
Collaborative Research: Alliance between Historical Black Universities and Research Universities for Collaborative Education and Research in Computing Disciplines
1. Project Overview: Partnership for Sustained Participation of African-Americans in Computing Research and Research Careers

This proposal describes an ambitious 10-institution collaboration that will result in significant, sustained increase in enrollment and graduation of African Americans in graduate level computing degree programs and entry into research-oriented careers. Our program, based on the combined experience of committed partners, will strengthen undergraduate computing programs, create and maintain research experiences for undergraduates, and support ongoing research and teaching partnerships among faculty members. These activities will increase African Americans’ entry into computing research careers, support new faculty in maximizing their career potential, and produce a steady progression of role models for undergraduate students, indirectly increasing the participation of African Americans in computing research professions through provision of those who have the greatest effect on entry: African-American faculty.

The plan detailed in this proposal promotes research-based effective practices within several institutions experienced in developing and maintaining productive partnerships. The PIs are experienced in facilitating relationships between research universities and Historically Black Colleges and Universities and avoiding potential pitfalls. Evaluation, a key component of the plan, will furnish ongoing feedback for implementation and will carefully document and disseminate the processes that are effective and ineffective for reaching our goals. These practices will be broadly disseminated, increasing the likelihood that other partnering institutions can successfully adopt them to attain similar outcomes.

The following proposal describes the extent, reasons, and solutions for African-Americans’ under-representation in computing research careers; the alliance members, leadership, and expertise; the detailed plan for increasing the flow of African-Americans into research careers; the centralized role of evaluation; and our plan to broadly disseminate findings to targeted audiences.

1.1. Low Entry, High Attrition, Few Faculty

In spite of significant efforts to increase the number of African-Americans with graduate degrees in computing, they remain under-represented at all levels of the academic pipeline. Although eleven percent of all computing sciences (CS) bachelors degrees earned by American citizens are awarded to African- Americans [15], the numbers rapidly decline at the graduate levels. Fewer than 6.5 percent of the nearly 50,000 masters degrees awarded to American citizens in computing sciences between 1994-2001
 were to African-Americans. While the number of Americans receiving masters’ degrees is going up, the proportion of African-American citizens is rising at a lower rate, as shown in Figure 1. Worse yet, of the 4,123 United States citizens who received a Ph.D. in CS between 1994-2001, fewer than 2.5 percent were African-American: less than 13 per year [16]. Thus it is not surprising that in 2002, only four African- Americans held professor positions in the top 50 computer science research departments [17] (in contrast, 17 Hispanics and 90 Asians held professorships in those 50 departments).

1.2. Why Enter Graduate School? Low Social Support, High Social, Economic Cost 

To the extent that they learn about them from parents, educators, and their social networks, students usually make one of four choices after receiving a bachelors degree: enroll in graduate school, enroll in a professional degree program (e.g., MBA), study or travel abroad, or work [13]. Reasons for continuing into graduate school include enjoyment of learning, higher perceived social or occupational status, higher lifetime earnings, better working conditions, and less likelihood of unemployment. Unfortunately, students often do not know about these long-term benefits; instead, they know more about the costs.  Graduate school has both financial costs (cost of attendance, the opportunity cost associated with not working full time, potential debt, and low-paying post-doctoral positions) and social costs (being away from family and friends, both because of distance and because of different life styles). Women may also be influenced by their intention to raise children, since this usually reduces their ability to work continuously [19]. What is more, many minority students are first in family to go to college and prefer to begin earning wages earlier, especially in lucrative degree fields like computing. The responsibility to family often means contributing to siblings’ education expenses.
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Figure 1
: CS MS Degrees to African-Americans Very Low1
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Figure 22: Even Fewer African-Americans Pursue the CS Ph.D.

African-American students who do apply to graduate school face other potential barriers. They can appear to be less qualified on paper because they often attend less selective undergraduate institutions than do their white or Hispanic peers [18]. Students also appear less qualified if their admissions test scores are low – and research shows that Graduate Record Examination scores can be depressed as a result of “stereotype threat,” or fear of fulfilling negative racial and/or gender stereotypes about intellectual ability [1, 22, 23]. In addition, not only do African-American students face physical and social distance from their family and friends, but they can be socially isolated and yet stand out as one of only a few persons (if not the only person) of their race or ethnicity in the program. This frequently leads to a slew of problems, such as representing their entire race, facing stereotypes that they are there only because of affirmative action or quotas, being heavily recruited yet abandoned once present, and believing they have to work twice as hard to be perceived as average [21]. Another barrier is the extremely low probability that there will be an African-American faculty member, as the numbers above attest. Yet research suggests that African-American faculty members play a crucial role in retention of African-American graduate students [10, 11]. What is more, the nature of graduate education puts students at the will of the advisor. If there is a lack of trust, African-American students can experience feelings of prejudice and advisors are ill-equipped to manage the situation, potentially leading this most critical graduate school relationship to deteriorate. The lack of social support, the uphill battle of constantly proving one’s worth, overt or perceived racism, and problematic student-advisor relationships can lead to a drop in confidence and subsequent attrition [21, 23]. 

Through word of mouth, undergraduates are well aware of the increased economic and social costs of enrolling in graduate school, as well as the problematic relationships with advisors, making the job of recruiters especially difficult. For example, at the 2001 Richard Tapia Celebration of Diversity in Computing Symposium, undergraduates asked a graduate student panel about the difference between the nurturing environment of an HBCU and a majority graduate program (observed by co-PI Barker). Although the graduate students provided useful strategies for managing the social costs of distance, isolation, problematic advisors, and racism, it was clear that at least some of them were actually struggling with these retention barriers themselves.  

1.3. Research on Recruiting and Retaining African-Americans in Research Careers

The economic and social costs of going to graduate school make it difficult to recruit African-American students into the research career pipeline, and in circular fashion, reinforce the present situation, in which few role models are available to recruit (at non-HBCUs) or retain. The recruiter of African-American students for graduate study in computing has a small pool of potential recruits and competes with all the negative images and messages students have heard, true or otherwise (e.g., that employers look down upon advanced degrees) as well as the genuinely higher and more immediate salaries offered by employers. In addition, many students never consider graduate school because research experiences often occur by invitation—invitations rarely proffered to African-American students—yet research experiences are very powerful motivators for graduate school both for interesting students as well as providing opportunities to correct some of the misconceptions listed above [12]. When research is integrated into undergraduate programs, the mystery of what it means to do research is reduced and students become socialized in terms of the methods of doing and talking about research.

Research-based recommendations for recruiting African-American students into graduate programs include targeting Historically Black Colleges and Universities (HBCUs) [12], partly because 42 percent of all African Americans with PhDs earned their bachelors degrees at HBCUs [20]. Programmatic modifications for increasing participation in graduate school include ensuring high-quality interactions between students and faculty both in class and via quality mentoring, integrating research into mainstream assignments, encouraging students to attend programs where they can gather factual information about research careers and strategies for succeeding in graduate school (e.g., Richard Tapia, Grace Hopper conferences), and encouraging students to participate in research experiences for undergraduates [2, 12]. 

Retaining African-American students in graduate school requires providing professional development for faculty (e.g., how to mentor and advise effectively, deep understanding of race-influenced beliefs), ensuring social support systems for students (e.g., ability to talk to others who have a shared understanding of what one is going through – knowing one is not alone), providing early advising, and furnishing students with African-American role models [2, 20]. The latter is especially difficult, given low numbers of available faculty. The program we describe below overcomes this lack through the development of research and faculty exchanges between research institutions and HBCUs.

2. Objectives

Our ultimate goal is to increase the number of African-American faculty in research careers. We will accomplish this by strengthening undergraduate programs’ research capacity, developing research partnerships between HBCUs and research institutions, developing pathways for undergraduates to enter graduate research programs, and documenting processes and outcomes in ways that permit national scaling of our results. These objectives are detailed in the following sections.

2.1. Strengthen Undergraduate Computing And Information Technology Programs at HBCUs 

We must strengthen HBCU undergraduate programs in computing and information science if the undergraduates at HBCUs are to be successful at R1 graduate institutions. The first priority for the alliance is to build an environment that includes:

· Social, academic, and career support through peer, tier, faculty-student mentoring.

· Outreach between undergraduates at partner institutions and local community programs that increase the pipeline from high school to undergraduate.

· Collaborative learning environments for improved learning and retention (e.g., pair programming).

· Curriculum and pedagogy innovations, such as discovery-based and hands-on learning.

· Authentic learning and career experiences through design experiences and research workshops, research and industry experiences, and conference submissions.

These curricular features will be realized through the Dual Feeder model described below, faculty development and exchange for teaching, mentoring, and research, and research experiences for undergraduates and graduates.

