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and Engineering as a joint grant program to encourage students to broaden their intellectual 

horizons by engaging in multidisciplinary research in fields outside of their chosen majors. The Da 

Vinci Program offers approximately twelve grants each summer of up to $4,500 to support 

undergraduate, multidisciplinary research or creative projects. Awards can be used for research 

materials, travel and living expenses.  

As these completed projects from summer 2014 demonstrate, Da Vinci grants enable talented Notre 

Dame undergraduates and their faculty mentors to cross disciplinary boundaries and explore new 

fields.  This summer, for example, a student of industrial design worked with two students at 

Tsinghua University in Beijing to create a lighter weight seat frame in cars to reduce fuel 

consumption; an art and pre-med student wrote a study guide entitled “Organic Chemistry for the 

Visual Learner” to teach difficult concepts through easily comprehensible images; a student of 

economics and theatre evaluated the effectiveness of UNESCO’s efforts to incorporate culture into 

their worldwide development programs; a student of biochemistry was able to develop their interest 

in psychology using robotics to help treat children with Autism Spectrum Disorder; and a double 

major in math and philosophy applied Aristotelian and Platonic concepts to her research on 

modular forms.  

We look forward to the 2015 summer funding cycle as a chance to support a new array of innovative 
and exciting multidisciplinary projects.  
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Scholarship in the Liberal Arts’ website (http://isla.nd.edu/). Please contact us to find out more 
about the Da Vinci Program or to share your ideas for improvements. 
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With the upsurge in Chinese consumers interested in buying passenger vehicles, and 

worries about how C02 emissions are steadily increasing from its mostly coal and automobile 

industries, China plans to impose large restrictions on the automotive industry by cutting 

vehicle average fuel consumption to 5.0L/ 100km (47 mpgUS) by 2020. In response, companies 

like Johnson Control, one of the largest suppliers of automotive interiors, has been conducting 

research in the manufacturing of lightweight seat frames for on-road vehicles in China. In 

collaboration with students from Notre Dame and Tsinghua University in Beijing, China, for 7-

weeks the Notre Dame team will travel to China, and design a “tubular weight seat frame” 

which should be 30% less in mass and adhere to all the Joint Commission International (JCI) 

requirements in performance quality and safety. Previous research has shown that by reducing 

the overall weight of a vehicles’ seat frame, the average fuel consumption will decrease, 

therefore improving a vehicles’ fuel economy. 

Johnson Controls assigned the team – two undergraduate students from University of Notre 

Dame and two-undergraduate students from Tsinghua University in Beijing, China – to design a 

rear-seat car frame using tubular Advanced High Strength Steel (AHSS) materials. This will 

reduce the mass of the seat frame by 30% with a 20% additional margin of strength that will 

pass Economic Commission for Europe (ECE) safety standards. With a 30-50% flexibility in 

pricing of the seat frame, the reduced mass will translate into a required increased car fuel 

efficiency. 

In achieving fuel efficient standards, Johnson Controls Inc. provided a proposal seat 

frame model that uses the new AHSS materials in its construction. However, the company 

proposal model, indicated in Figure 2 below, was stated to both fail in strength and mass 
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categories. Firstly the proposal model didn’t pass ECE regulations during crash testing. 

Additionally, the company wanted to further decrease the mass of the seat frame to reach 

close to a 30% reduction from current conventional steel production model. 

In re-designing the seat frame to meet JCI’s production criteria, the research process 

was broken down into several phases: Preparation of Qualifying Project, Analyzing JCI Proposal 

Model, Designing and Testing Seat Frame Components, and Applying the Final Design. 

In order to adequately test the designs of the seat frame, ECE Regulations must be 

followed. To ensure that these requirements were set, communication with the company 

sponsors and revision of regulatory components were studied prior to any design tests. 

To reflect the accuracy of these tests, Catia-V5 was used for 3D-modeling and ANSYS 

was used for strength testing software. Both Catia-V5 and ANSYS were both recommendations 

made by the company for ease in exchanging modeling designs and testing accessibility. While 

both ANSYS and Catia-V5 are able to conduct stress and deformation testing during strength 

analysis, ANSYS was used as the primary Finite Element Analysis (FEA) testing software. 

Based on the strength and weight specifications on the current proposal, the current 

design does not follow the requirements for ECE Regulations and the light-weight seat protocol. 

Therefore, the type of AHSS material, mass, and design of the JCI General Model will be 

evaluated for the current proposal model. 

In creating a new general frame structure of the seat frame, the design process was 

broken down into three main components: Beam Analysis, Materials Research and Structural 

Analysis. During Beam Analysis, the best beam for the new frame was decided based on the 
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strength of the cross-sectional shape design. Based on the strength analysis of the beam 

shapes, various general structure were created and tested by adapting the strongest bema 

designs. During Materials Research, bot high strength steels and alternative fibers were studied 

in replacement of the JCI current proposal materials. Materials were organized based on their 

mechanical properties and cost of production requirements. The best frame structure was 

initially decided on the strength analysis of the brainstormed designs. During the mass-analysis 

of the structure, the structure was re-designed to make it light weight. 

Finally, the best results of these three components would be combined to create a final 

design. The application of the chosen beams, structure and materials would be applied to a 

more detailed model of the seat frame. During this testing phase FEA testing was conducted to 

test and compare the JCI proposal with the final design of the frame structure in meeting the 

ECE regulations. 

Prior to the design phase, certain constraints were outlined by JCI. One of the primary 

constraints was that the project needed to conform to the ECE Regulations. The seat frame 

safety regulations were provided by JCI. The two standards of safety testing included the Seat 

Belt Anchorage Test and the Luggage Impact Test. These tests were very important for the 

strength testing later in the project. The other constraints for the project were the parts of the 

car frame that could and could not be changed. JCI provided information on which components 

of the car frame needed to remain unaltered because of the special function in the 

formidability of the seat. These components include the head rest attachments, the child safety 

belt attachments, the seat belt retractor attachment. 
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The final design for the car seat frame has beams with varying rectangle cross sections 

and has a structure with diagonal support beams. The main material in the final design is MS 

950/1180. This new design decreases the mass by 29.60%. It increases the strength significantly 

for both the luggage impact test and the seat belt anchorage test. The maximum deflection and 

stress in the luggage impact test were reduced by 32.2% and 18.90% respectively. The 

maximum deflection and stress in the seat belt anchorage test are reduced by 19.80% and 

38.80% respectively. After the material change, the price of raw materials is increased by 

71.8%. 

While the final research proposal has been presented to Johnson Controls, there is more 

discovery that can be further made from this project. The ultimate goal of this research project 

was to make a more fuel efficient car through creating both a stronger and lighter seat frame. 

This research has been conducted for several years, and continues today throughout many 

different interior engineering companies similar to Johnson Controls. Therefore, for a more long 

term project timeline, this research process can be further developed in several ways including 

the quality and quantity in testing, the implementation of building the actual seat frame model, 

and further diversity in chemical compounds used in the type of high-strength steel material 

grade. 

Firstly, by promoting more tests in the quality of the seat frame, the company can 

ensure that the final seat frame design will not break down during crash testing, and is 

structured so in both an aesthetic and fitting manner within the car body. While the team’s 

research process was to ignore the detailed components of the seat frame and focus on altering 

the heavier structures of the seat, during a long-term project, further testing can be conducted 
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on the detailed portions of the seat that are important in maintaining the functionality of the 

seat frame. 

In addition, creating a physical model of the seat frame would help immensely in 

understanding each component of the seat, and identify the manufacturability of the different 

designs that the team would come up with. When visiting the Johnson Controls plant in 

Changhui, China in late June, the team was able to see the physical models of Johnson Controls 

seat frames that were either being re-designed or in production. It would be important to see 

the functionality of the designs apart from the model visualizations-especially when deciding on 

the top choices near the end of this phase of the testing and modelling process. 

Lastly, in conducting testing for the materials portion, many of the materials that were 

decided upon were chosen based on mechanical properties from online steel databases, 

previous research, and general informational sites. Many of the material research conducted 

includes the physical testing of material properties in chemical labs. The new high-strength 

steel grades that are being used in many parts of the cars are different from the regular steel 

grades in their microstructure. The high-strength steels have more alloys- or more 

combinations of metal and non-metals than regular steel. Identifying these strengths in alloys 

with steel is a significant part of the research experience which would have been helpful to 

experience although it evolves into a more chemical-based field of study in comparison to 

mechanical engineering. 



Annabel Aman 
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Investigation of a Field-Friendly Biosensor Reporter 
Sarah Halweg1, Abigail Weaver2, Marya Lieberman2, Holly Goodson2

1Department of Chemical and Biomolecular Engineering, University of Notre Dame; 
2Department of Chemistry and Biochemistry, University of Notre Dame 

Introduction 

In countries all over the world, substandard pharmaceuticals have been a massive public 

health issue, contributing to the reduction of health care effectiveness1. A substandard 

pharmaceutical is one in which the pharmaceutical fails to meet quality control standards1. These 

pharmaceuticals are an issue because they contribute to inflated mortality rates and increasing drug 

resistance, due to fillers used in place of active ingredients or incorrect amounts of active ingredient. 

This problem is most evident in developing countries, where there is little to no regulation of the 

pharmaceutical trade1. In addition, developed countries also have greater access to technology, 

utilizing expensive machinery such as high performance liquid chromatography and mass 

spectrometry in order to verify chemical components of the drugs. These methods are also not field 

friendly in developing countries, since developing countries lack required trained operators and 

maintenance personnel, in addition to being in remote locations where clean power to operate 

delicate instruments is unreliable. 

The Lieberman Lab has worked to create a paper-based test that can identify substandard 

pharmaceuticals. These Paper Analytical Devices (PADs) contain a series of chemical tests that will 

result in color changes that will match an accepted standard if the pharmaceutical is genuine by 

responding to functional groups in the drug2.  

In contrast to identifying these functional groups, yeast can be used to respond to an 

ingredient of interest as a biosensor on a similar paper device (BioPAD). The yeast can be engineered 

in order to identify specific pharmaceuticals.  A particular strain of yeast has been developed to 

respond specifically to members of the tetracycline antibiotic family by producing a reporter 2. 

However, to visualize the reporter, which produces a blue pigment, liquid nitrogen must be used to 

lyse the yeast. To make this test more field friendly in low-resource settings, a new visualization 

system is necessary that does not require cell lysis, while remaining inexpensive and requiring little 

instruction to use. A fluorescent reporter, which could respond to an ingredient of interest through a 

similar genetic system to the old biosensor, could be a more field-friendly candidate for a new 

reporter as long as the visualization system is affordable. 

1
 Paul N Newton et al., “Counterfeit Anti-Infective Drugs.,” The Lancet Infectious Diseases 6, no. 9 (September 2006): 602–13, 

doi:10.1016/S1473-3099(06)70581-3. 
2
 Abigail a Weaver et al., “Paper Analytical Devices for Fast Field Screening of Beta Lactam Antibiotics and Antituberculosis 

Pharmaceuticals.,” Analytical Chemistry 85, no. 13 (July 02, 2013): 6453–60, doi:10.1021/ac400989p. 
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Objectives 

The main objectives of the project can be summarized as follows: 

1. Design a low-cost visualization system for fluorescence by use of plated yeast3.

2. Optimize the visualization system to best differentiate reporter production.

3. Apply previous fabrication and testing procedures for the BioPAD to the fluorescent system.

4. Genetically modify the tetracycline responsive to produce fluorescent protein reporters.

Results 

Designing a low-cost system to visualize plated yeast 

Simplicity and frugality is at the forefront of the design for the fluorescent visualization 

system. Dissecting microscope filter sets for fluorescent live-cell imaging have already been created 

and are commercially available. Analyzing the fluorescent yeast with this equipment is useful to 

establish that the yeast are fluorescing properly before trying to detect the fluorescence using less 

expensive technology. Visualization of the fluorescent yeast using a dissecting microscope can be 

seen in Figure 1.   

 
 

 

 

The dissecting microscope serves as a good model for the new low-cost visualization 

system4. Because there are enough yeast on the BioPAD to be seen by eye, the expensive focusing 

and magnifying microscope parts were disregarded. At its bare minimum, the microscope’s 

visualization system consists of an excitation filter, an emission filter, and a dichroic filter4. The 

dichroic filter selectively passes light at a certain wavelength and reflects other wavelengths of light5. 

Spectral information on the two fluorescent proteins used for visualization can be found in Table 1. 

These fluorescent proteins are present in a galactose responsive yeast strain3, and were used to 

develop the visualization system before applying the fluorescent reporter to the tetracycline 

responsive system. 

3
Caroline M Ajo-franklin et al., “Rational Design of Memory in Eukaryotic Cells” no. 617 (2007): 2271–2276, 

doi:10.1101/gad.1586107.GENES. 
4
 Anna Scordato et al., “Fluorescence Filter Combinations” MicroscopyU. Nikon, n.d. Web.  (accessed July 29, 2014) 

http://www.microscopyu.com/articles/fluorescence/filtercubes/filterindex.html 
5
 “Dichroic Mirrors/Beamsplitters”. Thorlabs, n.d. Web. (accessed July 29, 2014) 

http://www.thorlabs.com/newgrouppage9.cfm?objectgroup_id=3313 

Figure 1. RFP visualization using dissecting microscope. The left side of each image is a negative control and the 

right side is a positive control. The left image is the original image from the dissecting microscope, containing red 

fluorescence and enhanced in brightness. The right image is the red channel of the original image, and then enhanced 

in contrast. The small amount of color that can be seen in the negative is due to autofluorescence of the yeast.  
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Table 1. Excitation and emission data for fluorescent proteins produced by galactose responsive yeast
3
. 

Fluorescent protein 
Maximum Excitation 

(nm, color) 

Maximum Emission 

(nm, color) 

mCherry (RFP) 587, yellow 610, red 

Venus (YFP) 515, green 528, green 

The standard fluorescence microscopy filter system for the yellow fluorescent protein (YFP) 

Venus, which has an excitation wavelength that is very close to its emission wavelength (both are 

green), uses a dichroic filter that will reflect the excitation wavelength but let the emission 

wavelength pass through the filter, so that the user can be sure that the only light coming through the 

filter is fluorescence the wavelength of interest.  However, dichroic filters are expensive5, so for the 

purpose of creating a low cost visualization system, a design without one would be ideal. More 

preferably, fluorescence should be visualized using inexpensive filters, which let most wavelengths 

of a certain color pass, but cannot filter light to specific wavelengths. The emission and excitation 

wavelengths for mCherry correspond to different colors, so it can be visualized using the inexpensive 

filters and without the special dichroic filter. For this reason, the red fluorescent protein (RFP) 

mCherry was selected for visualization over the YFP that is also activated. The materials for 

visualization include a laser pointer and a combination of Roscolux filters, normally used for theatre 

lighting. The current, low-cost RFP visualization system was first developed by using galactose - 

responsive yeast grown on Yeast Peptone Galactose (YPG) plates in which the yeast should fluoresce 

red4. The fluorescence on this plate was compared to the same yeast grown on Yeast Peptone 

Dextrose (YPD) plates as a negative. A green laser pointer was used as an excitation source, because 

a red laser pointer is of an insufficient wavelength to excite RFP. In addition, a green laser pointer 

filters out some light, so it is more specific than a white laser pointer.  

Optimizing the visualization system to best differentiate reporter production 

Fluorescence was visualized using a number of different filters and filter combinations. 

Pictures of the fluorescence were taken for yeast exposed to raffinose (the negative in which we 

expect no fluorescence) and galactose (the positive, where fluorescence is expected).  Then these 

images were analyzed for intensity of fluorescence per unit of area using ImageJ. The negative data 

was then subtracted from the positive data, to account for only intensity due to fluorescence. The 

results are shown in Figure 2.  

Figure 2. Intensity of fluorescence using different Roscolux filters. A ‘doubled’ filter refers to the same filter 

folded over for an increase in filter depth. 
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Although Roscolux #26 seems like it would be the best filter to use due to the greatest 

difference in intensity of the positive and negative, the combination of Roscolux #25 and Roscolux 

#321 was found preferable, because the negative version showed green light, while the positive 

version fluoresced orange. With Roscolux #26, both the positive and negative versions were red, 

although at different intensities. The color change is better for direct visual analysis as opposed to 

computational image analysis. The overall experimental design for the visualization system is 

illustrated in Figure 3. 

