Research Areas
Biology
1)  Dr. Edie Hardcastle
My current research area is documenting the plant species diversity in southwestern Indiana.  My specific objectives are to coordinate with a botanical research group that is compiling a checklist of the flora of Indiana and to contribute to an effort to more thoroughly document Vanderburgh, Gibson, Warrick, and Posey counties.  Because Evansville and southern Indiana are at the southern-most tip of the state, it has a flora that contains plant species that are to the northern-most extent of their range.  It has been documented that areas of a state that do not contain a major research university tends to be under-represented in the number of plant species that actually inhabit the area.  It is likely that this systematic effort to collect, identify, and catalogue species in the area would result in multiple new records of plant species including county records, and possibly new state records.  Specific methods would involve systematically visiting different ecological habitats in the region and bringing plant species in flowering and fruiting condition back to the lab to press and preserve.  Once the collected plants are dried, they would be identified to species, and then compared to existing plant lists.  New species records in the area would be summarized and present to the scientific community.
2) Dr. Henri Maurice
My research interests focus on the role of the environment and plant growth regulators on the growth and development processes in flowering plants.  In one group, the geophytes (plants that produce bulbs, corms, tubers, rhizomes) a few species have been very well studied but many others have not been studied extensively, if at all.  Seed germination; induction and breaking of dormancy; induction of bulbs, corms, and tubers; floral induction; development, opening and senescence; and basic yearly growth processes all merit further study in some species of current commercial value as well as lesser known species.  Students would be able to study on the several areas including the environmental and hormonal factors that affect seed germination of species such as Alstroemeria, Amarlyllis, Cyclamen, Galtonia, Gloxinia, Freesia, Lily, Ranunculus, Tuberous Begonia and others.  Students would learn to set up controlled experiments, make plant hormone solutions, describe the germination process and early seedling growth.  While there is not a huge body of literature on germination of geophyte seeds students will nonetheless read some primary literature describing such studies in the few species that have been examined.
Other students will be able to study seedling growth and the initiation of the bulbs, corms, and tubers.  By manipulating environmental conditions and applying plant growth regulators, the students would be able to determine those conditions favoring storage organ formation.
One last area a student can choose to study is flower opening in Portulaca, Tigridia, or Mirabilis jalapa.  The flowers of the species to be studied open only once and then they senesce (die).  Their timing mechanism is such that the flowers open at a certain time during the day.  Within several hours the flowers begin to senesce.  Within 24 hours the flowers are totally senesced.  Students would study the environmental factors and possibly the role of growth regulators that serve as signals for flower opening.
3) Dr. Brent Summers
My research interests are in a number of areas that encompass aquatic ecology, invertebrate zoology, and physiological ecology  or environmental physiology).  Recently I have funded projects in each of these major areas.  Currently, I am working on a bioassessment of the fish, macroinvertebrate, and chemical parameters of a local stream in Vanderburgh County (Locust Creek).  I have recently finished a similar study in Harrison County, IN and will be conducting a large scale fish and macroinvertebrate survey on the Blue River in Southern Indiana in the summer of 2009.  I also have several projects taking place in the lab setting that involve looking at the physiological ecology of several groups of aquatic invertebrates such as snails and crustaceans.  One of these projects is looking at respiration rates in organisms at different temperatures to determine thermal tolerance.  I would also have an interest in having a student help with the development of teaching material for several courses such as developing a teaching collection of local freshwater macroinvertebrates.
Chemistry
1) Dr. Jeannie Collins
Studying the biochemistry of morphological changes an organism undergoes at it develops is an exciting area of research.  In some cases, cancer has been linked to abnormal changes b the development of an organism.  As an organism grows, there are changes in the gene expression of many proteins which can be analyzed on both the protein and nucleic acid level.  Of particular interest are cytoskeletal proteins that are involved in cell motility and are thought to play a role in cancer metastasis.  Cytoskeletal proteins, and the genes for these proteins, will be isolated, purified, and analyzed.
2) Dr. Priya Hewavitharanage
Photochromic materials have received great attention because of their potential in various applications such as ultra-high density optical data storage, switching and display devices.  The objective of my research is to develop novel photochromic, fluorescence polymeric materials for electronic applications.  The conductivity and fluorescence of these materials will be photoswitchable and consequently will have potential applications in erasable memory and switching devices.
Synthesis of photochromic compounds will be done by using standard organic synthetic procedures.  Characterization of compounds will be done using 1H and 13C NMR, GC/MS, UV-Vis, and fluorescence spectrometry.  Polymer characterizations will be done using differential scanning calorimetry (DSC) and gel permeation chromatography (GPC).
3) Dr. Edmir Wade
My research involves the detection of explosives.  We are currently in the process of building molecules that are sensitive to TNT type explosives.  Students will  e involved in synthesizing host molecules and testing its effectiveness towards detecting TNT type explosives.  The purpose of this research is to identify a practical way to detect TNT type explosives.  Through this project students will employ and develop their problem solving skills as well as be exposed to some synthetic and instrumental techniques.  The synthetic skills will allow you to build the target molecule.  The instrumental techniques will serve two purposes (i) tracking of your progress and (ii) testing of your target host molecule’s ability to detect the guest molecule (tNT type explosives).  These skills and techniques will make you stronger students and proficient researchers.
