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Introduction & Research

I spend a lot of time outdoors, especially here in Okinawa since it is a subtropical
island that benefits from many days of sunshine throughout the year. Everyone always tells
me about how powerful the sun shines here in Okinawa. My Okinawan grandmother is always
worried about me playing soccer outside because of the sun. Sometimes my soccer team will
have practice in the blazing sun for most of the day.

My mom and dad are constantly reminding me to apply sunscreen on the parts of my
body that are exposed to the sun’s powerful rays, but I wondered if the sun gets through any of
my soccer uniforms or other types of clothes that I wear when I am outside. Can different
types of material in clothing make a difference in protecting my skin from ultraviolet
radiation?

Through conducting research about the sun, I learned more about its different rays.
The sun emits different kinds of light: visible light, infrared light that is felt as heat, and
invisible ultraviolet radiation.

Ultraviolet radiation (UV) is part of the electromagnetic-light spectrum that reaches
the Earth from the sun. It has wavelengths shorter than visible light, making it invisible to
the naked eye. These wave lengths are called UVA, UVB or UVC. UVA rays are the longest of
the three, and account for up to 95 percent of the UV radiation that reaches the Earth’s
surface. UVA rays are common during all daylight hours throughout the year, and can even
penetrate clouds and glass. UVB rays are the most intense during the hours of 10:00 AM and
4:00 PM from April to October. UVB rays do not significantly penetrate glass. UVC rays are
the shortest of all three types of rays. Most UVC rays are absorbed by the ozone layer and do
not reach the Earth.

Ultraviolet light has more energy than visible light and causes chemical reactions in
objects and animals on Earth. Ultraviolet rays cause the skin to increase its production of a
brown chemical called melanin. We see this as a tan. However, too much melanin can cause
skin problems. By damaging the skin’s cellular DNA, excessive UV light produces genetic
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mutations that can lead to skin cancer. The U.S. Department of Health and the World Health
Organization have identified UV as a proven human carcinogen. UV radiation is considered
the main cause of non-melanoma skin cancers, including basal cell carcinoma and squamous
cell carcinoma. These cancers strike more than one million people every year.

UVB light is responsible for many skin problems, such as sunburns and many forms of
skin cancer while UVA light is more deep-penetrating an causes tanning and wrinkling.

Surprisingly, more than 80 percent of skin damage from the sun’s rays occurs by the
time a person is 18 years old. Other health concerns related to UV rays include cataracts (eye
diseases), aging of the skin, and a suppression of the immune. As you can see, it is important
for people to protect their skin when they are in direct sunlight.

According to the American Academy of Dermatology, here are some eye-opening skin
cancer facts:

e More than 3.5 million skin cancer cases affecting 2 million people are diagnosed
annually.

e It is estimated that there will be about 131,810 new cases of melanoma, the
deadliest form of skin cancer in 2012.

o The major risk factor of melanoma of the skin is exposure to ultraviolet light.

e In 2010, new research found that daily sunscreen use cut the incidence of
melanoma in half.

The amount of UV rays depend on the time of day, the season, the cloud cover, the type
of surface on which they strike, elevation, and where the rays strike the Earth. The UV rays
are stronger near the equator. So, there are many variables involved when calculating
exposure to UV rays. Is clothing another variable that can help control or block your exposure
to harmful UV radiation? I wondered about which clothing material would best block UV rays.

Through my research, I have learned that clothing can protect you from the harmful
effects of ultraviolet radiation based on the type of fabric, the tightness of the weave, and the
color. While sunscreens are rated with an SPF, or sun protector factor, clothes are rated with a
UPF or ultraviolet protection factor. A UPF factor indicates the amount of UV light that is
absorbed by your clothes. For example, a shirt with a UPF factor of 50 will allow 1/50t or 2%
of the surrounding UV light to penetrate to your skin.

According to one of my sources, lightweight, light-colored, or loosen woven clothes have
much lower UPF ratings than dark, tightly-woven clothes. While they might be uncomfortable
on the beach, brand new jeans provide much better protection from the sun than a white T-
shirt.

While conducting my research, I wonder what kind of UPF rating my soccer uniforms
would have. I know that many Nike and Adidas advertisements talk about the high-tech
benefits of their soccer jerseys and how these jerseys will increase your level of performance.
But, I wonder how these uniforms will test when it comes to UPF and skin protection. Do so-
called high performance materials make a difference when it comes to the UPF factor?

In closing, new technology in UPF and increased scientific knowledge have led to the
development of many artificial materials with high UPF ratings, it is almost like “sunscreen”
for your clothes. Also, some products are available in a spray which allows you to spray your
clothes to increase your UPF. Only clothes with a UPF of 15-50+ may be labeled as sun-
protective. Clothes that are marketed with a sun-protective claim are usually UPF 50+. Also,
like regular clothing, sun-protective clothing may lose its effectiveness if pulled too tight or
stretched out, if it becomes damp or wet, or if it is washed and worn repeatedly. My dad has
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even listened to me talk about my research. He ordered a sun-protection shirt online from a
company called Coolibar. Coolibar is an Australian company that has been a leading developer
in clothes made with high UPF factors. Australia is one of the world leaders in establishing
regulation for sunscreens and sun-protective clothing.