Applying previous fabrication and testing procedures for the BioPAD to the fluorescent 

system 

Once this visualization system was developed using plated yeast, it was applied to yeast on 

paper. A few issues arose directly. First, the yeast could not simply be grown in YPD and then 

exposed to galactose, because glucose is the yeast’s preferred food source. Thus, if grown in YPD, 

the glucose would suppress the galactose responsive pathway and no fluorescence would be detected. 

Because of this problem, the Ajo-Franklin paper3 called for the yeast to be grown in Yeast Peptone 

Raffinose (YPR), since raffinose is a less preferred food source than galactose. However, when 

grown in raffinose, yeast doubling time changes from about an hour and a half (in YPD) to about 6 

hours. This means that it would take more than a week to get enough yeast to create the BioPAD by 

starting from a plate culture. In order to decrease the amount of time to grow the yeast, a sugar study 

was done. Table 2 shows culture density after leaving overnight and approximated time to grow the 

yeast to the required absorbance of 1.0A, for best expression of reporter. 

Table 2. Sugar growth study. The yeast were grown in each media using a shaker at 30°C with shaking at 

195rpm. Raffinose and lactose studies were stopped at the final days of analysis due to contamination. 

Sugar Culture Density after 18 hours (A) Time to get to 1.0A (days) 

Dextrose (Glucose) 1.6 < 1 

Sucrose 0.15 1 

Raffinose 0.06 > 9 

Lactose 0.03 > 7 

To grow the yeast in the shortest amount of time possible, YPD was used to grow the yeast 

initially, and then it was washed with Synthetic Complete Raffinose media (SCR) to deplete the yeast 

Figure 3. Fluorescence visualization system for RFP in yeast. RFP fluorescence in yeast is excited using a 

532 nm green laser pointer and resulting red fluorescence is visualized through a filter (or combination of 

filters) to reduce background fluorescence. The yeast may be induced on paper or a plate culture. The 

experiment is carried out in a dark room to perceive as much fluorescence as possible. 
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of their favorite food source, glucose, before exposing the yeast to galactose, which resulted in 

fluorescence. 

The second issue was that the yeast contain a mutation that does not allow the yeast to 

produce adenine. Because of this, an intermediate of the adenine metabolic pathway is accumulated 

that appears red. Since red fluorescence is produced as the reporter, the red intermediate can result in 

false positives. The intermediate is not produced when extra adenine is added, because the adenine 

spike shuts down the adenine production pathway. This is why SCR is used to wash the yeast after 

being grown in YPD. SC media is clear, as opposed to the orange color of YPD (which can also 

result in background problems), and contains a sufficient amount of adenine to reduce the amount of 

intermediate produced. To further reduce background problems, adenine can be added in the initial 

growth of the yeast in YPD, and in the test solution. An example of visualization from the developed 

test is given in Figure 4. 

 

Genetically modifying the tetracycline responsive to produce fluorescent protein reporters. 

Once these problems were fixed, the tetracycline responsive yeast can be genetically 

modified to incorporate a fluorescent protein as the reporter. A variety of fluorescent proteins have 

been obtained from the Lemmon lab at University of Miami in Ohio. Analysis of the genetic 

sequences for both the fluorescent proteins and the yeast tetracycline responsive system is underway 

to determine a suitable strategy to replace the old reporter, which required cell lysis, with a 

fluorescent reporter.  

Further Development 

The next step is to insert the red fluorescent protein used by the Ajo-Franklin paper3, 

mCherry, into the tetracycline responsive system. Once mCherry has been inserted and the current 

visualization system shown to work, other fluorescent proteins can be swapped into the system. Of 

particular interest is another RFP, dtTomato, which is 283% brighter than eGFP (enhanced green 

fluorescent protein), while mCherry is only 47% the brightness of eGFP5. A brighter fluorescent 

protein would be easier to visualize by eye, and may be more field-friendly. Viability of using other 

fluorescent proteins, such as green fluorescent protein and cyan fluorescent protein, will also be 

investigated. Once the best fluorescent protein is chosen, based on determining which is brightest and 

has an easy to implement, inexpensive visualization system, a time-lapse study to see how long the 

yeast take to turn the fluorescent pathway on will be necessary. Current experiments have shown that 

this process takes somewhere between 5-20 hours. It would be beneficial to better define how long to 

expose the yeast in order to observe fluorescence. Replacing the previous chemical reporter with a 

new fluorescent reporter would simplify the BioPAD testing procedure, priming the analytical tool 

for use in the field and improving the public health standard as a whole by enhancing the detection 

system for substandard pharmaceuticals in the developing world.  

Figure 4. Inexpensive visualization for RFP in yeast on paper. The image on the left is the negative (not exposed 

to galactose, so no RFP is present) and the image on the right is the positive (exposed to galactose, so there is 

RFP present). 
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INT RODUCT ION

Thanks for picking up this study guide! This guide was created as part of a summer 
research project for the Da Vinci Grant at the University of Notre Dame. It references the 
first semester of the Organic Chemistry course offered in the College of Science.

As a disclaimer, this guide is not meant to teach organic chemistry, but rather act as a 
visual aid in studying and memorizing the material. This project started as a means to 
illustrate organic chemistry in a way that organizes the difficult concepts into a visually 
communicated design, simple and accessible with a playful style similar to a children’s 
book. The work was done during the summer of 2014 while and created with a mix of 
Adobe Photoshop, Illustrator, and InDesign.

Thank you, Professor Emily Beck, for advising me in the design aspects of this project, 
and ensuring I effectively communicate the material visually. Thank you, Professor James 
Parise, for providing reference material from your class and assuring the content of this 
study guide. 

This research was made possible in part by support from the Undergraduate Research 
Opportunity Program, Institute for Scholarship in the Liberal Arts, College of Arts and 
Letters, the University of Notre Dame.

My name’s Amir, and I will pop 
out throughout the guide to 
provide instructions and aid!
Let’s get started.
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ELEMENTS

carbon

hydrogen

oxygen

nitrogen
sulfur

The six most common elements in organic chemistry are...

phospherous
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BASICS

# VALENCE 
ELECTRONS

# PREFERRED 
LONE PAIRS

nitrogen

oxygen

4

FACE

0

NAME

carbon

5 1

6 2
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# VALENCE 
ELECTRONS

# PREFERRED 
LONE PAIRS

phosphorous

sulfur

7

FACE

3

NAME

halogens 
fluroine 
chlorine 
iodine 
bromine

5 1

6 2
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ORBITALS

Y X Z

Use these pages as a reminder 
of how orbitals are oriented 
and how they are merged.



7

=+1 s 3 p 4 sp3

3



8

POLARIT Y

Covalent bonding is the equal sharing of 
electrons between two atoms that result in 
equal electron density

Polar covalent bonding is the unequal 
sharing of electrons between two atoms 
meaning electrons stay longer in the more 
electronegative atom

-+

Ionic bonding is transfer of electrons 
between two atoms meaning giving them 
an ionic charge

O
2

H
2
O

NaCl

The range of bonds can be viewed as a spectrum...

covalent bonding polar covalent bonding ionic bonding
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INCREASING PKA

INCREASING ACIDITY

<0 ~5 ~10 ~15 >25

ACID-BASE

H
2
O

ROH
(alcohols)

R’

R’
RCOOH
(carboxylic acids)

HX
(hydrogen halides)

H
2
SO

4

NH
3

NH
4

+

+

It’s important to know 
the general pKa trends of 
common compounds.
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ACID-BASE

Bronsted-Lowry acid:
donates a hydrogen ion (H+)/proton

Bronsted-Lowry base:
accepts a hydrogen ion (H+)/proton

+

HCl H
2
O

-

conjugate base

Cl-

-

H
3
O+

+

+

+

conjugate acid
Lewis acid:

accepts an electron pair
Lewis base:

donates an electron pair

+ +



11

FUNCT IONAL GROUPS

A functional group is a group of atoms 
within a molecule that has a characterstic 
chemical behavior.

name(ending) structure

alkene

alkyne

arene

halide

alcohol

ether

diphosphate

amine

or

-
--

name(ending) structure

imine

nitrile

thiol

sulfide

disulfide

aldehyde

ketone

carboxylic acid

name(ending) structure

ester
(-oate)

thioester
(-thioate)

amide

carboxylic acid 
anhydride
(-oic anhydride)

Common Function Groups
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ALKANES AND CYCLOALKANES

PRACTICE!
Can you label these 
conformations?

staggered anti
eclipsed  gauche
cis  trans
axial equatorial

WORD BANK

1

2

3

4

5

6

7

8
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CHIRALIT Y

isomers

constitutional 
isomers

stereoisomers

diastereomersenantiomers

configurational
diastereomers

cis-trans
diastereomers

mirror images non-mirror images

same formula

central compound fixed
central compound not fixed

In enantiomers, their physical 
properties differ only in their 
behavior of polarized light.

In diastereomers, their physical 
properties can differ in melting/
boiling points, densities, heat 
of formations, IR/NMR/UV-Vis 
spectra, and so on.

racemic
a 50:50 mixture of enantiomers 
that leads to a 0 degree specific 
rotation of polaraized light

VOCAB
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REACTION PROGRESS

T RANSIT ION STAT ES AND ENERGY

∆G°
(activation energy)

Imagine a hot air balloon. Heat 
must be added in order for it to 
rise in the air.

Similarly, compounds need energy 
in order to undergo a reaction.

Recall that the highest 
point in the graph is the 
rate determining step.

E
N

E
R

G
Y

The transition state is the high 
energy structure in between the 
initial and final states

TS

T RANSIT ION STAT E GRAPH
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Free energy (∆Go) is directly 
related to the position of the 
equilibrium (K)
∆G° = –RT ln K

∆G°  = ∆H° – T∆S
= –RT ln K eq

EQUATIONS

∆G° is determined by ∆Ho 
(enthalpy) and ∆So (entropy)

∆ G °  =  ∆ H °  –  T ∆ S
free energy
+ ∆G°: endergonic 
– ∆G°: exergonic

enthalpy
+ ∆H°: endothermic
– ∆H°: exothermic

entropy (temperature dependant)
+ ∆S°: entropically favored 
– ∆S°: entropically disfavored

-∆G° = eor
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POLAR REACT IONS

nucleophile

electron rich

“nucleus loving”

electrophile

electron poor

“electron loving”

δ+

+

δ+

δ+

δ+

wow those 
electrons are 
attractive!

electron source electron sink

omg a 
nucleus

+-

-

-
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Curly arrows depict electron pairs 
which always flow from 
nucleophile to 
source to 

CURLY ARROW NOTAT ION

Electrons that flow from the 
nucleophile to form a 
covalent bond.

+-

B+A- A—B
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ALKENE REACT IONS
Addition Reactions

adding hydrogen 
halides

addition of halogens
Cl2 and Br2

addition of water 
by oxymercuration-
demerucration

halohydrin formation

addition of water 
by hydroboartion-
oxidation

catalytic 
hydrogenation

epoxidation with a 
peroxyacid

ether

Markovnikov regiochemistry

CH2 Cl2

anti-addition

Markovnikov regiochemistry 
and anti-stereochemistry+

1. Hg(OAc)2, H2O/THF

2. NaBH4

Markovnikov regiochemistry

Non-Markovnikov
syn addition

1. BH3, THF

2. H2O2, OH-

syn addition

Pd/C or PtO2

syn addition
R

Test your knowledge!
What are some other 
alkene reactions?
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ALKYNE REACT IONS
Fill in the blanks! How well do you know your reactions?

Preparation of Alkynes

dehydrohalogenation 
of vicinial dihalides

R R’ 1. 

2. 
R R’ 2+ 2+

R R’ 1. 

2. 
R R’ + 2+

alkylation of 
acetylide anions

1. 

1. 
R

+- 1. 

1. +-
R

R

R R’

Preparation of Alkynes

addition of HCl and HBr
R

etherR
R

R ether

R

R

addition of Cl2 and Br2
R

R R
R’

2. 2. 

R’
R’
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Peace Maari 

The Da Vinci Grant Program 

PROJECT DESCRIPTION 

Introduction 

 According to the United Nations the world’s population is projected to reach 9.6 

billion by 2050 from today’s 7.2 billion. More than half of the projected growth will 

come from developing countries. An increase in global population will lead to increased 

strain on fresh water resources. To exacerbate an already dire situation, a large and 

increasing proportion of fresh water resources are contaminated with industrial wastes. 

With lives at stake, a viable solution to this issue is water remediation: cleaning 

wastewater of contaminants and reusing it for domestic purposes. 

 My research this summer would focus on using biosorption as a means of 

remediating contaminated fresh water resources. Biosorption refers to removal of heavy 

metals from water by adsorption reactions onto bacteria. Biosorption has been 

demonstrated to be effective at removing dissolved heavy metals from solution; however, 

optimization of the process requires a complete understanding of the chemistry of the 

bacterial cell wall where the adsorption occurs. The main objective of my summer 

research would be to determine how growth environments affect the ability of bacteria to 

adsorb metals from solution. Bacterial adsorption experiments have shown that bacteria 

can adsorb a wide range of metals, but all of these experiments have been conducted with 

virtually the same growth conditions. In my summer research, I will vary the growth 

conditions, specifically the metal concentrations present during growth, to determine if 

the binding sites for metals change in response to changing growth conditions.  
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Background 

From the first day in the lab, my adviser Dr. Jeremy Fein has allowed me to take a 

strong initiative in my research. While we have collaborated, the direction of my research 

has been solely mine. 

To narrow down my research, I decided to look at Fein’s past research and found 

one on bacteria and metal adsorption, ultimately leading me to my topic: Do 

environmental conditions affect bacteria metal adsorption, particularly those in 

groundwater? Adsorption is the process in which atoms or molecules adhere to a surface. 

My research will be testing the assumption made by Nathan Yee and Jeremy Fein- that 

all bacteria adsorb the same amount of metal
1
. Their research proposed that metal-

adsorption, specifically that of cadmium, is not dependent on the bacterial species 

involved when given the same growth conditions
2
.

Although my research coincides with my major, environmental engineering, it 

also incorporates other aspects that I have not covered in my courses so far. For one, it 

incorporates biology. I am studying how microbes work, specifically how cell walls 

adsorb metals. I am determining if growing bacteria in the presence of metal affects how 

the bacterium assembles its cell wall. That is, if the growth conditions affect the number 

of binding sites on each cell .It also incorporates geology. I am studying how bacteria 

behave in groundwater and how they affect contaminated groundwater. Eventually, I 

would like to determine how the presence of bacteria affects contaminated groundwater 

movement, particularly metals. 

1  Jeremy B. Fein and Nathan Yee. “Cd adsorption onto bacterial surfaces: A universal 

adsorption edge?” Geochimica et Cosmochimica 65 (2001): 2037-2042. 
2
 Fein and Yee. 2037 
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 This semester I am working on Phase 1 of the research. I am growing bacteria and 

measuring their growth curves, and I am conducting experiments to determine how the 

metal content of the growth medium affects the growth curves all under the supervision 

of Dr. Fein.  These techniques and other basic lab techniques will be essential for my 

research this summer.  

 I am studying a common soil bacterial species, Bacillus subtilis, which is a non-

pathogenic, well-characterized species, and I am probing the effect of metal by 

introducing various concentrations of dissolved cadmium into the growth solution. By the 

end of this semester, I will have finished these initial experiments, allowing me to delve 

into the most important part of the investigation this summer: measuring whether changes 

in growth conditions affect the extent of metal adsorption onto the bacterial cells.   
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Methodology 

 The goal of my research will be to determine whether environmental conditions 

affect bacterial adsorption of metal. To investigate this, Dr. Fein and I tweaked his 

previous methodology used to determine that all bacteria adsorb the same amount of 

metal. Instead of using the same concentration of cadmium I will be using various 

concentrations of cadmium. 

  

Once the growth effects of cadmium (Cd) are known (from phase 1), I will then 

grow bacteria with and without this level of Cd in the growth medium, wash the bacteria 

after the growth, and use the cleaned biomass to conduct metal adsorption experiments. 

