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1 From the Dean

Igt is my pleasure to welcome you to Incite. In this journal you will find wonderful
examples of the undergraduate research and creative activity in the Cook-Cole
College of Arts and Sciences at Longwood University. The faculty of the college
and | are extremely pleased to be able share the work of our students with you.

Longwood University has a tradition of cultivating a stimulating and effective
learning environment through the dedication of our faculty and the close personal
attention they give each student. This tradition is amplified and enhanced by the
scholarly and creative work of our faculty as they explore new ideas and tech-
niques in their disciplines.

In Incite you will find some of the results of our efforts to give our students
the opportunity to become scholars in their disciplines. In our college, we are
making an effort to give as many students as possible the chance to experience
the excitement of generating ideas and creative works that are not only new to the
student involved but to the discipline as well. We feel that when a student has the
chance to stretch his or her abilities by working closely with a faculty memberon a
rigorous project, it is the perfect complement to the college’s excellent classroom
instruction.

One ofthe joys of my role as dean is having the chance to learn more about the
many fields of study that comprise the Cook-Cole College of Arts and Sciences.
As you read through Incite, | believe you will get that same sense of enjoyment
from the wide variety of student work contained in the journal. Here you will
find eveiything from work on a nuclear fusion reactor to poetry and paintings.
The DVD included with the journal showcases the work of our student thespians,
musicians and creative writers.

Our mission is to provide our students with both a solid liberal arts foundation
and a deep understanding of their chosen discipline. | believe that Incite provides
solid evidence that we are achieving our mission. We also hope that our students
and faculty find a love of learning that lasts a fifetime and that the collaborations
highlighted in these pages are just first of many such explorations to come for all
involved.

Thank you for your interest in our students and for taking the time to in-
vestigate what they have created. In addition to thanking the student authors and
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artists and their faculty mentors, | must express extreme gratitude to Mary Carroll-
Hackett and graduate student Austin Eichelberger from the Department of English
and Modem Languages and Dr. John Graham of the Department of Mathematics
and Computer Science. Without their talent and tireless work, Incite would not be
the beautiful work that you now hold in your hands.

Sincerely,

Dr. Charles D. Ross
Dean, Cook-Cole College of Arts and Sciences






Three Decades of Digging: Undergraduate
Archaeology at Longwood

Jessica Fields and Stephanie Neeley
Faculty mentors: Dr. Brian Bates and Dr. Jim Jordan
Department ofArchaeology

Abstract

The Longwood Archaeology Field School offers to its partakers the fa-
cilities to gain experience in an archaeological field setting, to network, and
the potential to get ahead of others in the job market. These priceless gifts
are spread over thirty years of participants digging at over seventy different
archaeological sites. Longwood’s unique undergraduate research program
transforms these students with these experiences and the knowledge they
gain there, giving people from all majors the opportunity to learn the neces-
sary skills to work on and run archaeological sites.

Longwood offers many research opportunities to her students. All students are
required to have first-hand experience in their major in the form of an internship,
ensuring that alumni will have field experience. In the past twenty-eight years,
the Department of Sociology, Anthropology and Criminal Justice Studies has sent
nearly 1,000 students to its Archaeology Field School, providing students oppor-
tunities not usually available in undergraduate programs. The classic archetype of
an archaeologist is that of Indiana Jones and the movies have done much to make
archaeology seem glamorous; however, the Archaeology Field School creates a
much more realistic experience for students.

As an example of recent research in Longwood Archaeology, in the spring
of 2006, three classes of students carried out fieldwork in Westmoreland County.
Two of the classes, Dr. Brian Bates’ Senior Seminar in Anthropology and Archae-
ological Field Methods classes, performed a Phase | excavation in a field located



at Longwood’s Hull Springs Farm. Phase | research consists of Shovel Test Pits
every fifteen meters or so, searching for any archaeology under the soil. For a
number of students, these four days on the Northern Neck crystallized their desire
to become anthropology majors. It was more than merely digging holes in the
hot sun; it was the thrill of the hunt for knowledge of the past that drove these
students.

Fall 2007 saw a group of Dr. Jim Jordan’s Honors Introduction to Anthro-
pology class, with students from eight different majors, working at Nomini Hall
in Westmoreland County, helping to uncover the mystery that lies underground
there. These students from Dr. Jordan’s class were sent out of their usual ele-
ment, into the field, to do something they’d never done before, and perhaps had
never expected to do in their time at Longwood. They, along with Dr. Bates’
Archaeology Laboratory Methods class, spent four days on the Northern Neck,
with trowels and buckets, working to slowly peel back the sod and dirt over the
enigmatic bricks of a 300-year-old schoolhouse. Their work was documented in
an article in the Fredericksburg Free Lance-Star, which showcased the excavation
and the students involved as vital to the discovery of what remained beneath the
dirt at Nomini Hall. This is just the latest in a long line of over seventy articles
published about the Archaeology Field School.

Louis Franzel, a physics and mathematics major who worked on his first
field project with his Honors Introduction to Anthropology class at Nomini Hall,
thought that the project was more than worth the effort. The project on the colo-
nial plantation touched his life in his majors, both of which are quite different from
anthropology and archaeology. “Sometimes,” he said, “I will be doing something
like a hard math [or] physics problem and | will take a step back and really ana-
lyze it. Like with the wall and artifacts [at Nomini], | sit and try to analyze what |
can really pull from the pieces given to me and make a complete picture with it.”
Spending four days in Westmoreland County doing archaeology was, according
to Louis, a once in a lifetime sort of trip.

During that trip to Westmoreland County, Dr. Jordan said something that
many people said stuck and rang true: “You're a field archaeologist. You’re what
everyone always wanted to be. You gotta remember that.” To those who want
to continue in this field, this strikes deeply. Among many anthropology majors, it
seems to be the general consensus, stated by Jamie Mesrobian and Lyndsay Green,
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two senior anthropology majors, that their love for the discipline is all because of
Dr. Jordan, and they hope to reach the level of passion he has.

Dr. Jordan, who founded the Archaeology Field School in 1980, has been
teaching at Longwood since 1978. Twenty years later, when Dr. Brian Bates, a
Longwood and Archaeology Field School alumnus, returned from the University
of London with his Ph.D., he took over as Director, and the program is still going
just as strong. Excavations began at the Randy K. Wade site in Charlotte County,
Virginia in 1998, and every summer since, groups of students have ventured into
central Virginia to uncover the mysteries there. In the summer of 2007, nineteen
students camped out at the field house in Halifax County, spending their days in
a hay field, using their trowels and buckets to unearth what fie beneath the dirt
there. The Wade site, now in the Phase ID stage, or data recovery, is going into
its tenth year of excavation. The late Woodland Indian site is located just north of
the Staunton River in Halifax County.

Jamie Mesrobian, who spent her first summer at the Wade site in 2007, ex-
pected to enjoy doing [the archaeology], but not to the extent that [she] did. Jamie,
a senior who has been doing archaeology for two years now, knew that she needed
to experience a field project at Longwood at least once in her fife. “If anything,”
she said of her time in Charlotte County, Ilit confirmed that anthropology was
the right choice and that this was what I really wanted to do.” This thought was
shared by many of the participants. Ryan Buchanan and Jessie Thacker, who also
worked at the Wade site this past summer, agreed that the work was both reward-
ing and empowering. Jamie knew that her future was decided for her when she
could look back and remember everything [she] learned about archaeology, [her]
love of archaeology and of [herself],

Ryan Buchanan, a senior who will graduate in May, knows that when he gets
to graduate school, he will have the edge over peers who do not have first-hand
experience in field research. Longwood provides him the opportunity to get ahead
in his major by challenging him as an undergraduate in ways that many schools do
not. Jessie Thacker, who has two more years at Longwood, spent her first summer
as an undergraduate on the Wade Site, an experience which confirmed that [she]
wants to do archaeology as a profession. This seems to be a common theme from
alumni of the site.

In the summer of 2007, Dr. Bates also took seven students to the British
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Virgin Islands to excavate at the Cape Wright site on the island of Jost Van Dyke.
Lyndsay Green, a senior, wasn’t daunted by the amount of artifacts found on the
site over the four weeks spent in the Caribbean. Having numerous artifacts only
made her more determined that she wanted to spend her post-graduate career in
finds processing and artifact analysis. Since its inception in 1980, the Archaeology
Field School has surveyed and excavated approximately seventy sites.

In the field, anthropology students gain insight into techniques that are im-
portant for exposing and properly documenting artifacts. They also learn specific
techniques and skills associated with archaeological excavation. Justin Patton,
who dug in 1986-87, says that he was interested in the techniques and the reasons
why they were employed in the field.

Besides the opportunity to learn excavation techniques, students have the op-
portunity to learn more about the people and the culture they are studying. Megan
Richardson, who attended several field schools in the mid 1990s, became very in-
terested in prehistoric Native Americans and felt that the field school was a good
opportunity because you can learn so much more than what is taught in a text-
book. “Just holding an artifact in your hands! she says! ‘s different than reading
about it in a textbook.”

The experiences that students take away can be as important as the lessons
they learn in the field. Many people come away from the Archaeology Field
School with a new outlook on life. Megan Richardson, for example, felt that the
field school changed her philosophy on life. She felt that it taught her that how
she fives her life is important. The field school can also provide a setting in which
students can network with others. Lasting friendships are formed and students can
gain important social skills. Justin Patton felt that he made many friends during
his archaeology experience. Most important are the learning experiences taken
away from field school. Many did not enroll in a classroom archaeology class
before. Therefore the field school was, in effect, their introduction to one of the
four branches of anthropology.

