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Kentucky State University is Kentucky’s unique, small, historically black liberal studies institution. In an effort to enhance the minority participation in graduate SMET programs, a team of Kentucky State University faculty members has proposed and is implementing the TEAMS project that will attain this goal. This project was funded by NSF through QEM (Quality Education for Minorities) and it is in its first year of implementation. This $5 million five year project is a pipeline for getting minority students from high school into graduate SMET programs. The pipeline consists of four phases as follows. Phase one, the Undergraduate Bridge, consists of two segments: the Senior Bridge and the Pre-College Bridge. These bridges are meant to get junior and senior high school students interested, aware and prepared for entering SMET programs at KSU. Phase two, Curriculum Reform, consists of Excel Study Teams whose objective is to develop student interest beyond the course material and enhance their performance in the gatekeeper courses through collaborative and interactive learning. Phase three, Research Opportunities and Mentoring, is designed to facilitate the acquisition of research skills and mastery of subject material through investigative work and mentoring. Phase four, Graduate School Bridge, is a collaborative effort between Kentucky State University and graduate SMET programs that offers students opportunity to work and learn with research faculty members.
Introduction
The American workforce historically has failed to be representative of the diverse ethnic composition of its population.  In recent times, tremendous strides have been made in management, finance, and ancillary areas.  In contrast, diverse ethnic representations have not moved into the areas of science, mathematics, engineering, and technology (SMET).  The relatively low level of science literacy in the U.S. makes it imperative that we tap the potential of all ethnic groups to fill SMET positions, or we risk losing our position as a leader in innovation in science and technology.  In order to increase the under-represented groups for the future, more emphasis must be placed on recruiting persons of all ethnicities into SMET undergraduate and graduate programs.  Particular attention needs to be paid to minorities who have traditionally been slow to enter these areas.  In an effort to contribute to changing the ethnic profile of individuals on the frontiers of science, Kentucky State University (KSU) has launched “Teams Enhancing Access for Minorities in Science” (TEAMS) to provide a pipeline for moving talented 

minority students, interested in pursuing careers in SMET areas, from high school through college and into graduate school.

Kentucky State University is ideally positioned to assume a leadership role in increasing the number of minority students in SMET areas. The geographic location of the University allows recruitment from cities with large African‑American populations in Kentucky and Southern Ohio.  There is also a potential for recruiting from the growing Hispanic population in central Kentucky.  KSU is one of only a few Historically Black Colleges/Universities (HBCU’s) located in the mid‑west region and therefore attracts African-American students from Detroit, Chicago, Indianapolis and Cleveland.  The University is Kentucky’s unique, small liberal studies 1890 land grant institution.  It is a residential institution with a range of traditional programs appropriate to its liberal studies role and status as an HBCU.  Degree programs in the areas of pure and applied science in Biology, Chemistry, Pre/Engineering, Mathematics and Aquaculture are able to serve as conduits for matriculation into SMET graduate programs.  KSU has a cooperative agreement with the University of Kentucky for students to complete degrees in engineering.  Students in this program are potential recruits for graduate schools in engineering.

The Pipeline: TEAMS
The overall goal of KSU’s “Teams Enhancing Access for Minorities in Science” (TEAMS) project is to increase the number of qualified minority students entering graduate schools in SMET areas.  The objectives of the TEAMS program are: 

· To provide a conduit that will facilitate the entry of high potential minority high school students into SMET degree programs at Kentucky State University. 
· To provide students with a curriculum that will challenge them in a manner appropriate for developing the skills and content knowledge pertinent to graduate studies in SMET fields.

· To promote readiness for graduate studies and awareness of the expectations placed on graduate students through first hand experiences in SMET research programs.
· To provide faculty development activities promoting more inquiry‑based instruction that will better support student development.
<br />
The TEAMS pipeline for minority high school rising seniors consists of four phases:  the Undergraduate Bridges, Course Curriculum Restructuring and Enhancement for Freshmen and Sophomores, Research Opportunities and Mentoring for Juniors and Seniors, and the Graduate School Bridge.  In all phases of TEAMS, mentoring of students by faculty and peer-leaders is paramount.

