number of passen-

gers in the vehicle. Going from one passenger to 

four passengers more than tripled the rate of in-

crease.. However, with four passenger in the car 

and the recirculation on, the carbon dioxide 

reached up to 3700 PPM. To assess whether there 

was an effect on alertness, drivers were tested 

with a reaction timer that beeped and had them 

slap a pad on the console to stop the beep. Drivers 

were tested at 400 PPM and then at 1000, 1500 

and 1500 PPM. At all stages, their reaction time 

was significantly slower than the control. Drivers 

should be aware that to this level of carbon diox-

ide will cause the driver’s reaction time to in-

crease and make the more prone to accidents.  

Introduction 

Humans breathe out carbon dioxide with 

every breath. In the past, before air conditioning, 

the concentration of carbon dioxide in the air of a 

room or vehicle would be low because there 

would be windows open to encourage air flow. 

Only in extreme cases, like when fires are burning 

and there is an increase in the amount of carbon 

dioxide, would there be a cause for concern. To-

day, we live in sealed rooms and travel in sealed 

vehicles. We expect that our air conditioning sys-

tems are removing the carbon dioxide. We never 

think about whether or not the amount of carbon 

dioxide is rising to dangerous levels because we 

assume that the levels are safe and that our sys-

tems can effectively remove it even over long pe-

riods of time.   

That may not be the case, Chiu, et al 

(2015) measured the carbon dioxide levels on 

three tour buses filled with passengers on a week-

end trip. They found that the carbon dioxide con-

centration in the passenger zone was higher than 
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in the driver zone. The carbon dioxide concentra-

tion in the passenger zone achieved maximum dai-

ly carbon dioxide concentration, 2646.9 ppm, 

which exceeded the indoor air quality standards 

that the researchers were using from the Taiwan 

EPA. The researchers concluded that the less 

(more? Longer? ) the air conditioning system was 

used, the less effective the ventilation system. 

This led to higher carbon dioxide concentration 

throughout the back of the tour buses. Therefore, 

increasing the frequency of air exchange in 

the tour bus would be very beneficial to enhance 

the quality. They also concluded that the carbon 

dioxide concentration increase is significantly 

positively correlated to the number of passengers.  

(Chun-Fu Chiu, 2015)  

The same phenomenon is present in air-

planes, with possibly more serious consequences. 

Waters et al (2002) reported that the carbon diox-

ide concentration was highest on the flights with 

the highest occupancy. When the airplane is in the 

air, there is not enough oxygen to pull in from the 

outside, so it is supplemented with filtered, recir-

culated air that uses a process known as the recir-

culation system. This recirculation system incor-

porates air filtration that is a 50% mix of outside 

and recirculated cabin air (Friedman, 2015). This 

system maintains air supply rate and minimizes 

use of more costly bleed air. It has been found that 

the increase of the carbon dioxide concentration is 

one of the leading causes of fainting and dizziness 

in long air flights. (Friedman, 2015)  

While there may be health concerns for 

passengers, drivers and pilots may also be ex-

posed. Consequences may be more severe if the 

driver loses consciousness due to high levels of 

CO2. While there are many pilots and tour bus 

operators, there are many more people driving 

passenger cars who may be at risk. Carbon diox-

ide is an odorless, colorless gas that is a product of 

cellular respiration and burning of fossil fuels.  A 

value of 40,000 ppm is considered immediately 

dangerous to life and health based on the fact that 

a 30-minute exposure to 50,000 ppm produces 

intoxication, and concentrations greater than that 

produce unconsciousness. (Gratani, 2014) High 

concentration of carbon dioxide in confined areas 

could be dangerous, especially for a driver. Car-

bon dioxide may begin to act as an oxygen dis-

placer. Reactions could include: shortness of 

breath, sweating, nausea, increased heart rate and 

blood pressure, disorientation, dizziness, suffoca-

tion, and under severe conditions, death. Safe lev-

els of carbon dioxide should be below five per-

cent. (Gratani, 2014) While high levels of carbon 

dioxide in an enclosed car will probably never 

reach physically dangerous levels, they affect the 

driver’s alertness. When tested, people begin to 

complain of discomfort at 800 ppm of Carbon Di-

oxide and begin to see physical effects when ex-

posed to 1000 ppm of Carbon Dioxide (Fouzi, 

2014).  

Methods 

Use the carbon dioxide detector; test the car-

bon dioxide concentration with one passenger and 

the recirculation mode off for 15 minutes.  Record 

concentration every 30 seconds. Use these num-

bers as the constant. Then, repeat steps one and 

two three more times, but increase the number of 

passengers by one each time. Test the carbon di-

oxide concentration with one passenger and the 

recirculation mode on for 15 minutes. Record con-

centration every 30 seconds. Repeat steps two and 

three, but increase the number of passengers by 

one each time. The rate of increase of carbon di-

oxide is much quicker with the recirculation mode 

on. Therefore, with the recirculation button on, the 

passenger’s reaction time is tested. After a button 

is pressed, a beep will go off, and the passenger 

has to hit the pad on the armrest as fast as they 

can. Each passenger will sit in the driver seat with 

both hands on the top of the wheel to mimic a real 

life situation of them driving.  First, test the pas-

senger’s reaction time before the individual enters 

the vehicle. Record the average time. Then, when 

the carbon dioxide reaches 1000, 1500, 2000, and 

2500 ppm, test the passenger’s reaction time. Rec-

ord the difference between the average reaction 

time before entering the vehicle and the time at 

each interval.  

Results 

The CO2 concentration in the car with the 

recirculation on, increased by a faster rate than the 

CO2 concentration in the car while the recircula-

tion off. At 1000 ppm, the level in which the CO2 

could affect the driver’s alertness, decision-

making, and drowsiness. Carbon dioxide in-

creased drastically while the recirculation mode 

was on (figure 1). With four passengers in the ve-

hicle,  the carbon dioxide concentration reached 

4339 ppm within only fifteen minutes (figure 2). 

High concentration of carbon dioxide in confined 
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areas could be dangerous, especially for a driver. 

