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Kentucky State University is the Commonwealth’s only historically black university, with a total enrollment of approximately 2300 students.  Recently, we have initiated summer undergraduate research programs in collaboration with other research universities. Students from KSU participated in a six week summer research program at the host university.  Last summer, two of our chemistry students conducted research in the area of multiwalled carbon nanotubes (project funded by Kentucky EPSCoR program). We have also initiated innovative research projects at KSU.  Examples include supercooling low-melting metal droplets using a solid-in-solid suspension technique.  The method requires suspending the metal droplets in fine alumina powder.  Subsequently, a differential scanning calorimeter is used for melting and slow-cooling  the liquid metal droplets.  This technique can be used to study supercooling behavior in a number of other low- melting metals. These experiments allow us to  incorporate nucleation kinetic theory and experiments into an undergraduate physical chemistry course, and to give undergraduates the opportunity to study nucleation phenomena in supercooled liquids. These activities foster within undergraduates the familiarity 

with current research areas such as nanotechnology.

Introduction
In today’s global economy, the workforce is more dependent on science and technology than ever before.  In some sectors of the economy, for example in computer science, an increasing number of American corporations are depending on overseas workers to get the job done.  We still have a long way to go in order to have a domestic workforce that is well trained in science, mathematics, engineering, and technology (SMET) area.  

The National Science Foundation and several other private and public agencies have recognized the problem and have initiated a number of programs to help rectify the situation.  Some of these programs, including the NSF funded Science, Technology, Engineering, and Mathematics Teacher Education Collaborations (STEMTEC), have focused on future K-12 teachers who will prepare the next generations of college students.  However, as the 1996 NSF final report of the Review of Undergraduate Education in SMET pointed out, teacher preparation is just one part of the continuum of SMET education [1].  This continuum stretches from pre-school through graduate work.

Although the various parts of the continuum tend to function independently in the United States, the fact remains that they are highly interdependent.  For example, undergraduate SMET education depends on well prepared body of K-12 students, which in turn depends on faculty who come from graduate schools and other teacher preparation programs [1].  In this loop, undergraduate SMET training serves as the foundation of future K-12 science teachers.    


In order to attract students who are truly dedicated to K-12 science teaching, we need to encourage them to think about teaching as a career.  How do we accomplish this daunting task, especially when the higher paying jobs in the technology area continue to attract most of our best and the brightest SMET students.  In my opinion, the short and easy solution to this problem is to raise teachers’ salary substantially through a national effort led by the federal and state government.  However, we know that is not likely to happen in the near future.  Therefore, we need to consider all other options in an effort to increase the number of future SMET teachers.  I believe two of the most important things we can do to accomplish this goal is to 1) increase diversity and 2) to incorporate innovative undergraduate research to motivate them to pursue graduate studies in science.  

1. Diversity

The diversity of the American population is unique, and it is one of the strengths of this society.  However, this diversity is not reflected in the population of graduates at the post secondary level.  For example, blacks makeup 12 percent of the U.S. population, they receive less than 1 percent of doctoral degrees, and only about 5 percent of the bachelors’s degrees in SMET disciplines [2].  These figures do not get much better for any one of the minority groups alone or all minority groups combined together.  

America’s changing demographics makes it necessary that we coordinate our efforts to rectify this situation.  The ultimate goal of any effort to improve undergraduate education and prepare future teachers in SMET disciplines is to ensure that all students have access to quality education.  

A number of programs have been initiated over the years to address this issue.  In one of the earliest reports of its kind, the 1975 National Academy of Sciences report of the Committee on Minorities in Engineering conducted a survey and made several recommendations [3].  Evidently little has changed over the years.  Almost all the recommendations made by the committee still apply to our current situation.  It would be wise for us to look at some of these recommendations as we continue our efforts in this area.  The committee noted that the most economically and educationally disadvantaged minorities often lack rigorous academic preparation for engineering disciplines, and that minorities do not have family or peer models to emulate in choosing a career.  These are the two primary reasons why I would argue that faculty mentoring and getting these students in some form of research will go a long way in motivating them to finish their study in SMET disciplines.  

The National Academy of Sciences report also noted that no single formula or model can be used for all institutions and disciplines in developing a minorities program in engineering.  In spite of limited resources, I strongly believe committed faculty can find various ways to get students involved in innovative research.  The National Science Foundation also recognizes the need for funding undergraduate research.  They have been funding Research Experience for Undergraduates (REU) programs throughout the country.  We encourage all our chemistry students to apply to the REU programs of their choice.  This program is particularly beneficial to students from small colleges, like KSU.   

2. Undergraduate Research    
We are placing considerable emphasis on research experience for our students because this experience is considered to be the most important factor in motivating them to pursue graduate study and their overall success.  We have been getting students involved in undergraduate research for the last several years with some success. We are finding that even average students are more motivated when they participate in independent research activities. I would suggest the following strategy for a successful implementation of this approach:

1. Identify and motivate students to pursue SMET disciplines at an early stage of their college careers, preferably when they are enrolled in one of the gate-keeper courses, traditionally considered to be general chemistry or physics, biology, and first year calculus courses.

2. Establish a strong mentoring program between these students and faculty along with upperclass SMET students.

3. Establish summer research programs for these students with other regional research institutions. This is particularly important for institutions without SMET graduate programs or adequate research infrastructure. 

Located in Frankfort, Kentucky State University is only about thirty minutes from the University of Kentucky which is a large research university.  KSU is also within an hour’s drive from the University of Louisville.  Recently, we have established collaborative efforts with these universities.   Under these collaborative agreements, Kentucky State University SMET students spend part of their summer at these institutions for research.  We have also initiated some research that the students can perform on campus. As a 1890's Land Grant university, Kentucky State University also has a strong research program in agricultural science and aquaculture. 

This diversity in research options also allows students to explore their interest in various areas. In most instances, students register for an undergraduate research course in their major field and receive appropriate credit.  I would like to outline the nature of some of these research activities involving our students. Since my teaching area is chemistry, the examples I will provide involves research in chemistry and material science.

One of the simplest ways to get students to do literature research and at the same time collect some experimental data is to incorporate some research oriented experiments in higher level courses, for example in the physical chemistry course.  Using a differential scanning calorimeter and a previously developed technique, students in the physical chemistry course study supercooling in low melting metal droplets.  This relatively simple experiment allows them to research nucleation phenomena and  metastable state of matter.    

Recently, Kentucky State University  received a five-year “pipeline” grant from the NSF.  Our program is called “Teams Enhancing Access for Minorities in Science (TEAMS)”.  The primary goal of this program is to increase the number of underrepresented minority students in SMET disciplines.  Details of the NSF-TEAMS program is being outlined in a separate paper in this conference.   

Under a separate “graduate school pipeline” grant from the Kentucky EPSCoR program, two of our Chemistry Students conducted six weeks of summer research at the university of Kentucky.  Last summer, these students worked in the area of Nanoscience.  The National Science Foundation considers research in carbon nanotubes and nanotechnology one of the priority areas.  This type of undergraduate experience motivates students to consider joining nanoscience research at the graduate level.  

Over the next several days, as we focus on improving college Math and Science teaching for all students, and debate on various ways to improve student learning and stimulate thinking about teaching, we should consider incorporating undergraduate research as one of the means of accomplishing our objectives.  In fact, I believe all students who are considering teaching in an SMET discipline as their future career should be involved in some form of undergraduate research.  As long as we have dedicated faculty who are committed to this process, I am confident we will make progress in preparing well-trained future K-12 teachers who in turn  will be preparing the next generation of college students.
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