<br />
THE UNDERGRADUATE BRIDGE

Phase I of the TEAMS Program, the Undergraduate Bridge, consists of two sequential parts. (a) The Senior Bridge is designed to introduce students entering the senior year of high school to SMET fields and to foster their interest in selecting one of those fields for further study. Senior Bridge students spend four weeks on the KSU campus during the summer between their junior and senior years in high school. (b) The Pre‑College Bridge is designed to help jump- start the careers of SMET students who have been accepted to KSU.  The Pre‑College Bridge program requires a six‑week campus stay during the summer preceding enrollment at the University.  <br />
<br />
The objectives of the Senior Bridge are: 

· To provide multi and inter‑disciplinary SEM‑experiences at the pre‑college level that include strong hands‑on activities.
The program covers a four week period in the summer prior to the senior year and includes intensive classroom experience in mathematics, science, and language arts designed to strengthen basic skills as well as improve problem solving and critical thinking skills. These classes, which are taught by KSU faculty, introduce students to the college experience.<br />
· To provide early ongoing holistic educational guidance and career planning.

Students will participate in extracurricular activities that include fact‑finding trips to local area businesses which employ individuals with SMET backgrounds. The field trips will expose students to the potential careers accessible through SMET fields of study. Weekly seminars offer presentations and question/answer sessions from individuals with expertise in a variety of SMET related areas.<br />
<br />
The objectives of the Pre-College Bridge are: 

· To enhance students' problem‑solving and critical‑thinking skills and give them the opportunity to apply those skills in a college classroom environment.
Students participate in daily workshops, seminars, and hands‑on activities designed to exercise problem‑solving and critical‑thinking abilities. These activities revolve around the formation of the teams and involve a collaborative approach to learning.<br />
· To give students a jump-start on their college career.
Students complete, at an accelerated pace, two college level courses, MAT 115 Intermediate Algebra and ENG 101 English Composition I. An important aspect of the class requires the students participate in both  one‑on‑one and small‑group tutorials as well as supervised study sessions. <br />
· To enhance students' abilities to use technology in content-specific and general areas.
Each student is given extensive access to technology on and off campus.  ENG requires wordprocessing skills, and MAT 115 requires use of spreadsheets, graphical analysis, and other mathematical software.<br />
COURSE CURRICULUM RESTRUCTURING AND ENHANCEMENT FOR 

FRESHMEN AND SOPHOMORE

Phase II of the TEAMS Program, Course Curriculum Restructuring and Enhancement for Freshmen and Sophomores, is designed to enhance retention of SMET students by improving their performance in SMET “gatekeeper” courses which often are stumbling blocks for many students. Several large and/or exclusive universities use such courses to “weed out” students from their programs.  The goal of TEAMS is to increase the number of students successful in gatekeeper courses while maintaining academic rigor.  KSU’s course changes increase the exposure of  SMET students to relevant content, inquiry‑based learning, and opportunities for active learning in an effort to address the findings of an NRC (National Research Council) study [3] on the teaching of SMET courses. TEAMS has targeted the following “gatekeeper” courses in KSU’s SMET degree programs:  Principles of Biology, General Zoology, General Chemistry I and II, General Physics I and II, Physics for Life Sciences I and II, Precalculus, and Calculus.

For example, the Applied Mathematics/Pre‑Engineering unit proposed to implement a "plug and play" method in its gatekeeper Physics courses in order to accommodate more inquiry‑based learning through the use of specially designed mini‑experiments. The Physics course no longer has separate lecture and laboratory sections; instead experiments are integrated with discussion of the related topics. This change reduces the amount of traditional lecture time while increasing students' active participation in learning.<br />
In addition to exposure to curriculum changes, TEAMS students in “gatekeeper” courses also participate in Excel Workshops to enhance performance in these courses and foster comradery among the participants.  These problem solving workshops are monitored by Peer-Leaders and are modeled on Peer-Led-Team-Learning (PLTL) [1] and other methods similar to Triesman’s model [3].  The students in the Excel Workshops meet weekly.  The problems presented in Excel Workshops complement the “gatekeeper” course material.  The level of difficulty of the problems on worksheets ranges from simple to very challenging.  The more difficult problems provide challenges beyond the conventional “gatekeeper” course work.  Presentation of advanced content provides an excellent opportunity to expose students to the broader scope of the interrelation of the various disciplines of science and mathematics.  For this reason, Excel Workshops include non‑standard problems with applications to other fields of science.  A significant number of problems are of an interdisciplinary nature developed by representative faculty in SMET areas.  For example, students in General Chemistry are provided with problems ranging from the application of quantitative radioactive decay processes to decision making on the handling, storage and disposal of radioactive material.  