The extent of adsorption will be determined by measuring the concentration of metal in 

solution before and after exposure to the bacterial cells, with the solution compositions 

measured using inductively-coupled plasma optical emission spectroscopy in the Center 

for Environmental Science and Technology at Notre Dame. Subsequent experiments will 

be conducted throughout the summer using a range of metals other than Cd to determine 

if the effects are metal-specific.   

Towards the end of the summer I hope to further investigate my research in more 

real life solutions by obtaining wastewater effluent from the Mishawaka Wastewater 

Treatment Plant and contaminated groundwater.  
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Description of Collaboration 

 Since my research is a continuation of Dr. Fein’s previous work, I will be working 

under his constant advisement. My research takes his previous work’s assumption that all 

bacteria adsorb the same amount of metal and tests this by varying the growth conditions 

of bacteria. In addition Dr. Fein’s area of work focuses on geomicrobiology: the effects 

of bacteria on the mobility of heavy metal and radionuclide contaminants in groundwater 

systems
3
. His knowledge of groundwater will be essential to my research. 

Statement of Research Goals  

 Biosorption represents a promising ‘green’ technology for remediating 

contaminated water resources. My proposed research will determine if growth conditions 

affect the ability of bacteria to adsorb metals from solution and can be used to optimize 

biosorption processes for more efficient water clean-up .In addition, I hope to have my 

findings implemented in a more practical manner specifically in developing countries.  

My research is a tangible step in what I would like to do as a profession. I am very 

passionate about environmental issues specifically in developing countries. In addition, I 

plan on presenting my findings to the Notre Dame’s undergrad community. While I 

would wait to see the results of my research, publishing my work in a journal is 

something I would consider.  

 

 

 

 

                                                        
3 College of Engineering: Notre Dame University 
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Post Summer Research  

Project objectives 

My research this summer focused on using biosorption as a means of remediating 

contaminated fresh water resources. Biosorption represents a promising ‘green’ 

technology for remediating contaminated water resources. My research determined if 

growth conditions affect the ability of bacteria to absorb metals from solution and if they 

can be used to optimize biosorption processes for more efficient water clean-up. 

Biosorption refers to removal of heavy metals from water by adsorption reactions onto 

bacteria. Biosorption has been demonstrated to be effective at removing dissolved heavy 

metals from solution; however, optimization of the process requires a complete 

understanding of the chemistry of the bacterial cell wall where the adsorption occurs. 

Although my research coincides with my major, environmental engineering, it 

also incorporates other aspects that I have not covered in my courses so far. For one, it 

incorporates biology. I have studied how microbes work, specifically how cell walls 

adsorb metals. I also determined if growing bacteria in the presence of metal affects how 

the bacterium assembles its cell wall. That is, if the growth conditions affect the number 

of binding sites on each cell. 

 The main objective of my summer research was to determine how growth 

environments affect the ability of bacteria to adsorb metals from solution. Bacterial 

adsorption experiments have shown that bacteria can adsorb a wide range of metals, but 

all of these experiments have been conducted with virtually the same growth conditions. 

In my summer research, I varied the growth conditions, specifically the metal 

concentrations present during growth, to determine if the binding sites for metals change 
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in increasing number in response to changing growth conditions.   That is, if more metal 

binding sites are created on the cell wall. I studied a common soil bacterial species, 

Bacillus subtilis, which is a non-pathogenic, well-characterized species, and probed the 

effect of metal by introducing various concentrations of dissolved cadmium into the 

growth solution. 

Project Results 

My research expanded on the assumption made by Nathan Yee and Jeremy Fein- 

that all bacteria adsorb the same amount of metal
4
. Their research proposed that metal-

adsorption, specifically that of cadmium, is not dependent on the bacterial species 

involved when given the same growth conditions.
5
 I tested whether metal adsorption is 

dependent on growth conditions. 

I divided my project into two phases. Before I could start my experiment I needed 

to determine how the metal content of the growth medium affects growth curves. I 

needed to figure out optimal concentrations of cadmium to grow Bacillus subtilis in 

without harming the bacterial cell wall. I spent spring semester working on this and 

concluded that the range of cadmium was between 2.5ppm t0 7.5ppm. Bacillus subtilis 

could be grown in these metallic growth conditions and still retain its adsorption capacity. 

After 69 days of research at the University of Notre Dame, I can safely state that 

growth conditions do not affect the ability of bacteria to adsorb metals from water. 

Growing bacteria in the presence of metal does not affect how the bacterium assembles 

its cell wall. That is, if the growth conditions do not affect the number of binding sites on 

                                                        
4  Jeremy B. Fein and Nathan Yee. “Cd adsorption onto bacterial surfaces: A universal 

adsorption edge?” Geochimica et Cosmochimica 65 (2001): 2037-2042. 
5 Fein and Yee. 2037 
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each cell. The extent of absorption was determined by measuring the concentration of 

metal in solution before and after exposure to the bacterial cells; with the solution 

compositions measured using inductively-coupled plasma optical emission spectroscopy 

in the Center for Environmental Science and Technology at Notre Dame. After countless 

experiments, bacterial adsorption by Bacillus subtilis of cadmium was the same 

regardless of the growth condition. The chemistry of the bacterial cell wall was not 

affected by the experimental conditions. Initially, I assumed that as the Bacillus subtilis 

grew, it would incorporate cadmium receptors on its cell wall, but as my research shows, 

this is not the case. Rather, the cell wall remains the same regardless of the metal growth 

conditions. 

Future Direction 

After my research this summer I wanted to know more about biosorption.   I am 

currently working with Ryan Nell, a graduate student in the Fein Lab. We are testing the 

effects of iron cations, Fe(II) and Fe(III) on bacterial adsorption.  Of the two cations, 

Fe(II) is readily soluble in water, but Fe(III) when bound to bacterial cell walls aids in 

adsorption better than Fe(II). Currently we are working on creating viable Fe(III) 

standards. 

Another way my summer research could be further developed with subsequent 

experiments is by conducting it with a range of metals other than Cd to determine if the 

effects are metal-specific.  Although I am currently focusing on iron due to its solubility 

and adsorption properties, I believe experimenting with common groundwater metals 

such as arsenic would be beneficial. 
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Introduction 
During early stages of development, the brain undergoes a significant amount of growth.  The 

size and mass of the brain increase dramatically in this time and affect the morphology of the 
surrounding cranium.  Previous work has shown that the growing brain creates tensile forces on cranial 
flat bone, while imposing compressive forces on cranial sutures.  These forces have been identified, but 
further investigation is still required in order to fully identify the signaling and response mechanisms 
inherent in this relationship.   Most research on this topic has focused primarily on the cranial sutures 
and provided a more robust understanding  of the biological pathways involved in their response to 
strain.  On the other hand, the response of calvarial flat bones to strain is a topic that we still have much 
to learn about 

The focus of this summer project was to shed light on this scarcely covered topic of the calvarial 
flat bones.  Calvarial bone cells were subjected to equibiaxial static tensile strain, closely mimicking the 
forces exerted by an expanding brain.  Several assays were run providing analysis of gene expression, 
cell metabolism, and ALP content. 
Materials and Methods 
Isolation of Bone Cells 

The calvaria were isolated from several day old mice, the sutures were cut away, and the pieces 
were separated into their respective frontal and parietal regions.  The dura mater were dissected from 
the bone pieces and also separated according to region.  The bone was subjected to five 20-minute 
digestions in a solution containing trypsin and collagenase.  The first two populations were discarded.  
Populations three and four were pooled, while population five remained an independent population 
and contained bone chips from the isolation that had not fully digested.  The dura was subjected to 
three 20-minute digestions in a 0.05% trypsin solution.  The first two populations were kept and 
pooled, while the third population remained independent and contained pieces of dura that had not 
fully digested.  Both the bone and dura were kept in DMEM with 10% FBS and 1% Pen/Strep 
antibiotics.  The viability of cells were determined using Trypan Blue and a cell count with a 
hemocytometer.   

The osteoblast and dural cells did not proliferate at the same rate, so cell passaging for each type 
were on different days.  Five days post-isolation there were 1,100,000 frontal osteoblast cells and 
5,050,000 parietal cells and at this point they were passaged, seeded at a density of 2,250 cells/cm2.  
The cell count from this first passage may not have proved to be completely accurate because three 
days later a count determined that the cells were once again ready to be split, and they were seeded at 
the same density of 2,250 cells/cm2 in new dishes.  Nine days post-isolation there were 960,000 
parietal dural cells and 180,000 frontal dural cells.  At this time we decided to passage the cells, seeding 
at a density of 2,250 cells/cm2.  
Cell Culture and Mechanical Loading 

Following isolation, cells were cultured for two weeks in DMEM containing 10% FBS, 1% 
Pen/Strep, and 550 mg of ascorbic acid.  During the 48 hours immediately prior to loading, the cells 
were starved in DMEM containing only 1% FBS. 

The machine used for loading is the Flexcell FX-5000 Tension System (Fig. 1).  We were 
interested in two time points for loading, at 24h and 48h.  Fifteen days after isolation both the 
osteoblast and the dural cells were seeded for the 24h plates, and sixteen after isolation the 48h plates 
were seeded.  They were seeded as micromasses in the Flexcell plates that contain a flexible membrane 
as the floor of the wells.  All populations for each cell type and region were pooled together and seeded 
in the micromass at a density of 100,000 cells/15uL. Seeding the micromasses with 15uL of medium 
was somewhat of a challenge, as they took anywhere from 30-60 minutes to form.  It will probably be 
worth trying to seed the micromasses with 10uL of medium next time so their drying time is more 
controllable.  The plates contained wells with two micromasses each, and for every plate that was to be 
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loaded there was an identical one seeded that served as a non-loaded control (Fig 2).  The plates were 
subjected to .08% of static strain for the designated duration of time, either 24 or 48 hours. 

The same day that the 48h time point cells were seeded, two separate 6 well plates were seeded 
with 3 wells of frontal osteoblasts and 3 wells of parietal osteoblasts with a single micromass per well.  
After the necessary amount of cells were allocated for the loading regimen, there were a usable amount 
of cells left over.  We wanted avoid putting these to waste and therefore decided to use these to seed 
extra micromasses for further analysis.  They were used for a two-week time point ALP stain, a three 
and four-week metabolism assay, ALP medium cultures, and a 4-week time point alizarin stain. 
RNA isolation  

The Qiagen RNeasy Plus Micro kit was used to isolate RNA from the cells following the 24h and 
48h regimens.  We evaluated the RNA for the proliferation markers of ALP and PCNA, as well as for the 
osteoblast differentiation factors of TGFBr1 and Runx2.  GAPDH was used for all assay runs as the 
housekeeping gene for comparison 
ALP Media Samples 
The ALP content was measured from culture medium by taking samples at several points throughout 
the experiment.  The samples were taken from all wells on day 1 post-isolation, on d5 and d8 for 
osteoblasts before passaging, d8 and d9 for the mature mouse osteoblasts, d9 for dural cells before 
passaging, post-loading for all samples, and at the 2, 3 and 4 week points for the micromasses 
eventually used for ALP and Alizarin staining.  Analysis was done using the SensoLyte pNPP Alkaline 
Phosphatase Colorimetric Assay Kit. 
Metabolism Assay 
The micromasses that were eventually stained were analyzed for their metabolic rates using the 
PrestoBlue cell viability assay.  This was done using readings for both absorbance and fluorescence.  
Something to note is that fluorescence readings must be done with black plates instead of the clear 
plates used for absorbance readings.  This was performed at the 3 and 4-week points. 
Stains 
The plates containing the ‘extra’ micromasses were ultimately used to complete two stains.  The first 
was done at the 2 week time point, using a staining solution of Diazonium salt and naphthol to stain for 
ALP content.  The second was done at the 4 week time point, using an Alizarin Red solution of Alizarin 
Red S and ammonia to stain for alizarin content. 
Statistical Analysis 
The statistical analysis of the data was not performed yet, at the time of completion of the summer 
project.  That will be completed for this data in the near future to determine its statistical significance 
and validate it. 
Results 
Culture ALP Levels Before Loading Regimen 

For the samples taken on day 1 post-isolation, ALP concentration was higher for the dural cells 
in both regions compared to the osteoblast populations (Fig. 1).  The wells for population 5 osteoblasts 
contained bone explants, and the wells for population 3 dural cells contained dura explants.  Each of 
these populations had higher ALP concentrations than their respective earlier population samples (Fig. 
1).  The samples taken on day 5 from osteoblasts before passaging showed a slightly higher ALP 
concentration in the parietal osteoblasts compared to the frontal ones (Fig. 1).  Both population 5 
samples were higher than their population 3,4 counterpart likely related to explants (Fig.1).  In the day 
8 samples taken from osteoblasts before their second passaging, there was a slightly higher ALP 
concentration in the parietal cells compared to the frontal ones (Fig.1).  The concentrations for both 
regions at this time were higher than the levels at day 5. 
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The day 9 samples taken from the dura before they were split show that the ALP concentration 
was higher in the frontal vs. the parietal cells for all populations (Fig. 1).  Both population 3 samples 
were higher than their population 1,2 counterpart likely due to containing explants (Fig.1).   

Fig. 1.  Media ALP Samples for cells in the time period before the loading regiment. 

Effects of Mechanical Loading 
24 hours of loading brought on an increase in proliferation markers for frontal osteoblasts and a 

decrease for parietal osteoblasts, in comparison to the non-loaded cells (Fig. 2).  The ALP media 
samples don’t fully agree with this finding, showing an increase in concentration for both regions in 
loaded compared to non-loaded (Fig. 4).  Levels of the differentiation markers were increased in both 
regions after the 24-hour load, with a more marked change for the parietal osteoblasts (Fig. 2).   Levels 
of ALP were similar between loaded and non-loaded dura after 24 hours but were slightly lower for 
both regions in the loaded samples, while the amount of PCNA was increased for both regions after this 
time (Fig. 2).  The ALP culture analysis echoes this trend, showing slightly lower concentrations for 
both regions in the loaded samples (Fig. 4).  The levels of both differentiation markers were higher in 
the loaded vs. non-loaded samples, with a much bigger difference in the parietal cells.  DNA levels of 
ALP were lower in the loaded vs. non-loaded co-culture micromasses (Fig. 2).  The ALP culture assay 
did not agree with this finding, showing a higher ALP concentration in the loaded samples (Fig. 4).  
Levels of PCNA were nearly three-fold higher in the loaded samples compared to their non-loaded 
counterparts (Fig.2).   Both differentiation markers had higher levels in the loaded samples compared 
to the non-loaded ones (Fig. 2).  Levels of ALP gene expression were much lower for both regions in the 
48h-loaded osteoblasts as compared to the non-loaded control (Fig. 3).  The ALP medium analysis does 
not exactly agree with this, showing similar concentrations between the frontal samples and a slightly 
higher concentration for the loaded parietal cells vs. the non-loaded ones (Fig. 4).  Levels of PCNA were 
lower for both regions in the loaded samples (Fig. 3).  The amounts of both differentiation factors were 
lower in the loaded frontal osteoblasts, and higher in the loaded parietal osteoblasts compared to the 
non-loaded samples (Fig. 3). 
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Fig. 2 Gene expression levels for 24-hour loading regiment 

Fig. 3 Gene expression levels for 48-hour loading regiment 

Fig. 4 Media ALP Samples for cells in the time period after the loading regiment 

‘Extra’ Micromass Analysis Plates 
An ALP medium assay was performed on the micromass plates at the 2, 3, and 4-week points.  At the 2-
week point, samples were taken from the plate designated for a 2-week time point ALP stain as well as 
the plate designated for an alizarin stain.  At the 3 and 4-week time points the samples were only taken 
from the plate designated for the 4 week time point alizarin stain.  At each time point, ALP levels were 
always much higher for the frontal region compared to the parietal (Fig. 5).  The plate designated for 
the alizarin stain was analyzed for ALP content three consecutive weeks and the concentration 
increased between each time point (Fig. 5).   

The ALP stain did not reveal a noticeable difference between the osteoblast regions (Fig. 6)  The 
Alizarin stain was not extremely insightful either, but for different reasons.  The Alizarin stain was a 
little more concentrated in the frontal osteoblasts compared to the parietal, but only one of the parietal 
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wells was seeded correctly (Fig. 7).  The other two parietal micromasses did not form fully and were 
very dispersed throughout the well. 