2.2. Recruiting with the Dual Feeder Model

North Carolina A&T State University, a traditional HBCU, is in a unique capacity as a research-intensive university with a strong graduate level masters program in computational science and engineering and computer sciences provides an avenue for the innovative double feeder model shown in Figure 3. 

Figure 3: Dual Feeder Model

Educational and research programs will be established between primary undergraduate HBCU institutions in the alliance and NCA&T. This presents a beneficial peer, social, and psychological influence to the success of a truly balanced UG-Graduate partnership due to the position of NCA&T as a graduate level research-intensive institution that is also a HBCU. This research and educational experience enables graduating students by providing a stronger BS program. These students, like students at research-based majority institutions, are more likely to continue their graduate masters’ studies. This increases the participation of under-represented minorities and provides well-trained students for graduate studies in computational sciences. Faculty at these undergraduate institutions benefit by participating in collaborative research programs with faculty and researchers who are closer peers. The social and psychological advantage of the role of mentorship and presence of closer peers in the success of balanced partnership cannot be neglected.  In addition, undergraduates benefit by seeing their faculty and graduate role models conducting interesting research, seeing in those role models possible selves.

In the second arm of the dual feeder model, similar partnership and collaborations is established between NCA&T (HBCU with stronger master’s level computational programs) and research extensive (R1) institutions of the alliance with stronger doctoral level programs. Graduate faculty and student exchanges are planned between the HBCUs and R1 institutions of the BPC alliance along with collaborative, research and educational programs. Masters students will gain from the research and mentorship from the R1 institutions, and faculty collaborations with these R1 institutions will strengthen the research and graduate standing of NCA&T. This model will not only graduate students with stronger MS and research experience. The balanced Masters-Doctoral level graduate partnership increases the number of underrepresented minorities going to doctoral level programs at the R1 institutions. The students will have mentorship and peer guidance from faculty at NCA&T and R1 institutions both during the masters program at NCA&T and while working on their doctorate at R1 institutions in the balanced program. As time progresses, these interactions will not only further strengthen the current master’s level programs in computational science and engineering at NCA&T, but also lead to doctoral study in computational sciences at NCA&T. 

The phased approach in the balanced partnership approach between UG and a HBCU graduate institution (NCA&T) and R1 interactions as envisioned here is more likely to succeed due to the presence of closer student and faculty social peers. The model has great power for socializing students, allowing them to see themselves as potential researchers, and to understand the benefits of research careers. The proposed dual feeder model with the presence of closer student and faculty social peers in mentoring, motivating, and preparing stronger underrepresented students will increase the success of these students in graduate masters and doctoral programs. The result is an increase at the future professorial level underrepresented group, and a sustained life cycle of their increased participation with a larger social impact. 

The proposed BPC alliance is in a unique position to establish and develop best practices for this dual feeder model, and the success will be evaluated with appropriate assessment techniques. Most importantly, with proper documentation by experienced evaluators, the model can be scaled to include more partners from other HBCUs and R1s, and practices are applicable to other fields.
2.3. Institutionalize Two-Way Research, Graduate Education, and Teaching Partnerships

The central aspect of the alliance, that will link its undergraduate education, graduate education, research and faculty development components, is the development of true two-way partnerships between research universities and historically black universities. These partnerships will include:

· Opportunities for undergraduate students to have summer research experiences at research universities, which include mentoring and encouragement for considering graduate study.

· Pathways to graduate study at research universities for students from historically black universities that emphasize the presence of supportive environments at the research universities in addition to top-notch graduate education and research opportunities

· Joint research projects between faculty and students at partner research universities and historically black universities that include exchange visits of faculty and students between the partner institutions, research activities at both the research and historically black universities, and joint supervision of graduate students by faculty at research and historically black universities

· Shared educational delivery in support of the research partnerships, such as the use of distance education to jointly present course material, speakers, and mentoring

· Faculty teaching exchanges for short periods that also include opportunities to develop research relationships and for faculty to interact with students

The alliance will aim to have at least 2-3 undergraduate students from each of the HBCU partners participate in summer research programs at the research universities each summer. Each of the three research university partners has established summer research programs that provide summer-long research internships for undergraduate students from undergraduate minority groups – the longstanding SMART (Summer Multicultural Access to Research Training) program at Colorado which brings about 25 students each summer in a strong community environment; the GT SURE program at Georgia Tech, and the summer internships of Virginia Tech’s Multicultural Academic Opportunity Program. Students from historically black partner institutions will be paired with research universities, with preference given to having multiple students from a given HBCU go to a given research university.

Each of the partner research universities has a demonstrated record of success in attracting and successfully graduating Ph.D. candidates from historically black universities. We will build upon this record with the aim of 1-3 students from each historically black university embarking on Ph.D. study in each year. Furthermore, where possible we will couple these graduate experiences with joint research partnerships between the research universities and the HBCUs. Examples include shared interest in computational science between N.C. A&T, Virginia Tech and Colorado; and research partnerships that draw upon the strengths in human-computer interaction and cognitive science at all three of the research universities and several of the HBCUs. 

The lead institution, North Carolina A&T, will play a special role in the research partnerships. First, N.C. A&T has a history of successfully sending students to graduate study and Georgia Tech and Virginia Tech, which provides some of the base we can build on. (The partnerships also build upon strong existing alliances between Virginia Tech and Norfolk State, and between Colorado and Dillard.) In addition, N.C. A&T has thriving masters programs in computer science and engineering which will serve as a bridge for some students from the smaller HBCUs (e.g., Bennett, Dillard and Norfolk State) to earn their masters before going on to Ph.D. study at research universities. The project budget contains several fellowships to support such students; it is assumed that Ph.D. students at research universities will be supported by those schools using normal research and teaching assistantships, augmented by industrial support. 

A crucial component of our approach is the ability for faculty at HBCUs to become part of research teams involving research university partners as well. This will include HBCU faculty being committee members, and possibly primary or co-supervisors, of Ph.D. theses at research universities. It will also include undergraduate students at partner HBCUs being part of these research teams. The intent is not only to enrich the research environment at all partner institutions and provide additional encouragement to HBCU undergraduates to pursue graduate study, but also to help interested faculty to work at HBCUs while retaining a vital research career.
2.4. Create Pathways For HBCU Students To Pursue Faculty Careers 
The initial objectives of the proposal establish stronger undergraduate education programs and two-way research collaborations between HBCUs and R1 institutions. The final objective is to create programs that facilitate faculty careers for HBCU students after completing the Ph.D. A network support system will be developed to incorporate the following: 

· Two-way faculty research relationships between R1 and HBCUs that allow faculty at HBCUs to conduct shared research and supervise graduate students

· Mentoring sessions between HBCU/African-American R1 faculty and African-American Ph.D. students that discuss attractions of academic career, particularly at HBCUs

· Online support mechanisms for graduate students, managed by grads at the funded schools, reaching out to under-represented graduate students at institutions across the nations

· Weekly colloquia (perhaps teleconferenced) with undergrads, grads presenting and discussing research – sort of like a poster session, but lots of interaction. Faculty model appropriate behaviors. Purpose: socialize students into the modes of communicating, working together typical in the discipline so that by the time they get to grad school, enter a faculty position, they are quite confident that they belong in the social context.

· Industrial support for faculty at HBCUs that include collaborative research and visiting scholar programs, guest lectures at the HBCU campuses, equipment support, scholarships, and faculty appointments.

· Alumni network and mentorship for HBCU alumni. Leverage organizational networks through existing organizations such as, National Society of Black Engineers (NSBE), Society of Women Engineers (SWE), National Action Council for Minorities in Engineering (NACME), and Southeastern Consortium for Minorities in Engineering (SeCME).

2.5. Scaling and Sustaining the Project Through Evaluation and Dissemination

While the effectiveness of the strategies we employ are reported within specific research contexts, the processes and situations within which they can transfer to other institutional contexts are not known. The program described here includes an integrated evaluation plan aimed at not only improving implementation, but also documenting and carefully describing results to identify effective practices according to a number of factors. This careful documentation of processes and outcomes makes possible adoption and adaptation by a broader audience see (Evaluation Plan for more detail). Detailed description in evidence-based reports will provide the knowledge needed to understand how to generalize to other settings, leading to widespread scaling to a variety of institutions. We will disseminate through partnering organizations with wide coverage, including United Negro College Fund and National Center for Women & Information Technology as well as through other targeted venues (see Section 6). We will also share information with and learn from other NSF programs, including Linkages with other NSF programs, including LS-AMP, HBCU-UP, HBCU-Rise, AGEP, ADVANCE, and CI-Team.