Although faculty hold primary responsibility for designing the Excel Workshop worksheets, the Excel Workshops are led by Peer-Leaders. These Peer-Leaders are upper level students and members of the Excel Research Teams familiar with the content of one or more “gatekeeper” courses and trained in PLTL and Treisman methodologies for problem‑solving workshops. <br />
The Lap Top Program for TEAMS students gives them anytime, anywhere access to information technology.  All TEAMS students receive a lap top computer during their first semester at Kentucky State University.  TEAMS students return their lap tops at the end of their junior year and receive a new lap top that they will keep during their senior year, the graduate bridge, and beyond. The original lap tops then are upgraded and recycled to the entering class of TEAMS students. <br />
<br />
RESEARCH OPPORTUNITIES AND MENTORING FOR JUNIORS AND SENIORS

Phase III of the TEAMS Program, Research Opportunities and Mentoring for Juniors and Seniors, places TEAMS students into Excel Research Teams (ERT) to facilitate the acquisition of research skills through specially designed investigative laboratory work and to provide the opportunity for solidifying basic knowledge in SMET areas by tutoring lower level students.  TEAMS students’ chances for success in graduate school are increased by both of these activities.  Members of Excel Research Teams focus on three activities: 1) mentoring lower level students, 2) assisting with laboratory preparation, and 3) actively participating in a research project in collaboration with a faculty mentor. <br />
Excel Research Team members serve as student mentors to the Excel Workshop students and monitor the Excel Workshops.  These mentoring and leadership activities force ERT members to constantly review the basics of their chosen SMET field.  ERT members also conduct preparations for “gatekeeper” laboratory exercises in conjunction with faculty. Such preparatory activities highlight for students factors that affect methodology in science. For example, a laboratory exercise that involves an instrument that has to be calibrated will reinforce the importance of proper instrument preparation.

<br />
ERT students must enroll in a course involving undergraduate research such as CHE 401 Research in Chemistry, BIO 410 Special Problems in Biology, MAT 460 Mathematics Seminar, or other courses in Physics and Mathematics developed to provide opportunities for undergraduate research. KSU's Land Grant Program is committed to giving fifteen TEAMS participants research opportunities with seasoned researchers. <br />
ERT participants also are required to present posters of their research in an annual TEAMS conference held under the aegis of Kentucky State University for the purpose of increasing the students' visibility to recruiting officers from graduate schools.  ERT students also compete in the paper or poster competitions of the Kentucky Academy of Sciences Annual Meeting and present their research findings at regional or national professional meetings. 

<br />
All TEAMS students must take a newly developed Graduate Studies Seminar course during their senior year. The Graduate Studies Seminar course promotes awareness of and  readiness for graduate school studies. This capstone experience exposes TEAMS students to research programs through presentations made by professionals from research universities, private industry, teaching institutions, and through field trips to research institutions.

Eventually, the TEAMS Program will develop a TEAMS web page to provide the opportunity for SEM faculty and students to form a network where they may form discussion groups, share interesting problems and ideas, be informed of research opportunities, and showcase their research activities. <br />
All TEAMS students, as well as other KSU SMET students, are strongly encouraged to apply for summer undergraduate research experience programs at various research intensive institutions after their sophomore year.  These students work side‑by‑side with a faculty mentor in a research laboratory using state‑of‑the‑art techniques to conduct scientific research and expand their ability to analyze and interpret scientific data.  Such experiences make students attractive applicants for graduate work and produce graduates possessing a much clearer view of how science works.