For those who have had previous basic exposure to archaeology in the class-
room, the Archaeology Field School is a chance to get an authentic hands-on
experience. An open field is a much different setting than a classroom with tables
and stools and a trowel is a much different tool than a pencil. Analyzing artifacts
in a field setting is a different challenge. In many cases the artifacts have to be
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left in situ, or where they were uncovered. Students also learn the do’s and don’ts
of an archaeological site, and basic archaeological etiquette, something that isn’t
necessarily learned from the pages of a book, yet is still just as required on site.
For example, students learn not to tread on recently troweled parts of open units,
or that sitting along the edge of a deep unit could cause the wall to cave. It may
seem simple, but it is vitally important.

Yet, not all of the work involves dirt and trowels. At the Wade Site in the
summer of 2007, Dr. Bates assigned each student a topic which they were re-
quired to research and then present it to the rest of the crew. This involves the
archival research side of archaeology. This helped cultivate the students’ ability
to research a particular subject and the ability to link their information to a specific
archaeological site. Students present research on things from ceramic pot-making
to basketry to historic settlement patterns of Europeans in the area. Archaeology
helps to preserve cultures and that is one focus of the field school.

Field school is vital in helping students prepare for their future. Justin Pat-
ton has held ajob in cultural resource management for almost twenty years and
knows that the field school helped prepare him. Megan Richardson believes that
“professional archaeology is different” than simply what is taught in college. She
says that professional archaeology can be more meticulous than field school ar-
chaeology. She held ajob as a contract archaeologist for a number of years. Many
Longwood students in the anthropology program plan to secure jobs in archaeol-
ogy and the field school gives them valuable experience. This can be important to
help them decide if archaeology is their cup of tea. It is important that they make
an informed decision so that they can begin the training for their futures.

The Primitive Technologies Club is another important aspect of the Archae-
ology Field School. Prim Tech, as it is known, is an experimental archaeology
club where the members learn to make prehistoric tools, such as projectile points
(arrowheads), pottery, and baskets. The club is entering its tenth year on campus
and has become a part of the campus fife. Jessie Thacker, the president of Prim
Tech, said that she made lasting friendships through the club. Jessie says that Dr.
Jordan was the first to inform her about the club. She hopes to become an archae-
ologist and she believes that her experiences in the club will help her in the field.
As president she also hopes to expand interest throughout campus, so that other
students will realize that the club is not just for anthropology majors.
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The Longwood Archaeology Field School has gained fame state-wide, and is
geared in such a way as to be attractive to students of any major, as well as people
outside of the university. Past excavations have been conducted at such a time to
coincide with, for example, the Heart of Virginia festival in Farmville, to attract
as many visitors as possible, and open their eyes to archaeology. The Wade site,
situated on the grounds of the Staunton River Battlefield State Park, is open to
visitors a specific week of each dig season. An entire visitor center is dedicated
to artifacts found on the site, and to the Saponi Indians who once inhabited this
land just north of the Staunton River. Hoards of elementary school children from
neighboring counties stop by, their eyes wide, and their hands ready to get dirty.
They are handed trowels and taught exemplary field techniques by the university
students who thus become teachers to the less experienced.

Longwood’s Archaeology Field School transforms students into something
they never expected - from a rookie with no experience to someone able to run
an archaeological site themselves, Longwood boasts alumni who have done ev-
erything from contract archaeologist to museum curator. Without the ability to do
undergraduate research, many students would not be where they are today.

Every, student at Longwood University should consider the Archaeology Field
School as an internship possibility. The rewards are endless, and, as a field archae-
ologist, remember the words of Dr. Jordan: “You’re what everyone always wanted
to be.” What more could you ask for?
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Student Biographies

Stephanie Neeley is a Sophomore Anthropology major from Ashland, Virginia.
She is the current Historian for the Primitive Technologies Club and upon gradu-
ation plans to attend graduate school to study Forensic Anthropology.

Jessica Fields is a senior at Longwood, graduating in 2009 with a BA in Anthro-
pology and a minor in English. She grew up in Chesapeake, Virginia, surrounded
by information about the Revolutionary War-era Battle of Great Bridge. Growing
up in an area with such a rich history led her to the Anthropology department at
Longwood. After graduating, she hopes to go to graduate school to study artifacts
and material culture.
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Interactions of Allelopathy and Heat Stress in
Plants

Derek W. Hambright and Mary E. Lehman
Faculty Mentor: Dr. Mary Lehman
Department ofBiological and Environmental Sciences

Abstract

Allelopathy involves the interaction of plants through the release of bio-
chemicals into the soil, often negatively affecting the growth of surrounding
plants. Little is known about how other plant stresses interact with allelopa-
thy. Cucumber seedlings were grown in nutrient culture systems containing
0-0.6 mM p-coumaric or salicylic acid, two common allelopathic chemi-
cals. The seedlings were also exposed to heat stress simultaneously with or
following the allelochemical stress (36/32 ° C. day/night compared to con-
trol temperature of 26/22). Both salicylic acid (SA) and p-coumaric acid
(PCO) inhibited the shoot and root growth of cucumber seedlings. The con-
sistent main effect of heat stress was a significant reduction inroot growth a(
the high temperature (36/32°C). There.also were alterations of the growth
patterns of cucumber shoots under heat stress. In most cases, no signifi-
cant interactions were seen between allelopathy and heat stress effects on
cucumber seedlings. However, one significant interaction was seen with si-
multaneous effects of PCO and heat stress on root growth, indicating the
potential for interactions of these stresses under Some conditions.

Introduction
Allelopathy involves the interaction of plants through the release of biochemicals

into the soil, often negatively affecting the growth of surrounding plants|| Com-
pounds that are found to influence plant growth and development are termed as
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allelopathic [7]. The use of allelochemicals may one day be a safer alternative to
herbicides and could benefit agricultural farms in the future. Salicylic acid (SA)
and p-coumaric acid (PCO) are used as two representative allelochemicals in this
study; both are phenolic acids, a common and ubiquitously produced group of
allelochemicals. These acids are taken in through the root systems and plants per-
ceive them as stresses. Little is known about how other plant stresses interact in
combination with allelopathy. Some studies suggest that allelochemicals could
induce tolerance to other subsequent stresses to which plants are exposed, such
as heat stress (Senaratna et al., 2000). Growing concerns about global warming
indicate that it can be beneficial to observe how plants can deal with allelochemi-
cals and arise in temperature. Global warming may have an adverse effect on the
way crops grow. However, some may see improved growth or suppression under
allelopathic conditions. In this study, elevated temperatures are used both sequen-
tially and simultaneously with PCO and SA to determine if there is an interaction
between allelopathy and heat stress.

Methods

Cucumber (Cucumis sativus Cv. Early Green Cluster) was used as a bioassay
species that grows quickly and responds to a variety of stresses. Cucumber seeds
were planted in vermiculite and were watered daily while being germinated in an
incubator for three days at 30°C. On the third day, plant trays were transported to
growth chambers with a 12-hour photoperiod, 70% relative humidity, and 26/22°C
day/night temperatures, respectively. At five days after planting, the cucumbers
were transplanted from their trays of vermiculite into 110 mL glass jars containing
standard Hoagland’s Solution at pH 5.5 [3]. The seedlings were suspended by
foam collars placed in holes in the lids of the jars. Each jar was covered with
aluminum foil to shield roots from light. Deionized water was added periodically
to replace water lost via évapotranspiration.

Two allelopathic phenolic acids were individually tested to measure effects on
root and shoot growth as well as interactions with heat stress. The acids used were
p-coumaric acid (PCO) and salicylic acid (SA), at concentrations of 0 mM, (Con-
trol), 0.2 mM, 0.4 mM, and 0.6 mM (dissolved in standard Hoagland’s solution
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at pH 5.5). Each acid was tested with sequential stresses, with one week of acid
exposure followed by one week of heat stress at 36/32°C. Also, for each acid, a
separate trial was run with two weeks of simultaneous exposure to allelopathic
and heat stresses.

For the sequential stress experiments, all plants were allowed to grow for one
week at the standard growth conditions and temperatures (26/22°C day/night)
with periodic addition of deionized water to all plants without any additional acid
addition. Half the cucumbers were then transferred to a second chamber for an
additional week with increased temperatures (36/32°C day/night). The other half
remained at the standard temperature of 26/22°C. Leaf length and width were
measured at the end of the first week before the heat stress part of the experi-
ment and again at the end of the second week. Leaf length (L; millimeters) and
width (W; millimeters) measurements were used to calculate leaf areas using the
following formula[l]:

leafarea = -1.457 + [0.00769 * (L * W)\ Q)

Fresh and dry weights of shoots and roots were also obtained at the conclusion
of the experiments. Data were analyzed using JMP, Version 6, with a p-value
<0.05 indicating statistical significance. The methods used for simultaneous stress
experiments were identical, with the exception of plants being left in the® original
nutrient solution along with respective acid concentration throughout the duration
of the experiment.