3. Strength of the Partners and the Partnership 

The institutions in this collaboration have exhibited excellence in their scientific contributions to information technology and their commitment to student diversity. The proposal is a multi-institutional collaboration whose members possess a track record in promoting computing education to African- Americans through the following:

· Experience dealing with promoting success of minorities

· Shared commitment to program goals

· Evidence of prior collaborations

Each of the institutions has experience with the type of partnerships described in this proposal, at least on a smaller scale. Each of the HBCUs has worked with R1 institutions and most have prior collaborations with a R1 in this proposal; each of the R1 institutions have worked with at least one HBCU in this proposal. We point out these relations in the descriptions that follow.

3.1. Historically Black Colleges and Universities (HBCU)

1. North Carolina A&T State University (NC A&T) Department of Electrical and Computer Engineering and Department of Computer Science, Greensboro, NC – Michael Smith, Project Manager, Prof. Kenneth Williams (chair) and Prof. Song Yoon, Lead Participating Faculty

NC A&T has a long history of leading and collaborating in programs to enhance the participation of minorities, especially African-Americans, in the STEM areas. Most recently, A&T leads a very successful Louis Stokes Alliance for Minority Participation. This alliance demonstrates the university’s ability to lead large, multi-university collaborations and our profound commitment, at every level of the institution, to the inclusion of underrepresented groups in the STEM areas. This alliance has provided the university an opportunity to develop skill leading alliances composed of a diverse set of universities, similar to this proposed effort. The close collaboration of this alliance with the NC LSAMP will enhance the administrative and programmatic effectiveness of this proposed alliance.

The departments of computer science and electrical and computer engineering are the two largest departments in the College of Engineering at A&T, having over 600 students, 92% of whom are African-American. Moreover, 29% of our students are women—significantly higher than the national average. Thirty-six percent of the graduates of our programs matriculate into graduate programs. The CS and ECE departments are accomplished in the recruitment, retention and graduation of minority students. These departments are also productive researchers. The faculty are active in enhancing the infrastructure (NSF-MII: Infrastructure for Mobile Intelligent Systems), providing timely and critical graduate opportunities (NSF scholarship for service: Cyber Defenders), and contributing to ERCs (Partner institution for Virginia Tech’s CPES ERC). The departments have a long, successful history of sending students for Ph.D. study at Georgia Tech and Virginia Tech.

2. Bennett College, Department of Computer Science, Greensboro, NC – Byong Lee, Project Manager

Bennett College is a four-year liberal arts college for women. Bennett and NCA&T have collaborated on many activities in the past, included funded research from the U.S. Department of Health and Human Services and NSF. The proximity to NC A&T will help promote various aspects of the collaboration. Bennett has recently established the Partnering for Academic Scholarships and Success (PASS) program through a grant from NSF. The grant will provide scholarships to 25 academically talented, financially needy, Bennett College students majoring in computer science, engineering and mathematics (CSEM). The goals of the program are to improve educational opportunities and recruit more students in CSEM disciplines, retain students to degree completion, provide effective academic support to PASS scholarship recipients, strengthen Bennett's high-technology industry partnerships, and increase the number of well-educated and highly skilled minority female professionals and leaders in high technology fields.

3. Dillard University Department of Computer Science, New Orleans, LA – Prof. Azubike Okpalaeze, Chair, Project Manager

Dillard University is a private liberal arts university. The Computer Science Department offers tracks in Management and Information Technology. Dillard is engaged in a partnership with the University of Colorado, which includes shared curriculum development and instruction in applied math and in humanities. Dillard faculty have participated in the Colorado faculty teaching with technology program for each of the last four summers; Dillard science students have participated in the undergraduate Summer Multicultural Access to Research Training (SMART) program at Colorado for each of the last four summers and a joint student leadership program. The collaboration has been supported by approximately $1M from the Carnegie Corporation of New York, and the Mellon Foundation. 

4. Jackson State University (JSU), Department of Computer Engineering and Computer Science, Jackson, MS– Prof. Mahmoud A. Manzoul, Chair, Project Manager

Jackson State University is a research intensive university that has been designated as Mississippi’s urban university. The Department of Computer Science was established in 1972. It offers the B.S. and M.S. degrees in Computer Science, with approximately two hundred fifty students in the undergraduate program and eighty in the graduate program. It is ranked 15th in the nation in the production of African- American Baccalaureate degrees. It features state-of-the-art resources, including multimedia and high performance computers. There are research labs for distributed storage systems, visualization, geographic information systems, and remote sensing. The Department receives contracts and grants from NASA, Department of Defense, Department of Energy, Nicholas Research, Environmental Protection Agency, Lawrence Livermore National Laboratory, Mississippi State University, Army Corps of Engineers, and the Mississippi Space Commerce Initiative. During 2003, the Department established three new teaching laboratories in operating systems, networking, and systems solutions. JSU and Mississippi State University (MSU) are strategic partners within the state of Mississippi. The department plays a major role in the project “Vertical Integration for Missile Defense Surveillance Data,” a $2.2 million project sponsored by the US Army Space and Missile Defense Command. JSU leads a project team that includes University of Mississippi, University of Southern Mississippi and Radiance Technologies, Inc. JSU also has several major NSF sponsored programs including LS-AMP, HBCU-UP, and HBCU-Rise.

5. Norfolk State University, Department of Computer Science, Norfolk, VA – George Harrison, Project Manager

Norfolk State University is a large undergraduate and masters level university. Its Computer Science Department has strong research activities in wireless multimedia optimization, optimized dynamic Source routing protocol, security overhead in wireless LANs, 3D visualization systems, genetic algorithms and pervasive computing. It supports undergraduate experiences in computer science research through several programs, including a yearlong senior capstone course. Here students are matched with members of the faculty to conduct a research project - often but not always in teams. To pass this course, students must demonstrate how to express their work orally in several classroom settings and at least two public settings. The proposed alliance will create similar course models for the partner institutions. 

Norfolk State University has partnered with Virginia Tech on many occasions, including a recent grant for collaboration related to instructional technology with several HBCUs. The VITAE-HBCU (Virtual Institute for Technology Advancement in Education) was formed to develop campus technology plans, faculty and staff training, purchase and develop hardware and software infrastructure, and collaborative course development. Dennis Kafura, the Virginia Tech Department Chair, has been a member of the Advisory Board of Norfolk State University's STARS (Science and Technology Academicians on the Road to Success) project. STARS aims to create an environment that prepares students for the challenges of graduate school and the 21st century’s highly technological work place. Its goals include offering of summer enrichment programs and establishing research programs that provide research opportunities for all juniors and seniors. The Department also has several collaborative efforts with Old Dominion University involving many aspects of computer science research in communications technologies and educational development in the retention of women and minority students in computer science programs. 

6. United Negro College Fund Special Programs (UNCFSP), Washington, DC

The United Negro College Fund Special Programs Corporation is a spin-off of the United Negro College Fund, the nation’s oldest and most successful African-American higher education assistance organization. UNCFSP addresses issues at the national and international level that impact minorities and other underrepresented populations. UNCFSP’s programs include higher education partnerships, fellowships, internships, workforce development, capacity building, collaborative research, and academic exchanges.

UNCFSP brings two major benefits to the alliance: its relationships with the full spectrum of UNCF institutions and to HBCUs in general; and its relationships with the many industrial partners of UNCF and UNCFSP. By leveraging these relationships, UNCFSP will help the Alliance provide dissemination activities that go beyond the Alliance members and help foster collaborations with industry. In addition, the alliance will leverage UNCFSP’s Integrated Communication Technology Center to facilitate: 

· Semi-annual virtual conferences, where students and faculty who participate in an alliance research exchange will present their research to other alliance students and faculty. These conferences will promote research discussions, provide students and faculty with feedback from colleagues and experts, promote future collaborations, and give students invaluable experience in making research presentations. 

· Quarterly webcasts featuring prominent minority researchers in the computing. These events will be advertised and open to the entire minority academic community, and viewers will be able to engage in interactive discussions with the speakers and panelists. The sessions will be taped, edited, and placed on the alliance website, creating a library of inspirational speakers presenting their research.

3.2. Research Institutions 

1. University of Colorado at Boulder, Boulder, CO – Prof. Clayton Lewis and Prof. Elizabeth Faculty, Project Co-Managers, Prof. Skip Ellis and Prof. Alex Wolf, Lead Participating Faculty

The ATLAS (Alliance for Technology, Learning and Society) Institute at the University of Colorado at Boulder has a prominent record of leading initiatives aimed at broadening participation in computing and information technology. ATLAS is a campus-wide institute that serves as a catalyst for multidisciplinary curriculum, research and outreach involving the content and tools of information technology. Its vision is “Information Technology for All: People, Disciplines, and Communities.” ATLAS places its greatest emphasis on areas and communities that are less commonly partnered with information technology.