THE GRADUATE SCHOOL BRIDGE

Phase IV of the TEAMS Program, the Graduate School Bridge, gives undergraduate students the opportunity to gain hands‑on participation in graduate level research projects to make them more attractive to potential graduate schools.  The TEAMS Program formed a collaboration with the University of Kentucky that sends three faculty members and six students from Kentucky State University to conduct research at the University of Kentucky during the summer. This opportunity to work and learn collaboratively with a research faculty member exposes them to the experiences that graduate students face in the research environment.  They develop and conduct a research project, participate in regularly scheduled laboratory meetings, present their results at symposia and professional conferences, publish their findings, and meet others in the international community of scholars.  Although many of these students may decide to pursue their graduate studies with their mentors at UK, the international contacts made during this portion of the pipeline will facilitate application and acceptance into SMET graduate programs elsewhere.

KSU faculty participating in this program have the opportunity to continue their research at KSU involving the students in the research process and refining individual research skills.  Under this collaborative effort, the University of Kentucky will provide financial support for KSU faculty to conduct research at UK. The Program will not end with the summer. It is planned that the relationships will be ongoing, and that UK and KSU faculty members will mentor and advise students throughout their senior year and during the summer prior to matriculation to graduate school.

Initial Implementation Experience, Assessment, and Adjustments
The TEAMS Program has so far implemented the first Senior Bridge and Pre-College Bridge Programs, the Excel Workshops, and preliminary course curriculum reform.

PHASE I: THE UNDERGRADUATE BRIDGE

During the summer of 2001, a Senior Bridge and a Pre-College Bridge were held at Kentucky State University.  Both were taught and coordinated by KSU faculty.  Bridge participants were provided room and board, and received a stipend based on the duration of their program. Ten students participated in the four-week long Senior Bridge.  They worked on math and science problems, and on written and oral communication in college classroom settings.  Eight students participated in the six-week long Pre-College Bridge.  These students took two courses required of all math and science majors at KSU:  ENG 101 English Composition I and MAT 115 Intermediate Algebra.  All eight students passed both courses, and the overall GPA for the group was 3.5 on a scale of 4.  Students were scheduled for mandatory tutorials at PEP (“Peers Empowering Peers”) and CSC (Communication Skills Center), and peer counselors worked with them in the evenings.

Students in both bridges were scheduled in many outside activities as well.  Field trips were taken to the State Transportation Laboratory, the State Environmental Laboratory, Toyota Motor Corporation Engineering Center, the Research Center at Lexmark, University of Kentucky (UK) Toxicology Laboratory, UK Chemistry Laboratories, UK Physics/Astronomy Laboratories, UK Biomedical Laboratories, University of Louisville (UL) Biomedical Laboratories, UL Planetarium, the Louisville Science Museum, and the KSU Aquaculture Center.  Several speakers were brought in to acquaint students with some of the careers available in SMET areas.  An environmental geologist spoke to them from the Kentucky State Department of Geology, and a representative from the Franklin County Health Department spoke on infectious disease.  Two KSU faculty made presentations regarding their research projects in chemistry.  Another two spoke on energy in the environment and on careers in computer science.

Students also participated in scheduled recreational activities such as movies, Laser Quest, a trip to King’s Island, a Fourth of July picnic, ice cream socials, and swimming in KSU’s Exum Center.

Most participants rated the experience 4 or 5 out of 5, although several thought that the bridge programs were too academically oriented.  Many positive responses were received from parents regarding their perceptions of their son’s/daughter’s enjoyment of the bridge programs.

Bridge Implementation Problems – The original plans called for the recruitment of 25 minority students for each bridge.  Participants in the Senior Bridge were to meet the following criteria:  1) overall high school GPA of 2.5 or better, 2) high school GPA of 3.0 or better in math and/or science classes, and 3) recommendation of high school teacher or guidance counselor.  The Pre-College Bridge participants were to be 25 minority high school graduates admitted to KSU with designated majors in SMET fields meeting the following criteria:  1) overall high school GPA of 2.5 or better, 2) high school GPA of 3.0 or better in math and/or science classes, and 3) prior participation in the TEAMS Program Senior Bridge or the University's REAP (Research Extension Apprenticeship Program)  Program (TEAMS participation applies only after the first year of implementation).

When notified that NSF funding had been awarded for the TEAMS Program, the faculty wanted to defer the start date of the grant.  This was not possible for various reasons, so grant activities began in the middle of May 2001.  This left precious little time to recruit students into the Undergraduate Bridges, resulting in much lower numbers of students than desired.  In future years, recruiting will begin earlier and the above criteria will be met by students accepted into TEAMS.