Results and Discussion

Allelopathic Effects

Both salicylic acid (SA) and p-coumaric acid (PCO) inhibited the shoot and root
growth of cucumber seedlings. This is reflected in significant relationships be-
tween the concentration of the acids and leaf area, shoot dry weight, root dry
weight, and total plant dry weight. The only exception to this general trend is
that with only one week of treatment with PCO (sequential stress experiment),
the effect of PCO on root dry weight was not statistically significant. Overall, the
inhibitory effects of SA were stronger than that of PCO (See Figures 1and 2).
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Figure 1. Concentrations of allelochemicals vs. leaf area and dry weight. Dashed
lines represent PCO. Solid lines represent SA.
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Figure 2. Concentrations of allelochemicals vs. leaf area and dry
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Temperature Effects

The consistent main effect of heat stress was a significant reduction in root growth
at the high temperature (36/32°C. day/night). The total leaf areas and shoot dry
weights were not significantly different for cucumbers grown under the two tem-
perature regimes. Previous studies also indicated minimal effects of elevated tem-
peratures on shoot growth of cucumbers, as measured by dry weight [6]. However,
we did observe some previously unreported differences that indicate differences
in the growth patterns of cucumber shoots under heat stress. Cucumbers grown at
high temperature typically had four primary leaves of measurable size leaves on
lower temperature seedlings. Athigh temperature, the firstand second leaves were
significantly smaller than first and second leaves of lower temperature seedlings.
However, this reduced expansion of the first and second leaves was compensated
by a significantly greater expansion of the third leaf in high temperature seedlings
(and by the initiation and expansion of a fourth leaf which was absent in lower
temperature seedlings). Additionally, we noted that the leaves of the higher tem-
perature seedlings were darker in coloration than those of the lower temperature
seedlings, possibly indicating differences in the production of chlorophyll or other
pigments. Temperature effects found in other studies indicate variability in differ-
ent plant species and even among cultivars of the same species [2] [4] [5] found
that a heat shock protein (HSP101) is involved in the development of thermotol-
erance and this HSP also reduced the primary root growth in maize. It is possible
that this HSP, or another similar HSP, is also upregulated in our heat-stressed cu-
cumbers and this could be the cause of the reduced root growth observed in this
study.

Stress Interactions

In most cases, no significant interactions were seen between allelopathy and heat
stress effects on cucumber seedlings (See Figure 3). However, one significant
interaction was seen with simultaneous effects of PCO and heat stress on root
growth, indicating the potential for interactions of these stresses under some con-
ditions. We also found no evidence that SA could induce tolerance to subse-
quent heat stress, as has been previously reported in studies with bean and tomato
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plants[8].

Dry Weight Effects

Shoots y H Roots ---
a s s é s "<em* slaBSIIKP® - om H H E M - HUS 1
SA | Temp SimuSaneousiy <oooor~ 0.2219 0.4926 <0.0001*" 0 0092’ * 0.2837
,SA.+Terop SequenSaliy 0.0001"* 0.7809 10.2631 0.0007** 0.0128" 0.679
I"e '+reiifp'Simul®*wjsy o.ooor" 09677 il 0.0849 0.00067** 0.0023" 0.0383*
PCO+ Temp Sequential 0042* 0.2123 | 10.3159 01384 0.0033** 0.5219

Figure 3: Stress Interactions - p-values listed with levels of significances noted as
*<0.05 ** < 0.01 =** < 0.001

Conclusion

All allelochemicals in our study proved to decrease both shoot and root dry weights,
as well as inhibit leaf growth. Heat stress alone significantly inhibited root growth.
Heat stress also showed previously undocumented morphological differences. When
combined either simultaneously or sequentially heat stress and allelopathic stress
showed limited interaction. Further analysis of the potential interaction between
PCO and simultaneous temperature stress is needed. Overall induction of tol-
erance by allelopathy coupled with heat stress requires further study and many
avenues of similar research should be considered.
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Inertial Electrostatic Confinement D-D Fusion
Device: Construction and Simulation

Andrew R. Grzankowski
Faculty Mentor: Dr. Keith B. Rider
Department of Chemistry and Physics

Abstract

Increasing the efficiency of Inertial Electrostatic Confinement fusion de-
vices is essential for their successful application as neutron sources and pos-
sible instruments of renewable alternative energy. A variation of a Hirsch-
Meeks fusor is assembled and the neutron flux is recorded as an indirect
measurement of deuterium-deuterium fusion. A model of the fusor is gen-
erated in Simlon and deuterium ions are introduced into the simulation envi-
ronment which allows for extensive ion data collection. After the construc-
tion of an IEC device, or fusor, and using ion optics simulation software to
model the apparatus, both quantitative and qualitative data is obtained. A
simple analysis of simulation data provides a basic depiction of the central
processes that occur within the device. The subsequent analysis of data us-
ing comprehensive user programs in conjunction with Simlon may produce
significant efficiency improvements which can be implemented in the fusor
for verification.

Introduction

Nuclear fusion reactions result when two light nuclei collide with very high kinetic
energy and fuse to produce a heavier nucleus, This is the ongoing process in
our Sun; gravity is compacting light nuclei into such dense regions that fusion is
inevitable. An inertial electrostatic confinement device (IEC) uses electric fields to
collide these particles. When two deuterium nuclei fuse, the reaction products are
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either helium and a fast moving neutron (Equation 1) or tritium and an energetic
proton (Equation 2). The kinetic energy of the neutron is much higher than the
initial kinetic energy of the deuterium ions, so fusion could, in principle, be used
to produce cheap, clean energy.

D + He + ni2AoMeV) (1)

D-"D =T -»piWmMeV) (2)

History and Background Information

Philo T. Farnsworth is credited with conceiving the first DEC fusion device(Figure
i1l He is best known for inventing the first fully electronic television and the first
electron microscope. In the early 1960s, Farnsworth’s IEC device was comprised
of spherically symmetric ion guns focused toward the center of a vacuum cham-
ber. The ions were further accelerated by a single semi-transparent electrode, a
spherical wire grid. Robert L. Hirsch worked with Farnsworth in the late 1960s
to construct more practical devices that did not utilize ion guns, but two concen-
tric spherical electrodes, an inner grid for acceleration and an outer ion-producing
grid(Figure 2), In this case, they also introduced the concept of recirculation—
where ions have multiple chances to collide with one another. Having the cham-
ber act as one of the two concentric electrodes presents some electrical safety
concerns but is still practical. This also decreases the amount of grid damage that
is a result of a constant barrage of high-energy ions that becomes a limitation in
any gridded EEC device.

There are many fuel choices for an IEC fusion device, and the best is not
often the most abundant, inexpensive, or safe. Examples include the Deuterium-
Tritium, Proton-Boron-11, and Tritium-Helium-3 mixtures. We chose to use the
Deuterium-Deuterium (D-D) mixture as a fuel source, which has its own disad-
vantages and advantages. It is a neutronic fusion fuel, meaning that one of the
byproducts of this reaction is a high-energy neutron capable of doing severe dam-
age to biological tissue. Deuterium is also widely abundant on earth and can be
easily extracted by heavy water electrolysis, and therefore, is very cheap.
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Figure 1. A power source (1) applies a large negative potential to an electrical
feedthrough (2) connected to a vacuum chamber. The chamber wall (3) is positive
with respect to the small semitransparent inner-grid (4) made of wire at the end
of the electrical feedthrough. This grid accelerates positive ions (5) to very high
energies and they repeatedly traverse through the center.
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Methods

ConstSaiction

Before beginning this project, electrical safety procedures were addressed. Volt-
age and current in the order of that required for fusion is very dangerous; it is
possible to be severely injured and can prove to be fatal. With the threat of fast
neutrons and that it is possible at such high voltages to encounter x-rays if the
device is not properly shielded, radiological precautions were also taken.

In order for fusion to occur, all the air in the system must be evacuated using
a series of vacuum pumps and components. If particles other than those used as
the fuel source are not removed, they will decrease the probability of an intended
particle reaching its maximum kinetic energy as it moves through the center. Deu-
terium gas is bled into the system. An electrical feedthrough, which is connected
to a small Nichrome grid inside the chamber, is set at a high negative potential
relative to the chamber wall.

A crucial link in the vacuum system that connects- two different sized flanges
together was intentionally not purchased new for this project, allowing ample ed-
ucation in machine shop techniques. This component was a full nipple reducer
between a common flange standard and an uncommon, archaic flange standard,
and included a tube. The uncommon flange was made from a 304 stainless steel
plate which was cut with a plasma torch and was finished in the machine shop.
The tube was machined from a piece of 304 stainless steel DOM (Drawn Over
Mandrel) tubing. A lathe and vertical mill were used to remove excess material
from these pieces and the pieces were TIG welded together for use under high
vacuum.

Simulation

Simlon is an ion optics simulation program that allows; users to model intricate
systems and instruments. Electrostatic and magnetic environments are rendered
by accessing provided geometry definitions or by creating user-specific geome-
tries; in our case, the creation of an original geometry definition was warranted.
Potential arrays are refined by the software, meaning the potential between two or
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Figure 2: The rough pump (1) provides sufficient vacuum at the diffusion pump
(2) outlet required for its proper function. Pressure is measured inside the chamber
by a hot ionization gauge (3) and a Convectron gauge (4). The backing pressure
between the diffusion pump and the rough pump is measured with a thermocouple
gauge (5). The vacuum chamber is a stainless steel sphere with an inner diameter
of 4.800”. There are a total of 14 ports on the chamber. One port is occupied
by a quartz viewport (6) for observation purposes. The topmost port holds the
electrical feedthrough (7). A power supply (8) rated at a maximum of 20kV @ 18
mA provides the negative potential required for ion acceleration. Potentiometers
on the front panel control current and voltage input. From the gas storage tank
(9), copper Swagelok piping was connected to a variable rough valve for on/off
flow control and a much finer needle valve (10) for fine-tuning the gas flow in to
the chamber.
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more electrodes for every point in the system is determined by solving the Laplace
equation. After the refining process, electrodes or poles may be adjusted to any
value. Potential arrays are able to be modeled as 3-D virtual images in an ion
optics workbench. Inside the workbench, ions are introduced with an initial set 6f
parameters and multiple ion flights are carried out (Figure 4). lon trajectories are
determined using a fourth-order Runge-Kutta method for numerical integration.
During each trial, groups of ions are introduced as a spherically uniform distri-
bution about the origin. For every time step in a trial the time of flight, position,
velocity, voltage gradient, and Kinetic energy are recorded for each ion.