The metabolism assays did not provide a clear trend that I could understand.  When analyzing 
the samples using absorbance, the values were higher for parietal osteoblasts vs. frontal osteoblasts at 
both the 3-week and 4-week time points (Fig. 8).  However when the metabolism was analyzed by 
fluorescence the frontal osteoblasts had higher values than the parietal osteoblasts at both time points 
(Fig. 8).  From week 3 to week 4, both the absorbance and fluorescence readings showed that the values 
decreased for each individual region (Fig. 8) 

Fig. 5 Media ALP Samples for ‘extra’ micromass plates 

Fig. 8:  Metabolism rate for ‘extra’ micromasses 
Discussion 
Regional Differences 

Results from throughout the experiment serve to show that there are distinct differences 
between the two regions of the calvaria.  Analysis of the culture ALP assays shows a distinct difference 
in concentration between frontal and parietal regions.  In the early stages of cell culture (d1, 5,8), ALP 
levels are higher in the parietal region of both osteoblasts and dural cells.  At d9 of culture, the dural 
cells show a reversal of this trend with ALP levels higher in the frontal region.  This trend continues 
with osteoblasts as well, which have higher amounts of ALP in the frontal regions after both loading 
time points.   

Further analysis of the osteoblasts, through RT-PCR, continued showing the trend of regional 
differences.  The 24-hour loaded osteoblasts showed the biggest regional differences in ALP, PCNA, and 
Runx2 expression, while the 24-hour dural cells showed differences for Runx2, TGFBr1, and most 
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noticeably for PCNA.  The 48-hour loaded osteoblasts showed big differences in ALP and Runx2 levels 
between the regions. 

These plates continued to show regional differences in the ALP media cultures and metabolism 
assay.  The media ALP levels were all significantly higher in the frontal vs. parietal region (Fig. 5).  The 
metabolism assay showed that the two regions did in fact have different rates, but discrepancy between 
the absorbance and fluorescence readings did not allow for a reliable trend to be extrapolated. 
Effects of Loading  

Mechanically loading the cells seemed to exacerbate the regional differences in gene expression 
and generally change expression levels overall.   

The osteoblasts that were loaded for 24 hours expressed a higher level of proliferation markers 
in the frontal region compared to the parietal.  The loading regiment increased this expression in the 
frontal region, but decreased it in the parietal region.  Both differentiation markers were more 
expressed in the frontal region for the osteoblasts that were non-loaded.  Loading switched this up, 
showing higher differentiation marker expression in the parietal region after the 24 hours (as well as 
increasing overall levels of expression for both).   

The 24-hour loaded dural cells showed greater expression of proliferation and differentiation 
markers in the parietal region compared to the frontal region.  After loading, PCNA expression showed 
a 5-fold increase in both regions while Runx2 showed nearly a 4-fold increase in both regions.  TGFBr1 
was also more expressed by both regions after loading.   

The parietal co-culture cells had interesting responses to mechanical loading.  ALP expression 
was lower in the loaded micromasses while PCNA levels were nearly tripled in the loaded cells.  Both 
Runx2 and TGFBr1 were expressed slightly more in the samples that were loaded. 

48 hours of loading had the biggest effect on ALP and Runx2 expression.  The level of ALP gene 
expression was higher in the frontal region for non-loaded cells, but was at nearly twice the amount in 
the frontal region vs. parietal for the loaded cells.  Loading greatly increased the overall levels of 
expression of the gene as well.  PCNA was expressed more in the frontal region compared to parietal, 
and after the 48 hour loading regiment this remained the case but levels of both were increased.  In 
non-loaded cells, Runx2 and TGFB1 were expressed more by the parietal region but loading flipped this 
trend and both were expressed more highly in the frontal region after 48 hours. 
Future Work 

This project seems to be a springboard for a number of possibilities in the future.  More projects 
to highlight regional differences in the dura and osteoblasts is the first and most obvious choice to me.  
ALP concentration, gene expression, metabolism levels, and cell pictures/counts all contributed to the 
highlighting of the differences.  Projects to repeat and confirm results would probably be helpful, with 
more frequent stains.  Expression of different genes could also be analyzed to get a wider 
understanding about the regional differences.  Since only the parietal cells were made into a co-culture, 
repeating experiments in the future with frontal cells co-cultured would definitely add to the results 
from this project 

There were stark differences in gene expression between the 24h and 48h time points.  This 
makes me think it might be useful to have more time points for gene analysis, between 24 and 48 hours 
as well as other points after that.   It might be interesting to compare responses to other levels of strain, 
but this wouldn’t be necessarily necessary since we were able to demonstrate regional differences and 
a clear response at this amount of strain. 

Another thing to explore could be mice at different ages.  A comparison of regional differences 
between mice of different ages could give some further insight as to why we see the regional 
differences.  
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OBJECTIVE	

Spurred by my experience researching the value of music education in Uganda during the 

summer of 2013 and subsequent research on programs that advocate for cultural entities in the name 
of development, my objective for this summer was to evaluate the role that culture plays in 
economic outcomes.  Specifically, I was hoping to focus on the impact of theatre on a specific 
economy using a statistical process being developed by a cultural economist.  As I began preparing 
for the summer, however, it became apparent that a higher-up approach would be more useful.  The 
fledgling field of cultural economics is still establishing its paradigms, and academics are still in 
debate about which methods are most apt to deal with the difficult issue of defining and evaluating 
“culture.”  It became clear that rather than statistically analyzing one small part of an economy, it 
would be better to step back and trace how the field has evolved to the point of evaluating culture’s 
importance.  A look at theatre’s impact on GDP is simply economic analysis.  Tracing how policy-
makers and academics have dealt with the relationship between economics and culture is a more 
interesting question, and it is inherently interdisciplinary — it connects my passion and training for 
cultural entities such as theatre with my interest in how economists assign value, especially in 
context of policy.  I realized that it was premature to implement what I initially intended; I needed 
to first evaluate why and how an economist would assign developmental value to culture at all.	


Accordingly, my initial research objective shifted into examining the role that culture plays 
in economic development plans.  The best place to look at this is the United Nations Educational, 
Scientific, and Cultural Organization, a United Nations special agency under which the cultural 
economist I had initially planned to work with developed his statistical methods.  From my 
communication with him, I was able to line up interviews with leaders at UNESCO as well as the 
International Theatre Institute (ITI), both headquartered in Paris.  During my weeks of research, I 
conducted interviews within the cultural sector at UNESCO, development sector at the ITI, and 
creators of the Culture for Development Indicator Suite (a UNESCO initiative), and conducted 
archival research of the three aforementioned groups.  The result was a high-up look at the recent 
history of culture for development, the various justifications that have gained traction, the trajectory 
for culture in development plans, and a case study of the financing of the ITI.  This paper provides a 
basic overview of those components.  	


RESULTS	

Genealogy of Culture for Development	


The United Nations Educational, Scientific, and Cultural Organization has dealt with the role 
of culture for development for the past few decades.  Since its inception, UNESCO has tasked itself 
with the dissemination of culture and cultural cooperation among nations.  Throughout the 1960’s 
UNESCO launched major projects dedicated to preserving cultural heritage, earning its reputation 
as a protector of the past.  Dissenters leveraged critiques against UNESCO’s preservation of 
heritage, claiming that it was interested in only the culture of the dead.  UNESCO sought to prove 
that it was also concerned with the culture of the living, which prompted an interest in a new 
project.  The idea for organizing the financing of culture was first introduced in 1970 at a meeting in 
Jamaica sponsored by UNESCO and the University of West Indies and more fully explored at a 
conference later that year in Venice.  These meetings mark important dots on the trajectory of how 
culture is understood in context of development; it is an idealogical turning point that first attempts 
to drag the notion of culture out of the periphery and into the center of development efforts.	


This pivotal year was contextualized by a widening of the understanding of “development.”  
In October of 1970, the Leader of the Jamaican Delegation Edward Seaga addressed the sixteenth 
session of the General Conference of UNESCO, seizing the crossover point between decades as an 
opportunity to reflect on development strategy and theorize about its future.  Seaga critiqued the 
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development goals of the 1960’s as doomed to fail because they were set only in economic terms, 
with no consideration that economic growth was necessarily constrained by lack of social 
development.  Thus, an interest in social development emerged to meet the economic goals 
dominating development strategies.  After recognizing that culture had been side stepped by past 
development strategies, Seaga proposed that culture be a main development focus.  Accordingly, the 
notion of notion of cultural development seriously entered international policy discourse.	


That first strategy of financing culture was manifest in the International Fund for the 
Promotion of Culture (IFPC).  The IFPC was officially established in November 1974 and, at the 
beginning of the year, its directing staff was finally chosen:  an Administrative Council composed of 
15 members, an Executive Committee, and a Director.  The IFPC’s main goals - while written 
slightly differently depending on the documentation - are centralized on three aspects of cultural 
development: national culture, artistic creation, and international cooperation. While tied to 
UNESCO’s philosophy and goals, the original creators hoped to have it be politically autonomous 
and non-governmental.  Overall, the IFPC was created to improve quality of life, building on the 
realization that life is not improved by economic development alone.  Accordingly, this Fund marks 
an important step in understanding the role that culture plays in development. 	


The motivation behind the creation of the IFPC lends itself as a lens through which various 
justifications for culture can be viewed.  The first argument deals with the universal right to culture.  
The argument is not an economic one; rather, it is a philosophical argument rooted in what it means 
to be human and what rights a human has.  It draws on Article 27 of the Declaration of Human 
Rights, approved by the United Nations in 1948, according to which “everyone has the right freely 
to participate in the cultural life of the community.”  This first argument is a human rights based 
appeal to equality of cultural opportunity, for no other reason than it is simply what humans 
deserve.  A second justification embedded into the creation of the fund is trying to raise awareness 
for the importance of culture.  This obvious builds on the thinking that culture is a new entity to 
include in development agendas, and a large part of the initial battle was convincing others that that 
was indeed true.  Interestingly, a final understanding of the role that culture plays in development 
relies on economic innovation.  This argument starts with the premise that development occurs 
either endogenously to a market system, or it occurs because something innovative happens outside 
of the system. The latter case seems difficult to understand at first, but it can be exemplified by the 
recent “Green Movement.”  Advocates argue that the shift to green energy occurred because of a 
change in how we interact with markets and systems, not simply an innovation within the market 
itself.  If economics is perpetually searching for efficiency, it would not have bothered itself with 
green energy.  The change instead happened in how people relate to the tools that we use and the 
priority sets we hold.  The thrust of this argument is that we do not need to bind ourselves 
completely to one camp or the other (endogenous or outside shifts).  It is enough that there is even a 
possibility of the second understanding that necessitates cultural development. 	
!
On the Cusp of 2015 Development	


As we enter a new period of development goals for post-2015, there is urgent discussion 
about how culture fits into that agenda.  A sustainable development strategy cannot be culturally 
neutral:  it should be not only culturally sensitive but should also capitalize on the gains resulting 
from the dynamic interaction between cultures and the economic and social benefits generated by 
the culture sector.  This is a greater claim to the relevance of culture as a way of connecting 
economic and social benefits.  We are not just trying to be proactive about culture as an instigator of 
economic action - rather, the claim is stronger - we cannot afford to be culturally neutral in our 
development strategy.  	
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After moving through the history of the beginnings of financing culture for development, the 
genealogy of culture’s role in development, and UNESCO’s argumentation for that role, the second 
part of this paper examines two specific iterations of programs designed to accomplish UNESCO’s 
cultural goals.  UNESCO attempts to promote culture in development in two major ways.  First, 
UNESCO argues for the importance of culture to policy-makers.  This inevitably must include 
examples and statistics to support their claim.  Accordingly, I examined a statistic indicator suite to 
study the first part of UNESCO’s goal.  Secondly, UNESCO creates and supports various funds 
which manifest their ideals about cultural diversity.  I studied the International Theatre Institute as a 
case study of a UNESCO-supported group.  As will be seen, the performing arts provide a 
particularly useful lens through which to study this topic because of how active and collaborative a 
live performance must be.  First, we will examine the statistical dilemma inherent to this topic 
through a specific example of a UNESCO supported group.	
!
CDIS and the Statistics Dilemma of Culture for Development	


As we are on the cusp of adopting the 2015 Development goals, it is imperative that culture 
receives explicit support in order to garner the most respect and therefore funding possible.  This 
pressure was articulated by members of the UNESCO’s office of Culture.  In 2000, the Millennium 
Declaration was adopted with eight millennium development goals, but none explicitly contained 
culture.  The political process of reaching the post 2015 agenda is complicated, and in that process 
advocates are fighting for culture but are often competing against strong arguments for all 
development agendas.  Contextualized by this need to convince policy-makers, it becomes even 
clearer why we must find a way to convince people of culture’s importance.  It seems obvious, they 
explain, that culture is integral to development.  Unfortunately, this is not enough to win a debate 
against a slew of competing causes for development goals.  This sets the stage for the need to have 
strong statistical data.  That's the motivation behind it creating a statistical measurement system.	


In the initial version of the IFPC, culture was regarded as an important entity in itself, not 
subjected to economic justification.  Culture was the end goal, not simply a path to economic 
success.  However, due to pressure from stakeholders, policies are sometimes forced to justify 
themselves in an economic sense, distorting the original argument of culture for development into 
culture at the service of economic development.  Historically, culture has not sat well next to 
economics.  Not only is it tough to define and even tougher to quantify, but some cultural advocates 
are against the very idea of stringing culture through an economic measurement system.  The 
problem remains that policy makers want to see statistics.  The intrinsic value of culture cannot 
always hold up in policy discussions.  The dilemma is figuring out how to represent the importance 
of culture in a language that policy-makers can understand — statistics.  	


Research on the relations between cultural development and economic development is as yet 
in a preliminary stage.  Despite the advances noted in recent years with regard to the notion of the 
cultural dimension of development, studies on this subject are still very scattered and incomplete.  
The IFPC was intended to play a promotional and coordinating role in this area, since its field of 
action lies at the meeting point of culture and economics.  It is undeniable that any advance in 
knowledge of the complex relations that exist between the cultural and economic spheres is 
calculated to strengthen the specific character of the Fund, while further justifying its creation and, 
consequently, conferring greater credibility on its operational activities.	


	
 Though initial plans for the fund included a call for research on culture’s importance, it was 
took until 2009 to see the first stab at a statical measurement of culture.  UNESCO tried to address 
this in 2009 by beginning work on the Culture for Development Indicators Suite (CDIS).  This Suite 
includes economic indicators, but they only comprise about one seventh of the information being 
measured.  The goal here is to equip policy makers with tools that describe a country’s level of 
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dependence and inclusion of culture for development in all contexts.  The CDIS went through a 
couple of different phases.  It consists of 27 indicators that chart the success of culture in the 
development of a country.  The CDIS is still not perfect, but it is the best tool yet created.	
!
ITI:  An Illustrative Case Study of a UNESCO Supported Project!

The International Theatre Institute (ITI) is the world’s largest performing arts organization.  
The ITI is directly linked to UNESCO through its mission of furthering UNESCO’s goals of peace 
and social understanding and was actually created with the guiding hand of UNESCO.  After 
UNESCO came into existence in 1946, organizers soon realized the need to create a non-political, 
non-commercial conglomeration of theatrical groups from across the globe.  Out of a need for 
practicality in the international performing world, the group primarily concerned itself with 
facilitating circulation of scripts, information, performing companies, and young artists at the 
international level.  The inception of the ITI was contextualized by a resurgent need for proactive 
peace-building organizations following World War II.  This need for international cooperation 
fueled the impetus that led to the formation of various United Nations’ organizations, the ITI being 
one of them.  Thus, the International Theatre Institute was officially inaugurated during the meeting 
of its first World Congress in Prague, 1948 and organized on the initiative of UNESCO and theatre 
experts from around the world.  The ITI works to achieve its ends of international mutual 
understanding and peace through arts education, international exchange and collaboration, and 
youth training.  Ultimately, the ITI hopes to utilize the power of the performing arts in establishing 
understanding and peace at the global level.	