It will be interesting to see what scientists develop in the coming years; perhaps we can
develop products that block all UV radiation from reaching our skin whether it is covered with
clothes or not.

Statement of Question

My experiment focused on the question of what type of fabric will possess the best
UVB-blocking abilities. The purpose of the project was to see which material would be the
most effective in protecting the skin from hazardous ultraviolet radiation, specifically UVB
rays. Fabrics that restrict the amount of UVB light from passing through them would be
considered to be the most effective.

Hypothesis

If different types of fabric are used to measure UV transmittance, then the fabrics with the
highest percentage of polyester will be the most effective in reducing the amount of UVB light
allowed to pass through the fabric.

Variables

Independent Variable- Type of Fabric

Dependent Variable Amount UVB Light Allowed to Pass through the Fabric (mW/m?)
Constants- Color of Material, Amount of Material, Elapsed Time for Each Trial, Experimental
Settings of Location, Time, and Place

List of Materials

1- Vernier UVB- Ultraviolet Light Sensor

1- Vernier LabQuest Hand-Held Data Collection Device
1- Rectangular Support 5” x 8” Base, 5/16"x 18”

1- 1 %” Round Jaw Utility Clamp

1- Piece of Cardboard measuring approximately 4” x 6”
10- Different Types of Fabric
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Fabric swatch size- at least 1 %’x 1 %” to cover the end of the UVB sensor, all fabrics should be

the same color, for this experiment all were Navy Blue.

Fabric 1 — 100 % Cotton

Fabric 2 — 80% Cotton/ 20% Polyester
Fabric 3 — 60% Cotton/40% Polyester
Fabric 4 — 50% Cotton/50% Polyester
Fabric 5 — 100% Polyester (Clima365)
Fabric 6 — 100% Polyester (H Green)
Fabric 7 — 100% Polyester (TekGear)
Fabric 8 — 100% Polyester (Nylon)
Fabric 9 — 100% Polyester (Haggar Q)
Fabric 10 — 100% Polyester (ClimalLite)

Computer with word processing and spreadsheet software

STEM Connections

Science, technology, engineering, and mathematics have become a focus for students of
all grades in the United States. President Obama wants us to be more competitive with
students from around the world in these areas. My science fair project includes many STEM
connections. I was able to use new technology with my project when I decided to use Vernier
software and technology. This was the first time that I used sensors and portable data
collection devices. So, it was hard at first, but eventually the frustration turned into a lot of
fun. My dad let me use his LabQuest for my activity.

The LabQuest is a portable interface used to collect sensor data with its built-in
graphing and analysis application. The sensor I used for my project was a UVB sensor. This
sensor is an ultraviolet light sensor that responds primarily to UVB radiation. . It is used for
any experiments that use sunlight.

The units measured with this type of sensor are in milliWatts per square meter
(mW/m?) which is the standard measurement for UVB radiation.

Of course, I had to analyze and prepare all of my data and graphs on the computer
using Microsoft Word to present my findings, and Microsoft Excel to produce visual
representations of my data. Finally, there was a lot of math involved when I needed to
calculate the mean averages for all of my trials. I am glad that my project made a lot of STEM

connections.
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Procedure

10.

11.

12.

13.

Obtain the different fabrics and other materials listed above.

Prepare the piece of cardboard by cutting out a circle with the circumference of 10
centimeters in the middles of the cardboard piece. This hole will be used to place the
fabric over when testing for UVB penetration with the sensor.

Gather materials for the experiment. Experiment should be conducted on a sunny day
for best results.

Attach the UVB sensor to the LabQuest. Be sure that the LabQuest is reading the
sensor before beginning. Make sure that you have fully charged batteries before
beginning in order to make your LabQuest portable, otherwise you need an extension
cord.

Use the shadow of the UVB Sensor to aim it correctly without looking directly at the
sun. Hold the sensor with your thumb and first finger, pointing the sensor in the
general direction of the sun.

Find the sensor’s shadow and observe how it changes shape as you move the sensor
around. Move the sensor around until the shadow becomes a small round circle. This
shows that the sensor is now pointing directly at the sun.

Keeping the sensor orientation in mind, clamp the UVB Sensor onto the rectangular
base. Once the sensor is securely on the base, you are ready to begin collecting data.
Place one of the fabrics over the piece of cardboard. Practice holding the cardboard over
the sensor. The hole with the fabric across should be placed directly above the sensor.
It is okay if the fabric lightly touches the tip of the sensor.

When all is ready, click the green arrow on your LabQuest to begin data collection.
After 20 seconds, click on the red square to stop the data run.