Figure 3: This is the entire fusor assembly in the laboratory. The vacuum chamber
is located behind the neutron detector.
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Figure 4: This is a screenshot from Simlon after modeling and simulating this
device. The chamber (1) is partially removed for detail purposes. Each red line
represents the path of one deuterium ion (2) circulating in and out of the grid
(3). There is a region (4) where the density of ions and their Kinetic energies are
greatest, and where a fusion event is most likely to occur.

Results

No neutron counts have been recorded so far due to an internal defect within
the power supply. Previous tests, at lower voltages than those required for fu-
sion and provided by our power supply, have produced both argon and deuterium
plasmas—a heated, ionized gas containing nuclei and free flowing electrons. Main-
taining stable plasmas is important and requires continuous adjustments of volt-
age, current, and pressure. Pressure changes with the amount of gas bled into the
system and the speed at which it is removed. As higher voltages are reached, ions
gather more Kinetic energy and will have a greater probability of fusing.
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Figure 5: Voltage Gradient as a Function of Radial Distance

Figure 6: lon Kinetic Energy as a Function of Radial Distance

lon data is imported into Microsoft Excel where graphs of the voltage gra-
dient acting upon the kinetic energy of each particle as a function of radial dis-
tance from the center reveal the noticeable potential well (Figure 5) and a region
where the probabilities of fusion are greatest (Figure 6). This provides a simple,
and restricted, understanding of the device. With the possible integration of user-
programs in Simlon, an accurate representation of the inner workings can be mod-
eled to include absent physical properties such as mean free path and Coulomb
repulsion. With the inclusién of those properties, theoretical neutron counts could
be obtained and compared to those of the fusor. The simulation could be con-
ducted under a user-program designed for inner-grid geometric optimization with
respect to plasma density or theoretical neutron count. Increases in neutron pro-
duction efficiency within the simulation can be quantitatively confirmed with the
device. Likewise, varying neutron output for different grids in the device can be
investigated using the simulation software.
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Future Direction and Applications

Current research into increasing IEC efficiencies at University of Wisconsin-Madison
investigates the subsequent grid damage under the implantation of various fusion
ffiels(Figure 3) and neutron production optimization techniques(Figure 4).'Simu-
lations of IEC devices have shown that increasing the number of concentric grids
increases ion collision focusing(Figure 5). Many research endeavors incorporate
students from multiple fields. At Longwood University, computer science stu-
dents will aid in the completion of an improved simulation to include physical
properties not present in the initial simulations. Neutron radiation exposure offers
biology students a chance to study its effects on the biological tissues of certain
subjects.

The applicability of IEC devices as an alternative power source is still un-
known. They are currently used for the production of medical isotopes, neutron
activation processes and explosives detection.
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Shackeld Nim

Zachary Johnson
Faculty Mentor: Dr.David Shoenthal
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Abstract

The mathematical, two player game of Nim undergoes analysis to create
a strategy for both players. A player must determine if their deal, or posi-
tion, is either balanced or unbalanced by determining the Nim-sum. If the
Nim-sum is zero, then a player’s position is balanced; otherwise it is unbal-
anced. If a player is dealt an unbalanced position, they have to opportunity
to balance it to take advantage. As well, | conjecture the winning strategy to
a variation of Nim, Shackled Nim. This will involve considering the game
in modulo residue.

Introduction

My interest in Nim began in a directed study in Game Theory. There I learned how
to analyze games, so | began with an analysis on Nim. Nim s a mathematical,
two-player game of strategy. During a player’s turn, the player will take any
amount, one or more, objects (called pearls), from any one row. The winner forces
the other player to take the last remaining pearl. The game’s name was coined by
Charles L. Bouton and evolved from an ancient Chinese game called Tsyanshidzi.
Using Game Theory we can model and visualize Nim.

Terminology

To analyze the game of Nim, we need the following terms: directed graphs, trees
and subtrees. A directed graph is just a graph with directions associated to each
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edge. A tree is a directed graph comprised of roots, edges, and children. A subtree
is a part of a tree or a subset of a game tree (See Figure 1)[1].

Figure 1. A Sample Tree Structure

Nim Analysis

A simple and popular Nim game consists of three rows!with three pearls in the
first row, four pearls in the second row, and five pearls in the third row. (See Figure
2)

Let’s create an example initial move. For instance, let’s say the first player
takes all 5 pearls from the last row, leaving the opponent all the possibilities asso-
ciated with 3 pearls H the first row, four in the second row, and none in the third
row. This tree would look like the Figure 3.

Here (5,3) means that the player took five (5) pearls from the third (3) row. S3
denotes the subtree with all the possibilities of the game when the game is 3-4.

Given the rules, this particular game would have a tree like the one shown in
Figure 4, where S,. denotes the subtrees as described above.
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Figure 2: A Sample Nim Game Start Position

Figure 3: A Nim Move



Each edge in the tree represents a possible move i,j where i is a number of
pearls andj is which row. Notice that the tree in Figure 3 is actually a subtree in
Figure 4.
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Figure 4: A Nim Tree after several moves

Since trees are a messy way of trying to solve the game, we will use an al-
ternate way of “adding” to determine a position. Positions are either balanced or
unbalanced. To determine whether a,position is balanced or unbalanced, we ren-
der the number of pearls in each row into sums of powers of two. For instance,
3 = 21+ 2° If there is an even number of each power of 2 in the game, then the
position is balanced; if not the position is unbalanced [2]. Let’s determine if the
initial turn of the 3-4-5 game is balanced.

3= 21+ 2°4=225= 23|(-2°
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There are an even number of 2° terms and an even number of 22 terms, but an odd
number of 21 terms. Thus the game is unbalanced.

Another way to determine balanced versus unbalanced is to use the Nim-sum.
Suppose x\, ..., xn are the number of pearls in each row. Let gt count the number
of occurrences of 2?in all rows of the game. Then the Nim-sum (denoted by © )

is defined to be )

Xi©... ©xn = 'y'(qimod2)2l

I= o

In this formula, k is the highest power of two. From above, we see that the
Nim-sum of 3,4 and 5 is 2.

Properties of Nim-sum

It is convenient that the Nim-sum has several nice properties.

Lemma: The Nim-sum operation is associative, commutative, and the Nim-sum
of the same number yields zero.

Below is proof that the Nim-sum is self-invertible. Let b be any position num-
ber; we want to show that b© b= 0
Suppose

b="£(312i
i=I
where 8 = 0,1 So
b®b=i y~(2/?j)mod2a 2*
jgk
Therefore b© b —0

It follows that feiffi b = ¢ — b = ¢ One implication has already been proven.
The proof of the other implication proceeds quickly:

b©c=0—
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b®c=bBb—
b®b@c = b(Bb®b
c=h

Main Results

We can now use these properties to prove a main result.
Theorem: In a normal Nim game, the first player has the winning strategy if
and only if the Nim-sum of the sizes of the rows is nonzero. Otherwise the second

player is at an advantage.
Proof df theorem: Suppose x\,.. | i fe, are the sizes of the rows before a move.
Also suppose y i . ,yn are the sizes of the rows after a move. Let:

a=x\©...©xnandH=y\ ©... ©yn
If a move was in pile k we know that = yrfi ~ k and y» < Xk

So
T=00T = Cfffi (7©
a© (5®, <=+, ®Xn) ffi (fl ffi...Bffic/n)

> ©OH ®yi) = ®-© ©
- crfﬁ(gfﬁo )fﬁ{xkg)gk)gc) Coy’)

Therefore t = a © xj; ffi yk

From this we know if o = 0 —r / 0 (i.e; we are balanced and the oppo-
nent must unbalance it) and if o ~ 0 it is possible to make®- = 0 (i.e. we are
unbalanced and the player has the opportunity to balance it).

Again using the example of the 3-4-5 game, we know the Nim-sum was 2, so
the player presented with a 3-4-5 game would know to eliminate two pearls in a
way to leave the opponent with a Nim-sum of zero. The move would be taking 2
from the row of 3 making the game a 1-4-5 and the Nim-sum zero.
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Conclusion and Conjecture

One can use mathematics to analyze the best way to play certain games. In my
directed study, | investigated how game theory and algebra techniques could be
used to determine a winning strategy for the game of Nim.

During my study, | also investigated Shackled Nim, which alters the rules
[3] of Nim by bounding how many pearls can be removed from any one row. |
conjecture this game is played with a similar strategy to Nim once the number of
pearls in each row is considered in mod(k+1) at the beginning of each turn.

For example, let’s shackle the 3-4-5 game by 2, meaning a player can take one
or two pearls from any one row. So when we render each pile into mod 3, the new
game is 0-1-2; from here we play the normal Nim game. | recommend taking one
from the last row, making it 0-1-1 in mod 3 or 3-4-4 in the normal game. Notice
the Nim-sum now in mod 3 is zero.

