
The Effect of Texturizing the Surface of Polydimethylsiloxane

(PDMS) by Various Methods on the Formation of Biofilms in 

Microfluidic Channels

By  Rachel Nagley Class of 2015

 Be open to a variety of project ideas—begin 

by looking for articles that interest you

 Reach out to professors and professionals 

who are experts in your field of research

 Make sure to communicate with your mentor 

often and effectively—notify him/her of 

project updates in person or by email

 Create deadlines for yourself in order to 

manage time 

Abstract
The purpose of this study was to determine if adding texture to a normally flat, polymeric surface 

inhibits bacterial growth in a microfluidic channel. Microfluidic devices were created by molding 

polydimethylsiloxane (PDMS) around children’s Shrinky Dinks® according to a protocol provided 

by UVA. To add slight texture to PDMS, some channels were molded around sputter coated Shrinky

Dinks®. Other channels were molded around Inkjet Shrinky Dinks®, which exhibited substantial 

texture. E. coli was transformed to express GFP and used to coat all channel types to initiate biofilm 

growth. Data were collected by measuring the percentage of each channel covered by biofilms by 

taking photos of the channels under fluorescence microscopy and analyzing with ImageJ. The data 

supported the hypothesis that microfluidic channels molded around sputter coated Shrinky Dinks® 

would have the least amount of biofilm growth. An ANOVA conducted on the data set produced a p-

value of 5.536E-24 (alpha = 0.05), revealing significant difference between the channel types. A 

Tukey test showed that significant difference between all groups. In this experiment, adding a slight 

texture to a polymeric surface decreased bacterial growth; however, adding substantial texture 

actually increased bacterial growth. This study supported a method of making plastic surfaces 

naturally antibacterial, and demonstrated the feasibility of microfluidics research in a high school 

laboratory setting.

Future Research Ideas

Suggestions to a future 

researcher

 Transfer sputter coated patternfrom PDMS to 

consumer plastics

 Develop better techniques to characterize 

biofilms within microfluidic channels

 Use microfluidic devices for DNA studies or 

other projects involving micro-organisms



The Effect of Tire Tread Patterns on Road Surface Traction
By  James Ogden Class of 2015

1. Brainstorm ideas very thoroughly, 
because you will have to “deal” with 
it for a full semester.
2. Do not procrastinate, you will fall 
behind and your grades will reflect 
that.
3. Ask for help: going ahead on your 
own could get you lost.

Abstract
The purpose of the research was to determine which type of tire tread pattern would provide the best 
traction. Sections from three different passenger car tires were removed to be dragged across four 
different road surfaces. A Vernier Force Sensor was used in combination with small string and clamp 
to find the force needed to pull the tires. The data were entered into multiple Microsoft Excel 
documents, and then condensed by removing repetitive data to make analysis simpler.
An ANOVA test was used to find any statistically significance. The alpha value was set to 0.05. The 
data show that there was a statistically significant difference between the three tires. A Post-hoc, 
Tukey test was performed to determine statistical differences stand. The following p-values were 
calculated from dry asphalt, 8.0934E-21; dry concrete, 3.48295E-16; wet asphalt, 9.59211E-26; and 
wet concrete, 2.08806E-27. The original research hypothesis was, “if the tire tread pattern has the 
most surface area then the tire will have the highest coefficient of static friction”. The alternate 
hypothesis was supported by the data. The research project showed that the tread pattern of Nexen
N3000 required the greatest force to drag across the road surfaces, in turn supporting that the tire 
tread pattern of N.5 has the greatest traction. 

Future Research Ideas

Suggestions to Future 
Researcher

Add Project photo or 

graph of data here.

Every tire has a traction rating, therefore, if someone were 
to continue this project the traction ratings of the tires 

should be matched. The sizes of the tires should be 
matches, because a slight change in tire radius can effect 
the tire surface area touching road surface. The tires used 
should also be bought new, to avoid difference in tread 

wear.