As an organization, the ITI has spent much of its existence convincing others of its 
importance in order to gain financial support.  Director of International Development Petya Hristova 
voiced her concern about the ITI’s continued funding because of what essentially comes down to a 
disconnect in the language used by artists and policy-makers.  There are multiple justifications 
within the ITI for the power of theatre, but unless they can lend themselves to development in some 
way (and fit into an economic framework somewhere), the arguments fall upon deaf ears in policy 
settings.  This explains why the ITI has evolved through multiple attempts at its justification, trying 
different angles depending upon the audience.  Through interviews and review of the addresses I 
was able to find written copies of, I tried to trace out some of the leading arguments.  	


Speakers make broad claims to it in almost every speech at an ITI conference that theatre, 
being inherently connective between the performers and audience, easily lends itself to arguments 
for social cohesion.  The live aspect of theatre literally brings people together; in order for theatre to 
exist, people of at least somewhat varied backgrounds must convene in the same room.  Unlike 
other cultural events like visual art that can survive equally well in famous museums or back closets 
for centuries, theatre only operates in a live medium.  This makes theatre particularly useful to the 
process of social cohesion because it intrinsically brings people together.  Accordingly, theatre is 
interesting to look at as a case study of the power of culture in development because of its strong 
link to social cohesion.  The ITI claims to be a spark in using the performing arts to nurture 
dialogue, build confidence, and connect communities.  This is what current UNESCO 
documentation means when it refers to culture as an “enabler” of development.	


The first way in which theatre’s impact on social cohesion enhances development is that it is 
a prerequisite for economic success.  The second way in which theatre’s impact on social cohesion 
has to do more with theatre’s unique lens it provides to an audience, allowing it to sensitize issues in 
war torn or traumatized areas in a powerful way.  Theatre is claimed to have both power to heal in 
difficult times and educate in innovative ways, particularly in conflict zones.  The stage offers a 
mirror back to society that can heal and teach in ways that traditional methods cannot.  In this way, 
theatre promotes social cohesion as healing through art - a claim that many humanists make about 
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the purpose of art in our world.  The arts are integral to the development of future generations 
because culture establishes the parameters of social, environmental, and economic consciousness.  
Thus, the ITI claims that culture is an indelible part of development and deserves adequate attention 
in policies. 	


The mechanisms used by the ITI to actualize its goals are varied across circulating scripts, 
hosting conference, spreading information, and - obviously - promoting theatre.  Different from a 
commercial theatrical production group, however, is that the ITI is not concerned with advancing 
theatre’s mere entertainment value.  While economists attribute theatre with a certain percentage of 
impact on a country’s GDP because of its place in the entertainment market, the ITI is centered on 
the principle that theatre has a more powerful impact on development than simply ticket prices.  
Accordingly, it has a clear social agenda motivated by the desire to enhance development using the 
performing arts.  This sounds lofty, but the ITI actualizes this social agenda with concrete projects 
and impressive examples of success. 	
However, it is difficult to accept all these claims on a causal 
basis.  While the social agenda has progressed, that obviously could not be entirely because of 
theatre.  A more jaundiced view could even place theatre at the periphery, simply along for the ride.  
Is theatre the prodder of the social agenda, opening eyes and transforming minds as the ITI claims?  
Or is theatre merely a bystander to social change, mirroring it as it goes along but making no causal 
impact?  Amongst economists, policy-makers and artists, this is the essential question.  Does culture 
just communicate cultural shifts to us or propel them?  This is why UNESCO and the ITI are great 
lenses to view this through, because they are bringing culture to places that otherwise might not 
have it in a formalized way.  Having a foundational background with UNESCO and the ITI, I hope 
to pursue that question further.	
!
OUTCOME	


As mentioned in the objective section, the outcome of this work includes a high level look at 
how culture has been historically argued for a place in development.  I generated a 33 page 
“chapter” fully describing the various pieces of this research project.  In addition to that overview, I 
payed specific focus to the CDIS project during my research in Paris, with the intention of possibly 
using the CDIS methodology which will be released early this fall in upcoming research.  Based on 
my work on UNESCO and other related agencies, I was also able to contribute profiles of these 
centers to a group at Harvard called the Cultural Agents that is creating a digital map and profile 
system of humanities centers throughout the world.  	


MOVING FORWARD	

To further expand this research, I recognize that it needs to be contextualized by more 

secondary sources.  Separate from the bibliography of 76 texts I used to create my paper, I created a 
list of books I would like to read.  I also hope to use the CDIS methodology in an econometric 
analysis that could be part of a senior thesis, choosing one country included in the CDIS trials and 
analyzing the specifics of culture for development in that country and the success of measuring that 
role.  Finally, I believe that the questions informing this research project have developed since the 
inception of this research idea.  Moving forward, the question that became most interesting to 
myself as well as fellow researchers from academic institutions around the world that I spoke with 
during my time at UNESCO are the following:  Is culture the catalyst for development or merely a 
mirror?  I have been working with my advisor, Dr. McDonnell on specifying a concrete way to 
further explore that specific question.  I am excited to move forward with this research interest after 
having been blessed with the opportunity to learn so much this summer at UNESCO.
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INTRODUCTION 

The use of robotics in the treatment of Autism Spectrum Disorder (ASD) is a 

growing field.  Researchers at the University of Notre Dame have studied the use of 

interactive NAO robots (from Aldebaran Robotics) to teach social skills to children with 

ASD.  They found that the older children were more interested in learning how the robot 

worked than interacting with the robot.  A summer robotics camp was proposed where 

adolescents with ASD and their peers would learn about robotics and NAO 

programming while improving their social and vocational skills.  Last summer, a pilot of 

this initial program showed promising results (Kaboski, Diehl et al., in press, Journal of 

Autism and Developmental Disorders). 

My project this summer was to be a technical coach in a larger scale version of 

the summer robotics camp.  I worked directly with the adolescents with ASD and their 

peers in multiple weeklong camps while teaching them about robotics and how to 

program the NAO robots.  In addition, I provided social skills training and support to the 

participants when necessary.  Data was collected for each test group to study and 

compare social and vocational skills as well as robotics knowledge before and after the 

weeklong summer camps.  We anticipated that the adolescents with ASD would show 

improved social and vocational skills after the camps and that all participants would 

exhibit a greater general knowledge of robotics after the camp.  I actively participated in 



2 

data collection, data analysis, and the administration of the study.  I will be a co-author 

on publications that result from this work. 

BACKGROUND 

The research project this summer will use robotics as a subject for summer 

camps aimed at improving the social and vocational skills of adolescents with ASD. 

This project was conducted under the direction of Dr. Joshua Diehl in the F.U.N. Lab at 

the University of Notre Dame. In this study, adolescents with ASD were paired with 

typically developing (TD) peers to collaborate while programing a NAO humanoid robot 

while receiving social skills training and support. 

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder with primary 

deficits in social interaction.  Much research has been aimed at improving the social 

skills that are lacking in younger children diagnosed with ASD, but less focus has been 

placed on finding interventions suitable for adolescents or adults (Webb et al., 2004).  

Studies at the University of Notre Dame have used the NAO robots for therapy with 

younger children (Villano et al., 2011; Diehl et al., 2012, 2013).  In these studies, 

children worked with a therapist and a robot.  The children practiced social skills with 

the robot, which was controlled by a trained researcher behind tinted glass, during 

therapy sessions.  When the children responded correctly or asked the robot good 

questions, the robot responded by giving positive reinforcement.  Although this study 

showed encouraging results for younger children, it was noted that older children were 

more interested in how the robot worked rather than wanting to interact with the robot.  

For these older children or adolescents, it may be more effective to use the robots as an 
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object of shared interest with peers rather than a co-therapist as used in previous 

studies. 

In this type of study, rather than interacting with the humanoid robots, the 

adolescents with ASD interact with their TD peers, using the shared interest of robotics 

as a catalyst for social interactions and teamwork.  This approach falls into the category 

of peer-mediated intervention (PMI).  In these interventions, children with ASD and their 

TD peers interact under the supervision of an adult in order to practice and improve 

their social skills.  This can be beneficial because it is not only a way for children with 

ASD to gain social skills, but it allows those who already have knowledge of appropriate 

social interactions to practice these skills.  The social anxiety associated with ASD can 

often limit social interactions, which allows for less practice of social skills and increased 

social anxiety (Gillott et al., 2001).  Because this ongoing loop of social anxiety and 

decreased social skills can have a lasting effect on people with ASD, including difficulty 

finding employment and integrating into society, it is important to find meaningful ways 

to practice social and vocational skills in order to break this cycle (Hendricks, 2010). 

These PMI studies aim to do just that and have been shown to increase social 

interactions in subjects with ASD (Koegel et al., 2012).  However, a negative side effect 

seen in many of these studies has to do with the fact that often the TD children are 

trained beforehand on how to interact with the child with ASD.  While this has been 

shown to help the TD children better understand ASD, it may also lead the TD children 

to stigmatize the children with ASD because the training increases their perception of 

difference between themselves and the children with ASD (Bell & Morgan, 1999). 
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In our study, we took the positive aspects of previous PMI approaches and 

attempted to minimize the negative aspects of such therapies.  In an attempt to avoid 

stigmatization of the adolescents with ASD, the adolescents involved did not know who 

had ASD and who did not.  The TD peers were not involved simply to interact with those 

with ASD, but also to learn new skills themselves.  This was done through a shared 

interest, in this case, robotics.  Many people with ASD show intrinsic interest in 

technology and the sciences, and these areas are promising for use in PMI studies 

because they are interests shared with many TD peers (Dautenhahn, 2007; Diehl et al., 

2012; Scassellati, 2007).  Our study used a collaborative robotics class to increase 

interaction between adolescents with ASD and their TD peers.  This approach has 

already been used in an attempt to increase social interactions between individuals with 

ASD, and we wanted to try the approach while including TD individuals (Wainer et al., 

2007).  A preliminary study done last summer showed decreased social anxiety and 

increased robotics knowledge, but not a significant increase in social skills in the 

individuals with ASD (Kaboski et al., submitted).  Data from the larger scale study this 

summer will be used to provide further evidence or possibly refute the findings from the 

preliminary study. 

PRELIMINARY RESULTS 

Preliminary analysis of the collected data gives promising results.  Both the ASD 

and TD groups showed significant changes in robotics knowledge and social anxiety 

from before the robotics camp to after, but only the ASD group showed a significant 

improvement in parent-reported social skills (Kaboski et al., submitted; See Table 1).  
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These results provide further evidence for the decreased social anxiety and increased 

robotics knowledge seen in the pilot study and show promising results in the area of 

social skills compared to the pilot study.  On a purely qualitative level, many of the 

adolescents with ASD seemed to show great improvements in social skills and social 

anxiety around the other participants and the staff from the start of the camp to the last 

day of camp.  The participants with the most obvious signs of anxiety and difficulty with 

social skills were often the ones in which we noticed the greatest improvements.  

Overall, the data and qualitative observations give evidence that a summer robotics 

camp is an effective peer-mediated intervention for adolescents with ASD. 

Table 1. Pre-Intervention vs. Post-Intervention Data (Kaboski et. al, submitted) 

Measures 
Pre-Test 

M (SD) 
Post-Test 

M (SD) t p d 

ASD Group (N = 24) 
SAS-A/SASC-R: total score 46.88 (14.91) 41.25 (16.13) 3.65 .001** .36 
SSIS: Social Skills Scale 81.33 (14.92) 86.33 (12.89) -3.10 .01* .36 
Robotics Knowledge Quiz 1.24 (1.39) 4.83 (2.20) -7.17 .00** 1.95 

TD Group (N = 27) 
SAS-A/SASC-R: total score 37.07 (11.72) 34.87 (12.77) 2.07 .05* .18 
SSIS: Social Skills Scale 103.73 (12.60) 105.15 (11.61) -1.041 .31 .12 
Robotics Knowledge Quiz 1.67 (1.54) 6.18 (2.33) -13.34  .001** 2.28 

Note. ASD = autism spectrum disorder; TD = typically developing; SASC-R = Social Anxiety 

Scale for Children – Revised; SAS-A = Social Anxiety Scale - Adolescent; SSIS = Social Skills 

Improvement System.   

*p < .05, **p < .01.
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FURTHER DEVELOPMENTS 

Much of the data collected in this study has yet to be analyzed and may be able 

to give greater evidence for the effectiveness of robotics summer camps as peer-

mediated interventions for adolescents with ASD.  For example, social interactions that 

were videotaped have yet to be transcribed, coded, and analyzed.  Data gained from 

this footage could give further evidence for increased social skills. 

Aside from further data analysis, one future goal is to have the robotics camp as 

a tool available for other institutions and therapists to use.  We hope that the methods 

used in this camp will be used in the future in various setting to help adolescents with 

ASD.  In an even broader sense, the methods used to run the robotics camp will 

hopefully be able to be translated into other types of camps.  Shared interests other 

than robotics could be effective in reducing social anxiety and increasing social skills. 
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Brian Roddy and Matthew Williams worked under the advisement of Professor Anthony 

Serianni to conduct ecological research in Syracuse, IN on Lake Papakeechie (LP), Lake 

Wawasee (LW), and several smaller local lakes in their watershed, and social psychological 

research involving the residents of the aforementioned lakes.  Collaboration was also done with 

two relevant local organizations: Lake Papakeechie Sustainability Initiative (LaPSI) and 

Wawasee Area Conservancy Foundation (WACF). This research was a continuation and 

expansion of classmate Hannah Becker’s past research in the area, and was supported by the 

University of Notre Dame’s Undergraduate Research Opportunity Program’s (UROP) DaVinci 

Grant Program. 

The objectives of the research can be divided into two main parts: ecological and social 

psychological. Within these two categories there were specific goals that aimed to both continue 

and expand the research already performed. In addition to gathering another set of data to add to 

the data gathered in 2013, four main limitations to the limnological research were addressed 

from the previous summer’s work to this year’s. 

(1) Expand water testing to smaller lakes in LP’s watershed to get a better idea of the 
quality of water feeding into LP. 
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(2) Expand testing from Secchi, E. coli, and dissolved oxygen and temperature (DO/T) to 
include nitrogen (N) and phosphate (P) testing to get a more complete understanding 
of lake health. 

(3) Purchase, calibrate, and use a new DO/T meter to improve reliability of results and 
reduce reliance on third parties for equipment. 

(4) Lines of communication were opened between LP and LW to work together and share 
testing information, again providing a more complete understanding of the overall 
health of the watershed. 

Our goals for the social psychology side of the research focused on both extending the 

reach of the survey to a less biased and higher percentage of lake residents, and revamping the 

survey to provide us with a broader and deeper understanding of residents’ views on lake health 

and sustainability. 

We were able to accomplish each of the four listed limnological research goals.  N and P 

tests were conducted on Allen Lake, Barrel-and-a-Half Lake, Hammond Lake, Redhead Lake, 

Shock Lake, and Spear Lake. These lakes were identified as some of those having the most direct 

impact on LP, and N and P tests were chosen because N and P levels are the factors of lake 

health most easily attributed to water flow through the watershed. Redhead, Spear, and 

Hammond lakes were found to have high levels of dissolved nitrates.  N and P tests were also 

performed at sites across LP.  Several of the sites returned high readings for nitrates, while others 

did not. This should be a focus of further testing, and if the levels remain high for another year, it 

may be worth addressing through some mitigation effort.  Phosphate levels were comparatively 

low, but because N and P levels usually correspond with one another, additional factors may be 

involved.. We suspect that not all of the phosphate is being detected, because our current tests 

can only test for dissolved phosphates, and cannot detect phosphates locked in organic solids. A 
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more robust test could help clarify this apparent discrepancy in relative N and P levels. In 

addition to these new N and P tests, the DO/T testing was done with a new, calibrated meter. 

Our confidence in these readings is much stronger than that after the previous summer’s work. 

DO/T testing showed a sharp drop in DO around 4.5 m, which was expected from examining last 

year’s data. Temperature dropped somewhat more slowly, but exhibited a similar pattern. E. coli 

testing gave no cause for concern, with very few or no colonies appearing at sites across LP. 

According to Secchi testing, water clarity is slightly below where we would like to see it, and 

lower than it has been in previous seasons. This could be due to a number of factors, and should 

again be continued in the following years to establish whether or not this summer was an 

anomaly. 