ATLAS has a significant history of fostering partnerships with historically black universities. As mentioned in the previous section, ATLAS has led the formation of a major campus-wide partnership between the University of Colorado at Boulder and Dillard University. ATLAS also has led a joint ITR grant between Colorado and Tuskegee University that recently concluded. ATLAS also plays a major role in the area of women and information technology. It is the main founder of the National Center for Women & Information Technology (NCWIT), and houses most of its core staff. NCWIT is a major national coalition aimed at assuring that women are fully represented in the influential world of information technology and computing. It is supported by a four-year, $3.25M grant from NSF, as well as other industrial, private and federal funds. The NCWIT infrastructure will be particularly supportive of the proposed alliance, particularly through the academic alliance (a group of universities that meets semi-annually to discuss and implement best practices) and the digital library infrastructure for collecting and disseminating effective practices. The ATLAS Evaluation and Research Group, which will provide the assessment and evaluation component for the proposed alliance, has played a major role for many years in evaluating both a wide variety of activities that seek to increase the participation of underrepresented groups in computing, including the HBCU partnerships mentioned above, and for NCWIT.

The Computer Science department carries on research programs across a wide spectrum of areas, including theory, computational science, distributed systems, security, and hardware-software interaction. Activities in human-computer interaction, telecommunications, and some aspects of software engineering are grouped in a new program in Digital and Social Systems. Many research activities link basic research with the development of applications, increasing their appeal to students whose interests include social value as well as technical and scientific progress. Application areas include education, supporting people with disabilities, and medical technology. The department also engages in many interdisciplinary collaborations. Professor Skip Ellis is one of the nation’s first African-American computer science Ph.D.’s; Dr. Thorna Humpries, a recent African-American Ph.D. graduate, is joining the faculty at Norfolk State University. The department also has a long history of involvement in the universities SMART (Summer Multicultural Access to Research Training) program.

2. Georgia Institute of Technology (Georgia Tech - GT), College of Computing, Atlanta, GA – Dr. Maureen Biggers, Project Manager; Prof. James Foley and Prof. Leo Mark, Lead Faculty

Georgia Tech and North Carolina A&T historically are the two leading producers of African-American engineering graduates in the United States. The College of Computing houses four Centers: the Center for Experimental Research in Computer Systems, the Georgia Tech Information Security Center, the Graphics, Visualization and Usability Center and the Modeling & Simulation Research and Education Center. The latest US News and World Report ranks their program as #12 nationally. In specialty areas, Graphics/User Interaction is #4, Databases is #7 and Systems is #8. The alliance will incorporate the College’s capstone design course, an intensive team-based project course in the specification, design, and implementation of software and/or hardware for subsequent use in research, industry, and teaching. This proposal will incorporate similar courses at the HBCU institutions.

The College of Computing at GT participates in a $3 million NSF grant that supports education, at all degree levels, of students in cybersecurity. Approximately $1 million has gone to support students at three area HBCUs: Clark Atlanta University, Spelman, and Morehouse. The GT SURE program brings minority undergraduates to campus in the summer for research experiences. The College of Computing participates in this program and faculty interest was high for summer 2005. Organized in 2003, the Minorities in Computer Science (MCS) student group provides opportunities for support and professional development for our minority students in the College. Activities have included invitations for joint programs with Spelman and Morehouse CS majors. 

3. Virginia Polytechnic Institute and State University (Virginia Tech) Computer Science Department, Blacksburg, VA – Prof. Dennis Kafura, Head, and Prof. Scott McCrickard, Co-Project Managers
The Department of Computer Science at Virginia Tech (VT) has a successful history of graduating African-American Ph.D. students, including students from North Carolina A&T. As mentioned above, it also has history of successful interactions with Norfolk State University (NSU). VT and NSU were partners on an NSF “educational infrastructure” award that focused on the deployment of web resources for undergraduate education. Since May 2003, department head Dennis Kafura has served on the Advisory Board for the NSF-funded “Science and Technology Academicians on the Road to Success” (STARS) program at NSU. Currently, Norfolk State is planning collaboration with VT on an NSF-CRI project in the area of human-computer interaction. The department has strong research activities in human-computer interaction, computational biology and bioinformatics, and high performance computing/ computational science and engineering.

The Department of Computer Science participates actively in Virginia Tech’s Multicultural Academic Opportunity Program (MAOP). MAOP is an academic success community founded upon the principles of self-help, mentoring, and peer support. Central to the goal of MAOP is the promotion of diversification in the student body at Virginia Tech and on the post graduate level – particularly in the science, math, and technology areas. The program has a summer research internship where majors in a wide variety of fields spend 10 weeks working intensely with a faculty mentor on a research project. This experience encourages and inspires students to continue their education towards an advanced (M.S./Ph.D.) or professional degree. 

4. North Carolina State University, Raleigh, NC 

North Carolina State University is a member of the North Carolina Louis Stokes Alliance for Minority Participation and Dr. Wisner Alexander will serve as a leader in our effort to generate effective practices for advisors of minority students—especially African-Americans. Dr. Alexander is a 1998 awardee of the Presidential Awards for Excellence in Science, Mathematics, and Engineering Mentoring (Award # HRD-9816097). Over the past 20 years, Dr. Alexander has successfully promoted the advancement of African- American students, by providing sound advice and mentoring at the graduate and precollege levels. Dr. Alexander has successfully recruited African-American students into graduate engineering resulting in enrollments of approximately 10 Ph.D. students each year from underrepresented groups over the last several years. North Carolina State University is the lead university for a three year NSF ITWF grant that involves NC A&T State University and Meredith College. The project explores the benefits of peer programming and the use of agile software practices for the recruitment and retention of students from underrepresented groups in IT educational programs and careers. Dr. Alexander and Dr. Sung Yoon are involved in this project.

4. Management Plan 

The alliance will proceed in two stages over the proposed three year grant period: a team building, baseline data collection and piloting stage in the first year; and an implementation stage in the second and third years. It will be led throughout by an executive team that will include Dr. Michael Smith (project manager), Dr. John Kelly (North Carolina A&T, PI), Dr. Lecia Barker (Colorado, lead evaluator), and Dr. Robert Schnabel (Colorado); and a leadership team that also includes the project manager from each of the participating institutions. We have found that experienced, passionate and dedicated project management is crucial to the success of such an alliance, and Dr. Smith brings a wonderful combination of abilities, relationships and commitment that will help form the foundation for the alliance. Dr. Smith’s academic experience (Tuskegee and North Carolina A&T as an undergraduate, Stanford and Carnegie Mellon as a graduate student, teaching and curriculum development experience at both HBCUs and R1s) provides him with a wonderful perspective on the entire scope of the alliance. 

The first year of the project will focus on building the team and the foundation for genuine, shared partnerships among alliance members. From the extensive experience of the team members in partnerships between HBCUs and research universities, we know well that for the partnerships to succeed, it is crucial that they begin with a significant investment of time into creating familiarity, trust and shared goals. This will be the main objective of year one. In addition, this year will be used to involve additional partners, particularly from industry, and to assure that the implementation stage is in full swing by summer and fall 2006 (year 2). The key components of the first year will be:

Weekly teleconferences of the executive team to oversee the progress of the alliance, plan leadership and faculty team meetings, make resource allocation decisions, and review other high level management issues. Three in-person meetings of the leadership team to build shared understanding of the capabilities and goals of each partner, and formulate and refine objectives of the alliance. Additional leadership team meetings will be held via the Access Grid; there will either be an in-person meeting or an Access Grid meeting each month.

Two additional “faculty” meetings that will augment the leadership team with 2-3 faculty members from each partner institution. These will be used to form relationships between faculty, and will focus on identifying shared research interests, opportunities for joint faculty research, and opportunities for students from HBCU partners for undergraduate research experiences or graduate study at the research universities. They also will help the HBCUs learn from the experiences of the research universities in teaching undergraduate capstone courses, and to plan such courses in a way that helps achieve the aims of the alliance. (To minimize travel costs, all leadership/faculty meetings will be held in central locations, such as Atlanta, North Carolina and Virginia.)

· Baseline data collection and student/faculty surveys at each institution (see 5. Evaluation Plan). 

· Further research into promising practices to use in partnerships between minority serving institutions and research universities.

· Involvement of industry and determination of its roles, particularly in helping to support African-American students in graduate study and faculty careers. The alliance will utilize the industry connections of UNCFSP as an important part of this process.

· Interactions with seniors at the HBCUs to acquaint them with graduate school opportunities at partner research universities, and M.S. opportunities at N.C. A&T, and to assure that the students apply for these opportunities.

· Interactions with juniors and sophomores at the HBCUs to encourage them to apply for summer research experiences at the research universities.

· Formation of an advisory board including dean/vice provost level representation from each partner institution that will meet twice per year via the Access Grid. Dr. Schnabel (who is a Vice Provost at Colorado) will lead this board.