Carbon Dioxide will begin to act as an oxygen 

displacer. Reactions could include: shortness of 

breath, sweating, nausea, increased heart rate and 

blood pressure, disorientation, dizziness, suffoca-

tion, and under severe conditions, death. (Gratani, 

2014) Average change in reaction time after 15 

minutes in the vehicle (CO2 at 2500 ppm) more 

than tripled. The average reaction time before en-

tering the vehicle was 35ms. After being in the 

vehicle for only 15 minutes the average reaction 

time was 51.3ms. (figures 4 and 5) 

Discussion 

The data above exemplifies how the car-

bon dioxide within an enclosed vehicle increases 

drastically with the recirculation feature on. When 

an individual is exposed to high concentrations of 

carbon dioxide for an extended period of time, 

drowsinees and lack of attentiveness could in-

crease as shown above. Therefore, people should 

refrain from using the resirculation feature. The 

results from this experiment regarding increasing 

carbon dioxide are inline with Chiu, Friedman, 

and Fouzi. The experiment discussed in this arti-

cle is different then the others because of the dif-

ferent vehicle and the extended research on how 

carbond dioxide specifically effects your reaction 

time. The results from this experiment can be use-

ful to help educate drivers of this problem, and 

advise them to be aware of the possible sideaffects 

that come along with keeping your recirculation 

on for extended periods of time. In todays society, 

technology creates numerous distractions includ-

ing while on the road. These distractions plus 

drowsiness caused by excessive carbon dioxide 

could be the difference sudden hault or a horrific 

car accident.   
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Can a bicycle-powered electrical generating system 
be reliable? 

Connor Lambert 

Introduction 

Human power is a controllable and relatively easy form of 

energy to capture and harness, but is this type of power reli-

able? Human mechanical energy is very inconsistent, which 

makes turning it into electrical energy very inefficient. 

When considering energy loss, there are many  places where 

the energy is transformed to different forms, such as, loss 

due to friction and heat. Also if the motor were charging a 

battery or converter, nearly 35% of the remaining energy 

would be lost (Venkatraman, 2008).  These losses in energy 

accumulate drastically making “pedal power” very unrelia-

ble. On a standard stationary bike the total energy loss just 

from the tire to the motor is almost 75% (Decker, 

2016).  Aside from the loss from the motor to the other com-

ponents, the bike itself is a key factor in the loss of energy as 

well. The inertia from the wheel and also the rotational force 

cause parts of the bike to jerk which then can cause the volt-

age being generated to peak at certain parts and also have 

“dead spots” in other spots (Gulland,2016).  Proechel (2014) 

charged a lead-acid battery using a bike powered generator. 

This device required 500 hours of pedaling to fully charge 

the battery.  

 

On  top of the energy being inefficient, the components that 

make up the entire generating system can be very costly and 

also labor intensive, as the materials tend to break down. As 

they break down new components will need to be purchased 

which is what makes it expensive and much less practical. 

What is deemed an “efficient bike generator” can produce 

nearly 100 watts in one hour this is one-tenth of a kilowatt-

hour, which is what households typically pay by (Decker, 

2016).  Many services charge approximately 10 cents for 

every kilowatt-hour which would mean a savings of one 

cent on every of electricity which is close to nothing. 

(Gulland, 2016)   

            There have been some cases in which a different 

design, yet same idea, has worked very effectively. There is 

a product sold online that is called “The Power Box”, which 

can be used to charge batteries or plug in devices such as 

phones. This company advertises that their device can pro-

duce up to 20 watts and claim that this is enough power to 

charge and power multiple appliances at one time. This de-

vice is also said to produce nearly 120 volts DC at an 85% 

efficiency rate. Another company called "The Green Pow-

ered Micro Gym" has developed and manufactured bicycle 

devices that come already "fitted" for electrical producing 

capabilities. This company has a complete lineup of devices 

open to the public to be bought, ranging from $800 to 

$2000. Although very pricy these devices are said to be ca-

pable of powering phones, tablets, computers, and televi-

sions. In this same advertisement the company claims that 

just 20 minutes of easy pedaling for the average person can 

charge a smart phone twice and a full hour workout can 

charge a computer fully. The higher priced model also is 
said to produce 150 watts of power at just an average speed 

http://dx.doi.org/10.1289/ehp.1104789
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of pedaling. Micro Gym also says that in top condition or 

athlete like performance on this generator system can peak 

at just over 500 watts of power. There is also a device that 

they create and sell exclusively to Canada and the United 

States that can produce up to 600 watts. This device is ex-

tremely unique because is plugs directly into the wall of 

your house, harness the energy, and transfers the electrical 

energy that you produce right back to home (UpCycle 

2015). 

The goal of this project is to test the feasibility of 

building a bicycle-powered generating system that is reliable 

enough to drive a water filtration system. Although this form 

of energy is not 100% dependable or reliable in any way, 

there are devices that challenge this problem. With this idea 

being mastered and a device being mass produced, a whole 

new idea of renewable energy could power our daily lives. 

Electricity is a clean form of energy and is quite powerful, 

as it powers cars and homes already, but if the process of 

obtaining energy could be confined to simply riding a bicy-

cle fore an hour, money and resources could be saved.  

Process  

While testing my device the researcher encountered 

multiple issues that raised the cost and complexity of the 

project. The original idea was to keep the device relatively 

cheap so that this device could potentially be sent to nations 

that would find use for it. The rear tire of the bicycle was put 

on a stationary bike trainer to restrict the bike from moving. 

The part of the trainer that created resistance on the tire was 

removed to allow the tire to spin as fast as possible with no 

added friction. A platform was built out of plywood and 2 x 

4's to attach and keep the motor level with the rear chain cog 

of the bicycle. The platform was measured to be .69m x 1m. 

The motor was then anchored down into the platform to 

reduce movement that would cause inefficiency. A chain 

separate form the one on the bike that turns the wheel was 

added to the first gear on the back chain cog. This chain then 

attached to the motor positioned about 2 feet from the back 

of the bike. A voltmeter was then hooked up to the electrical 

part of the motor which would read how many volts are be-

ing produced by the device.  

A student sat on the bike and pedaled slowly at first 

and work his or her way up to a fast pace pedal. The stu-
dent would pedal for 30 seconds or until the chain or any 
other part fell off or broke in anyway. 

 Chain tensioners (gear or sprocket shaped de-
vices placed in between the chain to create tension) were 

added later to keep tension in the chain so that the chain 

would not fall off. The Chain tensioner did its job to create 

tension in the chain and keep it tight enough so that it would 

remain on the motor sprocket, yet still never had a huge im-

pact on the amount of voltage produced.  

After 10 trials were completed a new sprocket was attached 

to the motor to try and get better results. The sprockets was 

replaced with 5 different working sprockets.  

As each trial was completed a chart was maintained to rec-

ord maximum voltage during each trial. Some sprockets 

seemed to work a lot better than others, based on size and 

tooth distribution on each sprocket.  For example, two of the 

sprockets were specifically designed for the motor, but the 

tooth spacing was off as it was not make for a standard bicy-

cle. These sprockets did not produce nearly the amount of 

volts that were expected as seen in the graph below. 

Results 

Based on the results from the graph it can be said that the 

smaller the sprocket is, the more electricity that is produced. 