Click Analyze on your LabQuest, the click Statistics. This will give you the mean
average of UVB Intensity for this fabric for this trial. Record the mean in your data
table. Next click on the Table icon for a detailed list of UVB Intensity in mW/m? in 4-
second increments for 20 seconds. Record this information in your data table. The
units are measured in milliWatts per square meter (mW/m?) which is the standard
measurement for UVB radiation.

Repeat steps 8-10 for each fabric in your experiment. You may want to take some
beginning data of direct sun to see how much of a difference each fabric makes when
compared to the sunlight.

Repeat the procedure from 3-5 times for each fabric in order to make sure that you
have repeated trials.

Graph your results, analyze your data, and formulate your conclusion to include

recommendation for improving this experiment.
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Data Analysis and Graphs

Each UVB Intensity (mW/m?2) number listed for each type of fabric is a mean average
computed by the LabQuest Vernier data collection device. The UVB sensor records the UVB
Intensity at four second intervals for a period of twenty seconds. These calculations are than
averaged together to create a mean for each type of fabric. The units are measured in
milliWatts per square meter (mW/m?) which is the standard measurement for UVB radiation.

UVB Intensity (mW/m?) Trial 1

MATERIALS/TIME (Seconds) 0 4 8 12 16 20
Direct Sun 53.8 54.3 54.8 55 55.5 56
100 Cotton 13.9 13.7 13.9 13.7 13.7 13.7
80 Cotton/20 Polyester 13.9 13.9 139 139 139 139
60 Cotton/40 Polyester 13.9 13.9 13.9 13.9 13.9 13.9
50 Cotton/50 Polyester 13.9 13.7 139 139 13.7 139
Clima365 100 Polyester 13.7 13.7 13.9 13.9 13.9 13.9
H Green 100 Polyester 139 139 13.9 13.7 13.7 13.9
TekGear 100 Polyester 13.9 13.9 14.4 13.7 13.7 13.9
100 Polyester 13.7 13.9 14.2 13.9 13.9 13.9
Haggar Q 100 Polyester 12.9 13.9 13.9 139 139 139
Climalite 100 Polyester 13.8 13.7 13.8 13.9 13.8 13.8

UVB-Blocking Effectiveness- Trial 1 (Mean)
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UVB Intensity (mW/m?) Trial 2

MATERIALS/TIME (Seconds) 0 4 8 12 16 20
Direct Sun 112.3 111.8 112.1 110.9 111.9 112.4
100 Cotton 14.1 13.9 13.9 14.2 14.2 14.1
80 Cotton/20 Polyester 13.7 13.7 139 14 14.1 13.8
60 Cotton/40 Polyester 13.7 13.7 13.7 13.7 13.7 13.7
50 Cotton/50 Polyester 13.9 13.7 14.1 13.7 139 14
Clima365 100 Polyester 13.8 13.8 14 14 13.9 13.9
H Green 100 Polyester 13.7 13.8 13.8 13.6 13.6 13.8
TekGear 100 Polyester 13.7 13.7 13.7 13.7 13.7 13.7
100 Polyester 12.9 13.9 13.9 139 139 139
Haggar Q 100 Polyester 13.8 13.8 13.8 13.8 13.7 139
Climalite 100 Polyester 14 14.1 14.1 13.6 13.9 13.9
UVB-Effectiveness- Trial 2 (Mean)
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UVB Intensity (mW/m?) Trial 3

MATERIALS/TIME (Seconds) 0 4 8 12 16 20
Direct Sun 176 175.7 176.3 176 176.1 176
100 Cotton 14.5 14.5 14.3 14.3 14.1 14.1
80 Cotton/20 Polyester 14.7 14.7 14.7 14.7 14.7 14.7
60 Cotton/40 Polyester 13.8 13.9 13.9 14.2 14.2 14.2
50 Cotton/50 Polyester 14.1 14.1 14.1 14.1 14.1 14.1
Clima365 100 Polyester 13.3 13 13.5 13.3 13.1 13.4
H Green 100 Polyester 14.4 14.4 14.4 14.4 14.5 14.5
TekGear 100 Polyester 14.3 14.3 14.4 14.3 14.3 14.3
100 Polyester 14.1 14.1 14.1 14.1 14.1 14.1
Haggar Q 100 Polyester 14.2 14 14 14.4 14 14
Climalite 100 Polyester 14 14 14 14 14 14
UVB-Blocking Effectiveness- Trial 3 (Mean)
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UVB Intensity (mW/m?) Trial 4

MATERIALS/TIME (Seconds) 0 4 8 12 16 20
Direct Sun 113.8 114.2 113.8 113.7 113.6 113.6
100 Cotton 14 14.1 13.9 14 14 14
80 Cotton/20 Polyester 14.7 14.7 14.7 14.8 14.7 14.8
60 Cotton/40 Polyester 14.1 14.1 14 14.2 14.3 13.9
50 Cotton/50 Polyester 14.1 14.1 14.1 14.1 14.1 14.1
Clima365 100 Polyester 14.2 14.2 14.2 14.3 14 14.2
H Green 100 Polyester 14.6 14.6 14.5 14.7 14.5 14.6
TekGear 100 Polyester 14 14 14 14.1 14.1 14
100 Polyester 14 14.1 14.1 13.4 14.1 14.5
Haggar Q 100 Polyester 14.3 14.3 14.3 14.3 14.3 14.3
Climalite 100 Polyester 14.2 14 14.4 14.2 14.2 14.2

