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Introduction from the Dean’s office 

This book contains the abstracts for the 18th Annual College of Natural 
Sciences and Mathematics Student Research Symposium. The symposium 
highlights graduate and undergraduate student research projects 
completed under the guidance of faculty in the departments of Biology, 
Chemistry, Computer Science, Mathematics, and Physics and Astronomy. 
This event has grown every year. This year's program includes 74 
abstracts with 100 student authors, 41 faculty mentors, and 7 external 
mentors. The opportunity to apply knowledge to real problems is an 
important component of the education that students receive at UCA. This 
symposium is an occasion to celebrate the scientific achievements of our 
students. 
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Hunger Games: 
How isolation can change a fishes diet 

'
.-$%&':;6"$4"-&'

Faculty Mentor:  Ginny Adams 
 
Biotic interactions can strongly shape community composition. These interactions are often 
exaggerated during times of ecological stress, such as isolation in streams from lack of flow. Many 
streams in the eastern Ozark Highlands are characterized by spring‐fed headwaters that have 
connected pools in the upper reaches and isolated pools in the mid‐reaches before becoming 
perennial. Within isolated pools, macroinvertebrate densities and richness can become lower, 
limiting food resources for fishes. The objective of this study was to examine the effects of pool 
isolation on fish diets. My prediction was that if food resources were low, then fishes would have 
to increase relative gut length. Increased gut length would allow an increase in assimilation 
efficiencies to account for lower quality or lower availability of food resources. Sampling was 
conducted during March, May, and July 2011 in a headwater tributary of North Sylamore Creek. 
We collected total available macroinvertebrates (9 orders; 45 families) and ten individuals of each 
target fish species (



 7 

olivaceus associated with the Mississippi River drainage area, with pairwise distances of 0.002 or 
less.  There is also a slight phylogenetic distance between the two Arkansas populations due to 
one unique base pair difference in the Stone Dam Creek population, resulting in a pairwise 
distance of 0.001. 
 

Increased Chironomid Growth with Increasing Phosphorus 
 

:;6"$'<,##06 
Faculty Mentor:  Sally A. Entrekin  

 
Nutrient enrichment can decrease macroinvertebrate diversity with chironomids often 
dominating the community in degraded aquatic ecosystems.  One reason for chironomid 
persistence in high‐nutrient systems could be their ability to use excess nutrients to increase 
growth. Previous studies have shown that increased nutrient content in basal food resources can 
lead to increased growth in detritivorous chironomids. However, it is unclear how representative 
this broad taxonomic grouping is of different genera. We fed a chironomid genera, Micropsectra, 
leaves incubated in water enriched with combinations of two levels of nitrogen (low and elevated; 
11 and 1109ug/L, respectively) and phosphorus (low and elevated; 1 and 109ug/L, respectively). 
Micropsectra fed leaves incubated under elevated nitrogen and phosphorus concentrations grew 
more (mean±1SE, 1±0.15mm) than those fed leaves from low nitrogen and phosphorus  
(0.44±0.19mm), elevated nitrogen  (0.30±0.15mm), or low nitrogen incubations (0.18±0.15mm) 
(P=0.0001). Our preliminary data suggests that some genera are able to use excess nutrients for 
growth. Generic resolution of chironomid response to basal resource enrichment can provide a 
framework for predicting alterations in community structure in nutrient enriched environments. 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ingestion and egestion, with implications for assimilation, predicting that there will be differences 
across nutrient concentrations. Response of tipulid larvae to altered food quality can lead to more 
accurate predictions of community change and trophic structure in nutrient enriched systems. 
 
 
 

A retrospective epidemiologic analysis of influenza pandemics in 
Arkansas 

 
*&31'C6-1'-&3'5,1'8B,10&'
Faculty Mentor:  Ben Rowley 

 
The purpose of this study is to compare and contrast influenza mortality in Arkansas during the 
pandemics of: 1918 (aka Spanish flu), 1957, 1968, and 2009 (H1N1, aka Swine flu).  Death 
certificate and U.S. census data were gathered and analyzed for statistical differences in 
mortalities based on sex, age, and geographic regions of Arkansas for each pandemic.  The 
geographic regions were defined by the five Public Health Units classified by the Arkansas 
Department of Health.  Regional mortalities were also analyzed across all pandemics to investigate 
how the different pandemic influenza A viruses affected each individual region.  It was 
hypothesized that males presented higher mortalities than females and the more rural regions 
exhibited higher proportional mortalities than the urban regions.  The young and old populations 
were believed to present higher mortalities for the pandemics, with the exceptions of the two 
H1N1 viruses.  It was hypothesized that these two pandemics presented higher mortalities in the 
young adult and middle‐age groups.  Chi‐square analyses for each pandemic showed only the 1918 
pandemic had statistical differences between male and female mortalities (p<0.005).  All 
pandemics showed statistical differences in mortalities across age groups.  Analyses across the 
regions found statistical differences in mortalities for all pandemics except 1968 (p>0.5).  Data 
showed the more urban regions sustained higher proportional mortalities than the rural regions.  
Over the course of the century, the four pandemics resulted in decreased mortalities throughout 
the state.  Regional mortality rates offer a suggestion as to which areas or regions to focus 
increased public health efforts during future influenza outbreaks in Arkansas.  With this 
knowledge, health professionals may be able to distribute limited response resources efficiently to 
reduce mortality rates of future pandemics. 
 