Trial 1 and 2 are not very accurate determinants of whether 

the generator was successful or not due to their shape of not 

fitting the bicycle chain. Both the 44 tooth and the 24 tooth 

chain sprockets worked very flawlessly, but they just did not 

produce the desired output of electricity.  Had the 44 tooth 

and the 24 tooth sprockets been much smaller in diameter 

the amount of revolutions would have been much greater 
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thus producing more electricity.  

Discussion 

Creating a bike powered generator may not be as 

easy as it looks. The design is not very complicated, but 

getting it to run is a whole different story. As I discovered 

there are many factors that play a role in producing a steady 

amount of electricity.  

I took many other approaches to try and keep the 

motor turning like leveling the motor with the rear chain cog 

of the bike and then anchoring it down. I also tried using 

different sized bicycle chains, but the problem repeated. To 

limit the wobbling and shaking of the chain, I added a chain 

tensioner in front of the motor and this proved to be the most 

effective (getting over the 2 volt mark). On the other hand, 

these pieces were not as durable as expected and did not 

produce the results I was really looking for. A second chain 

tensioner was then added close to the back cog on the bike 

but had little effect on the voltage again. The most effective 

modification was a designed chain sprocket for the motor 

that would be designed for the chain and the motor shaft. 

This sprocket was made with the same material as the chain 

tensioners so it did not last long but the voltage did peak at 

11.5 volts which was a huge jump from previous trials.   

Throughout the entire project I struggled restricting 

and limiting the efficiency of the chain turning the motor. I 

ran into several problems regarding this one issue, the larg-

est being that the sprockets that are attached to the motor 

were not made for a standard bicycle chain.  

System was far more expensive than reasonable to 

expect for someone living on $1/day. Over all, the system 

was not reliable for generating electricity regardless of the 

gear ratio, RPM of the bicycle, and types of sprockets used 

in this experiment.  
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Associative Learning in C. elegans With 

a Negative Food Stimulus 

Briana Delvasto 

Abstract 

Selective Serotonin Reuptake Inhibitors (SSRIs), 

more commonly known as antidepressants, are 

widely used and increasingly in teenagers. It is in 

question as to how antidepressants affect people 

going through school, and the purpose of this ex-

periment was to evaluate how SSRIs impact learn-

ing. Using wild type and ser-1 mutants, Sertraline 

HCL, an SSRI that was diluted at Kennesaw State 

University, worms were conditioned to associate 

acid with food and observe how the SSRI affected 

the associative learning.  The worms were cul-

tured normally until they reached the dauer life 

stage. For the trials without Sertraline, the dauer 

worms were transferred to a new plate containing 

hydrochloric acid in the OP50 E. coli that they 

ate. One day later, they were tested on chemotaxis 

assay plates with acid on one side and water on 

the other to see if they learned to associate acid 

with food. For the trials with Sertraline, the same 

procedure was done except they are placed on a 

plate containing HCl and Sertraline HCl in the 

bacteria. The same chemotaxis was run the next 

day. Worms were counted on each side of the 

plate and a Chemotaxis Index and T-tests were 

conducted. Results indicated that both kinds of 

worms without the drug had the capacity to asso-

ciate acid with food, although the mutants learned 

less. Neither type of worm on the drug, however, 

did not associate acid with food. This concludes 

that the SSRI either inhibits learning or reinforces 

innate biological instincts to avoid acid.  

 

Introduction 

Caenorhabditis elegans are model organ-

isms used frequently in experiments due to their 

small size and short life span and are often used in 

behavioral studies. C. elegans are small nema-

todes with a mapped nervous system easily com-

pared to humans. Antidepressants, such as the se-

lective serotonin reuptake inhibitors that have 

been used in the experiment, improve mood by 

blocking the reuptake of serotonin, thus prevent-

ing the nervous system's removal of serotonin 

from the blood stream. These drugs increase the 

signaling of neurotransmitters and keep serotonin 

going through the body (Chase). In C. elegans, the 

nervous system has the ability to signal the pres-

ence of food and lead to quick changes in the 

worm’s avoidance of the odor released by the 

stimulus and is heightened by starvation 

(Appleby). Dauer is the life stage of C. elegans 

where starvation is reached and the worms be-

come small and do not reproduce. The worms 

must reach this stage because if they are not 

starved, they will not eat the OP50 infused with 

acid because it is their biological instinct to avoid 

acid (Harris).  

Methods 

           The learning capabilities of C. elegans 

were tested by seeing if they could learn to associ-

ate food with a stimulus, in this case, OP50 E. coli 

with Hydrochloric acid. Instinctually, C. elegans 

are averse to the acid, but by feeding worms in the 

presence of acid, they learned to associate acid 

with food and go towards it on a chemotaxis assay 

even though they would avoid it under normal cir-

cumstances. The worms were cultured normally 

until they reached the dauer phase. The worms 

were then transferred onto a plate of OP50 E. coli 

infused with the acid, and allowed to feed for 24-

48 hours. Finally, the worms were washed from 

the conditioning plate using the C. elegans wash 

buffer and put them on the chemotaxis assay plate.  

           Four drops of the acid were placed on one 

end of the assay agar plates with a pipette. Four 

drops of water on the opposite side of each plate 

were placed and the liquids were left to diffuse 

into the plate for 30 minutes. The mutant and wild 

type worms were washed off of their plates using 

the C. elegans wash buffer, and 10 microliters of 

the concentrated C. elegans pellet was put onto the 

center of the appropriate chemotaxis assay plate. 

Migration time was thirty minutes, and the num-

ber of worms on each side of the plate was record-

ed for data analysis. 

            The same procedure was taken for the tri-

als involving the SSRI except the acid OP50 was 

also infused with the concentrated SSRI in liquid 

medium that had been grown in OP50 earlier. This 

clearly showed if the worms could learn to associ-

ate the food with acid if they have been adminis-

tered an antidepressant.   
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For data analysis, the chemotaxis index for 

each trial was calculated. The equation used was: 

 

Average each experimental group’s chemotaxis 

index values to make graphs. Then, run a two 

sample T-Test to evaluate if there is a difference 

in the means to show if a grouping significantly 

showed preference to acid over water which 

would mean they had successfully learned to asso-

ciate acid with food.  