Comparison of Wood Flooring Exposed to Household Deterioration
By: Rafael Rodriguez {Class of 2015}

1. It is important to finish one test fully 
with trial and examination before 
proceeding to the next. 

2. Material should be labeled and kept 
separate in order to avoid confusion 
and contamination. 

3. Photos should be taken of every step 
to make the last presentation easier to 
present and understand. 

The purpose of this study was to promote the use of bamboo, an environmentally friendly material, 
as hardwood flooring. To achieve this purpose bamboo samples were placed alongside oak and 

chestnut and tested against: impact, water absorption, and U.V radiation. The original hypothesis 
stated that bamboo would be shown superior after the three tests. The impact test was conducted to 

examine the strength of each material. A device was used to drop a weight from .74m. All three 
materials received an equal four trials. In the water absorption test all three materials, received four 
trials, each were first weighed and then submerged in 500ml of water. After 24 hours the materials 

were removed from the water and re-examined for mass difference. The final test was a placement of 
the materials inside an XL-Spectrolink. This emitted a set amount of radiation: 100,400µW/cm² for a 

specified time of 15 seconds. 

Future Research Ideas 

Suggestions to a future researcher

• Using raw material rather than treated flooring samples.

• Following through with the U.V radiations test and using 
a different method of analyzing.

• Maintaining strict constants throughout the procedures 
and material size.



The Effects of Coil Diameter on the Voltage Output of Electrical Generators
By Dakota Shepherd Class of 2015

1. Start early on your data collection.
2. Don’t try to do too much in one project. 
3. Be prepared for problems; plants can die and 
designs can malfunction.

Abstract
The purpose of this study was to determine the effect of coil length on the voltage output of home-

made electrical generators. Six generators were constructed in pairs at various coil amounts and 
lengths. The generators were connected to a Vernier Software LabQuest voltage sensor to find their 
maximum voltage output over 10 second trials. Measured voltages were found to be between 0.2 and 
0.95 volts. The data were analyzed through a two-way ANOVA test with an alpha value of 0.05; the 
alternative hypothesis was accepted. The p-value for difference between groups was found to be 
1.92E-46. A Tukey test was then preformed to find which groups were significantly different from 
each other. The test found significant difference between the 50 and 100 winding groups but not the 
25 winding group. The research hypothesis, “if the diameter of coil on an electrical generator is 
decreased, then voltage will be amplified due to a decrease in resistance from the coil, therefore 
producing more output,” was supported by the tests using 50 windings and 100 windings but was not 
supported by the 25 winding test. The results of this experiment showed that decreasing coil length 
increases voltage output in electrical generators, is a negative correlation.

Photo of generator built for the 
experiment

Future Research

Suggestions to a Future Researcher
Graph of max mean voltages

Further research should be done 
between generators using more of coils 
and different coil lengths to find if the 
results of this experiment hold true at 

higher voltage levels.



The Effect of Winglet Angle on Lift-to-Drag Ratios. 

By: Thomas Cavanaugh-class of 2015

1. It may be challenging to find a topic of 

research that you enjoy, but simply take an 

idea that you have and tweak it creatively 

to create a great research project and 

supplies can be attained by the mentors.

2. Make sure to do a lot of research and have 

as many journals as possible. Read them 

thoroughly. It is essential that you have a 

lot of knowledge on your topic.

Abstract
The purpose of this experiment was to determine the relationship between the winglet

angle of an aircraft wing and the role that it plays in aerodynamic efficiency related to lift and 

drag. Vernier force balance sensors were used to calculate the lift and drag. The wing models were 

created at nCore and prototyped using the Solid Works designing program and then transferred to the 

nCore prototype maker where the models were carved out of wood. One wing model had a winglet 

attached to the end of the wing while the other did not. Each wing was tested for ten seconds. This 

was done to both wing models for both lift and drag. A t-test assuming equal variance was performed 

to determine if there was statistical difference. The p-value produced was 0.0649. The alpha value 

was set at 0.05. The null hypothesis was retained and the research hypothesis was rejected. The 

experiment did not yield any significant results about the relationship between lift and drag related to 

winglets. A study of the vortexes that the winglets disrupt could result in more significant results.