Some consequences of the altered rules of Shackled Nim are that piles are no
longer strictly decreasing-potentially removal of pearls could increase the size of
the row in mod(k+1). For example if the opponent took two pearls in the shackled
3-4-5 game and made the game 3-4-3, then one would have multiple options to
balance the game. One could take one pearl from the middle row, or one could
take two pearls from the top row. In either event, the game would still be balanced
(in mod(3)).

I am investigating and attempting to formalize a proof for shackled nim cur-
rently.

Acknowledgements

Acknowledgments go to Dr. Shoenthal for his gracious help with his research and
the course in Game Theory. He also wants to thank Brice O’Hara, who worked
with him in the Game Theory directed study.

References

[1] Peter Morris. Introduction to Game Theory. Springer, New York, 1994,

41



[2] Matthew Shao. Ultimate nim: The use of nimbers, binary num-
bers and subpiles in the optimal strategy for nim, December 2006.
http://ia311518.us.archive.org/3/items/.

[3] The Free Encyclopedia Wikipedia. Nim. http://en.wikipedia.org/wiki/Nim,
December 2007.

Student Biography

Zachary Johnson is a Senior Mathematics student here at Longwood University.
Originally from Triangle, Virginia, he graduated from Gar-Field Senior High
School. Zachary coaches math for The Learning center as well as participates
on The Longwood Show. In the future he hopes to become a teacher.

Faculty Biography

David Shoenthal is an assistant professor of mathematics at Longwood University.
He received his Bachelor of Arts |g Mathematics/Communications at Juniata Col-
lege in 1998 and his Ph.D. in Mathematics from Penn State University in 2004.
His research interests are in differential geometry. He is married and has two
daughters.

42


http://ia311518.us
http://en.wikipedia.org/wiki/Nim

Development of GC-MS and Chemometric
Methods for the Analysis of Accelerants in
Arson Cases

Boone M. Prentice
Faculty Mentors: Dr. Sarah E. G. Porter and Dr. Melissa C. Rhoten
Department of Chemistry and Physics

Abstract

There is an interest in the forensic community in identifying accelerants
by their gas chromatography-mass spectrometry (GC-MS) profile. In this
work, samples of accelerants were analyzed by GC-MS and compared using
chemometric methods. Four analytical standards (unweathered gasoline,
diesel fuel, kerosene, and mineral spirits) were purchased from Restek®,
and regular, mid-grade, and premium unleaded gasoline were purchased at
a local gas station. GC-MS analysis was performed on the standards and
the gas station samples. The GC-MS chromatograms were assembled into a
single data set and compared using correlation coefficients.

Introduction

Arson, the willful and malicious destruction of a building or other property through
burning, is one of the easiest crimes to commit, yet it is one of the most difficult
to investigate due to the nature of the evidence that remains at the scene.[7] Ac-
cording to the FBI’s Uniform Crime Reporting Program, 69,055 arson offenses
were committed in 2006[1] This represents a substantial number of crimes which
require complex investigations in order to identify the accelerant used and any
possible suspects. Because not all fires are deliberately set, it is important to be
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able to collect evidence, such as accelerant residues, to prove that the crime of
arson was committed.

An accelerant is defined as any ignitable substance (typically a liquid) used
to deliberately sustain a fire. Common accelerants include easily obtainable sub-
stances such as gasoline and kerosene.[7] Both gasoline and kerosene are mainly
composed of low molecular weight volatile® organic compounds. The Ameri-
can Society for Testing and Materials (ASTM) classifies accelerants based on
the molecular weight of the hydrocarbons present and the percent composition
of alkanes, cycloalkanes, aromatics, and polynuclear aromatics in the mixture. [7]
Gasoline is defined as a light hydrocarbon (C4 ----- C12) with a low percentage of
alkanes and cycloalkanes and a large percentage of aromatics and some polynu-
clear aromatics. In contrast, kerosene falls into the heavy petroleum distillate
category with an abundance of alkanes and cycloalkanes and far fewer aromatic
components. [11]

Under ambient conditions both gasoline and kerosene are liquids and easily
evaporate. This process, known as weathering, changes the percent composition
of the mixture.[7][10] Specifically, the lower molecular weight aliphatic and aro-
matic compounds evaporate first, leaving behind the heavier components. Sam-
ples collected at arson scenes are usually weathered to some extent due to envi-
ronmental exposure.[8] By comparing standard gasoline samples that have been
weathered to a known extent, accelerant residues found at crime scenes can some-
times be identified. A 1993 study found that only 70% of 120 laboratories could
correctly identify a weathered gasoline sample using gas chromatography with
flame ionization detection (GC-FID)[7] However, some studies have shown that
diesel fuel (which is comprised of significantly heavier components than gasoline)
weathers predictably and thus weathered samples can possibly be identified. [3]

Gas chromatography with mass spectrometric detection (GC-MS) can be used
to identify accelerant residues based on both the retention times (GC) and the mass
spectral profiles (MS) of the components of the mixture. Studies have shown that
unique fingerprints can be obtained to compare samples from different sources[8]
Large databases can be accessed on the web[5] and most forensic labs have their
own in-house databases. However, identification based on GC profiles (and con-
sequently mass spectra) usually relies on optimal chromatographic separation of
the components in the mixture and highly reproducible retention times. In order
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to compare GC profiles between samples, the GC testing conditions must be the
same. Even still, retention times of the components can vary significantly be-
tween labs and even within the same lab from day to day. These requirements
can lead to very long GC runs to achieve separation and the need for hydrocarbon
ladders and retention indices to account for retention time shifts. Previous studies
have shown that unique fingerprints can be obtained to establish a common origin
among unweathered gasoline samples using tetraalkyllead content or focusing on
higher boiling components. [8] [4] Samples that are significantly weathered may
be more difficult to identify. The mixtures of compounds present in gasoline and
other accelerants can be very complex, and it can be difficult to determine which
components should be used for comparison. [7]

Using chemometric methods to compare samples offers an advantage over
traditional database searching. Chemometrics, broadly defined, is the applica-
tion of mathematical and statistical methods to chemical data. [6] Well established
methods can be used to resolve overlapped chromatographic peaks, compare mass
spectral profiles, and align shifting retention times. Previous applications of chemo-
metrics to accelerant analysis include principal component analysis (PCA)[8] ,
hierarchical cluster analysis (HCA)[2] and covariance analysis.[10][9]

In this work, a fast and robust GC-MS method which separates the major
components of gasoline has been developed. Correlation coefficients were used
to compare duplicate analyses to show that similar samples can be grouped. The
use of correlation coefficients to cluster similar samples negates the need for base-
line resolution of the components, thereby minimizing chromatographic method
development time. The method will be applied to weathered gasoline samples to
determine if the weathering pattern of gasoline is predictable.

Experimental

Four analytical standards (unweathered gasoline, diesel fuel, kerosene, and min-
eral spirits) were purchased from Restek® Corporation (Bellefonte, PA). Gaso-
line samples of octane 8|j 89 and 93 as well as kerosene and diesel samples were
purchased from the local Valero gas station (Farmville, VA). GC-MS analysis was
performed on a 30m x 0.25mm x 0.25/xm VF-Ims capillary column using a Vaiian
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3900 GC and Saturn 2000 MS system controlled by the Varian MS Workstation
(v. 6.6). Splitinjection (1:100) of the neat standards and samples was performed
at 250 °C. The temperature program ran from 50 °C (2.5 minutes isothermal) to
300 °C (5.83 minutes isothermal) at a rate of 15 °C/min. Helium was used as
the carrier gas at a flow rate of 1 mL/min. The total run time was approximately
25 minutes. No identifiable peaks eluted after 15 minutes;. Chromatograms were
exported from the MS Workstation into ASCH format and data analysis was per-
formed in Matlab®, version 7.5 (The Mathworks, Natick, MA).

Results and Discussion

A GC- MS method was developed that could separate the components of four
different accelerants in 15 minutes. Figure 1 shows a comparison of the ana-
lytical standards for unweathered gasoline (1A), kerosene (IB), diesel (1C) and
mineral spirits (ID). From these figures, it is immediately apparent that there are
differences in the retention profiles for these accelerants. A comparison of some
of the prominent peaks in each chromatogram also draws attention to the differ-
ences between the accelerants. For example, the gasoline chromatogram shows
a prominent peak (labeled 1 in Figure 1) for toluene (methylbenzene) at 3.9 mm.
This peak is absent in the chromatograms of the other accelerants. There is. also
a group of three peaks (labeled 2 in Figure 2) that correspond to o, m-, and p-
xylene (dimethylbenze) around five mi||tes. All of the other prominent peaks m
gasoline correspond to substituted alkylbenzenes. Diesel fuel shows a pattern of
evenly spaced peaks that correspond to a homologous series of alkanes starting
with dodecane (Ci2). There are significantly fewer aromatic compounds that can
be identified fin ,diesel fuel as compared to gasoline. Kerosene shows a similar
pattern but with fewer of the heavier (later eluting) compounds.

Figure 2 shows a comparison between the standard gasoline purchased from
Restek (2A) and the gasoline purchased from the local gas station (87 octane,
2B). The circled areas show where the toluene peak and the xylene group fine up
in the two chromatogramj This figure illustrates the differences between different
sources of gasoline. There are more peaks in the early part of the chromatogram
from the 87 octane gasoline, most likely from additives used at the refinery. How-
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Figure 1: Comparison of four different accelerant standards. A) unweathered

gasoline; B) kerosene; C) diesel; D) mineral spirits. Peaks 1and 2 in 1A corre-
spond to toluene and o-, m-, and p-xylene, respectively.
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ever, the toluene and xylene peaks can still be used to distinguish this accelerant
from diesel or kerosene.