· Initial documentation of the practices used in constructing the alliance.

In the second and third years of the grant, the alliance will focus fully on the goals described in section two of this proposal. The executive team will confer weekly; the full faculty team will continue to meet in person twice per year; the leadership team will meet in person an additional two times per year, and via the Access Grid or similar means in months when it does not meet in person. In our experience, this high level of interaction, particularly face to face, is critical in maintaining a strong partnership. The efforts during this period will focus on carrying out the undergraduate education, research and graduate education, faculty career, and dissemination objectives discussed in section 2, and work with the administration of each partner institution to institutionalize and sustain the alliance and its activities beyond the grant period. Evaluation during years 2 and 3 will be focused on gathering feedback for improving implementation and documenting processes to inform dissemination (please see Section 5).

4.1. Project Goals 

The objectives described in section 2 require specific implementation activities. The table below highlights the goals for each of the objectives of this alliance and the activities that address the processes by which the goals are met.  

	Goal 1: Increase quantity and quality of African-American students awarded advanced computing degrees by Strengthening computing programs at HBCUs

Activities

Develop peer, tier, and faculty-student mentoring for social, academic and career support.

Develop collaborative learning environments for improved learning, retention (e.g., pair programming)

Curricular and pedagogical innovations (e.g., discovery-based learning, hands-on learning)

Create authentic learning and career experiences (e.g., design experiences and competitions/fairs, research and industry experiences, conference submissions, incorporate Capstone courses from NSU and Georgia Tech)

Improve facilities through state-of-the-art web services, software, and hardware

Develop outreach between undergraduates at partner institutions and local community programs that increase the pipeline from high school to undergraduate. 

	

	Goal 2: Institutionalize two-way research and graduate education, and teaching, partnerships through research collaboration and curriculum outreach

Activities

Establish research relationships between faculty at HBCUs and R1 universities 

Develop summer research experiences for students at R1 universities and HBCUs where appropriate

Establish exchange visits, joint supervision of graduate students, and joint research projects

Create curriculum sharing and education outreach between HBCUs and R1 universities

Establish faculty teaching exchanges for short periods (day or week) or longer, coupled with research partnerships; include informal small group discussions with students, faculty, grads to develop relationships, permit more in-depth questioning, such as student lunches apart from faculty

	

	Goal 3: 
Increase participation of African-American students in computer science and computer engineering academic faculty careers

Activities

Create network initiatives with existing faculty and current graduate students from HBCUs

Establish two-way faculty research relationships between R1 and HBCUs that allow faculty at HBCUs to conduct shared research and supervise graduate students

Create mentoring sessions between HBCU/African-American R1 faculty and African-American Ph.D. students that discuss attractions of academic career, particularly at HBCUs

Create teleconferenced colloquia with undergrads and graduate students presenting and discussing research 

Establish industrial support for faculty at HBCUs that include collaborative research and visiting scholar programs, guest lectures at the HBCUs, equipment support, scholarships, and faculty appointments

Establish online alumni network support mechanisms for mentorship of HBCU alumni using existing minority serving organizations where appropriate


5. Evaluation Plan

Evaluation of the alliance has three goals: 1) to provide ongoing feedback to improve implementation and permit customization according to specific campus’ needs (formative evaluation); 2) to track progress both quantitatively (e.g., number of students enrolling in graduate school) and qualitatively (e.g., research experiences produce genuine learning); and 3) to document the processes by which outcomes occurred in enough detail that the program can be institutionalized and sustained, as well as adopted by others. Evaluation is provided by the University of Colorado-Boulder’s ATLAS Evaluation and Research group, which is experienced in evaluating computing education, multi-institution partnerships, and partnerships between research and historically black colleges and universities (please see bios and prior work). In addition to the ATLAS Evaluation team, program staff and faculty will contribute time to evaluation activities (e.g., brokering the administration of surveys in classes). In addition, evaluators will use and adapt existing survey instruments and interview protocols.

Evaluation will begin early in year 1 and will be threaded throughout all program activities. In addition to participation in leadership team meetings and reviewing documents, evaluation methods will include observation, interviews, and surveys: 

· Observation will ensure familiarity with the social and political context of each institution and event. Evaluators will visit each institutional partner, attending classes, “hanging out” in labs, observing student use of office hours, etc. Observation includes lurking on online discussions.

· Interviews will be conducted with faculty, students, and leadership team members. Informal and formal interviews will validate (or invalidate) interpretations from observations and elicit individuals’ perceptions of events, situations, etc. Interviews will be conducted both with individuals and using focus groups, depending on information need and sensitivity of questions.

· Surveys will be administered on a large scale at every institution. Baseline and then yearly surveys will be administered at both the masters and undergraduate levels as well as to faculty. These surveys will provide information about differences across schools, permitting customization of the program in each site, and targeted information for students and faculty at different levels. For example, the baseline undergraduate survey will elicit students’ knowledge and beliefs with respect to graduate school; their economic responsibilities; their knowledge about research and its purposes; their feelings about leaving home or their family/support networks; their career orientation (financial v. philanthropic goals); classroom and department climate issues; etc. Other focused surveys will provide ongoing feedback on mentoring, the degree to which faculty feel prepared to mentor or encourage students, faculty concerns about the project, student and faculty perceptions of major events (e.g., regional conferences), etc. 

· Tracking will be used to monitor the progress of the project as a whole: how many more students enroll in masters/doctoral study as a result of the program?  Three methods will be integrated here: records acquisition for identifying a baseline group and attrition, in-depth interviewing for understanding why students do and do not go on to graduate programs, and tracking surveys.

The following evaluation design matrix succinctly summarizes the preliminary evaluation plan. For each goal, the matrix identifies formative and summative evaluation questions, sources and methods for data collection. Some data collection vehicles will provide information for answering more than one question; some questions require more than one data source to answer.

Evaluation Design Matrix

	Evaluation Questions for Each Goal
	Source

/Method*

	Goal 1: Increase quantity and quality of African-American students awarded advanced computing degrees by strengthening computing programs at HBCUs.

	Mentoring. What preparation do faculty receive for mentoring? What are the student and faculty experiences of mentoring?
	UG, G, F, LT / D, I, S. 

	Collaborative learning environments, curricular innovation, facilities. What is the baseline level of collaboration in classrooms? What are baseline teaching methods? What preparation, incentives do faculty receive for changing the way they teach? What facilities are available?
	F, UG, G /
BY, I, D, O.

	Authentic experiences. What experiences are available now? What is student participation in experiences? What experiences are made available? What are students’ and faculty’s perceptions of experiences? How do students and faculty participate (e.g., submit papers)
	UG, G, F /
BY, S, D.

	Outreach. What preparation do students receive for doing outreach? What outreach is implemented? How do students participate? How many sites are visited? 
	UG, F / 

I, BY, D

	Tracking. How many students enroll in and graduate from advanced degree programs? Why do they enroll? Why don’t they enroll? What makes successful students successful?
	UG, G / R, I, S

	Goal 2: Institutionalize two-way research and graduate education and teaching partnerships through research collaboration and curriculum outreach.

	REUs. What REUs are set up? What is student participation? What is the quality of experience? What preparation do faculty receive for advising, mentoring students?
	UG, F /

D, I, S, O

	Research relationships. What partnerships are established? What research is done? What visits are done? What advising relationships are established? What is the quality of the advising?
	F, G, LT /
I, D, S

	Curriculum, teaching relationships. What partnerships are established? What teaching materials are shared? What is the perception of sharing curriculum, outreach, and faculty?
	F, G, UG /

S, D, I

	Goal 3: Increase participation of African-American students in computer science and computer engineering academic faculty careers.

	Research relationships. What research is done? What advising relationships are established? What network initiatives are developed? What is their quality? 
	F, G, LT /

D, S, I

	Colloquia. How many colloquia are held? What topics are discussed? What preparation do students have for discussing research, guiding each other?
	G, UG /
O, S, D

	Support mechanisms, mentoring. What mentoring events occur? What ongoing mentoring relationships are established? What preparation do event leaders and mentors receive? What support do students receive, from whom? What is the value of online support? 
	G, F /

O, I, D, S


*O = observation; BY = baseline/yearly survey; S = event- or practice-specific survey; R = records or document review; I = interviews (focus group, individual). UG = undergraduate; G = graduate; F = faculty; LT = leadership team.

6. Disseminating to Ensure Utilization

The goals of dissemination are 1) to demonstrate to other institutions and alliances the processes by which any best – or worst – practices were accomplished; and 2) to share data and outcomes that permit meta-analysis that improves understanding of under-representation.  Therefore, the purpose of dissemination of results and practices is utilization. Research shows that several factors influence utilization of research results, including provision of in-depth detail of the context in which the results were found, targeting dissemination materials and messages to the needs of specific audiences, and building the credibility of the disseminator with specific audiences [14]. Further, the audiences targeted should be those who have the power to influence and effectuate change. 