 
 

Activation of the ERalpha and ERbeta pathway downregulates 
voltage‐gated Ca2+ channels in coronary arteries 

 
D%$$'C6-1 

Faculty Mentor:  Brent Hill  
 
Our lab has previously demonstrated that a physiological concentration (1 nM) of estrogen (E2) 
can downregulate voltage‐gated, L‐type Ca
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homogenized for Western blot analysis using an antibody reactive to the VGCC alpha1C subunit.   
Our preliminary results suggest that the E2 induced VGCC downregulation is mediated through 
ERalpha/beta, and not GPER. Furthermore, ER activation by E2 in endothelium intact arteries 
have an increase in protein kinase G expression (known to inhibit VGCCs), decrease in VGCC 
expression, and less coronary arterial reactivity. Overall, our results suggest that the classical ERs 
can be therapeutically targeted in postmenopausal women to reduce the density of VGCCs. 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Genetic Analysis of Two Central Arkansas Blackspotted Topminnow 
(<,&3,#,$'%#"=->0,$) Populations using Amplified Fragment Length 

Polymorphisms (AFLPs). 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Do headless males really make better lovers? Sexual cannibalism in 

Carolina mantids 
 

F1#0'A,6#01'-&3'8">9'5-="$ 
Faculty Mentor:  David Dussourd 

 
Sexual cannibalism has been noted in several mantid species including the indigenous 

Arkansas species, Stagmomantis carolina.  Females commonly consume the heads of courting 
males; remarkably, the male is often still capable of attaching to the female. Whether these 
headless males can actually transfer sperm and fertilize eggs has not been determined for any 
mantid species.  We collected S. carolina egg masses from the Railroad Prairie Natural Area 
located near Hazen, AR. and reared 100 mantids to sexual maturity. We observed sexual 
encounters between randomly chosen pairs for ~ 24 hour periods. Males were cannibalized in 17 
of 45 matings, but the male attached to the female in only one of these. Females starved for longer 
periods more frequently cannibalized males. In addition, females generally consumed smaller 
males regardless of female size suggesting female choice based on male size. After mating, females 
were provided with unlimited food. Egg masses produced by females are currently being hatched 
in the laboratory; they will allow us to determine if cannibalized males fertilize eggs as effectively 
as intact males by comparing fertilization ratios. 
 
 
 

Macroinvertebrate Community Structure in Intermittent and 
Perennial Ozark Streams 

 
.,#"0'F0#$% 

Faculty Mentor:  Sally A. Entrekin 
 
Increased urbanization and water withdrawal have altered the natural flow regime in streams, 
causing increased stream drying, declines in water quality, and local extinctions.  The hydrology of 
perennial streams may become more similar to that of intermittent streams as a result of 
increased stream drying and flow variability.  We predicted that the macroinvertebrate 
community of intermittent streams would have a greater proportion of taxa with drought 
resistant traits than the perennial macroinvertebrate community.  We quantified the density of 
macroinvertebrates with traits such as size at maturity, desiccation resistance, generations per 
year, and rheophily in intermittent and perennial streams in the South Fork Little Red River 
watershed.  We expect drought resistant traits to enable macroinvertebrates to utilize refuge in 
drying streams such as isolated pools and the hyporheic zone.  In the future we plan to quantify 
the density and community composition of macroinvertebrates using the hyporheic in 
intermittent versus perennial streams. 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night. I predict that pools with P/R <1 will sustain a more diverse macroinvertebrate community. 
Diversity can be influenced by basal resources, and I expect that a pool with high litter input will 
have greater diversity due to the introduction of detritus, which serves as a food source for 
macroinvertebrates but does not consume oxygen. A diverse macroinvertebrate community in 
headwater streams exports energy to downstream food webs through organic matter processing 
and invertebrate drift. Because intermittent streams make up more than half of total stream 
length in the Ozark Highlands, it is important for scientists to understand how habitat isolation 
can affect macroinvertebrate communities in headwaters. 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sinense pollination biology. I will examine two L. sinense pollination life history traits: self‐
compatibility and flower phenology. I will determine self‐compatibility using pollinator exclusion 
bags and hand pollination. I predict that L. sinense is self‐compatible because of its invasive 
success. I will describe flower phenology by examining flowers daily during the bloom period. I 
will also examine two aspects of L. sinense pollination that could contribute to competition with 
nearby plant species: the insect pollinator community and pollen loads on L. sinense stigmas and 
insect pollinators. I will identify the insect pollinator community on L. sinense by hand netting in 
various locations. I predict that the insect pollination community will consist of similar generalists 
at all locations because of its exotic and pervasive nature. Lastly, I will identify the pollen on L. 
sinense stigmas and insect pollinators as either homo‐ or heterospecific by removing the pollen 
grains and mounting them on 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likelihood and Bayesian trees using MEGA and MrBayes show greater genetic divergence within 
this species than previously recognized.  With additional study some of the more divergent groups 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plan to gather longitudinal population data from multiple rivers in the state and observe the 
upstream movement of young eels at select dams on the lower Arkansas and White Rivers. The 
goal of this study is to assess the effect of certain dams in the Mississippi River drainage system on 
the upstream movement of the American Eel. 
 