Figure 2: Standard gasoline chromatogram and B) 87 .octane Valero gasoline.
Circled areas show comparison between toluene and xylene peaks

The goal of this research is to develop methods to mathematically compare a
large set of Hata to identify accelerants based on their chromatographic and mass
spectral fingerprints. Our initial results indicate that correlation coefficients can
be used as a starting point to compare chromatographic data. Table 1 shows the
correlation coefficients calculated for a set of data with duplicate measurements
of each type of accelerant. The correlation coefficient! were calculated for the
chromatographic data only; no mass spectral data were used for this particular
experiment. A correlation coefficient very close to one indicates that two samples
are very similar (two identical samples will have a correlation coefficient equal
to one). The results shown in this table indicate that duplicate samples can be
identified by their correlation coefficient. For example, the two gasoline samples
are highly correlated, while the gasoline samples and the kerosene samples are
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Gl G2 Kl K2 MSI MS2 DI D2
Gasoline 1 1
Gasoline 2 0.83 1
Kerosene 1  -0.14 -0.12 1
Kerosene 2 -0.13 -0.12 0.96 1
Mineral Sp.y 029 041 -0.31 -0.33 1
Mineral Sp. 2 025 036 -0.01 -0.03 0.89 1
Diesel 1 0.03 0.03 016 026 0.13 0.09 1
Diesel 2 0.02 0.03 038 031 0.0 009 052 1

Table 1. Correlation coefficients for duplicate analysis of four different acceler-
ants.

negatively correlated. For dissimilar samples, the correlation coefficients are close
to zero or negative, and thus could be used to determine if two accelerants came
from the same source.

Conclusions

This work clearly demonstrates that the different chromatographic patterns gener-
ated with a fast GC-MS method can be used to identify accelerant samples. Future
experiments will include the analysis of burned fabric and carpet samples and de-
velopment of extraction methods for removing accelerant residues. A weathering
study will also be conducted to determine if the weathering pattern for gasoline
can be predicted and used to identify weathered samples. The chromatograms
generated from the burned samples, the weathered samples, and the original ac-
celerant will be compared using chemometric methods. The methods of PCA,
soft independent modeling (SEMCA), and HCA will be used to compare samples
and identify patterns. Finally, the developed methods will be applied to other
accelerants such as diesel and kerosene.
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Abstract

As biologists generate enormous data sets using DNA Microarray tech-
nology, statistics allow for this data to be properly analyzed and for mean-
ingful results to be obtained from the experiments. The importance of statis-
tici can be observed in many of the steps in the microarray experiment,
including image analysis, normalization of data, expression quantification,
estimation, testing, clustering and prediction. In the early process of image
analysis, data is quantified from image files of microarrays produced in the
laboratory. The method of image analysis used by the experimenter may
be a source of variation that could affect downstream analysis and conse-
quently experimental results. In this paper, two different image processing
programs are used to investigate the variation observed and the potential
impact on experimental results.

Introduction and Background

DNA Microarrays allow researchers to measure the impact of treatments on either
an entire genome or a large subset of a genome instead of only comparing a few
genes at a time. The ability to observe overall patterns in the genome from exper-
imental treatments also provides information on which genes should be studied
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further under a specific treatment, especially in determining the effectiveness of
disease treatments [2],

On a DNA microarray, thousands of spots are printed, each with a small
amount of genetic material corresponding to a specific gene in an organism’s
genome. When a cDNA sample is applied, or hybridized, to a microarray, the
genes present in the sample bind to their complementary sequences spotted on
the array. Two samples, a treatment and control, are mixed and hybridized to a
microarray. The two samples are distinguished by labeling them with fluorescent
dyes of different colors, typically red and green. The hybridized microarray is
then scanned by an optical scanner that creates two image files, one for each color
used. Itis assumed that the intensity level of the pixels that comprise the spot loca-
tion of a particular gene are an indicator of the amount of cDNA that has adhered
to that spot and hence measures the strength of the gene’s expression in the sam-
ple. Gene expression is quantified through the use of image processing software
which produces a file consisting of numerical values indicating the amount of ge-
netic material present for each gene for each sample. Thus the DNA microarray
allows for the observation of differences in gene expression between the control
and experimental samples for all or a large portion of the genes in the genome.

Image processing of the image files produced by the optical scanner includes
locating the spots on the microarray for each gene (called gridding) and deter-
mining which pixels in that spot represent genetic material (called segmentation).
Gene expression is quantified by assigning a numerical value using the pixel inten-
sities which grid (determining 110 spots or genes) superimposed on a composite
image file (i.e. red and green images composed).

Methods

In the Biological and Environmental Science department at Longwood Unner-
sity, DNA Microarray experiments were conducted using standard methods of
RNA extraction and cDNA preparation and hybridization. Sacharomyces cere-
visiae yeast cells were treated with ultraviolet radiation (UV) (254/365nm wave-
length). A control sample of yeast was not exposed to UV radiation. The control
sample was labeled with red fluorescent dye and the treatment sample was labeled
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Figure 1. Sample TIFF output from Microarray

with green fluorescent dye. The two samples were then mixed and hybridized to
the microarray and the resulting array was scanned. For this experiment, three mi-
croarrays were used. Each microarray contained four copies of the approximately
6,000 genes in the yeast genome resulting in approximately 24,000 spots on the
microarray. Thus for each gene, we obtained 12 observations, *four from each
microarray, of both the control sample and the experimental sample. Image anal-
ysis of the three microarrays was performed with two different image processing
programs: MAGIC Tool (Version 1.4[3]) and SPOT (Version 2.0 [4])

In MAGIC Tool gridding is performed manually by the user to partition each
gene into its own square. The program then places a circle of fixed width radius
as indicated by the user in the middle of each square. We used a radius of seven
pixels. The program then quantifies the amount of genetic material present in that
spot by either summing or averaging the total intensities of the pixels in the circle.
In our analysis we averaged the pixels within the circle.

In SPOT gridding and segmentation are achieved deterministically via an al-
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gorithm. The user may provide some input to guide the placement of the grid and
the algorithm may be iterated several times in order to produce the best placement
of the grid. Within each square of the grid partitioned for an individual gene,
SPOT ranks the intensity levels of the pixels in the square. SPOT uses these ranks
along with a circle of a specified radius r to calculate foreground and background.
We used the default setting for r. If a pixel is inside the circle and in the highest
x% of the pixels, it is considered to contain genetic material for that spot. Our
analysis used the default setting of 30%. The program then quantifies the amount
of genetic material present, in that spot by averaging the intensities of those pixels
identified.

By selecting only the highest-intensity pixels for the foreground, SPOT ac-
counts for genes that do not adhere to the microarray in a perfect circle. In some
cases, the liquid solution that contains the samples hybridized on the array pools
to the outside of the spot or forms a crescent shape. There are several examples
of non-circular spots in Figure 1. When the amount of genetic material present
is quantified by averaging using pixels in these “blank” areas, the overall gene
intensity is diluted. Thus the segmentation of SPOT is distinctly different than in
MAGIC Tool.

Calculations and Results

In order to reduce our computations, we used standard filtering techniques [1] to
remove genes that were not present, i.e. those with low intensity levels, to obtain
a subset of 1631 genes from the genome. For the remaining genes we computed
the gene expression ratio.

Redlntensityiexperimenta
Greenlntensity {control)

gy(pressiﬁana{i'o =log2 n)
v

ratio is used to understand the relative change of gene expression be-

tween the control and experimental samples. Genes that change expression due

to the treatment will have large positive or large negative expression ratios while

genes that have little or no change in expression will have expression ratios near

zero. We calculated the gene expression ratios for the three microafrays using the
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intensities computed from both image analysis programs. For each microarray,
we then obtained an average gene expression ratio for each gene by averaging
the gene expression ratios of the four replicates of the gene on the array. Next
we computed several measures to determine the similarity of the output from the
two image processing programs and investigated if there was any effect on the
detection of genes that had changed expression due to the UV treatment.

First we used Spearman’s correlation coefficient [1] to measure the similarity
of the average expression ratios computed by MAGIC Tool and SPOT. For each
microarray, the coefficient measures monotone association between the expression
ratios found for the genes using the output from the programs. The coefficient is
given by

_ 122=1RiM ~ +W s ~5(ft+ 1)
Ps n(n2—1)

where n is the number of genes and Ric s the rank of the ith gene on the array
processed with either MAGIC Tool (¢ = m) or SPOT (c = s). This is a nonpara-
metric version of Pearson’s linear correlation coefficient using ranks instead of
data values. Table 1 shows our results.

Microarray  Spearman’s Correlation Coefficient

uvl 0.822
uv2 0.692
uv3 0.844

Table M Spearman’s Correlation Coefficient

Our next measure of similarity, the concordance correlation coefficient quan-
tifies the amount of agreement between the actual numerical values of the expres-
sion ratios. For each microarray we computed this value by

2*12
Pc s?+ sl + (Fi+ Y2)2 w
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where Ycand s| are the mean and variance, respectively, of the average expres-
sion ratios of the genes on the microarray processed with MAGIC Tool (¢ = 1) or
SPOT (¢ = 2), and S'i2 isthe covariance. Table 2 gives our resuSfs.