Work was done with both LaPSI and the WACF this summer, and we plan to exchange 

testing data and discuss future plans to improve our overall understanding of the watershed’s 

health and how to continue to improve it. 

The social psychology side of our research has also been successful to this point. The 

survey has been expanded to include more questions about sustainable practices and attitudes 

towards lake health and sustainability. We have also translated the survey to a Google Doc Form 

that can be easily distributed to residents of LP and LW via a link on the PPA website. This form 

will automatically compile the data for the researchers and advisors in a form that is easy to 

parse and analyze with software. It is also simple to share these data with LaPSI, the WACF or 

any future collaborators.  

This research is ongoing, and more data being collected in the following years would 

drastically improve the reliability of the results and help in establishing trends, but there are 

additional potential further developments that could be made to improve the research in addition 
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to this continued work.  Hannah Becker plans to extend this work in five primary directions as a 

part of her capstone project for the Sustainability minor. 

(1) Establish a lake coalition of representatives from lakes around LP or within 
Kosciusko County to compare work done on neighboring lakes and identify 
“unhealthy” lakes. 

(2) Compare data gathered during each of the past two summers and put them in forms 
easy to compare to future results. 

(3) Prepare and present an academic poster with either the Indiana Academy of Science 
or the Indiana Lakes Management Society. 

(4) Attend a LaPSI meeting each semester to stay in touch with work being done on the 
lake and provide updates on progress and future plans. 

(5) Prepare a public draft of research for lake residents, either as a full report or a 
generalized presentation if the results are to be kept private until further research is 
completed. 

After the survey has been available to the public for a suitable amount of time, some 

statistical analysis should be performed to make sense of the results and help establish a plan for 

future work.  If this research is continued next summer, it would be beneficial to extend the 

testing to even more lakes in the watershed. Further insights into the somewhat confusing 

decoupling of N and P levels could be gained by adding a test for phosphates locked in solid, 

organic matter, in addition to the current test for dissolved phosphates. Overall, continuing to 

expand this project in duration and scope would serve to provide a clearer understanding of 

overall water health in the area. 

The summer’s research was successful in expanding the existing dataset and making a 

number of improvements to the way data on the lakes is obtained. We were also successful in 
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preparing and distributing a much more robust survey to a far larger set of potential participants. 

We would like to thank LaPSI, the WACF, Professor Serianni, and the University of Notre Dame 

for all of their assistance and the opportunity for us to enjoy this research experience. 

Hannah Becker contributed to the “Potential Further Developments” portion of the report. 

This research was made possible in part by support from the Undergraduate Research 

Opportunity Program, Institute for Scholarship in the Liberal Arts, College of Arts and Letters, 

and the University of Notre Dame. 
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This past summer I worked under the guidance of Dr. Thomas Streit and Dr. Marie 

Denise Milord to organize a research project investigating an alternative intervention to 

mass drug administration (MDA) in the fight against lymphatic filariasis in the Dominican 

Republic. The project was supported locally by the Ministry of Health’s Program to 

Eliminate Lymphatic Filariasis, headed by Dr. Manuel González. My research focused on the 

presence and transmission of the parasitic disease in a batey community near the Haitian 

border. A “batey” was originally the general name of a plantation community where 

workers would live while they harvested sugarcane, and while today the batey maintains 

permanent residents, it certainly still sees its share of migration during the harvest season. 

This is of particular importance when considering disease transmission within the 

community, as evidenced by the constant reintroduction of lymphatic filariasis (a mosquito 

vector-borne disease) even in the face of MDA.  

Traditionally, lymphatic filariasis has been treated (and prevented) using a drug 

called diethylcarbamazine (DEC), which eliminates the microfilariae from the bloodstream 

of infected individuals, effectively halting the transmission cycle. Typically, DEC is 

distributed in pill form. While the medication itself is effective, this intervention has 

ultimately not been successful in the community where I am working due to constant 

migration, as Haitians who live in endemic areas (and are thus highly susceptible to 

infection) reside in the Dominican community for months at a time during the sugar cane 



harvest season. Individuals who are unknowingly infected then reintroduce the parasite 

into the community. 

My research focused on identifying the prevalence of lymphatic filariasis within the 

community, beginning intervention methods, and investigating community response to the 

intervention. To identify the prevalence of the parasite within the community, I collected 

blood samples from all consenting individuals over the age of 5. These samples were then 

applied to BinaxICT cards that detect the Wuchereria bancrofti parasitic antigen. To 

confirm the results of individuals who were positive for the antigen, I returned at night to 

take a second sample. These follow up samples were fixed to slides, which I subsequently 

worked with in lab to stain and analyze using the Romanowsky staining technique. The 

results from the sampling not only allowed me to confirm that lymphatic filariasis is still 

present in the batey, but also revealed a pattern of transmission that has given me more 

insight into how the disease is spread.  

After the preliminary sample results were determined, I introduced an alternative 

intervention by using a co-fortified table salt containing iodine and DEC, as opposed to 

distributing DEC pills. This salt was distributed to the entire community, regardless of 

whether or not individuals in the household had lymphatic filariasis. If used in daily 

cooking, it delivers the DEC medication in low dosages, which serves to eliminate 

microfilariae in the bloodstream of infected individuals (thereby halting transmission) and 

immediately kill any microfilariae introduced to a previously healthy host (thereby 

preventing infection). The benefits of the fortified salt include wider coverage, prevention 

(as opposed to just treatment), and even extend to future fiscal savings. However, for the 

salt to be effective, the community must use it. To promote the fortified salt, I went house 



to house in the batey distributing and explaining the importance of the salt. One week later, 

I returned to reiterate the importance of the salt and observe the community reception. 

Due to time restraints I was not able to take secondary blood samples this summer 

to note the effects of the salt, but I have already communicated the project follow up with 

Dr. Gonzalez’s team. I anticipate the results of secondary samples will be available by mid-

October. The effects of the salt have already been proven in Haiti, but this project is 

significant because it is the first time the fortified salt has been used in the Dominican 

Republic and if well received, suggests that the salt might be the solution to eradicating 

lymphatic filariasis from the Dominican Republic in the face of constant migration. 

In addition to taking biological samples, I conducted surveys in local hospitals to 

gauge the Dominican perspective on Haitian migrants. I am specifically interested in how 

racial dynamics might affect Haitian access to medical care and the implications any 

prejudices may have on implementation of future salt programs. I spoke with 101 

individuals and was surprised to find that although many told me that “Dominicans are 

very racist,” the respondents’ responses didn’t necessarily suggest that. However, while the 

individuals I interviewed seemed not to discriminate based on nationality, I did find that 

responses suggest Haitians do not have equal opportunity to receive medical care. This 

seems to be based on a number of factors, from language barriers to living further away 

from clinics to many respondents informing me that “Haitians simply don’t like doctors.” 

Although the survey results suggest that prejudice is not necessarily conscious or 

intentional, there is certainly a bias against Haitians in the healthcare system. Over the 

coming semester, I will continue to investigate the survey responses and the implication 

the responses have on understanding health care delivery to Haitians. 



This semester, I am working in Dr. Marya Lieberman’s lab to analyze the salt’s 

impact on urinary iodine concentrations (as iodine deficiency in a population could further 

encourage support of salt and solicit funding, as the salt would correct for this as well). I 

will also be communicating with Dr. Gonzalez’s team to follow up on the community’s 

reception of the salt. I spoke with the team in August (about 2 months after we introduced 

the salt) and they said the community is still using the salt. Based on a logbook that I left 

with a community leader where families must sign each time they take a bag of salt, the 

rate of consumption is about what I anticipated. There is enough salt to last the community 

until December. In the meantime, I plan to write grant proposals seeking funding to 

subsidize fortified salt for the batey community, supported by the results of this successful 

“pilot” project.  

I am currently writing a capstone paper for International Development Studies 

based on this research project. This course will allow me space to reflect on and analyze my 

results and create a substantial product to guide future salt intervention programs for 

lymphatic filariasis.  I will also be working with Dr. Streit to publish a scientific research 

paper detailing my methodology and results. In addition, I will be presenting my results at 

the “Migration, Crossing Boundaries, Paths Forward” Haitian Studies Association 

Conference in November.  

The results of this project are significant because they show that lymphatic filariasis 

is still present in Dominican bateyes, demonstrate local transmission patterns, and suggest 

that salt intervention programs can be well-received and thoroughly implemented in batey 

communities. This is significant because if universal coverage can easily be obtained 

through fortified salt, it may provide a method through which the Dominican Republic can 



finally eradicate lymphatic filariasis. The main limitation in this solution is that it would 

either need to be implemented indefinitely in the Dominican Republic or be implemented 

simultaneously in the Dominican Republic and Haiti so that migration patterns do not allow 

parasitic transmission. Therefore, future work must be aimed at strengthening the existing 

salt program in Haiti and working to integrate the countries in a bi-national fight against 

lymphatic filariasis.  

Ultimately, I believe that fortified salt is the most effective and efficient way in 

eliminating lymphatic filariasis from areas where high migration has negated the effects of 

mass drug administration. As with most development initiatives, the limiting factor in 

realizing this project is funding. However, if we are committed to the millennium 

development goal of eradicating lymphatic filariasis by the year 2020, fortified salt 

programs may be the only practical solution for the Dominican Republic and Haiti. 

Although salt requires a larger initial investment than MDA, eradication within 10 years 

might ultimately save money, as compared to the perpetual cycle of surveillance (that is, 

testing and treating individuals with pills). I plan to continue investigating this problem 

over the next couple of years, both through my senior coursework and through a gap-year 

in Haiti following graduation that will allow me more exposure to bi-national eradication 

efforts. 

Overall, this grant was integral to my academic and professional development. It 

provided me with the opportunity to carry out a development project and has been 

instrumental in learning about intervention strategies in parasitic diseases. Not only did it 

allow me exposure to the biology side of the project, but it also provided me the 

opportunity to survey individuals about race dynamics in the healthcare system. The 



results of the interdisciplinary research I conducted this past summer are increasingly 

relevant as racial tensions rise in the Dominican Republic and as the 2020 eradication 

deadline for lymphatic filariasis nears.  I am very grateful to the Undergraduate Research 

Opportunity Program for making this experience possible and look forward to presenting 

my results both in papers and in conferences this coming year. 
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Objectives and Background: 

The aim of the study was to investigate the effects of sport-related concussion (SRC) on auditory 

processing and auditory pathway physiology in university athletes using behavioral and 

electrophysiologic tests. A behavioral test is a testing procedure that requires a response from the 

patient, such as a verbal response or a hand raise, while an electrophysiologic test is an objective, 

non-invasive testing procedure that measures electrical responses from the brain through 

electrodes placed on the patient’s the scalp. We hypothesized that there will be differences in the 

performance of individuals with a history of SRC, as compared to normal controls, on the 

behavioral and electrophysiological tests of central auditory function, even after acute concussive 

symptoms have subsided (based on literature published in the field, namely Theriault et al., 

2009; Beaumont et al., 2007; Gosselin et al., 2006).  

Research has demonstrated a high incidence of auditory processing deficits in individuals with 

moderate or severe head injury, with one study reporting auditory processing deficits in 58% of 

participants with moderate-severe head injury even after recovery from other symptoms 

(Bergemalm & Lyxell, 2005). However, literature on the effects of sport-related concussion (the 

mildest form of head injury) on auditory processing deficits had been primarily focused on 

electrophysiological measures, most commonly auditory late potentials (P300). One of the goals 

of this study was to evaluate the utility of different clinical testing procedures, which have been 

used in more severe types of head injury, in the SRC population. 

Individuals in the athletic population have a significantly higher incidence of concussion than 

non-athletes, and therefore may be considered an at-risk population for auditory processing 

deficits. Learning in the classroom, regardless of age, is heavily dependent on auditory input and 

confounded by poor listening conditions, such as noise and reverberation, which are more 

detrimental to individuals with auditory processing deficits (Weihing & Musiek, 2012). 

Therefore, it was important to assess the auditory processing of individuals in this population so 

that appropriate recommendations can be made to bolster academic success.  

Auditory processing can be simply defined as what the brain does with what we hear—this 

encompasses a wide range of abilities including auditory closure (being able to fill in the gaps 

when you miss information), binaural separation (being able to process information from both 

ears separately), binaural integration (being able to process information from both ears together) 

and temporal processing (being able to code auditory information in real time, quickly and 

correctly). It is important to assess auditory processing ability because head injury can cause or 

exacerbate central auditory processing deficits that may not be evident in radiologic or peripheral 

hearing tests (i.e., audiogram, which tests the softest sound a person can detect at different 

frequencies). 

There is a comprehensive literature on the effects of head injury on hearing, ranging from the 

effects of mild traumatic brain injury to blast exposure and temporal bone fracture. While some 

of the literature has focused on the effects on the peripheral sensory system (i.e., the cochlea), 

there is a growing literature investigating the effects of head injury on the brain and central 

auditory processing mechanism (Emerson et al., 2011). Much of this research focuses on more 
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severe head injury, as the deficits in these individuals tend to be more global and debilitating 

(Levin et al., 1989; Musiek & Chermak, 2008; Musiek & Chermak, 2009; Munjal et al., 2010; 

Gallun et al., 2012; Schairer, 2012). The purpose of this study is to expand the literature on head 

injury and central auditory processing to include concussion, which is the mildest (but most 

prevalent) form of head injury. 

The extant literature on central auditory processing and concussion primarily focuses on 

electrophysiologic measures and does not adequately connect the electrophysiologic measures to 

behavioral measures (specific measures are described in subsections immediately below, and in 

the Design and Procedures section; additionally, please see appendices for descriptions, scoring 

sheets, etc., for all test protocols).  Electrophysiologic techniques have included the auditory 

brainstem response (ABR) and auditory middle latency response (MLR), (Shoenhuber et al., 

1983; Shoenhuber & Gentilini, 1986; Soustiel et al., 1995), with the vast majority of the research 

focusing on the P300 waveform (Pratap-Chand et al., 1988; Beaumont et al., 2007; Broglio, 

Moore & Hillman, 2011). It is well supported that late potentials, including N1 and P300, are 

sensitive to concussive trauma, even when athletes report no symptoms (Gosselin et al., 2006; 

Pratap-Chand et al., 1988; Theriault et al., 2009; Gaetz, Goodman & Weinberg, 2000; Ellemberg 

et al., 2009).  However, these cited studies have done little to connect such electrophysiologic 

measures to behavioral measures.  

Results: 

Although testing was not completed and will continue for several months after I left, we were 

able to test approximately 15 individuals during the summer. Each of these participants went 

through the following: 

1. Session 1:  1.0 to 1.5 Hours – Screening for Inclusion/Exclusion (see attached)

a. Welcome & Thank You (~ 5 minutes)

b. Consent Form (~10 minutes)

c. Comprehensive History (~30 minutes)— audiorecorded and transcribed

i. Medical History

 Participants asked in good faith if they have a history of

concussion and, if yes, if they have been cleared to return to full

physical and academic activity with no restrictions

ii. Neurological History

iii. Sports History

iv. Amsterdam Auditory Disability Inventory—measures perceived hearing

difficulties in a variety of environments

d. Audiological Screening (~30 minutes)

i. Otoscopy—looked in the participant’s ear to make sure there is no wax or

fluid behind the eardrum

ii. Audiogram—to make sure that the patient’s do not have a hearing loss in

the speech frequencies (250 Hz through 8000 Hz)

iii. Immittance Testing—to make sure that the participant’s ear is working

properly
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 Tympanometry—participants listened to a tone while a probe

inserted shallowly into the ear canal changed the pressure

 Otoacoustic Emissions—participants listened to a series of tones

while a probe measured emissions from the ear canal; this was a

measure of the integrity of the cochlea

iv. Speech Testing (Speech Recognition Threshold & Word Recognition

Score in Quiet)—to see how well the participant understands and can

repeat back words that are presented to them

e. Cognitive Assessment (~5 minutes)

i. Wechsler Test of Adult Reading (Wechsler, 2001).  This is a valid

estimate of pre-morbid intelligence (Mathias, J.L., Bowden, S.C., Bigler,

E.D. & Rosenfeld, J.V., 2007; Green et al., 2008) and was used as part of

the characterization of participant demographics.