The faculty decided to increase the number of freshman students in TEAMS by advertising for applicants to the program at the beginning of the fall 2001 semester.  Thirteen students were selected from the resulting pool of applicants yielding 21 freshman TEAMS students.  (See below for the criteria used for their selection.)

Bridge Implementation Adjustments – After reviewing the performance of TEAMS students during their first semester at KSU (particularly the eight students from the Pre-College Bridge), the faculty decided to make three changes to the Pre-College Bridge.  First, UNV 101 University Studies, a three credit hour course will be added to the Pre-College Bridge curriculum.  This course covers many critical topics such as time management skills, how to study, and how to prioritize activities, as well as serving as an introduction to KSU.  Second, we would like to make the summer courses more study intensive.  Survey results showed that students were not spending enough time studying based on the often suggested two to three hours of study time for each hour of class time.  We would like to get them into this habit during the summer, so that they have a smoother transition to studying for more classes in the fall.  Third, Pre-College Bridge students will attend Excel Workshops that will integrate English, Mathematics, and University Studies.

PHASE II: COURSE CURRICULUM RESTRUCTURING AND ENHANCEMENT

The NSF TEAMS faculty formed the NSF TEAMS Curriculum Committee consisting of the Curriculum Reform Coordinator and Biology, Chemistry, Mathematics, and Physics Coordinators. This committee is responsible for planning the curriculum reform and overseeing its implementation. The committee’s goal is to extend the academic opportunities that are provided for the NSF TEAMS students to all the SMET students at Kentucky State University and ultimately involve all the Divisional faculty members in this endeavor. 

The Curriculum Committee started planing in the Summer 2001 by selecting four SMET upperclassmen as team leaders. Three coordinators and two team leaders attended two training workshops in PLTL (Peer-Led-Team-Learning) and the Treisman model of collaborative learning. These workshops helped the Curriculum Committee members plan the NSF TEAMS workshops. 

Eight NSF TEAMS students attended the Summer Bridge Program and thirteen other students majoring in SMET fields were selected to join in TEAMS. Selection of these thirteen students were based on their high school GPA and being enrolled in at least one gatekeeper course in Fall 2001. The NSF TEAMS students were enrolled in one or more of the following courses: General Chemistry I, College Algebra, Precalculus, Calculus, and Principles of Biology. The students were divided into four group: mathematics, chemistry/mathematics, biology/mathematics, and biology/chemistry/mathematics. An ice-breaker workshop was conducted where students, team-leaders, and the faculty coordinators got to know each other and scheduled the weekly workshops. It is important to note that the busy schedule of the thirteen students who joined the project later caused many scheduling difficulties. Eventually, the workshops were scheduled in the early evening. Despite the late meeting time and the fact that students were tired, there was almost 100%  attendance and participation in the weekly workshops. The faculty coordinators prepared a combination of disciplinary and multi-disciplinary worksheets in accordance with the PLTL/Triesman method on a weekly basis. The coordinators  designed the worksheet problems based on the SMET topics taught in the “gatekeeper” classes. The problems in the worksheets would vary in the level of difficulty and included some open ended problems. Students worked in groups of 3-5 on the worksheet. The team leaders were not allowed to tutor or answer questions unless students had first discussed them with other group members or other groups. The goal of the workshops and the worksheets was to enhance student learning and deepen their understanding of the concepts, to encourage the students to become independent learners, to figure out ways to solve problems in a relatively independent situation, to teach the students how to function as a team in a collaborative learning environment, and to continue the group work and collaboration outside of the workshops and classes. In addition to workshop time, many voluntary tutoring sessions and group study sessions were conducted for the NSF TEAMS students by the peer leaders. 

Because this is the first year of project implementation, the team leaders are not  NSF TEAMS students. However, the team leaders have been selected from among the best SMET students. In the future the NSF TEAMS students will assume the role of team leaders. The team leaders were in charge of conducting the workshops. They were trained in how to lead a collaborative learning effort (Treisman and PLTL model) through workshops and conferences either on or off campus. The faculty coordinators were responsible for training and mentoring the team leaders throughout the semester on an ongoing basis. The team leaders led the workshops,  wrote a workshop report, and had casual conferences with the coordinators on a weekly basis. The curriculum committee members would  analyze the reports and data received from the team leaders and revise strategies if needed.