One task of targeted dissemination is analyzing the audiences who can influence change and the venues where they can be reached. We believe that the most important audiences include:

· College recruiters and advisors

· Higher education computer science and information technology faculty and administrators

· High school computer science teachers, counselors, advisors, principals

· Parents

· Social reform and assistance organizations (e.g., National Center for Women and IT, United Negro College Fund)

· Professional organizations (e.g., Society of Black Engineers, Computing Research Association)

Methods of appropriately reaching people in these categories vary. Our dissemination strategy will include presenting at relevant conferences (e.g., Tapia, Grace Hopper, SIGCSE Conferences), in relevant publications (e.g., Journal of Women and Minorities in Science and Engineering, CRA News), and by means of an informational web site. 
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		Field, citizenship, and race/ethnicity		1994		1995		1996		1997		1998		2000		2001

		All fields		389,008		399,428		408,932		420,954		431,871		456,260		466,645

		S&E		86,080		94,309		95,313		93,485		93,918		95,683		98,986

		Sciences		57,373		65,679		67,552		67,611		67,780		69,947		72,463

		Agricultural sciences		3,435		3,574		4,021		3,927		3,862		3,858		3,752

		Biological sciences		5,217		5,495		6,286		6,594		6,368		6,325		6,487

		Computer sciences		10,421		10,563		10,613		10,489		11,752		14,529		16,341

		Mathematics and statistics		4,108		3,932		3,742		3,599		3,525		3,295		3,280

		Physical sciences		5,688		5,724		5,851		5,576		5,395		4,857		5,100

		Psychology		12,274		13,132		13,043		13,633		13,146		13,708		14,335

		Social sciences		16,230		23,259		23,996		23,793		23,732		23,375		23,168

		Engineering		28,707		28,630		27,761		25,874		26,138		25,736		26,523

		Non-S&E		302,928		305,119		313,619		327,469		337,953		360,577		367,659

		U.S. citizen/permanent resident

		All fields		342,502		350,672		360,682		371,477		379,666		400,689		405,455

		S&E		65,201		72,092		73,635		72,220		71,295		70,933		71,564

		Sciences		46,216		53,534		55,305		55,393		54,742		55,600		56,696

		Agricultural sciences		2,727		2,921		3,363		3,269		3,264		3,342		3,281

		Biological sciences		4,284		4,610		5,295		5,671		5,468		5,575		5,614		total several years

		CS MS Degrees to US Citizens		6,509		6,667		6,712		6,516		6,957		7,966		8,596		49,923

		CS MS Degrees to Black Citizens		365		373		435		411		424		580		654

		Mathematics and statistics		3,013		2,816		2,712		2,606		2,499		2,184		2,050

		Physical sciences		3,918		3,972		4,117		3,932		3,898		3,522		3,689

		Psychology		11,913		12,659		12,619		13,231		12,686		13,241		13,871

		Social sciences		13,487		19,516		20,052		19,757		19,546		19,190		18,941

		Engineering		19,350		18,931		18,765		17,238		16,977		15,913		15,522

		Non-S&E		277,301		278,580		287,047		299,257		308,371		329,756		333,891

		White

		All fields		273,913		277,437		282,713		288,353		291,962		297,226		293,390

		S&E		50,711		54,610		55,349		53,769		52,328		49,850		48,792

		Sciences		36,242		40,779		41,773		41,277		40,243		38,830		38,326

		Agricultural sciences		2,261		2,447		2,918		2,809		2,827		2,864		2,782

		Biological sciences		3,453		3,642		4,131		4,395		4,212		4,179		4,124

		Computer sciences		4,286		4,354		4,353		4,105		4,277		4,435		4,541

		Mathematics and statistics		2,379		2,222		2,083		2,005		1,895		1,655		1,515

		Physical sciences		3,145		3,171		3,324		3,172		3,129		2,810		2,917

		Psychology		9,960		10,367		10,071		10,444		9,820		9,646		9,798

		Social sciences		10,758		14,576		14,893		14,347		14,083		13,241		12,649

		Engineering		14,469		13,831		13,576		12,492		12,085		11,020		10,466

		Non-S&E		223,202		222,827		227,364		234,584		239,634		247,376		244,598

		Asian/Pacific Islander																		%black

		All fields		14,559		15,906		17,281		17,912		19,936		21,412		21,946				0.0649400076

		S&E		5,422		5,989		6,328		6,180		6,554		6,990		7,045

		Sciences		2,979		3,417		3,707		3,861		4,103		4,611		4,631

		Agricultural sciences		82		97		110		103		83		94		97

		Biological sciences		332		426		528		575		591		595		540

		Computer sciences		1,228		1,266		1,283		1,322		1,579		2,028		2,053

		Mathematics and statistics		233		228		220		238		216		180		205

		Physical sciences		284		288		304		308		278		262		248

		Psychology		270		289		322		364		379		472		498

		Social sciences		550		823		940		951		977		980		990

		Engineering		2,443		2,572		2,621		2,319		2,451		2,379		2,414

		Non-S&E		9,137		9,917		10,953		11,732		13,382		14,422		14,901

		Black

		All fields		20,936		22,954		24,588		26,948		28,616		33,305		35,059

		S&E		2,849		4,210		4,420		4,870		4,894		5,492		6,117
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		Field, citizenship, and race/ethnicity		1994		1995		1996		1997		1998		2000		2001

		Sciences		2,260		3,545		3,746		4,196		4,180		4,834		5,417

		Agricultural sciences		78		74		88		96		95		84		96

		Biological sciences		142		163		199		236		190		223		313		total several years

		Computer sciences		365		373		435		411		424		580		654		3242

		Mathematics and statistics		109		140		145		154		142		98		113

		Physical sciences		127		147		116		144		146		124		151

		Psychology		636		802		870		1,059		1,020		1,346		1,598

		Social sciences		803		1,846		1,893		2,096		2,163		2,379		2,492

		Engineering		589		665		674		674		714		658		700

		Non-S&E		18,087		18,744		20,168		22,078		23,722		27,813		28,942

		Hispanic

		All fields		13,177		13,905		15,394		16,360		17,416		20,803		22,163

		S&E		2,514		2,945		3,090		3,220		3,462		3,746		4,077

		Sciences		1,795		2,234		2,342		2,455		2,655		2,894		3,239

		Agricultural sciences		184		96		95		105		116		133		123

		Biological sciences		138		167		194		214		192		268		310

		Computer sciences		169		210		188		211		219		288		440

		Mathematics and statistics		75		72		88		63		85		100		72

		Physical sciences		114		129		127		139		149		126		147

		Psychology		558		622		667		718		787		837		937

		Social sciences		557		938		983		1,005		1,107		1,142		1,210

		Engineering		719		711		748		765		807		852		838

		Non-S&E		10,663		10,960		12,304		13,140		13,954		17,057		18,086

		American Indian/Alaskan Native

		All fields		1,618		1,542		1,693		1,844		1,951		2,099		2,274

		S&E		273		307		321		370		372		383		472

		Sciences		213		264		265		317		318		319		412

		Agricultural sciences		11		13		14		18		23		23		18

		Biological sciences		17		20		17		25		21		26		29

		Computer sciences		18		16		26		25		15		32		68

		Mathematics and statistics		6		11		5		14		9		9		9

		Physical sciences		16		19		10		16		24		18		20

		Psychology		62		81		78		97		108		69		106

		Social sciences		83		104		115		122		118		142		162

		Engineering		60		43		56		53		54		64		60

		Non-S&E		1,345		1,235		1,372		1,474		1,579		1,716		1,802

		Other or unknown race/ethnicity

		All fields		18,299		18,928		19,013		20,060		19,785		25,844		30,623

		S&E		3,432		4,031		4,127		3,811		3,685		4,472		5,061

		Sciences		2,362		2,922		3,037		2,876		2,819		3,532		4,017

		Agricultural sciences		111		194		138		138		120		144		165

		Biological sciences		202		192		226		226		262		284		298

		Computer sciences		443		448		427		442		443		603		840

		Mathematics and statistics		211		143		171		132		152		142		136

		Physical sciences		232		218		236		153		172		182		206

		Psychology		427		498		611		549		572		871		934

		Social sciences		736		1,229		1,228		1,236		1,098		1,306		1,438

		Engineering		1,070		1,109		1,090		935		866		940		1,044																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																7,054