2. Session 2: 1.5 to 2 Hours– Data Collection

a. Welcome & Thank You (~ 5 minutes)

b. Cognitive Testing (~10 minutes)

i. Wechsler Memory Scales-III Digits Span Test (digits forward and digits

backward) – this test was used to measure short-term and working

memory; the participant tried to remember a sequence of numbers that

they heard and repeat them back

ii. Delis-Kaplan Executive Function Systems (D-KEFS) Trail making test  –

this test was used to assess attention and speed of cognitive processing.

c. Behavioral Central Auditory Processing Testing (~ 35 minutes)—conducted

under headphones, participants must respond to what they hear by either repeating

back or raising their hand (instructions were provided for each test)

i. Dichotic Rhyme (~ 5 minutes)—the participant listened to words and

repeated what they heard

ii. Gaps in Noise (GIN)  (~15 minutes)—the participant listened to noise

with short intervals of silence and indicated when they heard the short

interval of silence

iii. Masking Level Difference (MLD)  (~15 minutes)—the participant listened

to tones and raised their hand when they heard the tone

d. Electrophysiological Central Auditory Processing Testing (~40 minutes to 1

hour)—conducted under headphones, participants sat comfortably and listened to

sounds in a quiet room

i. ABR/MLR (~20 minutes)—the participant listened to short bursts of noise

while small electrodes that were placed on their scalp recorded electrical

changes in brain activity in response to the sound

ii. cABR (~20 minutes) —the participant listened to short speech sounds

while small electrodes that were placed on their skin recorded electrical

changes in brain activity in response to the sound

iii. N1/P2/P3 (~20 minutes)—this test was only conducted if the prior two

tests were unremarkable —the participant listened to short bursts of noise
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while small electrodes that were placed on their skin recorded electrical 

changes in brain activity in response to the sound 

The research study aimed to incorporate behavioral and electrophysiological measures of 

auditory processing, in order to assess different abilities of the neural system. These measures 

were selected to expand on previous research, with the aim of identifying metrics that are 

sensitive to the auditory effects of SRC. The following describes the measures that were used in 

the experiment to evaluate participants’ auditory processing abilities and why each test was 

specifically selected for this project. 

Behavioral central auditory processing (CAP) testing: For all behavioral CAP testing, 

participants were seated upright in a chair while wearing earphones in a sound-treated room, and 

asked to listen to auditory stimuli played into one or both ears. They were then asked to repeat 

what they heard. Sound levels were well below levels that may cause discomfort. Gallun et al. 

(2012) suggested the use of Staggered Spondaic Words (SSW) test, the Gaps-in-Noise (GIN) test 

and Masking Level Difference (MLD) test, as individuals with head injury, ranging in severity, 

were statistically more likely to score abnormally on these tests when compared to controls. 

These tests were selected due to (1) their known sensitivity in individuals with head injury and 

(2) their coverage of a variety of auditory processing abilities. The SSW (Katz & Ivey, 1994) is a 

dichotic test that assesses binaural separation. A dichotic test is a test that presents two different 

stimuli to both ears at the same time—this is different than a diotic or binaural test which 

presents the same stimuli to both ears at the same time. The dichotic rhyme (fusion) test (Wexler 

& Halwes, 1983; Musiek et al. 1989) assesses binaural fusion and controls for attention. This is 

suggested as a substitution for the SSW in the current test battery as the two tests assess the same 

auditory processing ability. The GIN (Musiek et al., 2005) is a temporal test that assesses 

auditory temporal resolution. Temporal resolution is the ability to detect small, quick changes in 

a sound. The MLD (Harris et al., 1992) evaluates the “effect of noise on auditory threshold and 

function” (McPherson et al., 2011).  A threshold is the softest sound that a person can detect. 

Auditory Brainstem Response (ABR): The ABR measures aspects of the brainstem’s auditory 

functions, with earphones placed in the ear to deliver auditory stimuli and the non-invasive 

placement of electrodes on the scalp to record changes in the brainstem’s electrical activity. The 

ABR has a long history of use in patients with head injury, as it is considered the gold standard 

for assessment of the peripheral auditory system and integrity of the auditory brainstem. Some 

individuals with head injury, ranging from concussive symptoms to more severe forms of TBI, 

demonstrate abnormal ABR waveforms with greater incidence correlated with greater severity 

(Gaetz & Weinberg, 2000; Munjal et al., 2010).  Because the ABR is generated by the auditory 

nerve and brainstem tracts, this anatomical region is best assessed by this procedure. There have 

been many reports indicating that the ABR has a high sensitivity for individuals with head injury. 

This test was selected to determine (1) if the trends for more severe forms of head injury hold in 

the SRC population and (2) to assess the integrity of the auditory nerve and auditory brainstem 

tracts in the SRC population.  
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Auditory Middle Latency Response (AMLR): The AMLR measures aspects of the 

thalamocortical pathway’s (subcortical and cortical structures) auditory functions, with 

earphones placed in the ear to deliver auditory stimuli and the non-invasive placement of 

electrodes on the scalp to record changes in the brain’s electrical activity.  The AMLR generators 

are located in the thalamocortical auditory tracts of the brain. The AMLR is an important 

supplement to the ABR in evaluating head injury as it looks at a larger portion of the auditory 

pathway, from brainstem through the cortex. The AMLR was recorded simultaneously with the 

ABR in this study. The literature supports that the AMLR is sensitive to head injury, ranging 

from concussion to more severe forms of traumatic brain injury, (Drake et al., 1996; Soustiel et 

al., 1995) and therefore the AMLR was selected to be included in order to evaluate a larger 

portion of the auditory pathway for abnormalities and to determine if the differences seen in head 

injury are also found in the SRC population.  

Late Evoked Potentials (N1, P2, P3): The ALR measures aspects of the cortex’s auditory 

functions, with earphones placed in the ear to deliver auditory stimuli and the non-invasive 

placement of electrodes on the scalp to record changes in the brain’s electrical activity.  The N1 

and P2 late potentials are generated by the primary auditory cortex and nearby regions. The P300 

is likely generated in a number of areas, including the primary auditory areas. P300 may be one 

of the most sensitive evoked potentials to detecting auditory processing deficits in head injury 

(Segalowitz et al., 1995; Segalowitz et al., 2001; Musiek & Chermak, 2009). The P300 is present 

when a person detects that a particular sound is different from another sound, which is especially 

useful as it can be used to electrophysiologically (and therefore objectively) test the same 

processes that we test behaviorally to determine if there are differences between what a patient 

reports they hear and how their brain responds. This test can therefore be uniquely used for 

between-subject comparisons as well as for within-subject comparisons. This test may also be 

sensitive in detecting differences in severity of head injury as individuals with concussive 

symptoms demonstrate decreased P300 amplitude that is strongly correlated with the degree of 

impairment and severity of post-concussion symptoms (Head et al., 1998).  

Complex ABR (cABR): The cABR measures aspects of the brain’s auditory functions, with 

earphones placed in the ear to deliver auditory stimuli and the non-invasive placement of 

electrodes on the scalp to record changes in the brain’s electrical activity. The cABR is a 

relatively new diagnostic tool that utilizes a complex speech-like signal to evaluate auditory 

processing ability. This has not been used on many clinical populations and therefore this 

investigation would serve to evaluate whether this is a sensitive clinical measure for evaluating 

auditory processing in individuals with SRC. This test is included so that it can be correlated 

with the other electrophysiological and behavioral measures of auditory processing to determine 

the underlying central auditory process.   

Future Work: 

Since the study has not yet been completed, the results could not yet be analyzed and more 

participants will need to be tested. Depending on their results, further studies may be needed. If 

the results are inconclusive, additional tests may be added as well.  
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This research looks at how physical environments can influence the user’s creative 
potential by analyzing various factors in creative workspaces. The research involved: 
a literature review of a number of texts focusing on the design and layout of creative 
spaces in educational and office environments and the effect of spacial environments 
on creativity; interviewing with expert design researchers at Steelcase and Haworth; 
observational research of creative office space in use in Grand Rapids, Chicago and 
the Bay Area. By connecting the design intent of space shapers, such as Steelcase 
and Haworth, with observational research on how the spaces are actually used, I  
extracted insights and guidelines for designing creative spaces. These insights were 
sorted, analyzed, synthesized and organized into the following infographic which 
serves as a guide to help anyone take action to transform their environment, either  
office or academic, into a more creative work environment.



Merriam-Webster defines creativity as “the ability to make new 
things or think of new ideas.” In order to contextualize my  
research, I redefined the concept of creativity in my own words:

Cre∙a∙tiv∙i∙ty- Noun
the ability to produce something new through the application of 
imaginative, original ideas often in order to find a unique solution 
to a problem.



All spaces are ecosystems consisting of several unique, intercon-
nected areas of variable size and purpose. On the following page 
is an illustration of the possible areas within the creative space 
ecosystem. The graphic shows the proportionality and locational  
relationships between the various areas. The purpose of each area 
is indicated on the left. Depending on the size or shape of your 
space the various pieces of this model can be rearranged to create 
your own unique creative space. It is assumed that the entrance is 
at the bottom of the graphic and all other sides are lined  
with windows. 

The Creative Ecosystem



Meeting Rooms

Idea Generation

Unique Touches

Classic Boardroom

Project Room

Individual Workspace

Gathering Place

Kitchen or Café

Storage & Resources

Negative & Expansion

Thresholds & Transitions

Reflection & Relaxation

The Creative Ecosystem

Click any of the areas to be directly linked to information about it. Click the area’s symbol to return to the map. 



Usage Maps
The graphics on the following pages depict how the various  
areas within a creative ecosystem are used in relation to:

—the type of activity done there
—the time spent in those areas
—the flexibility or adaptability of the space
—the types of interactions which occur in them 

Usage of an area is not strictly limited to one of the above 
designations, so the grid from the creative ecosystem graphic  
will not restrict the following graphs. 



ACTIONS
Actions such as prototyping, l istening, arguing, eating, and countless others  
occur within the ecosystem. These actions are categorized into four themes:  
Creating, Consuming, Conversing, and Collecting.

Creating

Consuming

Conversing

Collecting

Cr

Cs

Cv

Cl

Usage Maps



Users are constantly moving from one area of the space to another and spend  
varying amounts of t ime in each area. Below is a map of the amount of t ime users 
wil l  spend in areas within the ecosystem. 

TIME

0 min to 5 min

5 min to 15 min

15 min to 1 hr

1 hr to 2 hrs

2 or more hrs2+

1-2

15-1

5-15

0-5

Usage Maps



FLEXIBILITY

Solid
Rarely Changing,
Not FlexibleS

L
G

Liquid
Sometimes Changing,
Semi-Flexible

Gas
Always Changing,
Very Flexible

Within an workspace, areas can and should be modif ied to adapt for changing needs 
and to create a dynamic environment. However, some areas should be changed more 
or less than others as shown below.

Usage Maps



INTERACTIONS

Structured

Unstructured

G
roup

Ind
ivi

du
al

Within a space, users are interacting with the environment as either an individual 
or as a group.  These interactions can be structured or unstructured depending 
on the area within which the interactions occur. 

Usage Maps



Area Details
The following pages show the description and insights related to 
each area in the Creative Ecosystem, shown below.  

Note:
Click any of the areas to 
be directly linked to details 
about it. Click the area’s  
symbol to return to  
the map. 

Meeting Rooms

Idea Generation

Unique Touches

Classic Boardroom

Project Room

Individual Workspace

Gathering Place

Kitchen or Café

Storage & Resources

Negative & Expansion

Thresholds & Transitions

Reflection & Relaxation



15-1 • Place this area out-of-the-way but allow for long sight lines using windows or 2-way mirrors.
• Give the mind a change of pace allowing for connections to be made in an undisturbed area.
• Encourage reclined posture with seating such as lounge chairs, massage chairs

 or hammocks.
• Ban all personal technology from the space.
• Light the space with warm lighting such as incandescent lights and allow for adjustable

intensity and hue.

Cr L

• Provide ample storage (more than you think) as piles of previous work and unused materials
inhibit action.

• Make relevant tools and supplies readily and quickly available. Keep them well organized and
labeled to promote quick action.

• Provide a secure and convenient temporary storage for purses and backpacks so belongings
don’t tie users to a single location.

• Deploy rollable whiteboards so ideas can be expressed at any location then move
with the user for further development.

• Mobilize a palette of supplies so they can be brought into creation spaces as needed.

S0-5Cl

Rest & Relaxation
An area for users to get away and let their mind create connections

Storage & Resources
A proper place for previous creations, works in progress, or materials for new work



Unique Touches
Unexpected areas to give distinctive character to the space

Individual Workspaces
Areas for a single user to focus on individual work with occasional collaboration  

• Organize desks for uninterrupted focus with adjacent areas for quick collaboration. 
• Encourage customization of space so users feel ownership. 
• Ditch external monitors to increase mobility. 
• Separate from open group spaces as groups will rarely use acoustically open  

spaces near individual  workstations.  

15-1

5-15 • Create a semi-secret nook for people to escape to and work in isolation. 
• Enter through an unusual threshold such as a small door or ladder to indicate that 

the space is completely different. 
• Place one of a kind elements everywhere, even the bathrooms —you never know 

where inspiration will occur. 
• Facilitate a culture of playfulness using nostalgic, diverse,  interactive and  

fun elements.

Cv L
Cr

Cr 1-2 L



5-15

0-5Cv S • Create a noise buffer between the kitchen and work zones.
• Stock it with healthy food and drinks and plenty of coffee, of course.

1-2

15-1 • Plan for more than 30% of your space to be negative space & expansion space.
• Negative space doesn’t mean wasted space. Users will adapt and make use of open areas.
• Accept that your space won’t be perfect upon inception. Leave room to adapt, evolve,

and grow.
• Develop new ways to use your space as you live in it. Utilize expansion areas to prototype

those ideas.

Cr

Cs
Cv

G

Kitchen or Café
The central hub of the space, the kitchen is ideal for refueling and 
spontaneous interactions  

Negative & Expansion
An area for evolving your space over time and giving users room to breathe 



• Create a front porch to the meeting spaces for pre- and post-meetings or extra seating. 
• Keep supplies on hand: Post-it’s, Sharpies, whiteboard markers, blank paper, tape and pens 

are essentials.
• Ensure equal access to whiteboards and content for all users.  
• Choose a table size and shape to fit the purpose of the room: err on the side of smaller and 

rounder to allow for equal interactions between users and content.
• Give acoustical privacy between rooms and public areas.

1-2 • Seclude these spaces so users are not afraid to share ideas. 
• Use seating that encourages movement and  action such as high 

stools or swings.
• Maximize the amount of writable surfaces and minimize the use of technology.
• Transition ideas out of the space using movable project boards.
• Include random stimuli and a window with a view to inspire users. 

Cr L

Meeting Rooms
Home of all planned collaboration between users  

Idea Generation
An area for divergent thought such as brainstorming activities 



Cs
1-2

15-1 L • Give the rooms some character by giving them culturally relevant
names, table decorations and other unique touches.

• Place A / V at both ends of the table to equalize all user positions.
• Add a wall leaner ledge for a quick meeting joiner.

2+Cr L • Make every vertical surface writable, magnetic, or tackable.
• Create local storage for project boards.
• Use aesthetic touches such as garage doors to demonstrate that it is a working

space.

Project Room
An area for long-term content immersion for a single group

Classic Boardroom
An area for distributing content rather than creating work  



Cs • Design for it to be used as a workable area when gatherings are not being held.
• Use different and unique furniture such as picnic tables or fake logs and boulders

to create atmosphere of a casual gathering.
G15-1

Cv • Enter into an exciting, sense provoking, action filled area which sets the culture of creation.
• Evoke random, unexpected collisions of users, and install eddy out spaces so those users

can quickly converse and share ideas while passing on a staircase or hallway.
• Place an idea sharing mechanism with a rotating prompt in a high traffic area.
• Avoid placing any workable surfaces, such as whiteboards here as they will go unused.
• Use wall, floor and ceiling treatment to signal change from one type of space to another.