 

 

Results 

Based on the data collected and having run 

Chemotaxis indexes and T-Tests, it was found that 

there was a statistically significant difference be-

tween the means among wild type worms with 

and without Sertraline HCL as well as mutants 

with and without Sertraline HCL. Due to last 

year’s research showing that the SSRI affected the 

worms whether they were depressed or not, this 

shows that Sertraline HCl inhibits learning wheth-

er the worms were depressed or not. There was 

not a significant difference between the means 

among Wild type worms with Zoloft and Mutant 

worms with Zoloft which shows that Zoloft inhib-

ited learning by not allowing either worm to asso-

ciate acid with food. There was a significant dif-

ference between the means among Wild type 

worms without the SSRI and Mutants without the 

SSRI. This shows that both types of worms were 

naturally able to associate acid with food when the 

drug was not administered.  

Discussion 

The results of this experiment indicate that 

wild type worms with no Sertraline HCl were able 

to learn to associate food with acid. Mutant worms 

Chemotaxis Index No Zoloft (avg) Plus Zoloft (avg) 

Wild Type 0.345055 -0.245175 

Mutant 0.250799 -0.240135 
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with no Sertraline HCl also exhibited this ability 

but it was diminished. Wild type worms with Ser-

traline HCl did not learn to associate acid with 

food and neither did the mutants fed with Ser-

traline HCl. This suggests that Sertraline HCl ei-

ther inhibits learning or reinforces the worms’ in-

nate biological instincts to avoid acid. This can 

relate to humans in that those who are depressed 

without medication may have a more difficult 

time learning in school, but antidepressants may 

negatively impact the serotonin pathway and in-

hibit learning. 

The supplemental procedure where the 

worms were placed on the drugged food plates for 

24 hours followed by 24 hours on the acid OP50 

plate rather than on a late of combined drug and 

acid OP50  was found less effective after running 

the chemotaxis indexes and T-Tests. This can be 

explained by the fact that chemosensation is 

heightened by starvation and these worms were 

not in dauer when fed acid which means they were 

less likely to have eaten the acid in order to have 

associated it with food.  
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Comparing the efficacy of Benzalkonium Chlo-

ride as a hand sanitizer 
 

Bryce Matlock 

 

Abstract 
There have been multiple cases of small children 

using ethyl alcohol (EA) of small children using 

EA based hand sanitizers and experiencing health 

problems. The most common replacement for a 

bacteria killing agent in hand sanitizer, in con-

trast with EA, is Benzalkonium Chloride (BAC). 

28 High School student volunteers had one hand 

swabbed prior to applying a hand sanitizer to es-

tablish a control group. Then 14 of the students 

applied EA hand sanitizer and the other 14 ap-

plied BAC. Afterwards, the petri dishes with bac-

terial samples were stored in an incubator at 31 

degrees for 2 weeks while recording the growth 

every other day, excluding weekends and breaks. 

The data revealed that the average of 12-16 colo-

nies on the sanitized for the BAC. While it had 

large numbers, the variety bacterial species was 

much less on the sanitized. EA however had an 

average of 5-9 colonies and had almost no variety 

as well. Most colonies were white and medium 

sized. the conclusion was that the data rejected my 

null hypothesis. While it may be safer, BAC does 

not kill nearly as much bacteria as EA. However, 

the experiment was run for a second trial due to 

the large variance in bacterial colonies on the 

control groups between EA and BAC. The second 

trial the amount of bacteria on the control groups 

was much lower on the BAC dishes and about the 

same as the amount on the EA dishes. After ana-

lyzing the results from the second trial the data 

led me to accept my null hypothesis· because there 

was no significant difference between BAC and 

EA, as both were equally as effective in reducing 

the bacteria colony count. 

  

Introduction 
The simplest and most common transfer of vari-

ous bacteria and diseases can occur from our 

hands. Washing hands frequently is very im-

portant in maintaining prime health to us and oth-

ers around us. Most people either don’t know or 

choose not to wash their hands correctly to ensure 

that they don’t pass on diseases through contact. A 

doctor named Semmelweis even found that wash-

ing with hand soap was not as effective as every-

one thought and tried switching to chlorine. 

(Davis, 2015 )  

Human’s apathetic nature causes our hands to 

build up countless colonies of bacteria that we can 

spread to ourselves and others. Price (1938) 

named the two categories found on the hand as 

resident and transient flora. The resident flora are 

“mainly the microorganisms that are found under 

the Stratum Corneum, and they are mainly found 

on the surface of the skin.” (Ebrahimi,2015) The 

main type of resident flora would be Staphylococ-

cus epidermidis. This type of bacteria is less likely 

to be associated with any infections except when 

it comes to the eyes or non-intact skin. “Transient 

flora is found on the superficial layers of the skin 

and they are also more susceptible to routine hand 

hygiene.”(Ebrahimi, 2015) They are able to sur-

vive and at times multiply on the skin. Skin mois-

ture, the number of flora on the surface, and the 

amount of species present all impact how trans-

missible this type of bacteria is. 

Most people do not know the significant 

amount of bacteria that are constantly growing on 

their hands, and they feel that their time is better 

spent on other activities rather than taking about 

thirty seconds to “make sure we first rinse, then 

apply soap, scrub, rinse in warm water for at least 

60 seconds, and dry our hands” (WHO Guide-

lines, 2009) ensuring that we are not subjecting 

others to the common bacteria that is picked from 

accomplishing these various activities. However, 

human nature tends to look for the easiest way to 

do something, many people do not have a problem 

squirting some hand sanitizer on and rubbing it 

around their hands. This is why creating the most 

effective and efficient hand sanitizer is so im-

portant. Today most of the hand sanitizers found 

in stores around the world use EA as the prime 

bacteria killing agent. EA is very effective in ac-

complishing its purpose, and it is easily found and 

cheap to manufacture, making it cheaper for indi-

viduals to purchase. Consequently it also can be 

dangerous, especially when used by small chil-

dren, due to the fact that if it is ingested it can 

cause some serious damage to the human body. 

Some scientists (Ebrahimi, 2015) have suggested 

that Benzalkonium Chloride (BAC) is both safer 

and more effective than EA in sanitizing the 

hands. BAC is a non-alcoholic agent that has vari-
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ous uses such as domestic household biocides. 

However, its most common purpose is that it is 

the main ingredient for chemicals that can be 

placed on objects or living tissue in order to inhib-

it the growth of microorganisms such as bacteria.  
BAC  has been in rivalry with EA over 

which ingredient is the cheapest and most effec-

tive way of killing Bacteria. Lately people have 

been leaning more towards BAC, because EA 

kills bacteria by drying out the skin, and many see 

this as too toxic. There have also been cases 

where people have unintentionally and intention-

ally ingested the EA. “BAC’s work the same as 

most Quaternary Ammonium Compounds, posi-

tively charged derivatives of ammonium com-

pounds. It has a hydrophilic region and a hydro-

phobic region that work together to kill the bacte-

ria. The hydrophilic region penetrates the surface 

of the pathogen because electrostatic interactions 

with negatively charged compounds are formed, 

due to the fact that the hydrophilic region is cati-

onic. Once it makes close contact the hydrophobic 

region comes in and gets down to the hydrophobic 

bilayer to cause cell leakage and lysis.”(Kent, 

2012) In summarization, BAC it damages the bac-

teria’s membrane which disrupts essential cell 

processes. 