4) Dr. Ken Walsh
My research investigates novel synthetic methods for making biologically important sugars.  These sugars are components of many naturally occurring molecules but relatively little is known about the structure and functions of the molecules containing these sugars.  The sugar containing parts of these molecules, known as oligosaccharides, are involved in many vital processes involving cell-cell recognition events including immune system control and spread of cancer cells.  The synthesis of these compounds or stable analogs of these compounds allows further study of their biological significance.  A number of different synthetic approaches to these compounds are currently being investigated.  During this project, you will get exposure to current organic synthetic techniques and modern analytical instrumentation such as nuclear magnetic resonance spectroscopy.
Engineering
1) Dr. Ronald Diersing
The objective for this research is to design a multi-objective, infinite time horizon, cumulant controller.  Once the controller is at hand, its effect on the structural vibration control problem will be simulated.  The controller will also be compared with other well known control methods.
The research methods to be used in this project will involve mainly computer programming and simulation, along with calculus and physics.  The controller design uses a series of equations that must be solved using computer software.  Once those equations are solved, the controller can be determined by also using computational software.  This controller will be tested by simulating it on a building model that is subjected to two different earthquake models.  The first model is a root mean square (RMS) model and the second is using actual earthquake data histories.   A goal of the project is of produce a controller that produces an effective building response and can compete with other well known control techniques.
2) Dr.  Glen Kissel
A motivated student is invited to participate in cutting edge research inspired by Nobel prize
winning work on the localization phenomenon.  The student must be willing to learn to use the matrix programming software MATLAB to conduct Monte Carlo simulations of a one-dimensional optical system with 5,000,000 randomized layers.  MATLAB’s matrix multiplication and other routines are used with MATLAB programs already written by the professor so that the student can generate results demonstrating the localization phenomenon.  He randomized layers result in wave energy being confined or “localized” to some extent near the point where the wave enters the layered optical system.  The simulations run by the student will determine the intensity of the localization phenomenon while relevant model parameters are changed.  Depending on the programming skills of the student, the student will be invited to make additions and changes to the programs.  Applications of the software outside the optical field are also anticipated.

3) Dr. Marco Lara Gracia
Before September 11, 2001, supply chain security for the most part focused on access control, cargo personnel and facilities protection, elimination of theft, and narcotics and illegal immigrants’ detection.  In the post 9/11 era, innovative ideas, methods, and tools are needed to support the US Government actions aimed at protecting the US ports, airports, borders, air space, highways, government and military buildings, etc.  
Students will be provided with the opportunity to learn and conduct research in areas related to supply chain security.  One research goal is to develop at a conceptual level a Risk Analysis model for supply chain security.  A literature survey on relevant topics will be required.  A second research goal is to update data used in ongoing research on supply chain security.  Collection of additional data will be necessary.  Statistical analysis of all data collected will be required.
Geology
1) Carrie Wright
The goals of this project are to:
· Improve Earth Science Education in grade schools;
· Improve Earth Science content and pedagogical content knowledge of K-12 teachers;
· Understand source(s) of student misconceptions and Earth Science topics;
· Test the validity of new and/or inquiry-based methods to teach Earth Science concepts in K-16 classrooms;
· Determine whether National Education Standards in Earth Science are being met in Indiana Schools;
· Metacognition of the GEOL 161 students at USI:  can they use it/improve it to enhance their understanding of physical geology concepts?
Methods used by Student Researchers:
· Surveys  to teachers and students
· Pre-tests and Post-tests 
· Statistical Analyses
· Hierarchical groupings of student responses on exams, pre-tests, post-tests based on the level of cognition
· Student and Teacher interviews

Mathematics
1)  Dr.  John  Donnelly
In 1852 the mathematician Francis Guthrie attempted to color a map of the counties of the country of England in such a way so that no two adjacent counties had the same color.  While doing this, he noticed that he needed only four different colors to color the map in this way.  This was eventually generalized into what is now referred to as the Four Color Theorem.  Formally, the four color theorem states that if we have a map which is divided into regions (such as states or countries) so that any two adjacent regions have exactly one continuous border between them, and do not have this border divided into two or more parts by any enclaves between the two regions, then using at most four colors, the regions in the map can be colored so that any two adjacent regions have different colors.  The proof of this fact was established in the second half of the twentieth century with the help of computerized calculations.  Recently, there has been a reformulation of the four color theorem; it has been shown to be mathematically equivalent to a statement involving vectors in 3-dimensional space.  Students are invited to use various methods in mathematics to investigate this new reformulation.  This project requires no knowledge of mathematics beyond calculus, but will provide the student with many opportunities to investigate more advanced areas of mathematics, such as combinatorics, graph theory, and group theory.  