G
L0-5

15-1

Gathering Place
An area for the entire community to gather, share ideas, inspire each other or socialize 

Thresholds & Transitions
The entrances, exits, and everything used to travel from one area to another 



The layout and usage definition of each space is only the start 
of your creative space. They must be reinforced by cultural 
changes, proper furnishings and attention to relevant details. 
Follow these guidelines to create lasting change within  
your space. 

Guiding Principles



Lower the Barrier to Action
• Lower the activation energy or effort required to take action on a task
• Reduce the number of gatekeepers and barriers

Focus on Function
• Favor function and comfort over aesthetics
• Adaptable furniture must intuit its purpose

Encourage Play
• Explore the space like a child by playing relentlessly and  

experimenting fearlessly.
• Create friendships with play to lower communication barriers in  

collaborative settings. 
• Saturate the space with playful objects to remind users of their childhood 

when they had boundless imaginations. 



Make Adaptation the Norm
• Show that adaptation and personalization of the space is not only culturally

acceptable but encouraged.
• Support various working styles.
• Design every space for adaptability rather than specified purposes.
• Employ modular furniture systems such as semi-circle and rectangle tables.
• Outfit everything with wheels for quick adaptability.

Default to Analog
• Let users dominate over content by only using A / V if necessary.
• Mobilize A / V units so that they are not always present but still available

when needed.
• Discourage use of laptops during meetings as they act as barriers in user to

user interactions.

Saturate with Inspiration
• Encourage space customization with foreign or unrelated contact as it may

spark unexpected ideas.
• Install dynamic and active art to avoid mundanity.
• Display both tangible thinking, such as prototypes, and completed work in a

mobile display case.



Build a Culture of Creators
• Start a cultural shift along with the spatial changes in order for the creative 

space to thrive.
• Apply branding to the space to add personality and a feeling of ownership.
• Expose construction materials and reveal how items in the space  

are made.
• Minimize precious surfaces and maximize workable surfaces.

Give Users Choices
• Support the uniqueness of the individual creative process by providing an  

array of environments
• Give enough choices to allow for customization but not too many as it may 

overwhelm the user. 
• Offer a palette of different furniture to fit every user’s diverse work style.
• Make lighting adjustable in magnitude, hue, and direction. 

Involve Users in the Creation
• Have the users invest time and effort into designing and creating the space so 

that they feel ownership of it.
• Allow users to customize from a select palette of possibilities.



Force Changes in Posture
• Match the posture conveyed by the furniture with the intended activity:

• Reflection – reclined
• Brainstorming – standing
• Sharing – low to the ground

• Encourage changes in posture and movement with vertical planes and  
dynamic seating.

• Ensure that all individual workstations allow for standing and sitting.

Think Floor to Ceiling
• Signal change by changing floor, wall or ceiling treatment or level.
• Install plenty of large windows to provide basking natural light.
• Raise ceiling heights for open minds.

Make It Feel Natural
• Bring nature into the space with low maintenance, broad-leafed plants or cacti. 
• Utilize natural and raw materials to decrease stress and increase comfort levels.
• Escape into nature or a park for a walk to free the mind of spatial constraints.
• Employ furnishings which allow users to settle natural postures and positions.



Budget for Change
• Leave space and money for adaptation and growth since the space will never

be perfect initially.
• Limit the budget to force creative solutions.
• Convert & adapt any furniture, space or supplies you already have.
• Update the space routinely to keep it fresh and exciting.

Be Moderately Exclusive
• Allow the visibility of the presence of action but not the content of the action.
• Utilize semi-permeable membranes such as frosted glass, beads or

slotted doors.
• Promote freedom to experiment behind closed doors but don’t make security

suffocatingly restrictive.
• Allow for variance in visual and acoustical privacy levels in private group and in-

dividual workspaces.

Use Clear & Clever Signage
• Make signage direct but captivating with humor and clarity.
• Indicate the various workspace options with a map at the entrance.
• Reset and clean all communal spaces after use by following instructive signage.



It is my hope that you use the suggestions outlined in this research 
to design and build a more creative environment around you. The 
changes can be a low cost DIY project or a large scale construc-
tion project. Changing your space can be daunting because it can 
seem permanent but if you see your space as a prototype that is 
constantly being improved, it becomes much easier.  Space is just 
one component in the creative process, but it is one that often goes 
unnoticed. To help you transform your space, I have included an 
assessment to see how conducive your space is to creative action.

Go Create Your Space!



Creative Space Assessment
Assess Usage
Use the categories outlined in the usage maps to categorize 
your space or parts of your space.

Click on each trait to select it or the title to view the usage map. Click in the top left corner of the page to return to this page.

Actions Time Flexibi l i ty Interactions

0 to 5 min Solid
Rarely Changing

Liquid
Sometimes Changing

5 to 15 min

1 hr to 2 hrs

2 or more hrs2+

1-2

15 min to 1 hr15-1

5-15

0-5 S

L
Gas
Always ChangingG

Group
Unstructured

Individual
Structured

Individual
Unstructured

Group
Structured

1
CreatingCr
ConsumingCs
ConversingCv
CollectingCl



Saturate with Inspiration

Build a Culture of Creators

Give Users Choices

Creative Space Assessment
Assess Guiding Principles
Assess your space relative to the guiding principles. Refer back to 
the previous pages to clarify the description of a principle. 2
Lower the Barrier to Action

Does Your Space:
Involve Users in the Creation

Focus on Function Force Changes in Posture

Encourage Play Think Floor to Ceiling

Default to Analog

Make Adaptation the Norm Feel Natural

Budget for Change

Be Moderately Exclusive

Use Clear and Clever Signage

Click the box to select a principle or click on the text to view its description. Click in the top left corner of the page to return to this page.



Creative Space Assessment

Guiding Principles Assessment
For the guiding principles which you did not check, refer back to the 
advice which accompanies that principle by clicking on it. Then apply 
those insights in the changes you make to your space. Remember 
that the changes can be cultural as well as physical. 

2

Turning Results to Action:

Print pages 25-27 to bring your assessment with you the next time you change your space.

Usage Assessment
Look for crossovers between the 4 usage categories you  
selected and the usage of the various to the areas inside the 
Creative Ecosystem.  Use similarities to find the most relevant 
insight to apply in your space. 

1
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1 Introduction

1Modular forms are functions defined on the complex upper half plane which exhibit certain
invariance properties under transformation by a subgroup of SL2(Z) and satisfy a holomorphy
condition. A complex elliptic curve is an algebraic curve satisfying a non-singular equation of
the form y2 = x3 + ax + b. The set of ordered pairs of complex numbers satisfying this equation
can be put into bijection with a quotient of the complex plane with a lattice. My senior thesis is
supposed to advance one of the results in “Counting Elliptic Curves With Prescribed Torsion”,
a paper published in 2013 by Harron and Snowden. The authors computed the limits of the
quotients between the number of elliptic curves with torsion groups 0,Z/2Z,Z/3Z of bounded
height and a constant determined by the bound and the torsion group. They further conjectured
that the limit might exist for the other 13 possible torsion groups as well. This project report
includes an overview of modular forms and elliptic curves, including a brief survey of their history;
an introduction to the topic of my senior thesis; and some philosophical reflections.

2 Modular Forms and Complex Elliptic Curves

The term “Modulform” was first introduced by Felix Klein in Vorlesungen uber die Theorie der
elliptischen Functionen in 1890, but modular functions already appeared before that in the works
of Gauss, Abel and Jacobi. The first systematic study of modular forms on SL2(Z) and its
congruence subgroups was done by Hecke almost half a century later than the term was coined.([6])
Modular forms have applications in many areas of mathematics and is hence a very important
focus of study. For example, the Taniyama-Shimura conjecture states that every elliptic curve
with rational coefficients is a modular form. Andrew Wiles proved Fermat’s Last Theorem by
partially proving the Taniyama-Shimura conjecture.

Let H = {τ ∈ C : Im(R) > 0} and τ ∈ SL2(Z). Let k be an integer. A meromorphic function
f : H → C is a modular form of weight k if it satisfies the following conditions:
(1) f is holomorphic on H,
(2)

f(γ(τ)) = (cτ + d)kf(τ) for γ =

(
a b
c d

)
∈ SL2(Z) and τ ∈ H.

(3) f is holomorphic at ∞.
1In the summer of 2014, Professor Sam Evens and Professor Andrei Jorza co-advised my research/reading

project and we decided that it would be more useful to explore modular forms than discriminantsl.

1



Since SL2(Z) is generated by

(
1 1
0 1

)
and

(
0 −1
1 0

)
, the second condition is equivalent to

saying
f(−1/τ) = τ kf(τ) and f(τ + 1) = f(τ).

Therefore, modular forms are functions with period 1 and they admit Fourier expansions of the
form

f(τ) =
∞∑
n=0

ane
2πinτ .

f is called a cusp form when a0 = 0.
An example of a modular curve is the Eisenstein series of weight k, defined by

Gk(τ) =
∑
(c,d)

1

(cτ + d)k
, τ ∈ H,

where (c, d) ∈ Z× Z− {(0, 0)}.
An example of cusp form is as follows. Define a function ∆ : H → C by

∆(τ) = (g2(τ))3 − 27(g3(τ))2,

where
g2(τ) = 60G4(τ), g3(τ) = 14−G6(τ).

∆ is called the discriminant function and it turns out to be a cusp form of weight 12.
For every γ ∈ SL2(Z), one can associate a complex number to γ by the modular function

j : H → C, j(τ) = 1728(g2(τ))3/∆(τ).

The notion of modular forms can be generalized by restricting the second condition in the
definition of modular forms to congruence subgroups of SL2(Z), i.e. one obtains more modular
forms by passing to a subgroup. A congruence subgroup of level N is a subgroup Γ ⊂ SL2(Z) such
that

Γ(N) =

{(
a b
c d

)
∈ SL2(Z) :

(
a b
c d

)
≡
(

1 0
0 1

)
( mod N)

}
⊂ Γ

for some N ∈ Z.
For any congruence subgroup Γ, one can define a modular curve as the quotient space of orbits

of Γ acting on H,
Y (Γ) = Γ/H = {Γτ : τ ∈ H}.

The modular curve for Γ(N) is denoted by Y (N) = Γ(N)/H.
Now, let ω1, ω2 be a basis for C over R, then a lattice in C is a set Λ = ω1Z⊕ ω2Z. A complex

elliptic curve is of the form C/Λ. Two complex elliptic curves are conformally equivalent if and
only if zΛ = Λ′ for some z ∈ C. This equivalence relation gives a set of equivalence classes
of complex elliptic curves. On the other hand, one can define an equivalence relation on H by
τ1, τ2 ∈ H are equivalent if and only if γ(τ1) = τ2 for some γ ∈ SL2(Z). The set of equivalence
classes given by this relation is in a one-to-one correspondence with the set of isomorphism classes
of complex elliptic curves.

The space of isomorphism classes of complex elliptic curves actually parameterizes the modular
curve Y1 = SL2(Z)/H. Thus one can apply the modular invariant function j to associate a complex

2



number j(SL2(Z)τ) with each isomorphism class of complex elliptic curves. Correspondingly, each
equivalence classes of complex elliptic curves is also associated with such a value, which is denoted
by j(E). As mentioned in the introduction, the result of the Taniyama-Shimura conjecture, now
generally referred to as the Modularity Theorem, states that if j(E) ∈ Q, then the elliptic curve
E arises from a modular form.

3 Counting Elliptic Curves with Prescribed Torsion

Unlike the notion of modular forms, which only emerged in the 18th to 19th centuries, elliptic
curves have already, though maybe implicitly, appeared in the work of the 3rd century Greek
mathematician Diophantus of Aleandria. Problem 24 in Book IV of Arithmetica puts:“ To divide
a given number into two parts such that their product is a cube minus its side.”([8]) Expressed in
the terms of modern mathematics, the problem asks that for a given number a, find numbers x, y
such that (a−y)y = x3−x. Elliptic curves have fascinated mathematician for almost two thousand
years and have played important roles in solving problems such as Fermat’s Last Theorem, but it
was not until the last century that elliptic curves became a specific area of study.

In 1922, L.J. Mordell proved that for an elliptic curve E/Q, its group of rational points E(Q)
is finitely generated and can be written as Zr ×E(Q)tors, where r is a positive integer. It has also
been discovered that there are only 15 possibilities for the torsion subgroup E(Q)tors, which are:

Z/NZ whereN = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12

Z/2Z× Z/NZ whereN = 2, 4, 6, 8.

Any elliptic curve E/Q can be represented uniquely by an equation of the form

y2 = x3 + Ax+B

where A,B ∈ Z and gcd(A3, B2) is not divisible by any 12th power. The height of E is defined
to be max(|A|3, |B|2). In “Counting Elliptic Curves with Prescribed Torsion” published in 2013,
Harron and Snowden proved the following result.

Theorem 3.1. For any group G of the 15 possible torsion groups, let NG(X) be the number of
isomorphism classes of elliptic curves E/Q of height less than a real number X with E(Q)tors ∼= G,
then there exists positive constants K1, K2 such that

K1X
1/d(G) ≤ NG(X) ≤ K2X

1/d(G)

holds for all X ≥ 1. Where the value of d(G) is given by:

d(0) = 6/5 d(Z/2Z) = 2 d(Z/3Z) = 3

d(Z/4Z) = 4 d(Z/5Z) = 6 d(Z/6Z) = 6

d(Z/7Z) = 12 d(Z/8Z) = 12 d(Z/9Z) = 18

d(Z/10Z) = 18 d(Z/12Z) = 24 d(Z/2Z× Z/2Z) = 3

d(Z/2Z× Z/4Z) = 6 d(Z/2Z× Z/6Z) = 12 d(Z/2Z× Z/8Z) = 24

Harron and Snowden also proved that the limit

c(G) = lim
X→∞

NG(X)

X1/d(G)
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for G = 0,Z/2Z,Z/3Z exist and the numerical approximations for them are 3.9960, 3.1969, 1.5221,
respectively. This together with the above theorem suggest that the limit might exist for the other
13 torsion groups as well. In particular, the authors took a uniform approach in these three cases,
which can be divided into two steps.

Step 1: E has a rational point in the torsion group G if and only if A,B are integers of certain
forms, i.e. satisfy certain equations involving integers. Thus the problem is transformed into
counting integer points regions specified by these equations.

Step 2: Count the integer points in the semi-algebraic regions specified by the equations in Step
1. The number of integers in the corresponding region is given by the area of that region plus an
error term given by the maximal length of its projections on to the coordinate axes.

4 Reflections on the Philsophy and History of Modern

Mathematics

In Analytica Posteriora, Aristotle claimed that knowledge of an object in one genus should be
obtained through reasonings built upon the knowledge of objects in the same genus. The crossing of
generic lines is undesirable.([1]) This position is linked to the fundamental conception of the nature
of mathematical objects. Aristotle believed that mathematical objects are abstractions from our
experience; for example, a circle as a mathematical object is abstracted from our experience
of circular things. Therefore, unlike Plato who presupposes forms as the source of knowledge,
Aristotle’s mathematical objects are consequences of what we know in the world. On the other
hand, the question of crossing the generic line presupposes clear-cut distinctions between different
areas of mathematics as different categories which are not fundamentally related. However,the 19th
century saw a trend to increase the degree of abstraction in mathematics, which adds another level
to the hierarchy of abstractions. For example, the emergence of modern abstract algebra served
to unify methods from various branches of mathematics by posing abstract mathematical objects
that lie in the common background of these areas. This sort of reasoning characterizes systems
or structures that satisfy certain defining properties. The objects of mathematical study become
nothing more than elements of structures satisfying various axiomatic requirements.([2]) Just as
a circle is an abstraction from circular things, a group is an abstraction from sets equipped with
a binary operation satisfying certain properties. Mathematical objects that previously seemed
unrelated are linked together via this deeper layer of abstraction; objects and methods from
different areas are merely appearances of the general, abstract concept viewed and approached
from different perspectives. Hence it is philosophically legitimate to use the method from what
previously seemed to be a distinct area of mathematics to study objects from another area of
mathematics. A mathematical object like the complex elliptic curve can be interpreted not only
as algebraic curves described by a cubic equation, but is also compact Riemann surface, a torus
and a quotient of the complex plane by lattices. The possibility to understand a mathematical
object from different facets facilitates the study of it and no longer poses the problem of crossing
generic lines.
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