UVB-Blocking Effectiveness- Trial 4 (Mean)
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UVB Intensity (mW/m?) Trial 5

MATERIALS/TIME
(Seconds) 0 4 8 12 16 20
Direct Sun 68.5 70.7 71.5 72 72.7 74
100 Cotton 14.2 14.3 14.3 14.3 14.1 14.5
80 Cotton/20 Polyester 13.8 13.8 13.8 13.8 13.8 13.8
60 Cotton/40 Polyester 139 139 139 139 139 139
50 Cotton/50 Polyester 139 13.7 139 139 13.7 139
Clima365 100 Polyester 13.8 13.8 13.8 13.5 13.6 13.8
H Green 100 Polyester 13.9 13.9 13.9 13.7 13.7 13.9
TekGear 100 Polyester 13.9 13.9 14.4 13.7 13.7 13.9
100 Polyester 13.7 13.9 14.2 13.9 13.9 13.9
Haggar Q 100 Polyester 13.8 13.5 13.8 13.8. 13.8 13.8
ClimalLite 100 Polyester 13.7 13.7 13.9 13.9 13.9 13.9
UVB-Blocking Effectiveness- Trial 5 (Mean)
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Data Summary

UVB Intensity (mW/m?) Trials 1-5 Mean Averages

100 Cotton 13.8 14 14 14 14.3 14.02
80 Cotton/20 Polyester 13.9 14.7 14.7 14.7 13.8 14.36
60 Cotton/40 Polyester 13.9 14.1 14.1 14.1 13.9 14.02
50 Cotton/50 Cotton 13.8 14.1 14.1 14.1 13.8 13.98
Clima365 100 Polyester 13.8 14.2 14.2 14.2 13.7 14.02
H Green 100 Polyester 13.8 14.6 14.6 14.6 13.8 14.28
TekGear 100 Polyester 13.9 14 14 14 13.9 13.96
100 Polyester 13.9 14 14 14 13.9 13.96
Haggar Q 100 Polyester 13.7 14.3 14.3 14.3 13.8 14.08
ClimaLite 100 Polyester 13.8 14.2 14.2 14.2 13.8 14.04

UVB-Blocking Effectiveness- Mean for Trials 1-5
14.4 14.36
~ 14.2
€ 143 8
~N
S 142
£ 14.1 1408 .,
Z 7 14,02 14.02 14.02 :
B g 13.98 "
[]
)
€ 139 |
o
> 13.8 -
=)
13.7 -
I R - Y Y
& » » (X » AS) N » » »
(\) (3) O Q O O (3) O (3) O
S ] 3 ] ] ] ] ] ]
N D © AN o 3 o ) ) o
Q A\ <9 N S N N
o o 3 » N o <2
& & (/O o,b 00 z’b < )
® ® o &'b & \&0 Qg‘? &'b
S & SR M S
Type of Fabric

- 263 -



UVB-Blocking Effectiveness of Different Materials

Most to Least Effective (Mean for Trials 1-5)

UVB Intensity

Type of Fabric (mW/m?)

100 Polyester 13.96
TekGear 100 Polyester 13.96
50 Cotton/50 Cotton 13.98
100 Cotton 14.02
60 Cotton/40 Polyester 14.02
Clima365 100 Polyester 14.02
Haggar Q 100 Polyester 14.08
H Green 100 Polyester 14.28
80 Cotton/20 Polyester 14.36

Lower averages of UVB Intensity indicate that the tested material is more effective in

blocking UVB radiation.

Conclusion

My hypothesis was partially supported by the data. On average, the 100% polyester
sample proved to be the most effective in blocking out UVB rays. The mean, after five trials,
for this material was 13.96 mW/m?, which was the lowest of all of the material tested. But, the
other samples with different amounts or types of polyester finished in different orders
depending on the trial. To my surprise, the 100% cotton sample proved to be a better UVB-
blocking material than over fifty percent of the other tested materials. The worst UVB-blocker
tested was the 80 Cotton/20 Polyester sample. This was very interesting for me because this
material came from an Okinawan Kariyushi Wear shirt of my Dad’s. These shirts are like
Hawaiian shirts in Hawaii, everybody wears these shirts in Okinawa.

The amount of polyester in a material was not a good predictor of its ability to block out
UVB radiation. I was surprised to discover that there was not much difference between all of
the materials. I thought that there would be a wide range of UVB-blocking abilities in the
different materials.