 
 

Nursery habitat function of small, low‐order tributaries: An often 
overlooked feature of river‐floodplain ecosystems. 

 
:;6"$'8-,$ 

Faculty Mentors:  Reid Adams and Lindsey Lewis 
 
Floodplain habitats have been shown to provide important spawning and nursery habitat (e.g, 
oxbow lakes, backwater, and seasonally inundated floodplain); however, little attention has been 
directed specifically to the function of low‐order floodplain tributaries that are seemingly 
undervalued. Despite their visual resemblance to drainage ditches, lowland, floodplain tributaries 
provide permanent access to seasonally inundated habitat important for spawning.  Similar to 
oxbow lakes, floodplain tributaries may provide low velocity habitat conducive to growth and 
development of floodplain resident fishes and migratory fishes prior to recruitment to the main 
channel.  From 2007 to 2011 three first to second‐order lowland tributaries of the Fourche LaFave 
River, AR (Caney Creek (CC), Lawson Creek (LC), and West Fork Mill Creek (WFM)) were sampled 
for richness and abundance of young‐of‐year (YOY) fish species (CC 2007, LC 2007 and 2008, and 
WFM 2007, 2008, and 2011).  Each sampling event was comprised of 3‐4 seine hauls per stream 
section (upper, middle, and lower) and 1‐2 overnight mini‐fyke net sets per section.  Sampling was 
undertaken to monitor post spawn species richness and abundance and analyze trends across 
years of varying hydrologic conditions.  Across all years, tributaries, and gear types, approximately 
42 YOY species were collected.  The young‐of‐year fish fauna among tributaries was very diverse 
containing ecologically important fishes (Dorosoma petenense and D. cepedianum), recreationally 
important fishes (Lepomis macrochirus, L. gulosus and Micropterus salmoides), and species of 
conservation concern (AticNBbi:p p If  oekrllFoekFotdekoeMrMcenFnyyehhhhiPhhhhhNj mI z q rMyHuJh h h Bbi:pjM Ij I .hm BboeFh Pk did:.i
cm EI .h h h .h h h Im BbiPvSauyf  .vpp I macrochirusM IDonuyei:iPhhhh h:iPhPhhylFSro: Bbiv  did:.i
cm EI .h h h .h h h Im Bbi.h . h hlF
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Chemistry 
 
 
Radiocarbon dating rock art using a multi‐sample plasma oxidation 

system 
 

E0&&%&'/-40$?':-$01'@;,6+06?'.06021'(->901?'-&3'.%$;'E%070&'
Faculty Mentor:  Karen L. Steelman 

   
Our laboratory designed, built, and utilized a multi‐sample plasma oxidation system in order to 
radiocarbon date over 50 rock art samples collected along the Canning Stock Route in Australia. 
Being able to process multiple samples at once significantly increased productivity. Each sample 
was pretreated with dilute base to remove humic acids prior to oxidation in a glow discharge. 
Collected carbon dioxide was analyzed using accelerator mass spectrometry. Results range from 
modern to 5000 years BP. In addition to supplementing the current archaeological record, these 
radiocarbon ages have assisted the Martu aboriginal community in implementing sustainable 
tourism in the Martu Native Title Claim area. 
 
 
 

Color Chemistry as a Theme for Chemical Education: Lessons from 
Natural Dyes and Dyeing 

 
("$;-#'/0&$%&'

Faculty Mentor:  Richard M. Tarkka 
 

Over the past two years, we have been implementing new and modified laboratory experiments 
into the organic chemistry sequence. These experiments better reflect the principles of green 
chemistry and sustainability. In pursuit of this work, I have been studying the properties of 
natural dyes extracted from native Arkansas plants, specifically goldenrod, sumac, elderberry, and 
pokeberry.  Those properties include color, solvent interactions, mordant effects, and dye fastness 
as a function of the structure of both dye and the media to which is it applied. Though none of the 
dyes were fully characterized, much could be deduced from effects investigated based on chemical 
principles of intermolecular interactions. Color chemistry as a whole draws from many areas of 
chemistry and between the sciences for a truly interdisciplinary focus of study. 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Optimization of supercritical extraction conditions to remove humic 
acid contamination from archaeological materials for radiocarbon 

dating 
 

.%&-4;-&'()'/"$;%J'-&3'*$;#01'*)'(>F"&&01'
Faculty Mentor:  Karen L. Steelman and Robert F. Mauldin 