A very significant component of hand san-

itizer is ensuring that you are not creating numer-

ous strains of bacteria that are forming resistance 

towards your bacteria killing agent. . One thing 

that can make bacteria very resistant is when they 

are covered with a biofilm. They “provide a pro-

tective environment for pathogenic bacteria, para-

sites and viruses, aiding their resistance to antimi-

crobials, leading to different diseases in animals 

and humans.”(Ebrahimi, 2015) So scientists fol-

lowing (WHO Guidelines, 2009) compared the 

effectiveness of BAC at breaking down biofilms. 

After conducting these experiments they conclud-

ed that there was no significant production in bio-

film while in the presence of BAC.  
Gerald (2012) tested hand sanitizer  on ele-

mentary school students, because teachers wanted 

to find a more effective way to keeping the chil-

dren’s hands clean other than just plainly washing 

it. This was a result of a growing amount of chil-

dren receiving viral respiratory infections during 

spring season. Teachers knew how hard it was to 

get all children to wash their hands correctly with 

hand soap to prevent the spread of the virus, so 

they turned to hand sanitizer. They decided to use 

a hand sanitizer in which the main ingredient was 

BAC rather than EA. They also found it effective 

against gram negative and gram positive bacteria 

and many viruses associated with respiratory in-

fections. Specifically when they compared it with 

hand sanitizers containing mostly EA they saw 

that the antimicrobial activity for BAC increased 

over time while it generally decreased with the 

EA. Some people also said that when using the 

EA hand sanitizer they had pain and discomfort in 

their hands. They have not gained conclusive re-

sults yet as the experiment are still underway.  

The researcher was interested in finding 

out if BAC was as effective as EA at reducing 

bacterial colony colony counts. The hypothesis 

was that it BAC would not be better or worse but 

just as effective as EA. . 

Methods 

 The first step in the experiment was gain-

ing enough people who would actually volunteer 

and come be a part of my experiment. Twenty-

Eight (28) volunteers were split into two groups: 

BAC and EA. Prior to applying the hand sanitizer, 

the researcher alternated swabbing either the right 

hand or the left hand of the volunteer using a steri-

lized plastic inoculating loop. plastic inoculating 

loops and then throwing away the loop after each 

use. After swabbing their hands with plastic inoc-

ulating loops, the bacteria was placed onto nutri-

ent agar petri dishes by swabbing twice in a “Z” 

shape and the loops were disposed of. After get-

ting the control sample the students applied one of 

the two hand sanitizers and rubbed it around and 

let it dry for 60 seconds. Using the same proce-

dure and the same hand a second sample was tak-

en to serve as the post-sanitized sample. The petri 

dishes were then stored in an incubator at 31 de-

grees C.  Bacterial colony counts were taken each 

day for two weeks post sample. The entire proce-

dure was repeated twice. A Student's T-test was 

run to compare the samples: the unsanitized hands 

which served as a control were compared to see if 

there were any significant differences in bacteria 

before the application of the hand sanitizer; the 

sanitized samples were compared to the unsan-

itized samples and the two different hand sanitiz-

ers were compared to each other. 

Results 
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The percent colony reduction for both EA and 

BAC, which showed the average amount the bac-

terial colonies that were reduced from the unsan-

itized to sanitized sample  for each sanitizer. As 

shown above, the BAC % colony reduction was 

much lower than EA leading to the conclusion 

that that EA was much better As the chart reveals, 

there was a large discrepancy between the average 

colonies on the control group between EA and 

BAC. Based on the data, the researcher suspected 

that there had been some human error, possibly 

contamination of the bacterial plates in the experi-

ment. The experiment was repeated again using 

the exact same procedure as the first experiment.  

Table 1: Experiment 2 BAC vs. EA 

Table 1: the change in growth in the samples 

that were tested  for a second time with EA 

and BAC. It shows the average number of col-

onies on day 14. The P-value is used to repre-

sent if the change in the amount of colonies 

from sanitized to Unsanitized is significant. 

There were no significant difference between 

the two at the 0.05 level. 

The data from the second trial showed that the av-

erage colony counts on the control group for each 

sanitizer is much more similar than the first trial, 

The percent colony reduction was also about the 

same between the two sanitizers, resulting in the 

conclusion that BAC was just as effective as EA 

in killing bacteria. 

Discussion  
At the end of trial one the experiment led to the 

rejection of the initial hypothesis. The percent col-

ony reduction was so much smaller for BAC(51)  

than it was for EA(85). The only thing constant 

between the groups was the various bacterial colo-

ny types. However, while running through the da-

ta again the realization was made that there was a 

huge discrepancy between the amount of bacteria 

on the control groups between BAC and EA, so 

after analyzing the results from the second trial 

the null hypothesis was accepted. During the sec-

ond trial, there was no apparent contamination of 

the plates. The results showed that the BAC was 

just as effective as EA. While this experiment dif-

fers from the experiment conducted by (Gerald) in 

that he focused more on the long term effect on 

antimicrobial activity, both conclusions on the ef-

fectiveness of BAC remains the same. (Gerald) 

also focused on school elementary kids while this 

experiment used only high school students, but 

both experiments arrived at the same conclusion, 

that there seems to be a chance of BAC being an 

effective replacement for EA. The conclusion 

reached during this experiment also agrees with 

(Kent) in that BAC is very effective in reducing 

the bacterial colony count. In the future many oth-

er non-alcoholic hand sanitizers will be tested to 

see if it is better than BAC, and also the same ex-

periment will be done on a large scale with even 

more subjects. It can be concluded that BAC is an 

effective substitute for EA as a hand sanitizer. The 

primary issue with BAC is its higher cost com-

pared to EA as a sanitizer.  
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Measuring the effectiveness of dilute dog urine 

on the growth of Beefsteak tomato plants 

Daniel Hogue 

Abstract 

It has been observed that dogs urinating on grass 

can cause the grass to yellow and die. Therefore, 

many people think that urine is bad for plants. Re-

cent research involving dilute human urine sug-

gests that this conception is incorrect. The pur-

pose of this experiment is to see if dilute dog (DD) 

urine can act as an effective fertilizer for tomato 

plants. The hypothesis is that dilute dog urine will 

be as effective as a liquid fertilizer (LF) at in-

creasing the length of tomato plant stems and leaf 

surface are compared to plants treated only with 

tap water (TW). 20 Beefsteak tomato seeds were 

planted in starter pods for each condition (DD, 

LF, TW) and grown in a greenhouse. Plants were 

watered ad lib and the two treatment conditions 

were applied weekly. Plants were grown for six 

weeks and each week stem length (SL) and leaf 

surface area (LSA) were measured. No LF plants 

survived past the third week. There were no signif-

icant differences in LSA or SL between the DD 

and TW (control) samples. Therefore, the positive 

effect of dilute dog urine was unable to be verified 

with this experiment.  