Based on my findings, I would be interested to see it the density of the fabric played a
factor in UVB protection. I tested a few different samples of 100% polyester. These samples
were all made of polyester, but some seemed to be woven tighter. For example, the H Green
polyester sample looked like it had small air holes in the material. Maybe this material was
designed to keep someone cool in hot weather, and not designed for UVB protection.

If T were to do this experiment again, I would concentrate on the type of fabric rather
than the materials used to make the fabric. I would conduct more research on the new
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technology used in UPF clothing and materials. Finally, I would conduct as many trials as
possible, maybe even a hundred trials in order to get more accurate results.
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This project was very well developed. The research provided information on UV radiation
and the effect of UV radiation on the human body. Skin cancer is a huge problem and
developing ways to limit the skin’s exposure to UV radiation will help reduce the number of
skin cancer cases.

It is important to think like a scientist and by using Vernier probe ware, you used data
collection tools that are similar to professional scientists. It was nice to see so many trials
completed as this provided validity of your data and your data collection methods.

Recommendations for further study and experimentation include using different colored
fabric and using fabrics that have different weaves and thicknesses. It would also be
interested to conduct this experiment on children’s clothes, since you noted in your research
that 80% of damage to the skin occurs before the age of 18.
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Abstract

Fear is an emotion that all individuals experience. Fear is a necessary emotional response
that allows individuals to make appropriate “fight or flight” responses that protect us
throughout our entire life. However, there are fears that do not require a “fight or flight”
response, that psychologist’s believe can be overcome through various techniques, one of which
is “flooding”. My hypothesis was that if individuals were subjected to the same haunted house
twice while wearing heart rate monitors, their second exposure to the fear would result in less
of a pulse rate increase as opposed to the first exposure to the same haunted house. My test
results indicated that for the majority of participants, pulse rates did decrease on their second
exposure to the haunted house. In addition, the average of all 16 participants’ peak pulse rate
and average heart rate showed a significant decrease, 10.6 beats per minute and 6 beats per
minute respectively, on their second trip through.

Will multiple exposures to the same fear result in reduced physical/physiological
reactions on subsequent exposures?

Variables-
Independent Variable: Number of exposures to the haunted house
Dependent Variable: Participants pulse rate
Controlled Variable: Haunted house

Hypothesis:
If individuals are subjected to the same haunted house twice while wearing heart rate
monitors, their second exposure to the fear will result in less of a pulse rate increase as
opposed to the first exposure to the same haunted house.

Background Research

Fear is one of many emotions that humans can experience. “Fear is a feeling of alarm
or fright caused by the expectation of danger” (The American Heritage Student Dictionary,
2013). This reaction is also referred to as the “fight or flight” response. The fight or flight
response, “refers to a psychological reaction that occurs in the presence of something terrifying
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either mentally or physically” (The fight or flight response: Our body’s response to stress,
2010). The purpose is to prepare the body to either fight or flee the threat, either real or
imaginary. Scientists have been studying this physiological process for more than 70 years
including how to help people reduce their body’s response when exposed to them.

One scientist who has studied fear i1s Joseph LeDoux. “Joseph LeDoux demonstrated
that the critical structure for eliciting a fear response is the amygdala -- the central part of the
survival portion of the limbic system” (Johnston, 1999, p.113). The limbic system is an area of
the brain in charge of ones emotions and moods. In the limbic system, several areas of the
brain work together. “It is here that you connect feelings with strong physical reactions, for
example, fear with a fast heartbeat” (LeVert, 2002, p.19). The brain then sends signals in the
form of nerve impulses to the spinal cord. “The spinal cord is a cable of nerve tissue that
transmits messages to and from the brain and the rest of your body “(LeVert, 2002, p.23). The
nerves that interpret these messages from the brain and spinal cord are called autonomic
nerves.

There are two types of autonomic nerves; sympathetic and parasympathetic. The
balance between these two nerves is involved in heart rate management. “The sympathetic
nerves excite the body, speeding up its processes in response to stimuli. The parasympathetic
nerves bring the processes back to normal” (LeVert, 2002, p.29). The balance of these two
systems provides us the right amount of information when fear is present and when it goes
away. For example, when someone is exposed to a fear, the sympathetic nerves tell your heart
to work or pump faster. One way to measure this reaction is by measuring a person’s pulse
rate.

The repeated exposure to similar situations leads to familiarity. This greatly reduces
the fear response and also forms the basis of some phobia treatments, which depend on slowly
minimizing the fear response by making it feel familiar. For example, “psychologists will try
to extinguish fear by flooding techniques-they suggest that clients repeatedly expose
themselves to the feared stimulus” (Carlson & Hatfield, 1992 p. 469).