 
In order  to evaluate  the potential of  supercritical  fluid extraction  for  the  removal of humic acid 
contamination  prior  to  plasma  oxidation  and  radiocarbon  dating,  we  conducted  a  gravimetric 
study  on  pure  humic  acid  standards  in  order  to  optimize  experimental  conditions.  Synthetic 
mixtures  of  known‐age  charcoal  and  humic  substances  were  extracted  with  neat  supercritical 
carbon  dioxide,  as  well  as  co‐solvent  modified  supercritical  carbon  dioxide  to  determine  the 
extent to which contaminating substances were removed. Experimental variables included the use 
of  a  co‐solvent  (modifier),  extraction  temperature,  and  extraction  pressure.  Utilization  of 
supercritical  fluid extraction  for sample pretreatment would allow archaeological  samples  to be 
radiocarbon dated non‐destructively. 
 
 
 

Determination of Excited State Ni+ Production in Sputtering Glow 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Identification markers between ACT scores and passing rates in 
freshman level chemistry courses 

 
@-1#%6':-$4%&?'P0&'E0?'-&3'
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toluene), and incoming aromatic ring (benzotriazole vs. 1,2,3‐triazole, 1,2,4‐triazole and 2‐
mercapto‐1‐methylimidazole. The compounds are characterized by converting them to stable 
derivatives of nickel. My study confirms that the reaction of LiTp* with 1,2,3‐triazole in toluene 
works well, yielding two stable and easily separable isomers of the form L2Ni. Reaction in toluene 
of LiTp* with 1,2,4‐triazole, followed by conversion to a nickel complex, gave an intractable solid 
that proved difficult to characterize. The reaction with 2‐mercapto‐1‐methylimidazole is currently 
being investigated. Preliminary results are encouraging. The compounds have been characterized 
with a variety of NMR techniques as well as infrared spectroscopy. 
 
 
 

Synthesis of Selenium‐Containing Amino Acids 
 

:#-"60'50$6%>;06$?'!)'D1-&'I-6906?'-&3'.%63-&'!"#906$%& 
Faculty Mentor:  K. Nolan Carter 

 
 Free radicals are important intermediates in the damage of biological molecules such as proteins.  
There is evidence that protein radicals can transfer damage to DNA, a process which could cause 
mutations and possibly cancer.  Mutated DNA can also lead to cell death, which can ironically be 
beneficial to a cancer patient by targeting his or her tumor cells. In our research, we are 
synthesizing amino acid derivatives that contain a carbon‐selenium bond. This bond can be 
homolytically cleaved by ultra violet (UV) light to produce specific amino acid radicals. Because 
proteins are merely a combination of many amino acids, a single amino acid radical can serve as a 
model for the larger, damaged biomolecule.  The synthesis for one such amino acid radical 
precursor is currently being optimized.  Furthermore, work is currently underway toward the 
synthesis of other selenium‐containing derivatives of the amino acids phenylalanine and valine.  
These compounds are being prepared from reductive amination of the corresponding a‐oxoesters.
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with troglitazone, t‐RA, or troglitazone and t‐RA.  Our data suggests that troglitazone increases 
retinoid availability within this cell line and modulates cellular proliferation and adhesion. 
 
 
 

Cation‐induced Phosphate Collapse Is Correlated to DNA 
Bending In Protein/DNA Complexes 

 
/61>0'C6-&4'

Faculty Mentor:  Lori Isom 
 

DNA flexibility is crucial in many biological functions including protein/DNA recognition, gene 
transcription, and DNA packaging inside the cell. This project involves the investigation of the 
relationship between cation‐induced phosphate collapse and DNA bending. Phosphate crowding 
around high density cationic protein residues in protein/DNA complexes was considered. In this 
project, crystal structures of protein/DNA complexes with resolution of 2.5Å or higher were 
selected from the PDB. Structures containing DNA breaks and modified bases were excluded. Each 
structure matching the criteria was then analyzed and assigned two crowding functions: one that 
reflected each phosphate’s collapse with respect to other phosphates and one reflecting the cation 
density around each ion. These values were then be analyzed for correlation between cation 
density and phosphate collapse. The resulting correlation values are then be compared to the type 
of DNA distortion present in the complex. 
 
 
 

Determination of fatty acid composition in ancient paints 
 

G#-&-'A,0##0'-&3'50609'!-44$'
Faculty Mentor:  Karen L. Steelman 

 
To identify organic binders and/or vehicles added to ancient paint in cave paintings, gas and liquid 
chromatography were utilized. One theory is that Texas cave paints were made with iron oxides, 
deer bone marrow, and yucca root. We mixed these materials to make modern paint samples  in 
order  to mimic ancient paint. The modern paint  samples were subjected  to acid‐base‐acid, base 
only,  and  no  pretreatment  washes  to  simulate  sample  preparation  for  radiocarbon  dating. 
Afterwards,  fatty  acids  were  extracted  and  analyzed  using  gas  and  liquid  chromatography 
techniques with mass spectrometric detection. Derivatization of the fatty acids was necessary for 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Polymerization of acetylenes Catalyzed by 
[Hydridotris(pyrazolyl)borato]rhodium(I) Complexes 