Introduction 

Plants throughout the years have been grown us-

ing chemical fertilizers in order for the plant 

growth to excel. Today, many cite excessive use 

of chemical fertilizers as a pollutant that affects 

both surface and groundwater by run-off and can 

also affect the animals that feed around farms, 

gardens, and other agricultural places. Groundwa-

ter contamination has been linked to gastric can-

cer, goiter, birth malformations, and hypertension; 

testicular cancer and stomach cancer (Sustainable 

Baby Steps, 2016). Corriher (2009) found that 

synthetic fertilizers kill a large percentage of a 

soil's naturally-occurring microorganisms. These 

bacteria would normally break down organic mat-

ter into plant nutrients, and help convert nitrogen 

from the air into a plant-usable form.  

Some people have been looking for ways 

to use human waste and industrial wastes (wood 

ash) as substitutes for the synthesized fertilizers 

(Heinonen-Tanski, 2010). Farmers in some parts 

of the world regularly use untreated human waste 
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as fertilizer.   

 Tasha Eichenseher (2008) stated that near-

ly 200 million farmers in China, India, Vietnam, 

sub-Saharan Africa, and Latin America harvest 

grains and vegetables from fields that use untreat-

ed human waste.  

The use of sanitized urine as fertilizer can 

increase the sustainability of sewage treatment 

while still keeping food production up. It can help 

sanitation in third world countries.  Using urine as 

fertilizer instead of a chemical fertilizer can re-

duce the impact of untreated sewage on the envi-

ronment. Plants mainly need potassium, nitrogen, 

and phosphorus in order to keep healthy. Urine 

contains all of these elements and is also sterile 

when it leaves the human body which means there 

are no health risks involved. "It is totally possible 

to use human urine as a fertilizer instead of indus-

trial fertilizer," says Heinonen-Tanski (Grunbaum, 

2010). The human digestive system causes the 

urine to come out in the form that plants need in 

order for it properly help the plant grow. Using 

urine as fertilizer instead of chemical fertilizer re-

duces the impact on the environment.   

Boyle (2009) found that the plants grown 

with a mixture of wood ash and urine grew 4.2 

more fruit than plants grown without the urine. 

According to the people that tasted the tomatoes, 

they tasted the same or even better than normal 

grown tomatoes.  

 Pradhan and Heinonen-Tanski (2010), 

environmental scientists at the University of Kuo-

pio in Finland, used a mixture of wood ash and 

urine for fertilizer. Instead of tomatoes, they grew 

beets. After 84 days they had harvested 280 beets 

from their urine/ash mixture. The beets were 10-

27 percent larger by mass compared to the beets 

grown with a mineral fertilizer.  

            Rich Earth Institute located in Brattleboro, 

Vermont is collecting donations of urine from 

friends and family in order to test if urine fertilizer 

can replace chemical fertilizer. Far Wind Farms 

volunteered a couple of their fields for testing. To 

begin the experiment, Jay Bailey, the owner of the 

farm, spread a solution of urine over the crops. 

When it came time to harvest the crops, it was 

twice as productive as unfertilized controls. (Rich 

Earth Institute, 2016) Urine fertilizer could also be 

cost effective since farmers have to buy chemical 

fertilizers at a high price.    

            In New York, the constant dog urination 

onto the shade trees lining the streets is causing a 

major problem for the health of those trees. Many 

of the owners think they are helping, but they are 

actually very much harming the tree. If it were 

one or two dogs that were urinating on the tree 

then the consequences would be minor but the 

trees are constantly being peed on by dogs. Not 

only does the mass quantity of urine hurt the tree, 

but so does the constant disturbing of the soil by 

the dogs walking all over it causing it to be com-

pacted and not get enough oxygen (McMackin, 

2011). 

There are many health risks when storing 

large amounts of urine in one location. It is sim-

pler to deal with urine storage in rural areas, but in 

the city there is little room along with the pungent 

smell and the potential Nitrogen loss due to volati-

lization. Allar (2015) found that "Urine contains 

about 50 %of the phosphorus (P) and about 90 % 

of the nitrogen (N) excreted by humans and is 

therefore an interesting substrate for nutrient re-

covery." Indirect application for fertilization of 

plants when using urine can eliminate certain haz-

ards such as salinity and also the visual and odor 

problems (Allar). A person's diet directly affects 

the composition of their urine, so there was a wide 

variety of urine with different compositions when 

using it as a fertilizer.    

AdeOluwa, O. O. (2012) found in his stud-

ies that using urine as a fertilizer shows no harm 

to the plants or soil. The urine was shown to actu-

ally improve the soils conditions for planting. 

Consumers said they would eat the vegetables 

grown with urine fertilizer as long as there was no 

harm in it.  

Does dog urine permit growth in tomato 

plants over a growing season? If dog urine is used 

as a fertilizer on tomato plants then it will cause 

the plants to grow healthier and faster than plants 

with water and liquid fertilizer.  

Procedure 

To begin the project, an area to complete 

the growing of the plants was needed. Etowah 

High School has a greenhouse in the back of the 

school where a workspace was given for the use 

of the project. The seeds, fertilizer, pots, and soil 

were all bought from Pike Nurseries. The plants 
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were grown in 3 separate groups of 20 in which 

each were given a different kind of fertilizer no 

fertilizer at all.  They were grown during a period 

of 3 weeks in which they were watered when nec-

essary and fertilized once a week after they were 

mature enough to handle the nutrients. Once the 

fertilization of the plants began, the sterilized dog 

urine was mixed 50:50 with water and was spread 

out between each of the 20 plants evenly. The liq-

uid fertilizer came straight out of the bottle and 

was spread evenly among the plants. They were 

left over night to soak in all the nutrients. The next 

day the plants were examined and the plants that 

received urine were growing just fine and there 

was no recognizable change. The plants that re-

ceived liquid fertilizer wilted and looked as if they 

were going to die any day. Pictures were taken 

and they sat for one more day before being wa-

tered again. The next day all the plants were wa-

tered normally but it seemed that the liquid ferti-

lized plants had already died. New seeds were im-

mediately purchased and the new seeds were ferti-

lized just like the dog urine by a 50:50 concentra-

tion of dog urine and water to fertilize the other 

plants, the same for the new group being started. 