The TEAMS Curriculum Committee met for at least two hours every week discussing TEAMS curriculum and organizational matters, and developing workable plans. Almost all decisions made in these meetings were promptly implemented or are in the implementation process. The actions taken are as follows. 

· Additional tutoring sessions were provided for TEAMS students who had an average of below B in one or more of the gatekeeper courses. One section of General Chemistry I and Precalculus were added to the Spring schedule and the TEAMS students who were at risk in those classes were registered.  

· The course MSC 171, Mathematics and Sciences Laboratory, was developed and is offered in Spring semester at 4:00 p.m. The course offers one semester credit hour and has opened the Excel workshops to all the SMET students. In its first semester offered, it has attracted at least two SMET students who are not with the TEAMS project. It is our hope that more sections of MSC 171 will be offered in the future. 

· Two Mathematics and Sciences faculty members who were not originally part of the TEAMS Curriculum Committee are now involved with the committee and Excel teams. We are encouraging more faculty members to be involved in the curriculum reform process not just in the form of developing new courses but also in revising the gatekeeper and upper level SMET courses to enhance the pedagogy and integrate research methods. 
· The biology “gatekeeper” courses BIO 111, Principles of Biology, and BIO 210, General Zoology, are undergoing course content changes and teaching methodology changes.  Two scientific writing assignments are being added to both courses.  Each will require students to report on an experiment they have conducted in the format of a journal article.  This will prepare the students for their research and scientific writing experiences in BIO 410, Special Problems in Biology, and BIO 401, Biology Seminar.  Both courses also will become web-enhanced to increase the exposure of our students to information on the Internet and to broaden their access to pertinent information.  Group work will be made a part of both courses as appropriate.  General Zoology will meet three hours for lecture/discussion and three hours for lab instead of two hours for each, and the content and activities will be adjusted accordingly.  KSU students are particularly weak in the area of diversity of organisms, so lectures will be enhanced with Power Point presentations of pictures and diagrams of “critters.” 

· An in-house evaluation survey was developed and given to the TEAMS students during the last workshop. The results of the survey were discussed in the TEAMS Curriculum Committee and a few revisions were planned to be implemented during the spring semester and for the summer bridge program.

The changes planned for the near future are as follows. 

· The faculty coordinators will monitor the progress of the TEAMS students in the gatekeeper courses continuously for early intervention if necessary. Students who drop below an eighty percent average will have to be tutored by the team leaders, faculty coordinators or the University’s tutoring center. 

· TEAMS students will be given pre-workshop assignments to be prepared for and gain the most from the workshops.
Anecdotal Experiences
Our sample sizes are too small to statistically analyze TEAMS students for improvements, but we made a number of pleasant anecdotal observations.  First, TEAMS students have a better developed sense of belonging and comradery than most incoming freshman.  Second, although some TEAMS students did poorly on their first exams (D’s or F’s) they did not mentally or behaviorally bail out on us.  Instead, they attended class and lab, were active learners, and kept plugging away.  One student in particular, who we were convinced would not be able to make up for early poor test and quiz grades stuck with the program and passed the “gatekeeper” course.  These students reveled in improved quiz grades and literally jumped for joy when they scored well on exams.

Conclusion
Although the TEAMS Program is in its infancy at KSU, we believe that it will ultimately improve recruiting, retention, and graduation of SMET minority students providing an outstanding pool of potential SMET graduate students.  Commitment to success among TEAMS students appears greater than in the general SMET population.  We can understand this from our own experiences.  Truth be told, the faculty were more than a bit apprehensive about taking on the TEAMS Program.  But, like our students we persevered in the face of adversity, we learned to function as a team, and we did a great deal of collaborative problem solving of our own.  Fortunately, our team did not have any slackers or persons with negative attitudes, and our sense of humor stayed intact as our Friday afternoon meetings dragged on.  We have certainly benefitted from our group learning experience.  We can only hope that the TEAMS students do to!
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