Materials List

e Sixty dollars to cover the entrance fee of the 16 participants to Haunted House

e Two Sportline dual use heart rate monitor watches

e Permission to use the 18th Civil Engineer Battalion (CEB) “Slaughter House”
haunted house on November 274 and 34, 2012

e Self-constructed participant survey

e Informed consent (included on self-constructed survey)

e Table for workstation while at the haunted house

e Two chairs for workstation at haunted house

e Two 8 %” x 11” clipboards

e Dozen #2 pencils

FExperimental Procedure

e Obtain permission from the 18t CEB to utilize their “Slaughter House” on Kadena AB
to conduct the experiment on November 2rd & 3rd, 2012.

e  Solicit volunteers from the line awaiting entry into the “Slaughter House”.

e Explain to volunteers what the purpose of the experiment is and that it will require
two trips through the haunted house (taking up to 1.5 hours to complete both trips).

e Explain to volunteers that the second trip through the haunted house will be paid for
by the researcher.
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e Ask volunteers to sign the informed consent portion of the survey and explain the
confidentiality of the volunteers’ survey data.
e Have Volunteers fill out a survey for the experiment.

e Attach heart rate monitors to the volunteers and record their heart rates prior to entry

into the “Slaughter House”.
e Send the volunteers through the “Slaughter House” on their first trip.

o After completion of first trip, access the stored data in the heart rate monitor to record

their “Peak” heart rate and “Average” heart rate during the trip.
e Krase all data in the heart rate monitor.
e Send the volunteers through the “Slaughter House” on their second trip.

e After completion access the stored data in the heart rate monitor to record their “Peak”

heart rate and “Average” heart rate during the trip.
e Thank volunteers for participation.

Data Analysis
Participants Heart Rates in Beats Per Minute

Resting Heart Trip 1 Trip 1 Trip 2 Trip 2 Peak Avg
Participant | Rate Peak Avg Peak Avg Change Change

1 90 139 128 131 124 -8 -4
2 109 123 110 113 103 -10 -7
3 70 138 96 123 75 -15 -9
4 117 189 132 155 135 -34 3

5 79 200 161 144 110 -56 -51
6 107 190 159 172 144 -18 -15
7 80 157 123 126 111 -31 -12
8 87 107 96 103 95 -4 -1
9 90 142 136 157 126 15 -10
10 101 112 101 113 96 1 -5
11 117 140 101 132 98 -8 -
12 120 153 139 144 138 -9 -1
13 85 123 97 130 120 7 23
14 113 143 128 145 132 2 4
15 118 160 150 161 136 1 -14
16 96 152 137 149 142 -3 5

Average 98.6875 148 124.625 | 137.375 [ 117.8125| -10.625 -6.0625
Discussion

With sixteen volunteers tested while walking through a haunted house (controlled

variable) on consecutive trips (independent variable), their individual pulse rates (dependent
variable) were measured and recorded to show how repeated exposure to a specific fear would

affect their body’s natural reaction. Eleven of the volunteers showed a decrease in “peak”

pulse rate while twelve volunteers showed a decrease in average pulse rate while participating
in their second trip through the haunted house. The average change in peak pulse rate for all

sixteen volunteers was -10.6 bpm, while the average change in average pulse rate for all

sixteen volunteers was -6bpm. Five of the volunteers showed an increase in peak pulse rate
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on the second trip while only four volunteers showed an increase in average pulse rate during
the second trip (Table 2).

Conclusion

My hypothesis was that if I send volunteers through a haunted house wearing heart
rate monitors, their heart rate will increase more the first time through than it does the
second time through. The tests were conducted smoothly, and for the most part supported my
hypothesis. While a few of the participants showed an increased pulse rate on the second trip
as compared to the first trip through, the data overwhelmingly shows that second trips
through the haunted house produced a significant drop in both Peak Pulse Rates and Average
Pulse Rates for the group as a whole.

Ideas for Future Research

The survey I constructed for my research was use to collect demographic information as
well as gauge the participants’ feelings towards haunted house experiences. Due to my
limited sample size of 16, I think a good idea for future research would be to examine in more
depth how results would change with a larger sample size as well as how age and gender
affected pulse rate over multiple exposures.
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Appendix 1

FEAR FACTOR SURVEY

I am asking for your voluntary participation in my 4th grade science fair project. The goal of
my project is to determine if pulse rate is a good indicator of fear or excitement. Please be
assured that any information provided will be kept completely anonymous. If you would like
to participate, please sign on the line directly below and complete the following survey.
Participant Signature & Date:

INSTRUCTIONS: Please darken the circle next to your answer choice and write your answer
on the line where necessary. Please answer all of the questions to the best of your ability.