The control group that only receives water was 

doing just fine and was growing steadily. The 

urine plants were struggling but a few plants did 

end up dying but there was enough of the plants to 

still have a good collection of data for the end re-

sults as long as they continued to grow steadily. 

The liquid fertilizer never worked with a 50:50 

concentration with water so the new group died as 

well except for 4 plants. This was not enough to 

represent them in the data. The water plants grew 

well, but the urine plants had difficulty in the sec-

ond week of fertilization where a majority of them 

died. A new group was started and watered and 

fertilized as planned. They did not have as much 

time to grow but they were fertilized twice and 

only a few died this time. The stem heights of 

each plant was measured using a ruler from the 

soil height to the top of the stem. The surface area 

of 5 leaves was measured using millimeter graph 

paper and tracing an outline of the leaf on the pa-

per. The total number of leaves was counted on 

each plant and the average surface area of each 

plant was used to calculate the total surface area 

for each plant.  Since the plants grown only with 

water had grown the entire 9 weeks of the grow-

ing period, a ratio of the heights and surface area 

was recorded of the leaves in order to represent 

what the smaller urine plants could have grown to 

be if they had been healthily throughout the 9 

weeks. Both groups of plants were represented on 

a 9 week basis to see if there was a difference in 

their heights and leaf surface area. A Student's t-

test was conducted to compare the size, leaf sur-

face area and ratio for the two groups of plants.  

Results 

The results from the experiment showed 

that there was not a significant difference between 

the control (water only) and the urine treatment. 

Because the water group (WG) grew for 21 days 

longer than the urine group (UG), the heights, 

number of leaves and average surface area of the 

plants was greater.  

 

 

Discussion 

A t-test was conducted to see if there was a 

significant difference between the growth of the 

urine fertilized plants and the control (water) 

plants. The original data was used and there was a 

significant difference that showed the water group 

had grown much more, but the water group also 

had grown for a longer period of 3 weeks. The 

leaf surface area and height was adjusted to match 

up with the time length of the water group and the 

t-test was conducted a second time showing that 

there was not a significant difference. Therefore, 

the urine neither helped or hurt the plants growth.  

The experiment did not last long enough to 

have actual fruit grow, so it could mean that the 

urine might have effects later in the process such 

as shown in Boyle's experiment. Boyle's experi-

ment used a mixture of wood ash and urine and he 

found that his plants grew 4.2 more fruit/plant 

than the plants grown without urine.  

There could be different ways to fertilize 

group LSA 

(cm^2) 

ht/

LSA 

P value signifi-

cant? 

water 29.3 3.46   

urine 10.3 1.25 1.828E-

17 

yes 

urine 

(adj) 

 3.46 0.996 no 
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plants using urine, such as diluting it more or add-

ing other nutrients into it to make it more healthy 

for the plant. There was also in issue with the 

plants that received liquid fertilizer that died, so 

there could have been an error in the way the 

plants were fertilized. The data could be more 

conclusive if the experiment was rerun and all the 

plants grown at the same time. Other variables 

could have been measured as well, including root 

depth and density. Modifying the way and amount 

of fertilization is the main thing that would need 

to be changed to see if the results would be similar 

to Boyle.  

Using urine as fertilizer would help to ad-

dress two pressing environmental concerns: sew-

age disposal that damages bodies of water and the 

excess use of chemically generated fertilizers to 

improve crop yields. While the results from this 

study were inconclusive, further research is merit-

ed.  
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Can a model filter marsh effectively remove 

nutrients from contaminated water 

 

Max Beaham   

 

Abstract 

The availability of clean drinking water is a seri-

ous issue in the world today. Though dams and 

filtration systems have been built, they waste too 

much energy to be used for long periods of time. 

However, it has been shown that plants and wa-

terways can naturally clean the water. The pur-

pose of this experiment is to show if natural filter 

marshes can purify and cleanse water, usually 

feeder rivers or streams into larger bodies of wa-

ter. The system is a four foot by three foot box 

made of wood and plastic sheeting with rocks and 

natural littoral plants in it. The water is sent 

through and empties into a bin, where a con-

trolled pump moves the water back to the begin-

ning through PVC pipe. The water was artificial 

contaminated water, with fertilizer and standing 

matter in it. 

Introduction 
Many factors contribute to the pollution of 

inlets, rivers, and streams. One of the factors that 

probably have the greatest effect is the runoff of 

chemicals from human processes, such as agricul-

ture and forestry. The Green Revolution took 

place from the 1930s to the 1960s and was a 

movement to rapidly expand agriculture to save 

people from farming. Many new advancements in 

fertilizers and pesticides arose, as well as high 

yielding grain. Positive outcomes of the Green 

Revolution include: increasing productivity of 

current farm land and the exploitation of lands 

that weren’t fertile enough using earlier methods. 

This, however, has led over time to an over-

reliance on fertilizers and other chemicals includ-

ing pesticides and herbicides so that now we are 

having an impact on the natural areas near farm 

land. (Europe Filter Marsh, 2008) In fertilizer, the 

main active ingredients are nitrogen, phosphorus, 

and potassium. In herbicides, the main active 

chemicals involve several different forms of 

Glyphosate acids. There are many different kinds 

of fertilizer including: organic and inorganic, 

granular, water soluble powders and liquid con-

centrates. Fertilizers are also defined by the 

amount of each different type of chemical in the 

mix based on the amount of chemicals in the mix-

ture. For example, a 6-2-1 fertilizer would contain 

six parts of Nitrogen, two parts of Phosphorus, 

and one part of Potassium. (Dirnber, 2013)  

The most common way for industries to 

reduce the flow of pollutants into the natural envi-

ronment is to build a retention pond. Retention 

ponds trap water and its solutes and holds it for a 

long time, thus filtering the water. Industries can 

create dams for filtration such as Pure Aqua Inc. 

and Forsta Filters, as well as certain organizations 

that build dams like the TVA.  (epa, 2010) 

(Stormwater Management: Retention Ponds, 

2013)  

A more effective technique may be the use 

of natural filter marshes. In these filter marshes 

there are several stages of purification and differ-

ent methods in doing so. The first sections usually 

begin in a long winding settling basin for the large 

sediments found in the water.  The next stage con-

tains plants that filter out nitrogen and phospho-

rus. Bog plants, for example, have roots that stay 

under water, and in these roots hold microbes that 

break down toxic nitrates. Having these marshes 

in ocean inlets helps greatly to decrease algal 

blooms and dead zones where there is less oxy-

gen. These pesticides may also stick to the bottom 

and prevent it from flowing through. Cattails and 

Giant Reeds are common in these filter marshes 

and marsh grasses are used in the windy begin-

nings. Many other plants may be used for filter 

marshes such as: Water Lilies, Club Rush, Iris, 

Water Poppy, Water Soldiers, Bur-Reeds, sedges, 

reeds, and Sweetflags. In the beginning of a filter 

marsh, the water needs to be flowing very slow 

and wide so that the water molecules will spread 

out to have equal distribution of purification. In 

past filter marsh projects, they try to keep the wa-

ter less than one mile per hour.  (Livingston, 

2005)  

Livingston (2010) describes the building 

of a marsh prevent flooding in the ten mile canal. 