 
German R. Perez 

Faculty Mentors: Richard M. Tarkka and Patrick J. Desrochers 
 
Our previous work showed that in KTp*(a compoun
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accomplished  by  increasing  outreach  activities.  A  key  aspect  to  making  our  outreach  more 
prominent  is  increasing  recruitment  while  maintaining  a  high  level  of  motivation  and 
participation in our current membership. Our student chapter is a registered student organization 
on campus. We have participated in new on‐campus events, community events, and social events. 
Bi‐weekly  meetings  have  been  enhanced  by  chemical  demonstrations  and  door  prizes.  Our 
chapter has seen a significant increase in membership activity at chapter meetings and all events. 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Computer Science 
 
 

A CUDA Approach: Revisiting CInDeR Collision and Interference 
Detection 

 
*-6%&':6-7N%63?':%31'A,3$%&?'-&3'5%B,$>-&'L%R06" 

Faculty Mentor:  Sinan Kockara 
 
In the realm of simulated environments and graphical rendering, one of the more prominent 
bottlenecks is collision detection. Recognizing the excessive power of new Graphical Processing 
Unit (GPU) hardware, many proposed GPU‐based solutions to this bottleneck have been produced, 
such as CULLIDE and CInDeR. Collision and Interference Detection in Real‐time, or CInDeR, utilizes 
pure OpenGL calls on the GPU to implement virtual ray‐casting from the edges of objects rendered 
in a given scene to detect collisions. The number of faces the virtual ray passes through is counted, 
such that an even number suggests a ray has penetrated an object completely. An odd count 
suggests that a ray was cast from within another object, which can only be true if a collision has 
occurred. The colliding objects’ IDs are encoded in the color buffer provided by OpenGL and read 
back to the CPU. Granted this, this research specifically tackles the problems inherent in the 
original implementation of CInDeR, which include GPU to CPU communication overhead, as 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produces local tertiary structure based solely on the amino acid sequence of an unknown protein 
segment. The model utilizes sequential motifs conserved beyond protein homologies to generate 
clusters of a given training set to begin building the model. Decision trees are then trained on each 
cluster, incorporating secondary structure information to refine and further extract the sequential 
motifs present in the clusters. These decision trees then can decide if an unknown protein 
segment is a member of a cluster. If it is, the structure of the unknown protein is predicted to be 
the average structure of the cluster. As this model produces predictions at a local scale based on 
similarity measures that transcend protein family boundaries, the FGK‐DF model can be applied to 
a greater range of unknown proteins than other conventional approaches. This research not only 
steps through this process and logic, but also shows the results in predicting over a half million 
protein segments using the FGK‐DF model in terms of accuracy and coverage.  
 
 
 

Developing A Fetal Disorder Diagnosis System 
 

*-6%&':6-7N%63?'F-60&'C"#206?'@6-="$'.%&0$?'-&3':;-$0'("4>;0##'
Faculty Mentor:  Victor Sheng 

 
The purpose of this research project was to develop a system for predicting neurological and 
growth disorders among fetuses. The data used is attributed to the University of Arkansas for 
Medical Sciences (UAMS) and the novel application of their SQUID array for reproductive 
assessment, or SARA system. For ease of use in various algorithms, incoming data pertaining to 
gestation week, stimulus application, and heart rates was stored in the attribute‐relation file 
format (ARFF). Converting this data required manipulation of the provided cardiac cycles as well 
as filtering of erroneous data. Using the Waikato Environment for Knowledge Analysis (WEKA), 
this data was run through many widely used algorithms to set a benchmark for prediction 
accuracy. Though the decision table algorithm found using WEKA produced 77% prediction 
accuracy, an algorithm specifically designed for time series data, Dynamic Time Warping (DTW), 
was implemented. DTW was used to match similar patterns found in fetal heart rates in a 
nonlinear way and thus revealed hidden similarities. Early results yielded a prediction accuracy of 
55%, which is quite high for non‐discretized data. The system developed shows great promise for 
predicting high‐risk pregnancies while being adaptable for many medical purposes. 
 
 
 

Obtaining Meaning from Low Quality Multiple Label DataI

!
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algorithms. Using the Waikato Environment for Knowledge Analysis (WEKA), this data was run 
through classification algorithms including: Naïve Bayesian, Support Vector Machine, Decision 
Table, and the J48 Decision Tree. The Naïve Bayesian results gave an initial accuracy of 58%. By 
adding weights to the original binary conversion methods, we were able to achieve accuracies of 
over 80%. This shows that meaningful results can be obtained from cheap noisy multiple label 
data sources. 
 