		Non-S&E		14,867		14,897		14,886		16,249		16,100		21,372		25,562

		Temporary resident

		All fields		46,506		48,756		48,250		49,477		52,205		55,571		61,190

		S&E		20,879		22,217		21,678		21,265		22,623		24,750		27,422

		Sciences		13,516		14,513		14,678		14,626		15,460		16,927		18,422

		Agricultural sciences		708		653		658		658		598		516		471

		Biological sciences		933		885		991		923		900		750		873

		Computer sciences		3,912		3,896		3,901		3,973		4,795		6,563		7,745
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		Field, citizenship, and race/ethnicity		1994		1995		1996		1997		1998		2000		2001

		Mathematics and statistics		1,095		1,116		1,030		993		1,026		1,111		1,230

		Physical sciences		1,770		1,752		1,734		1,644		1,497		1,335		1,411

		Psychology		361		473		424		402		460		467		464

		Social sciences		2,743		3,743		3,944		4,036		4,186		4,185		4,227

		Engineering		9,357		9,699		8,996		8,636		9,161		9,823		11,001

		Non-S&E		25,627		26,539		26,572		28,212		29,582		30,821		33,768

		NOTES:  Physical sciences includes earth, atmospheric, and ocean sciences; physics; astronomy; and chemistry. Data on race/ethnicity were collected on broad fields of study only until 1994; therefore, 1994 data could not be adjusted to the exact field tax

		SOURCE:  NSF, Division of Science Resources Statistics, special tabulations of U.S. Department of Education, National Center for Education Statistics, Integrated Postsecondary Education Data System, Completions Survey, 1994–2001.



KEY: na = not applicable

NOTES:     "Physical sciences" include earth, atmospheric, and ocean sciences, as well as physics, astronomy, and chemistry. Data on race/ethnicity were collected on broad fields of study only until 1994; therefore, these trend data could not be adjusted to the exact field taxonomies used by NSF. Racial and ethnic breakouts are for U.S. citizens and permanent residents only. Temporary residents include all racial/ethnic groups.  Data are not available for 1999.   

SOURCE: Tabulations by National Science Foundation, Division of Science Resources Statistics; data from U.S. Department of Education, National Center for Education Statistics, Integrated Postsecondary Education Data System, Completions Survey.
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		TABLE F-6.  S&E doctorates awarded to U.S. citizens and permanent residents, by field and race/ethnicity: 1994–2001
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		Field and race/ethnicity		1994		1995		1996		1997		1998		1999		2000		2001

		All S&E fields		18,187		18,997		18,650		18,398		18,257		17,565		17,106		16,262		143,422

		White		13,882		13,889		13,997		13,827		14,001		13,717		13,431		12,708

		Asian/Pacific Islander		2,981		3,659		3,079		2,530		2,135		1,936		1,705		1,636

		Black		499		550		573		615		646		714		711		696

		Hispanic		548		573		626		659		754		721		728		669

		American Indian/Alaskan Native		64		67		96		79		97		114		88		74

		Other or unknown race/ethnicity		213		259		279		688		624		363		443		479

		Sciences		15,134		15,655		15,261		15,066		15,211		14,677		14,537		13,827

		White		11,862		11,797		11,734		11,540		11,831		11,607		11,545		10,962

		Asian/Pacific Islander		2,116		2,627		2,183		1,823		1,581		1,424		1,266		1,214

		Black		445		480		499		517		563		616		630		604

		Hispanic		482		496		527		562		644		639		646		578

		American Indian/Alaskan Native		58		58		82		62		84		102		80		67

		Other/unknown		171		197		236		562		508		289		370		402

		Agricultural sciences		616		598		576		550		543		494		502		429

		White		487		473		443		411		417		398		414		371

		Asian/Pacific Islander		72		78		80		63		47		46		30		16

		Black		22		17		24		24		19		24		18		12

		Hispanic		25		21		13		26		35		15		26		19

		American Indian/Alaskan Native		1		2		6		5		9		1		4		0

		Other or unknown race/ethnicity		9		7		10		21		16		10		10		11

		Biological sciences		4,088		4,329		4,365		4,256		4,308		4,124		4,265		4,216

		White		3,105		3,115		3,171		3,158		3,246		3,128		3,306		3,240

		Asian/Pacific Islander		719		920		885		721		657		609		538		552

		Black		78		107		98		112		111		116		118		136

		Hispanic		131		127		131		146		168		175		173		164

		American Indian/Alaskan Native		16		15		20		7		12		20		17		15

		Other or unknown race/ethnicity		39		45		60		112		114		76		113		109

		All Citizens		543		616		514		520		561		492		457		420		4123

		Black Citizens		10		11		12		4		14		18		18		15		102		0.00%

		Asian/Pacific Islander		116		137		111		107		90		87		76		61				total %

		Black		10		11		12		4		14		18		18		15		102		2.47%

				1.84%		1.79%		2.33%		0.77%		2.50%		3.66%		3.94%		3.57%

		Hispanic		7		6		16		16		15		14		14		8

		American Indian/Alaskan Native		1		0		4		1		4		1		1		1

		Other or unknown race/ethnicity		8		12		15		31		26		16		13		16

		Earth, atmospheric, ocean sciences		613		594		558		607		562		525		508		464

		White		504		464		449		487		464		433		430		394

		Asian/Pacific Islander		89		104		77		71		51		39		27		35

		Black		6		3		4		8		8		14		7		5

		Hispanic		8		13		19		16		16		21		18		15

		American Indian/Alaskan Native		1		0		2		2		3		6		5		0

		Other or unknown race/ethnicity		5		10		7		23		20		12		21		15

		Atmospheric sciences		91		93		83		102		85		76		86		61

		White		65		64		61		79		69		62		73		51

		Asian/Pacific Islander		25		28		19		19		9		9		6		5

		Black		1		0		0		0		2		2		1		0

		Hispanic		0		0		1		1		1		3		2		1

		American Indian/Alaskan Native		0		0		1		0		0		0		0		0

		Other/unknown		0		1		1		3		4		0		4		4

		Earth sciences		396		348		330		349		348		295		269		259

		White		324		278		274		286		291		242		234		223

		Asian/Pacific Islander		54		56		37		34		29		20		12		19

		Black		4		0		2		5		3		6		1		2

		Hispanic		8		7		12		10		9		11		8		7

		American Indian/Alaskan Native		1		0		0		0		3		6		4		0
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		Field and race/ethnicity		1994		1995		1996		1997		1998		1999		2000		2001

		Other/unknown		5		7		5		14		13		10		10		8

		Oceanography		82		85		92		87		81		87		97		73

		White		74		67		71		68		67		71		86		62

		Asian/Pacific Islander		8		14		14		8		6		6		3		4

		Black		0		1		0		1		0		3		1		3

		Hispanic		0		3		6		4		6		6		5		1

		American Indian/Alaskan Native		0		0		0		2		0		0		0		0

		Other or unknown race/ethnicity		0		0		1		4		2		1		2		3

		Other		44		68		53		69		48		67		56		71

		White		41		55		43		54		37		58		37		58

		Asian/Pacific Islander		2		6		7		10		7		4		6		7

		Black		1		2		2		2		3		3		4		0

		Hispanic		0		3		0		1		0		1		3		6

		American Indian/Alaskan Native		0		0		1		0		0		0		1		0

		Other or unknown race/ethnicity		0		2		0		2		1		1		5		0

		Mathematics and statistics		657		771		648		629		669		605		573		522

		White		479		535		478		479		526		505		463		427

		Asian/Pacific Islander		142		207		140		97		71		57		70		48

		Black		11		5		8		7		16		12		14		19

		Hispanic		13		15		11		20		27		15		15		15

		American Indian/Alaskan Native		2		2		1		1		3		1		2		2

		Other or unknown race/ethnicity		10		7		10		25		26		15		9		11

		Physical sciences		2,789		2,841		2,570		2,497		2,455		2,277		2,092		2,043

		White		2,024		1,924		1,884		1,883		1,915		1,839		1,691		1,647

		Asian/Pacific Islander		598		749		501		400		331		253		203		202

		Black		46		42		60		52		56		66		62		54

		Hispanic		90		73		67		69		54		63		78		65

		American Indian/Alaskan Native		6		7		6		10		10		9		9		12

		Other or unknown race/ethnicity		25		46		52		83		89		47		49		63

		Astronomy		112		141		149		158		147		117		139		123

		White		97		111		131		132		120		109		115		103

		Asian/Pacific Islander		10		22		12		8		13		3		13		6

		Black		0		1		0		2		1		2		1		1

		Hispanic		2		4		2		3		2		1		3		7

		American Indian/Alaskan Native		0		0		0		1		1		1		1		1

		Other or unknown race/ethnicity		3		3		4		12		10		1		6		5

		Chemistry		1,616		1,624		1,462		1,439		1,467		1,406		1,241		1,229

		White		1,179		1,112		1,061		1,078		1,129		1,090		988		974

		Asian/Pacific Islander		331		415		295		234		206		183		121		125

		Black		34		33		45		35		45		56		44		42

		Hispanic		59		43		36		44		34		46		51		43

		American Indian/Alaskan Native		4		5		4		6		7		5		7		11

		Other or unknown race/ethnicity		9		16		21		42		46		26		30		34

		Physics		1,044		1,059		949		883		823		742		692		676

		White		735		687		683		658		650		629		571		555

		Asian/Pacific Islander		254		311		193		157		111		67		68		71

		Black		11		8		15		15		10		8		16		11

		Hispanic		29		26		29		22		18		16		23		15

		American Indian/Alaskan Native		2		2		2		2		2		3		1		0

		Other or unknown race/ethnicity		13		25		27		29		32		19		13		24

		Other		17		17		10		17		18		12		20		15

		White		13		14		9		15		16		11		17		15

		Asian/Pacific Islander		3		1		1		1		1		0		1		0

		Black		1		0		0		0		0		0		1		0

		Hispanic		0		0		0		0		0		0		1		0

		American Indian/Alaskan Native		0		0		0		1		0		0		0		0
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		Field and race/ethnicity		1994		1995		1996		1997		1998		1999		2000		2001