1. Further comparative research should be 

done on the vortex of wind around the end 

of the winglet. 

2. The angle of the winglet from the plane of 

the wing could also make for good future 

research.

3. Could the width of the winglet also affect 

the lift and drag of the plane as well as 

functionality and cost efficiency.  s

Future Research 

Ideas

Pertinent Information to share with a 

future researcher



Examining the Correlation between Temperature and Efficiency in 

Photovoltaic Systems. 

By: Cailean Parker-class of 2015

1. To avoid the possible injury, contact with 

metal or otherwise heat-conductive 

components in the box was avoided; 

ambient temperatures exceeded 100°C.

2. Collecting the temperature of the panel 

itself must be done by hand.

3. Useful piece of literature on photovoltaic 

system optimization: Vaisi, S. A. (2012). 

The benefits of integrated methods in PV 

making to promote their efficiency and 

achieve low-cost modules. Smart Grid and 

Renewable Energy, 3, 27-33

Abstract

The purpose of this research was to determine if a correlation exists between the efficiency of 

photovoltaic systems and the temperature of these systems and, if so, the strength of this correlation.  

A solar panel was cooled and then introduced into a controlled environment where it was slowly 

heated while energy production was monitored in Volts by a Pasco voltage sensor. These changes in 

electrical output were then plotted on a graph in relation to the changes in temperature in degrees 

Celsius, measured by a Pasco temperature probe. A correlational inferential test was run on the data 

and a strong negative correlation was found between temperature and efficiency (r=-.9). Thus, the 

research hypothesis, which stated that photovoltaic efficiency would be increased as panel 

temperature decreased, was supported.

1. Developing and refining methods of 

cooling panels.

2. Optimization of manufacturing processes 

involved in making panels. 

3. Regulating or idealizing operating 

conditions of panels. 

4. Reexamination of the material composition 

and layout of panels.

Future Research 

Ideas

Pertinent Information to share with a 

future researcher

Abstract



The effects of temperature on the production 

of biodiesel using notrix bacteria

By  First LastName Class of 2015

1. Tie the superconductor with a fishing line in order to provide a

leash to lift from the nitrogen bath to the track.

2. Wrap the superconductor in a tissue followed by a Mylar, and

seal it using Teflon tape to prolong the levitation time.

3. The neodymium magnets are brittle and can break easily upon

collision.

4. Use a sheet steel as the base of the track to hold the magnets.

5. Keep the constant magnetic polarity along the length of the

track in order for the superconductor to move back and forth

along the track.

The purpose of this study was to analyze a Superconducting Maglev Aircraft Launch System for its

feasibility to minimize the loss of launch energy and to efficiently propel an aircraft using the

Meissner effect. A scale model consisting of a superconducting disk, magnetic track, electromagnetic

accelerator, and power supply, was constructed. Different cooling conditions of the superconductor,

including zero field-cooling and field-cooling, were tested to determine the most effective method of

providing stable levitation. Efficiency of the electromagnetic accelerator was tested by measuring the

thrust generated by different current inputs. Results suggested that the field-cooling method is most

effective at preventing energy loss of the levitating superconductor, while the accelerator is not

practical due to its inability to provide sufficient thrust. The cause of the inefficiency of the

accelerator was identified as self-inductance of the coil. However, by substituting a superconducting

coil, an increase in the efficiency is predicted.

1. Measuring the energy loss of field-cooled 

superconductor in an evacuated tube.

2. Fabricating the electromagnetic accelerator 

using superconducting wires.

3. Testing the possibility of frictionless circular 

motion of a levitating superconductor on a 

circular magnet.

4. Applying Halbach magnetic array to enhance 

the magnetic field of the levitation track.

An Analysis of the Feasibility of a Superconducting MagLev 
Launch System Based on the Meissner Effect

By Sam Lee Class of 2015

Future Research Ideas

Suggestions to a Future Researcher
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