 
 
Fractal Methods as a Prognostic Factor To Determine Malignancy in 

Dermoscopy 
 

(,;1033"&'G6>-& 
Faculty Mentor:  Sinan Kockara 

 
One of the leading cancers in the world is melanoma. In the United States, melanoma is the fifth 
most common malignancy. Dermoscopy is a prevalent method used in diagnosis of melanoma. 
Melanoma could be cured by a simple excision operation if detected early.  Dermatologists draw 
lesion borders by manually or they use some automated assessment tools for dermoscopic images. 
Shape features of lesion borders are believed to be important to characterize dermoscopy images. 
We believe that fractal properties of skin lesions may have prognostic importance. Therefore, 
primary objective of this study is to investigate importance of fractal dimensions for lesions as a 
prognostic factor. Fractal dimension is a parameter that measures irregularities. It is a quantity 
which spatially measures self‐similarity in the number of disjoint regions that the dataset can be 
divided into. Fractal dimension gives statistically sound combined information about the spatial 
distribution of lesion, volumetric content, and bulk density.  In this study, we use seven different 
fractal dimension calculation methods for 100 dermoscopy image dataset in which lesion borders 
are determined by a dermatologist and two automated methods. These set of lesions’ fractal 
dimensions are calculated by seven fractal dimension methods. The purpose of this study is two‐
fold. First is to find which fractal dimension calculation is more accurate for dermoscopy. Second 
is to realize importance of fractal dimension to determine malignancy of a skin lesion. 
 
 
 

Incremental Learning for Multi‐label Classification 
 

:%31'A,3$%& 
Faculty Mentor:  Victor Sheng 

 
Multi‐label classification, a relatively new and underdeveloped area of research in data mining and 
machine learning, is becoming an increasingly important topic as a larger quantity of modern 
applications (spanning protein analysis to music categorization) require it. Proposed solutions 
exist but often fail to account for the relationships that can exist between the component labels. 
This research proposes an ensemble approach that incrementally treats each preceding label as an 
additional attribute to train for the next label in the multi‐label set. This creates a prediction for 
each label in the multi‐label set, for each data member in the testing set. As this per‐label learning 
does account for the relationship that exist between labels, the order in which labels are treated as 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attributes has a notable impact on the results. To reduce the inherent randomness of this effect, 
the proposed solution uses a large number of the possible permutations of the multi‐label set, 
using majority voting on the final predictions to produce the final label values for the testing set. 
To compare its effectiveness, the results of running this approach on several datasets are 
compared with a similar ensemble approach, RAKEL, which uses random powersets to train its 
model. The results show that our proposed solution performs more effectively than the RAKEL 
algorithm.  
 
 
 

Classification with Latent Information from Repeated noisy Labels 
 

!)'D1-&'I-6906?'.-20$'E02%&?'-&3'*6-="&3'F"6-&'F,2-6 
Faculty Mentor:  Victor Sheng
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clustering. The experimental results indicate that GPSCAN generates exactly equivalent results to 
SCAN.    Moreover,  GPSCAN  is  considerably  faster  than  SCAN.  Depending  on  the  dataset,  this 
speedup can be up to 254‐fold or more. 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Mathematics 
 
 

Emergent Modeling: Sensing to Mathematical Reasoning 
 

F6"4"9-':;;046" 
Faculty Mentor:  Jason Martin 

 
Learning mathematics can be viewed as a human activity (Freudenthal, 1973) where a learner 
creates his formal mathematical knowledge himself by employing his intuitive reasoning. In this 
process of constructing formal knowledge, every learner has to engage in a series of mental 
challenges. Models are representations of problem situations at hand into various forms; graphical, 
symbolic, contextual, and visual, that reflect essential mathematical concepts and structures that 
are relevant for that situation (Heuvel‐Panhuizen, 2003). Emergent modeling comprises a series of 
co‐evolving sub‐models which emerge as students reorganize their models that emerged from 
their informal or intuitive reasoning. While several studies on emergent modeling have been done 
with younger students, little research has been done with calculus students. This research aims at 
placing calculus students in real life problem situations and understanding the mental challenges 
they face and resolve while reasoning about these situations. Understanding the challenges they 
face and the thought processes they undergo from applying their intuition to constructing and 
applying more formal mathematical reasoning is important as it helps to design lessons that make 
sense to students, and that allow them to create their own mathematical knowledge. 
 
 
 

Improving Gauss‐Legendre Quadrature 
 

GR0>;"0#'50B&1'
Faculty Mentor:  Clarence Burg 

 
Gauss‐
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numerical process better, with the goal of developing even higher order accurate schemes using 
only one function evaluation. 
 
 
 
Designing a Mathematical State‐Feedback Control for the Regulation 

of Blood Glucose 
 

*#0K'C6-2#"&B 
Faculty Mentor:  Weijiu Liu 

 
In this project we propose a mathematical feedback control mechanism for the regulation of blood 
glucose. A system of non‐linear ordinary differential equations is used to simulate the oscillating 
concentrations of glucose in the liver, glycogen in the liver, and glucose in the blood plasma. The 
controllability and observability of this system is then demonstrated before designing the 
feedback controller. After introducing the respective controllers, linearization techniques are 
employed to assess conditions for local stability of the modified system’s equilibrium. By 
constructing the controllers appropriately the stability of the system allows for the regulation of 
blood glucose to a predefined level.  Ultimately, these feedback controllers can be implemented in 
a closed‐loop insulin delivery system where the current state of blood glucose is known.  
 