Microarray  Concordance Correlation Coefficient

uvil 0.753194
uv?2 0.533125
uv3 0.741898

Table 2: Concordance Correlation Coefficient

For both coefficients, a value of 1 corresponds to perfect correlation. As ex-
pected, the results in Tables 1 and 2 indicate similarity in the expression ratios
computed for the 1631 genes using the two programs. However, we want to deter-
mine the impact of any differences for identifying those genes that have been most
affected by the treatment, i.e. the genes with high or low expression ratios. To do
this we will examine the “extreme” genes (i.e. those with expression ratios in
the highest 5% and lowest 5%) determined for each microarray using the MAGIC
Tool and SPOT programs, In Table 3 we see the number of genes in common (i.e.
matches) for each group for each microarray.

Microarray Highest Percent Lowest Percent
5% Matches 5% Matches
(matches/ (matches/
non- non-
Matches) Matches)
uvi 48/37 56.5 57/28 67.1 "
uv2 44/41 51.8 40/45 47.1
uv3 7817 91.8 39/46 45.9

Table 3: Percent Matches of Extreme Genes

In the above computations we found extreme genes by using the average ex-
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pression ratio determined by the four replicates of each gene on each microarray.
We also computed another statistic by dividing the average of the replicates of
each gene on each microarray by the standard deviation of those replicates. This
number is the inverse of the coefficient of variation (ICV). By dividing by the
standard deviation, genes with less variation among the four replicates on a mi-
croarray will have higher ICV values than genes with the same mean expression
level but with more variation. Thus a gene with a high or low expression ratio
that is consistent among all four replicates on the microarray is more likely to be
included among the extreme genes. Table 4 gives the number of genes in common
for each group for each microarray.

Microarray —Highest Percent lowest 5% Percent
5% Matches (matches/  Matches
(matches/ non-
non- Matches)
Matches)
uvi 55/30 64.7 52/33 61.2
uv2 40/45 47.1 47/38 55.3
UAVA 42/43 49.4 42/43 49.4

Table 4: Percent Matches of Extreme Genes using the ICV

Conclusions

With the exception of the highest 5% of expression ratios on UV3 in Table 3,
we observe substantial disagreement between the two programs’ identification of
extreme genes. Since the goal of the researcher is to determine genes that have
been affected by treatment, our results indicate the potential impact of the choice
of image processing software on experimental results.

Clearly there is further work we could perform to assess the impact of image
analysis on experimental results. We suggest future work to include performing
our analysis on image files from a published DNA microarray experiment and
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comparing the extreme genes determined. We also note that we have not examined
the extreme genes determined by our methods in terms of biological function.
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Abstract

A sample of 75 Longwood University students read a brief scenario
about a dating couple and answered a Likert scale questionnaire about their
views on the sexual activity of the couple. Participants received 1 of 4 time
periods for the length of the couple’s relationship. The time periods were 3
months, 6 months, 12 months, and 24 months. We predicted that the partic-
ipants who received the 24 months time period would most likely perceive
the couple as more sexually active than the other groups. A Three-way Re-
peated Measures analysis of variance (ANOVA) revealed that all of the par-
ticipants who received 24 months as the couple’s relationship length agreed
the same in regard to the question, I think this couple has been in a long
enough relationship to have sex. Overall, we found that the sexually active
participants were more likely to agree that it is acceptable for the couple to
engage in sexual activity.

Introduction

Past researchers have investigated many different factors regarding relationships.
Moore, McCabe, and Brink[2] examined how intimacy and relationship adjust-
ments affect each other in various types of relationships. These types of rela-
tionships included dating, cohabiting, and married couples. Moore et al. defined
intimacy as the couple’s communication, engagement, and friendship and also
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defined the relationship adjustments as the couple’s satisfaction, consensus, co-
hesion, and expression of affection. Whether married couples are happier than
cohabiting couples was the topic of interest to the researchers. Eighty-seven cou-
ples agreed to participate in the study by answering a questionnaire independently
of one another in each relationship. Moore et al. reported that the cohabiting
couples had a higher level of relationship satisfaction than the other two groups.
The researchers found differences between the answers of men and women in the
dating relationships. Men reported higher levels of cohesion, satisfaction, and
engagement and women reported higher levels of expression of affection and con-
sensus in their relationship [2] . Most importantly, the researchers found that the
married couples had the highest agreement on all the factors of their relationship
except communication.

Maxwell, Sack, Frary, and Keller [1] were interested in contraceptive behavior
of college students regarding their dating patterns, emotional involvement, type
of birth control used, number of sexual partners, and reasons for not using birth
control. Two-hundred-twenty-two college students participated by completing a
questionnaire about the five factors and their dating behavior during high school
and college. Maxwell, et al. found that 61% of all the participants reported always
using contraceptives during intercourse and 4% of the participants reported never
using contraceptives. The researchers also found that women reported a higher
level of emotional involvement than men. If the participant reported a high level
of emotional involvement, then they also reported that they were more likely to
use contraception due to the importance of the relationship [1].

Another interesting study performed by Rostosky, Welsch, Kawaguchi, and
Galliher[3] examined the relationship between commitment and the sexual activ-
ity of adolescent dating couples. Most importantly, the relationship length, com-
mitment, and sexual behaviors of the couple were addressed to show whether they
relate to each other. Sixty high school and college couples who reported dating for
at least four weeks participated. Rostosky et al. asked participants to complete the
Dimensions of Commitment Inventory (DCI) and the Sexual Behaviors Inventory.
The DCI contained the Commitment to Partner, Commitment to Relationship, and
Feelings of Entrapment subscales and the Sexual Behaviors Inventory contained
questions regarding pregnancy, sexually transmitted diseases, dating behavior, and
contraceptive use [3].
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Rostosky et al. found that male participants perceived the length of the rela-
tionship to be positively related to the commitment to their partner and to their
relationship. The researchers also found that the female participants perceived
the length of the relationship to be positively related to the commitment to their
relationship and the feelings of entrapment in their relationship . The six sexual
behaviors that the researchers investigated in order to compare to the commitment
of the couple were holding hands, kissing, fondling with clothes on, fondling
without clothes, oral sex, and sexual intercourse. Hand holding and kissing were
found to be more important to the commitment of the couple’s relationship than
fondling and intercourse. In conclusion, Rostosky found that the results suggest
that the commitment in an adolescent dating relationship is just as significant as it
may be in an adult married relationship, with only the meaning of the commitment
being different.

After consideration of the literature about the factors regarding relationships,
we have decided to study how participants perceive the sexual activity of a couple
based on the couple’s relationship longevity. We predicted that the participants
who received the longest relationship length would perceive the couple as being
the most sexually active. We predicted this because commitment seems to be
related to the longevity of a relationship, which means the longer a couple is
together, the more likely they are to be perceived as sexually active.

Method

Participants

Seventy-five Longwood University students between the ages of 17 and 37 years
(18 men and 60 women, mean, age = 19.96, SD = 2.98) participated in this study.
Participants consisted of 36 freshmen, 14 sophomores, 15 juniors, 9 seniors, and
1 other. Participants were volunteer psychology students who signed up through
an electronic system and received extra credit for participating.
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M aterials

The materials included a brief written description about a couple’s relationship
with one of four relationship lengths for each group: 3 months, 6 monthly 12
months, and 24 months (see Appendix A). Other materials included a brief 5-
point Likert scale questionnaire, with one being strongly disagree and five being
strongly agree. The questionnaire consisted of questions regarding the sexual
activity of the couple (see Appendix B).

Procedure

Participants read a brief scenario about a dating couple and completed a ques-
tionnaire about the couple based on the length of time given. When finished,
participants placed their questionnaire in an envelope themselves and then the re-
searchers debriefed the participants about the true nature of the study.

Results

We performed a 3-Way Repeated Measures analysis of variance (ANOVA) on
all the target questions. This revealed that the participants who reported being
sexually active agreed more that the couple had been in a long enough relationship
to have sex'(question 9) than the participants who reported not being sexually
active, F(1,60) = 8.287, p <.05 (see Figure 1).

In regards to the same question, we also found an interaction between the
sexually active and non-sexually active participants. All the participants who re-
ceived 24 months as the couple’s relationship length agreed equally about the
couple being in a long enough relationship to have sex, F(3,60) = 2.803, p <.05
(see Figure 2> Also referring to Figure ﬂ the sexually active participants who
received 3 months and 12 months as the couple’s relationship length agreed more
with question 9 than the sexually active participants who received 6 months and
24 months as the couple’s relationship length. Opposite results were found with
the non-sexually active participants.

The ANOVA also revealed that participants who received 3 months as the
couple’s relationship length agreed the most that the couple should wait to have
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Figure 1. Relationship between sexually active participants and their views on
question 9
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sex (question 10), F(3,60) = 3.508, p <.05 (see Figure 3).

W ietier sexually jactive
or not

Figure 3: Relationship between the length of the relationship and participants
views on question 10.

Lastly, when referring to the same question, we found that the non-sexually
active participants agreed significantly that the couple should wait to have sex,
F(1,60) = 8.906, p <.05 (see Figure 4),

Discussion

Based on the results, our hypothesis that the participants who received the longest
relationship length would perceive the couple as being the most sexually active
was not supported. However, many interesting results were found. In regards to
the question, | think this couple has been in a long enough relationship to have
sex, participants who reported being sexually active agreed more than participants
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Whether sexually active
ex not

Figure 4: Relationship between participant sexual activity and their view on ques-
tion 10.
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who reported never being sexually active. We believe we found this result be-
cause participants who engage in sexual activity themselves may be more likely
to agree that it is acceptable for another couple to have sex. Both sexually and
non-sexually active participants who received 24 months as the couple’s relation-
ship length equally agreed with regard to the same question. In addition, sexually
active participants who received 3 months and 12 months as the couple’s relation-
ship length agreed more than sexually active participants who received 6 months
and 24 months as the couple’s relationship length. The opposite results were found
with regard to the non-sexually active participants. The non-sexually active par-
ticipants who received 6 months and 24 months as the couple’s relationship length
agreed more than the non-sexually active participants who received 3 months and
12 months as the couple’s relationship length. One possible reason for this coun-
terintuitive finding may be because many of the participants viewed all the time
periods as long-term relationships. It was intended for the short-term relationships
to be 3 months and 6 months and the long-term relationships to be 12 months and
24 months.