1. How many times do you estimate having gone through a Haunted House?
Oto1l

2to3

4tob

more than 5

o

(o)

o

o

2. How many times do you estimate you have gone through this Haunted House prior to
taking this survey?

°c 0tol

2to3

4tob

more than 5

o

(o)

o

3. Do you normally seek out experiences that are fearful?
o YES
o NO

4. Do you mostly feel excited before walking through a Haunted House?
o YES
o NO

5. Do you feel excited before walking through this Haunted House?
o YES
o NO

6. Do you think fear is fun?
o YES
o NO

7. Tonight, are you going through the Haunted House alone?
o YES
o NO

o 8. Tonight, are you going through the Haunted House with someone?
o YES
o NO
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9. What is your gender?
o MALE
o FEMALE

10. What is your age? Resting HR: Peak HR 1t time: Peak HR 2nd
time:

Table 1
Variables:

Independent Variable Dependent Variable Controlled Variable

Number of Exposures Participants Pulse Rate Haunted House

Table 2

Peak and Average Pulse Rate Change

M 1st Exposure M 2nd Exposure
1704
160 148BPM
150
1401
130
120
110
1001

90 1
80
70
60 -
501
40
301
20
10+

0_

Pulse Rate Beats Per Minute

e‘ age

py
Peak and Average
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Human beings have always been curious about the world around them their responses to
environmental stimuli. Making sense of the human body’s response to fear and studying
ways to reduce a person’s fear and anxiety is a very interesting topic. It is obvious that you
were thinking like a scientist as you developed your experiment.

This experiment was very well designed and the attention to details, such as keeping as
many variables controlled as possible, should be commended. Your data collection and
discussion showed a strong understanding of the scientific process. Even though your
sample size was small, your experimental design allowed for a random sample, which is very
good.

Recommendations for future study and experimentation include increasing your sample
size, focusing on a specific age group, and comparing responses by gender. Continued
experimentation on this topic could lead to a better understanding of fear and development
of strategies that would help people overcome their fears and anxieties.
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Why I Chose this Project

I chose to do my project on a trebuchet because of the complex simplicity of it. I saw a
trebuchet on T.V. once, taking down the walls of a castle. I wondered how a simple machine
such as a lever could have so much potential power. So, I decided to do this project on them.
Ancient weaponry is a topic that has always interested me

What is a Trebuchet?

The earliest trebuchets were derived from the fustibalus, a Latin word for “staff sling”.
A staff sling was a length of wood with a sling at one end, not unlike lacrosse sticks. The sling
had one cord attached to the staff, while the other would have a loop which would slip off and
release the projectile. Staff slings were very effective due to the fact that you could make them
at lengths varying up to two meters. The extra length gave the staff more time to accelerate,
giving the projectile more force. Like modern lacrosse sticks, the thrower would hold the stick
with both hands; but unlike lacrosse sticks, throwers would usually have both hands on the
base of the staff and fling the projectile over their heads, allowing for steeper trajectories.

The fustibalus quickly evolved into the traction trebuchet, a trebuchet that required
people to pull on ropes that were tied onto the short side of the throwing arm. The longer side
of the throwing arm had a sling at the end where the projectile would fit. The traction
trebuchet was smaller than future models and also had a much shorter range, but made up for
its weakness with a more portable design and a faster rate of fire than future designs. Smaller
traction trebuchets could be operated by a single person and one rope, but more effective
models were sized for 15-45 men, usually two people pulling one rope.

The Greek invented the hand trebuchet (cheiromangana), which was basically a staff
sling on a pole. A lever mechanism propelled the projectiles. Operated by a single man, they
were deployed by emperor Nikephoros II Phokas. They were used to disrupt the enemy’s
formations in open-field combat.
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The counterweight trebuchet, the most powerful of the trebuchets, was developed by
the Byzantine Empire during the 12th century. A counterweight trebuchet was deployed do
destroy enemy forts. It utilized gravity through the use of a counterweight to accelerate a
projectile at high speeds. The trebuchet in itself being a first class lever, the use of the sling as
a secondary fulcrum further multiplied the speed at which the projectile was flung, making
the trebuchet much deadlier.

The Math Behind a Trebuchet

A trebuchet itself is a first class lever, so it should come as no surprise that physics
manifest a great deal of importance, should one be designing a trebuchet themselves. For
example, you can easily calculate the distance that a trebuchet throws with the formula

2
(4
x:g_

2 7 where “t” is the amount of time the projectile stays in the air and “g” is the rate of
gravity (32.2 feet per second).

[13

You can also calculate the velocity of a projectile using another formula. The formula to

calculate a projectile’s velocity is “v=gt”’, where “v” is velocity, “g” is the rate of gravity, and “t”
is the amount of time the projectile spends up in the air.

There is also math regarding the design of a trebuchet. A proper trebuchet should have
a throwing arm that is a 3:1 or 4:1 ratio, in proportion to the weight arm. Donald B. Siano
(Trebuchet Mechanics, March 28, 2001) recommends using a counterweight that has a mass
100 times greater than the mass of the payload. He said that it is, however, possible to use a
much lighter counterweight and get an equally good design.

Statement of Question:
My experiment is focused on the question: Is there a relationship between the weight of a
trebuchet’s counterweight and the change in distance between each weight?

Hypothesis:
If T increase the weight of a trebuchet’s counterweight, then the amount of increase in distance
will be directly proportionate to the amount of increase.