 
 

Optimization Analysis Of Patient Waiting Time And Resource 
Utilization In An OB/GYN Clinic ‐ A Simulation Approach 

 
O"-%70"'A, 

Faculty Mentors:  R.B.Lenin 
 
Health Care providers have faced ever‐increasing pressures to deliver quality and efficient service 
while facing rising cost. One major measure for the quality of service is the waiting time of 
patients. It is necessary to make the optimal utilization of resources such as doctors, nurses and 
staff while minimizing patients’ waiting time. We developed a computer simulation model to 
achieve this goal. A discrete‐event simulation software package, called MedModel, is used in this 
study to develop the computer simulation model. The main advantage of this model is to identify 
optimal resource allocation and other changes to the virtual system before commit
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Modeling Patient Flow in an Outpatient Clinic 
 

*-6%&'(>(%6-& 
Faculty Mentor:  R.B Lenin  

 
The University of Arkansas for Medical Sciences (UAMS) opened a new facility on the west side of 
town to cater to a rising demand for appointments from obstetrics /gynecology (!"#$%&'(
patients. One of the goals of the clinic was to provide an efficient service while minimizing the 
waiting times for the patients. In order to decrease the waiting time, it is essential that the clinic 
optimizes patient flow and resource utilization.  One approach to this problem involves creating a 
computer simulated model of the clinic.  This approach would allow for certain changes to be 
made in the computer model to see if the changes would produce a more efficient system. The 
!"!#!$%&'($%&)(*&#+is project was to successfully model the clinic, using a discrete‐event simulation 
!"#$%&'()*&++(,)-(,.",(+/)0(#"'()$1()*+232*)%&!)23)#4++)"5('&$2"36))712!)5'"*(!!)238"+8(!)&)!('2(!)"#)
steps (problem definition, data collection, model building, verification, validation, 
experimentation, results, and analysis) that would allow us to successfully model the clinic.  The 
next goal was to accurately estimate registered nurse (RN) and licensed practical nurse (LPN) 
hiring requirements while optimizing physician utilization and resource availability.  After 
!"#$%"&$'()&*+),-%+#).$&*)%"&")/0-,)")1$,$#"0)234567)8#$'$89).+).+0+)":#+)&-);0-%<8+)"')-;&$,"#)
system that contained the appropriate amount of LPN’s and RN’s for the new clinic. 
 
 
 

Mathematical Modeling and Numerical Simulation of Aerial and 
Submarine Granular Flow With Erosion 

 
.%&-4;-&'@-1#%6'

Faculty Mentor:  Long Le 
'

In this thesis, a Savage‐Hutter type model is presented for a granular flow down an incline. It first 
considers conservation of mass and momentum equations, which are then scaled to generalize the 
problem for flows of varying sizes. Through integration, the equations are depth averaged to 
remove a spatial dimension for integration and calculation. The model allows for simulation of 
aerial flows and submarine flows. For the submarine flows, a frictional term is introduced for the 
interface between the flow and the water. Both settings also allow for the inclusion of erosional 
terms. For erosion, allowance is made for the transfer of mass from the basal domain to the flow 
through velocity and pressure relationships. For erosion to occur, we assume threshold values 
that velocity and pressure must both pass in order for erosion to occur. In numerical simulations, 
we explore the effects that many different parameter values have on the flow. Overall, we find that 
submarine flows travel with less momentum, are taller, more compacted horizontally, and 
experience greater shear stresses at the base. With erosional terms, more mass is introduced into 
the flow, and it thusly grows in height, as well as experiences greater shear stresses at the base. 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Physics and Astronomy 
 
 

T&'="=%'Loss of 17β‐estradiol Increase Voltage Gated Calcium Ion 
Channel function in Vascular Smooth Muscles 

 
:;-62-"&'<06&-&3% 

Faculty Mentors:  Brent Hill and Azida Walker
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transfer between the incident alpha particle and the foil could be determined. The relationship 
between energy deposited and foil thickness was most similar to a power law; though, when the 
foil is ‘thin’ (6 mg/cm2 or less) the relationship behaves in a linear fashion. Additionally, the 
accuracy of beta energy calibration was tested in order to determine the reliability of energy 
calibration results. Beta emissions from a 137Cs source were used to calibrate the detected energy 
values. Using this calibration, the energy values for the beta emissions given by a 207Bi source was 
then measured and compared with accepted values. The average percent difference between the 
experimental results and the accepted values was 4.2%. 
 