In regards to the question, | think this couple should wait to have sex, partici-
pants who received 3 months as the couple’s relationship length agreed the most.
Even though many participants who received 3 months may have found it accept-
able that the couple engages in sexual activity, they also may believe that they
should wait longer to have sex. In addition to this question, it was found that the
non-sexually active participants agreed more than the sexually active participants.
This may have been found because the non-sexually active participants are wait-
ing to have sex themselves, so they would be more likely to think abstinence is
more acceptable for other couples.

One limitation to this study was that the majority of the participants were fe-
male. In the future, researchers should try to receive a more representative sample
of the general population. We believe with more male participants the results may
show a higher acceptance of sexual activity of the couple. Another limitation was
the lengths of the relationship because participants viewed the lengths of the re-
lationship differently from what was intended. In the future, it is suggested that
the researchers should have the short-term relationship be less than 1 month and
the long-term relationship be greater than 5 years. This should help the partic-
ipants distinguish between the short and long time periods. Overall, the results
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suggest that many factors influence a person’s views on relationships including
the longevity of a relationship, the person’s own sexual activity, and their view of
whether the relationship is short or long-term.
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Appendix A

Jack and Jill are a Caucasian heterosexual couple. They are both 20 years of
age and they have been dating for (three months, six months, twelve months,
or twenty-four months). Jack and Jill are not engaged or married. They enjoy
watching movies at the local movie theater. Their favorite pastime is spending
time together at the local beach and eating at thefjfavorite seafood restaurant.

Appendix B

Please answer the following questions as honestly as possible. Circle the choice
that best fits your answer.
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Answer the following questions using the

NN PR

following scale:

(Strongly Disagree)
(Somewhat Disagree)
(Neutral)

(Somewhat Agree)

5 18 (Strongly Agree)

1.

I perceive this couple to be happy.-
1 23 4 5
Do you think this couple is iIn a
short term or long term relationship?
(Circle one) i
Short-term Long-term
I enjoy spending time at the beach.

1 23 4 5

I think this couple has the potential to be
married in the future.

1 23 4 5

I think this couple engages in sexual
activity (intercourse).

1.2 3 4 5

Do you currently have a boygriend/gir]L.f*gend?
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Yes No

7. Have you EVER been sexually
active (engaged in intercourse)? Yes No

8. 1 think this couple has a healthy relationship.
1 23 4 5

9. 1 think this couple has been in a long
enough relationship to have sex.

1 23 4 5
10. 1 think this couple should wait to have. sex.
1 23 4 5

Gender (Circle one):
Male Female

Age :

Class Year (Circle oneL: ~
Freshman Sophomore Junior Senior
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Abstract

While reviewing the vast amounts of communication studies research,
an astonishing void exists. Study and analysis of older male communica-
tion is absent from extensive consideration. This fact motivates me to take
a closer academic look at the subtle, interesting methods behind older male
nonverbal and verbal communication. This comprehensive investigation be-
gins by examining current work from gerontology, history, and sociology.
Academic articles discussing older males and their behavioral patterns, to-
day and earlier in their lives, help me navigate the next step of my own
research process. After summarizing such scholastic work, | go into the
research field armed with questions and hypotheses. Field data focuses on
observations of the communicative process between older men, and then the
communicative process between younger men. With scholarly and field re-
search complete, | conduct one-on-one interviews with older men. These
questionnaire responses help formulate conclusions and identify any reoc-
curring trends within my subject of research. The combination of inter-
views, field observations, and previous scholastic work contribute to my ex-
citing, and sometimes surprising, discoveries. Older men communicate in
distinctive, intelligent ways that should earn a well-deserved place in com-
munication studies research.

Introduction

Gendered communication is an extremely well-researched area in the contem-
porary academic world. Scholars investigate fascinating aspects of female and
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male interpersonal communication, which both question and analyze existing so-
cial norms. Despite the intellectually insightful work of published scholars, the
study of older and elderly male-to-male communication is noticeably absent from
expansive research. As an enthusiastic communication researcher, | desire more
knowledge concerning this gender group in order to explain their distinction from
younger male-to-male communication. Older men, specifically 60-70 years of
age, talk and socially gather in ways which deserve detailed analytical attention.
Research and data analysis provide extremely valuable insight into this underrep-
resented gender faction. Through the use of article research, field observations,
and personal interviews, | gather sufficient data for my investigative purposes.
This detailed analysis begins with basic scholarly research from topical areas
within the overall subject in question. Academic resources from history, geron-
tology, and sociology all apply while inquiring about older male communication
trends. My first notable academic source comes from a historical scholar.

Older men incorporate a unique up-bringing, set of beliefs, and pedigree, orig-
inating from their up-bringing, as they continue to interact within their gender to-
day. In his text, McBee[4] acts as a social historian as he investigates the male cul-
ture during a specific social climate in history [3], This particular article begins by
explaining the basic concept behind all-male clubs, saloons, and poolrooms. Men
at these clubs often form group opinions, attitudes, and culture after engaging in
verbal discourse with each other. Clubs were predictably organized based on so-
cioeconomic class. Beyond the essential principles of male social clubs, McBee
examines the societal implications behind such organizations. He discusses the
“typical man” which emerges from this particular era. He is strong, admired by
men, and loved by women. This article presents the interesting term “heteroso-
ciety,” which refers to the culture of heterosexual male friendships characterized
by loyalty and invested time. Another important scholarly source comes from a
sociological perspective. This author utilizes wit and honesty while defending the
value of male friendship communication.

Max Davidson’s[I] newspaper feature is a quality defense for adult hetero-
sexual male friends. This publication is a humorous, yet extremely thought pro-
voking piece denouncing a commonly held position: women are better friends to
each other than men. The short text cites personal and general examples of stead-
fast, significant male friends and the characteristics that make connections strong.
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Davidson concludes his brief feature by brilliantly comparing interpersonal male
interaction with soldiers at war, defending and helping one another. Due to the
gender specificity of the early military, this association rings true and sums up the
persuasive message quite successfully. Many men between the ages of 60 and 70
grew up and socially developed in a tense national climate, while many also ex-
perienced direct involvement in military struggles. This reality serves as a crucial
factor when unraveling males’ communication identity.

A final piece of scholarly research presents age as an issue. John Knodel
and Beth Ofstedal’s article[2] is an extensive examination of aging men and their
place in an ever-changing social landscape. Providing ample graphs and statistics
with a sociologically driven text, these scholars allow the reader to observe a ne-
glected gender group. Their notes and commentary discuss the neglect suffered by
elderly men, and behaviors resulting from continued disregard. Knodel’s and Of-
stedal’s article is intelligently organized in sub-topic sections such as ‘theoretical
perspectives on gender and aging’ and ‘social and economic well-being’. Numer-
ical research explains America’s population development, and outlines challenges
faced by elderly men as they carve out an identity in a rapidly changing world.
Looking at age as presented in this article identifies the influence it asserts over
communication styles. The communication exchange between elderly peoples,
especially men, is often muffled by the whirling, technologically savvy world of
modem communication.

Older men and the communication between them complicates further when
factoring in age-related disabilities and diseases. Due to the rising quality of health
care, human bemgs are living longer. This population trend sets the stage for an
increased amount of elderly illnesses, hindering communication capabilities [3].
Large amounts of research reflect studies on physical limitations on older males’
verbal discourse. While analyzing common communication characteristics and
tendencies among older men, research must consider physical and possibly mental
restraints, often resulting in unusual communicative habits.
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Methods, Discussions, and Findings

The second phase of investigation into older male communication sent me to the
field. With the contributing work from article authors, | entered the field ready
to compare scholarship with real-world occurrences. | observed male-male inter-
action in various settings, representing two focused age groups. | first observed
male-male interaction from the ages of 18 to 22 at two locations. | went to the
Tiger Inn, a social gathering place at Hampden-Sydney College. | also observed
male-male communication at a Longwood University Army ROTC fundraiser at
the restaurant/bar Wingshak.

Observed cultures of young men reveal interesting trends while students com-
municate with each other. Both at the Tiger Inn and Wingshak, men communi-
cate in large groups of seven or eight, creating busy communication patterns. At
both field sites, men tend to use volume and physical motions in order to receive
communication dominance. Humor, jokes, and laughter remain a very prevalent
characteristic within heterosexual male interaction. More males enter into com-
munication with one another if the discourse is light and comical. All young men
use activities in order to spend time with other men. Both Sites offer competitive
sports such as pool, dart-shooting, and video games in order for men to tease,
trash-talk, and encourage one another. Young men communicate with a variety of
other males varying in race, dress, and physical appearance. These locations for
male-male interaction offer a comparative set of data complimenting the following
observations of older male communication.

To assess the more important research population, older males, | visited Hud-
dle House and St. Theresa’s Catholic Church to observe elderly men in their
natural habitat. Huddle House is a 24-hour establishment attracting elderly men
for brea