Variables:

Manipulated Variable: The weight of the counterweight

Responding Variable: The distance the trebuchet fired in meters

Constants: The type of projectile, the trebuchet design, and the location of testing, number of
trials conducted in for each counterweight

Control: Zero weights and a golf ball
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List of Materials

Ten 1-meter long PVC pipes with 25mm diameter.
14 nuts (metal, not food)

30 screws

14 washers (metal, not appliances)

1 threaded rod

4 zip ties

Red electrical tape

Black duct tape

Six 90-degree angle joints

Six T-shape joints that form two 90-degree angles
550 cord

Black leather pouch

3 tennis balls

4 golf balls

Four 2 % 1b. weights

1 latch

5 rubber cushions to rest between the weights

1 wooden block

1 bent nail

Procedures

1.

No O N

10.
11.
12.
13.
14.

15.

16
17
18

Decide what you are testing.

Conduct initial background research.

Construct a hypothesis.

Design trebuchet on paper.

Determine what supplies are required based on the design.
Go to store and buy the supplies listed on the supplies list.

Cut PVC into one 27.5 cm long rod, three 39.5 cm long rods, four 28cm long rods, three

40cm long rods, four 14.75cm long rods.

Assemble the trebuchet according to design.

Indoor testing using balls of paper.

Adjust design as necessary.

First trials to see if the trebuchet fires — if it does, go to step 14. If not, go to step 12.

Go home and tweak the design, i.e. the sling, weight arm, etc.

Repeat step 11.

Continue on to the official trials, in which you measure the weight of the
counterweight and the distance the projectile is flung. Be sure to use the metric system
for maximum accuracy.

Go home and average the distances and start working on the data table for your
results.

. Put together a supplies list and procedures list.
. Start constructing the display for your project.
. Create your conclusion based on results.
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DATA ANALYSIS

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Average
1.13 kg | 5.15m 5.16m 5.2m 5.25m 6.04m 5.36m
2.26 kg | 17.36m | 17.84m | 18.2m 18.54m 19.48m 18.284m
3.40 kg | 23.8m 23.86m | 25.14m | 26.45m 26.84m 25.218m
4.53 kg | 23.7m 29.24m | 28.6m 29.8m 30.86m 28.44m
A || L= Control 0 A. This is the data during each of the
m 2 12.924m five trials for each weight and the
o |3 6.934m average of the trials. My
u |l 4 3.222m independent variable is the weight of
nis 1.497157 the counterweight. The dependent
t g 0.695679m variable is the distance of the throw.
0
f 7 0.323259m B. The trend of the change in
W 8 0.150208m distance, where the left side 1s
e || 9 0.069797m the amount of weights. The right
1 10 0.032432m hand side is the amount of
g |l 11 0.01507m change in the average distance of
h {9 0.007003m the throw in meters. Numbers 2-
t 13 0.003254m 4 are based qff of observed
s patterns, while numbers 5-17
14 0.001512m consist of simulated results based
15 0.000703m on our observed trend.
16 0.000326m
17 0.000152m
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Distances for each trial
35
30
25
»
3
2 20
£
g ——1.13398 kg
5 15
k7] —7.26796 kg
[a]
e 3.40194 kg
10
e 4.53592 kg
5
0
Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Average
Trial Number

The graph shows that the throws were mainly consistent, excluding Trial 1 of the four-weight
trial. The rope had gotten tangled prior to launch, which decreased the overall effectiveness of
the trebuchet.
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Observed Change in Average Distance
Thrown
14
12 -
10 -
g
£ 8 -
&
56
£
<
4 -
2 -
0 .
2.26796 3.40194 4.53592
Weight in Kilograms

Because the average distance thrown for 1. 13398 kg would be exactly equivalent to the
amount of change it was not included in this graph. 0 kg would get you 0 meters, so 0 kg had
no distance to compare to.

Conclusion

My hypothesis was not supported by my data. I observed that for each time I
added weight, the change in my trebuchet’s throwing distance decreased. Eventually, adding
weight will not increase the throwing capability at all, but rather hinder it. This opposed my
hypothesis, as doubling and/or tripling the weight of the counterweight did not double and/or
triple the distance. My project did have some limitations, though. The materials used to make
the trebuchet are flexible, so they absorbed some of the force that could have made the throws
more efficient. Also, the string was too easy to tangle, so whenever I shot the trebuchet with a
tangled string, it performed poorly. In the future, if I were to repeat this experiment, I would
use wood for the body of the trebuchet because it is less flexible.
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Understanding simple machines is important as people create complex devices. The
trebuchet, even though it was originally designed hundreds of years ago, still provides
inspiration for many of the devices we use today. The explanations regarding the physics
and the mathematical formulas used in designing and understanding the trebuchet is much
appreciated.

Your skills as a scientist are demonstrated through your use of multiple trials and the
accuracy of your data collection. Your careful observations of your trebuchet in action
helped provide an explanation as to why the data did not support your hypothesis. As you
continue forward in your experimentation with the trebuchet, one possible extension to this
experiment could be to construct the trebuchet using different materials.
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