 
*Acknowledgements: Dr. Jerome Duggan, Dr. Duncan Weathers from University of North Texas 
(UNT) 
 
 
 

A Trigger for a Helmholtz Resonator 
 

.%;&'E-;2-&& 
Faculty Mentors:  Stephen R. Addison, William V. Slaton, and Carl K. Frederickson 

 
  With the use of a Helmholtz Resonator, our objective is to investigate wave coupling 
mechanisms at low frequencies. The resonator will work as an impulsive sound source which will 
be used to calibrate low frequency detectors. Acting as the resonator is a 2 ½’ stainless steel pipe 4” 
in diameter closed at both ends. Using a different assortment of flanges, we have securely closed 
off one end of the pipe.  To close off the other end we use different thicknesses of sheet aluminum 
which acts as a diaphragm held on by one of the flanges. To create the pulse, we pull a vacuum in 
the pipe to the desired pressure and trigger the resonator by puncturing the diaphragm causing it 
to rupture.  For the pulse to be used as a calibration source, the diaphragm must be
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isolate a patch of membrane electrically from an external solution and to record ionic current. This 
is done by pressing a glass micro pipette that is filled with an electrolyte solution against a cell and 
applying suction. These pipettes are usually created on site by using a micropipette puller. The 
geometry of the pipette along with the type of glass being used are the determining factors for 
what type of resistance is produced. For this study a vertical micropipette puller was used to 
produce borosilicate glass micropipettes by using two methods; the one‐step pull (commonly used 
for microinjections) and the two‐step pull (commonly used for patch clamping). Scanning electron 
microscopy technique (SEM) was used to show how the resistance varies with the tip dimensions. 
The data presented will compare the resistances of pipettes drawn from each method and confirm 
experimentally that the resistance is inversely proportional to the tip radius of the micropipette. 
 
 
 
The Impact of Scattering in the UV on the Abundance Determination 

of Yttrium in Galactic Halo Stars 
 

@6"$4-&'U309"69 
Faculty Mentor:  Debra L. Burris 

 
The goal of this research is to compare Y N‐capture element abundances as calculated by different 
versions of the MOOG software.   Originally usingMOOG as developed by Sneden (1973), Y 
abundances of old metal‐poor galactic halo stars were calculated. Because of Yttrium's spectrum, 
shorter wavelengths are more prone to the effects of scattering. The same lines are therefore to be 
used with MOOG adapted to accommodate for scattering by Sobeck and Friel(2011). This ideally 
should yield better results to contribute to the search for a light N‐capture process. 
 
 
 

Moseley's Law and Gamma Ray Angular Correlation* 
 

Jacob Teffs and Jon White'
Faculty Mentor!" !"#$%&'(#)" 

 
Moseley's Law is an empirical law determined by comparing the transition energies of electron in 
an element to its atomic number. This relation empirically determined the correct order of 
elements in the periodic table. In the experiment an x‐ray source was used to fluoresce x‐rays from 
10 different elemental samples. In fluorescence, the incident x‐ray energy excites one or more of 
!"#$#%#&!'()*$+)$!"#$*,-.%#$!($,$"+/"#'$#)#'/0$('1+!,%2$3)$,$4#'0$*"('!$!+-#5$!"#$,!(-$6#‐excites 
when the excited electrons transition back to a lower energy orbital and in the process they 
release an x‐ray with energy representing the transition. These x‐ray energy were measured using 
AMPTEK XR100SDD Superdrift detector. The energies compared well to the established values and 
were used to see their relationship to the atomic number.  In the case of Gamma Ray Angular 
!"##$%&'(")*+&+,&‐22 source was placed in between two gamma ray detectors. As the Na‐22 source 
decays, it produces an electron and a positron. The positron meets another electron and 
annihilates it. The conservation of angular momentum requires that 2 gamma rays must be 
emitted simultaneously in directions opposite from each other.  This angular correlation among 
the 2 gamma rays was tested by using a set of two BGO detectors. One of the two detectors was 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allowed to move on a semi‐circle while the other one is kept fixed. The gamma rays were counted 
!"#$%&'("%)!*'%+(*(,*!-.%+(*(,*(+%/%0/11/%-/$%/*%*'(%./1(%*21(3%4'(%-(.5#*.%!6%!5-%
measurements clearly show this angular correlation.  
 
*Acknowledgement: for assistance from the following from University of North Texas: Mangal 
Dhoubadel, Venkata Kummari, Duncan Weathers, Ph.D, and Jerome Duggan, Ph.D 
 
 
 

A Survey of Silver Abundances in Metal‐Poor Galactic Halo Stars  
 

Jacob Teffs 
Faculty Mentor!" Debra L. Burris 

 
Using high resolution spectra obtained from the Keck Observatory, we calculate the abundance of 
Silver in a survey of 13 metal‐poor halo stars. In particular, we look at two of the stronger 
absorption lines of silver, 3280 and 3382 angstroms. These lines reside in the UV part of the 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compositional ratios of calcium, carbon, phosphorus and oxygen with the location on the leg. The 
analysis of bone shows that there must be some change in the hydroxyl or phosphate group of the 
main compound of the bone, hydroxyapatite [Ca10(PO4)6(OH)2], due to hind limb suspension.  
 
†Supported by Arkansas Space Grant Consortium 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Interdisciplinary 
 

 
High temperatures in young cotton leaves may pre‐adapt plants to 

late season growing conditions. 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