They built the marsh parallel to the canal and have 

two 30-inch pipes transferring the water to the 

marsh. Then, they have four different sections for 

purification. The first section is a slow moving 

settling basin for large sediments to fall and stop. 

Then comes a shallow section with vegetation and 

filtering plants. The third section is much deeper 

with filtering plants that can live  

in deeper waters. Then, the last section 

gets shallow again with more vegetation. The wa-
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ter then can flow back into the canal and It flows 

out back into the canal in case of flooding. 

(Europe Filter Marsh, 2008)  

Salt marshes on the coast are able to filter 

out runoff going into the ocean through the pro-

cess of microbial denitrification. This prevents the 

increase of eutrophication, which in turn leads to 

algal blooms, subsequent die-offs, and hypoxic 

conditions. However, in recent studies, the in-

crease of flooding has shown to drown out the 

flood marshes and create mud flats. This causes an 

increase of nitrogen in the inland thus more in the 

inshore areas of the ocean (Nelson, n.d.). 

 I am basing my model off of this project, 

so to scale, my model should be running for at 

least two hours. The model will be a four foot by 

three-foot box that include rocks and certain types 

of plants that will filter out the chemicals in the 

water.  

 The first part of planning the natural filter 

marsh was to figure out what dimensions would 

be used for the model. The box was constructed 

out of plywood and 2x4s for braces. It ended up 

being a four foot by three foot by one-foot box 

with two holes at each end in which the water 

would enter and exit. Then, a thick sheet of plastic 

was attached inside of the box so water could flow 

through the model without leaking. The box sat on 

a metal table in the greenhouse. The table had a 

mesh top and sat 3.5 feet off the ground. In order 

to aid water flow, 4-inch cement blocks were 

placed at the top end of the box. A 44-gallon gar-

bage was placed at bottom end of the box under 

the table. The can was filled with 33 gallons of 

water. A submersible pump made from AQ-

UASCAPE DESIGN model SFA 7500 with a 

5500 GPH flow rate. It was placed in the bottom 

of the can. A 2 inch PVC pipe was attached to the 

top of the pump and carried the water up and then 

to the top of the box. Since the flow rate was 

much too high for the size of the model, a ½ in 

plywood square with a 0.25-inch hole drilled in 

the center was sealed onto the intake valve and 

acted as a restrictor plate to reduce the flow rate of 

the pump.  

A bin of the tested water sat at the end of the box 

with a pump in it that ran a PVC pipe over the box 

to the beginning of it where the water would enter. 

From this point, 4.5 cubic feet of river rock was 

added to the box and spread out evenly to simulate 

a river bottom and serve as an anchor to the filter 

plants. Three cattail plants and 5 hard rush plants 

were planted in an even distribution inside the box 

to serve as the filter plants.  

Rocks were added about halfway, six inches, full 

in the box for the plants to grow in without any 

erosion. Decided from previous research, cattails 

and hard rush plants were put into the model as 

they were the best plants to filter out certain 

chemicals in polluted water. The type of fertilizer 

used was IRON-ITE, and about 100 mL was add-

ed to the 33-gallon tank. A fertilizer with a 6-2-1 

ratio was then put into the water. We calculated 

that based on the flow rate of the water and the 

distance it travelled from the top to the bottom of 

the box that if we ran the pump for 2 hours, then it 

would be similar to a filter marsh length of 130 

feet. We ran the pump for two hours and collected 

samples from the reservoir every 20 minutes for a 

total of 6 samples.  

Water samples were taken every twenty minutes 

and brought back to test. The qualitative tests tak-

en were based off how much Ammonium, Nitrate, 

and Phosphate were taken out of the water sample.  

The test sample kit came from Lamotte. Basically 

the tests were to put color indicators in each two-

hour mark and see if there were color changes of 

light or dark to show the amount of chemical in 

each sample. 

 

Discussion 

Having a less amount of chemical in such a small 

model means that if one were put together in an 

actual situation in the wild that it would help 

greatly, whether people were cleaning the water 

for drinking or to improve the quality of life for 

aquatic organisms. The Hard Rush and Cattail 

plants lived for long periods in the model and 

could survive long periods without water in be-

tween runs of the experiment. The box, however, 

was poorly built and caused multiple issues cap-

turing water that leaked out in several places. It is 

recommended that higher quality materials 

(thicker plywood, thicker plastic sheeting and bet-

ter sealants) be used to reduce water lost and in-

crease the number of times the experiment can be 

run. A purpose-built plastic shell might be the best 

long term solution.  

The model was intended to represent an actual 

natural filter marsh for inlets to lakes and large 

bodies of water. The pump let the water be recy-

cled many times to be filtered over and over 
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again. After the two-hour time period of running 

the filter, the total length of marsh was estimated 

to be 121.7 feet.  

I took the samples of each time interval 

and tested each one for Ammonia, Nitrate and 

Phosphate. The changes in levels could be seen 

between the first sample and the last, but not nec-

essarily the twenty-minute time intervals. The 

largest change happened in the levels of Phos-

phate.  The levels went from well over 5.0 ppm to 

just about 1-2 ppm shown in the picture. The chlo-

ride test showed that the filter marsh had no effect 

on the levels of chloride, shown by a titration test. 

Like the Phosphate test, the Ammonia Nitrogen 

test showed decreased levels over time, showing 

lighter colors and a more translucent going from 

5.0 ppm to about 2.0 ppm. The Nitrate test also 

proved that there was decreasing amounts over the 

two-hour period. The fertilizer put into the water 

source had a 6 2 1 ratio of Nitrogen, Phosphorus, 

and Potassium, thus proving the filter marsh 

worked showing decreasing levels of Nitrate and 

Phosphorus. This model was based off an actual 

filter marsh that was 6,000 feet long. So, this also 

proved that any size filter marsh would be effec-

tive, since the total distance in the experiment was 

only 121.7 feet.  
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