		Other or unknown race/ethnicity		0		2		0		0		1		1		0		0

		Psychology		3,136		3,185		3,235		3,130		3,274		3,293		3,230		3,013

		White		2,729		2,723		2,745		2,525		2,645		2,702		2,603		2,438

		Asian/Pacific Islander		108		121		121		126		113		132		146		120

		Black		124		149		152		151		158		172		190		174

		Hispanic		133		146		173		171		208		215		211		174

		American Indian/Alaskan Native		12		14		18		18		31		35		22		17

		Other or unknown race/ethnicity		30		32		26		139		119		37		58		90

		Social sciences		2,692		2,721		2,795		2,877		2,839		2,867		2,910		2,720

		White		2,133		2,113		2,208		2,236		2,206		2,246		2,303		2,126

		Asian/Pacific Islander		272		311		268		238		221		201		176		180

		Black		148		146		141		159		181		194		203		189

		Hispanic		75		95		97		98		121		121		111		118

		American Indian/Alaskan Native		19		18		25		18		12		29		20		20

		Other or unknown race/ethnicity		45		38		56		128		98		76		97		87

		Anthropology		359		358		341		376		380		401		411		367

		White		309		298		289		299		298		330		337		289

		Asian/Pacific Islander		18		21		15		14		18		19		19		19

		Black		13		6		6		12		10		15		21		13

		Hispanic		7		19		13		16		21		12		13		20

		American Indian/Alaskan Native		6		5		5		3		5		8		5		8

		Other or unknown race/ethnicity		6		9		13		32		28		17		16		18

		Area and ethnic studies		99		106		123		88		104		94		118		130

		White		73		79		95		70		79		69		93		98

		Asian/Pacific Islander		7		8		8		3		2		4		5		4

		Black		10		11		9		9		17		13		11		17

		Hispanic		3		2		3		1		4		3		5		5

		American Indian/Alaskan Native		3		1		2		4		1		3		1		2

		Other or unknown race/ethnicity		3		5		6		1		1		2		3		4

		Economics		566		626		608		590		578		543		503		459

		White		430		459		450		431		428		417		397		358

		Asian/Pacific Islander		93		120		103		89		85		65		48		56

		Black		23		25		22		22		23		28		22		12

		Hispanic		15		14		20		25		26		21		22		18

		American Indian/Alaskan Native		1		2		1		1		0		1		1		2

		Other or unknown race/ethnicity		4		6		12		22		16		11		13		13

		History of science		26		33		29		33		35		42		35		39

		White		23		30		27		25		31		36		32		31

		Asian/Pacific Islander		2		2		0		2		0		3		0		3

		Black		1		0		1		3		0		1		1		1

		Hispanic		0		1		1		0		1		0		1		2

		American Indian/Alaskan Native		0		0		0		0		0		0		0		0

		Other or unknown race/ethnicity		0		0		0		3		3		2		1		2

		Linguistics		131		118		118		159		136		156		118		123

		White		96		95		88		117		103		123		98		97

		Asian/Pacific Islander		27		16		20		25		22		13		11		9

		Black		0		1		4		3		4		4		1		6

		Hispanic		8		5		4		7		6		13		4		4

		American Indian/Alaskan Native		0		0		1		1		0		1		0		0

		Other or unknown race/ethnicity		0		1		1		6		1		2		4		7

		Political science and public administration		715		689		743		789		791		805		803		747

		White		570		560		592		655		633		640		637		586

		Asian/Pacific Islander		48		51		46		45		42		46		38		36

		Black		52		49		59		37		55		59		61		71

		Hispanic		24		21		29		19		35		31		28		21

		American Indian/Alaskan Native		4		2		4		4		3		7		4		5
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		Field and race/ethnicity		1994		1995		1996		1997		1998		1999		2000		2001

		Other or unknown race/ethnicity		17		6		13		29		23		22		35		28

		Sociology		420		429		424		461		442		459		514		469

		White		332		328		328		346		345		346		382		349

		Asian/Pacific Islander		38		50		44		29		23		30		32		30

		Black		26		29		25		42		40		45		57		44

		Hispanic		12		16		13		19		15		26		26		38

		American Indian/Alaskan Native		4		1		7		4		3		4		6		2

		Other or unknown race/ethnicity		8		5		7		21		16		8		11		6

		Other		376		362		409		381		373		367		408		386

		White		300		264		339		293		289		285		327		318

		Asian/Pacific Islander		39		43		32		31		29		21		23		23

		Black		23		25		15		31		32		29		29		25

		Hispanic		6		17		14		11		13		15		12		10

		American Indian/Alaskan Native		1		7		5		1		0		5		3		1

		Other or unknown race/ethnicity		7		6		4		14		10		12		14		9

		Engineering		3,053		3,342		3,389		3,332		3,046		2,888		2,569		2,435

		White		2,020		2,092		2,263		2,287		2,170		2,110		1,886		1,746

		Asian/Pacific Islander		865		1,032		896		707		554		512		439		422

		Black		54		70		74		98		83		98		81		92

		Hispanic		66		77		99		97		110		82		82		91

		American Indian/Alaskan Native		6		9		14		17		13		12		8		7

		Other or unknown race/ethnicity		42		62		43		126		116		74		73		77

		Aerospace		130		153		184		168		152		112		127		102

		White		100		119		149		137		126		97		107		79

		Asian/Pacific Islander		23		24		28		16		12		13		11		12

		Black		1		1		5		3		1		1		4		1

		Hispanic		3		7		2		4		5		0		3		5

		American Indian/Alaskan Native		1		0		0		0		0		0		0		0

		Other or unknown race/ethnicity		2		2		0		8		8		1		2		5

		Chemical		380		381		391		409		374		371		382		355

		White		259		256		274		293		275		286		280		268

		Asian/Pacific Islander		96		101		80		73		65		58		69		52

		Black		8		3		12		16		3		11		8		17

		Hispanic		7		13		19		7		13		7		18		7

		American Indian/Alaskan Native		1		2		1		4		3		2		1		1

		Other or unknown race/ethnicity		9		6		5		16		15		7		6		10

		Civil		292		309		305		327		297		312		260		269

		White		199		194		199		220		216		241		193		194

		Asian/Pacific Islander		69		91		89		72		38		46		43		37

		Black		8		11		8		10		10		6		6		11

		Hispanic		14		11		6		12		16		12		9		9

		American Indian/Alaskan Native		0		0		2		2		0		2		1		0

		Other or unknown race/ethnicity		2		2		1		11		17		5		8		18

		Electrical		899		971		929		940		804		765		647		561

		White		548		590		589		579		523		510		442		370

		Asian/Pacific Islander		303		322		276		256		205		172		141		133

		Black		17		24		22		31		23		30		21		22

		Hispanic		21		15		27		26		31		29		22		22

		American Indian/Alaskan Native		1		1		2		5		3		1		0		1

		Other or unknown race/ethnicity		9		19		13		43		19		23		21		13

		Industrial		119		149		136		119		101		100		77		88

		White		83		93		94		80		72		81		59		53

		Asian/Pacific Islander		28		41		28		22		11		07		11		22

		Black		6		8		3		9		8		7		4		6

		Hispanic		1		4		6		5		7		4		0		3

		American Indian/Alaskan Native		0		1		3		0		0		0		0		1
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		Field and race/ethnicity		1994		1995		1996		1997		1998		1999		2000		2001

		Other or unknown race/ethnicity		1		2		2		3		3		1		3		3

		Materials		297		352		337		315		313		260		244		225

		White		202		194		217		234		225		184		190		165

		Asian/Pacific Islander		82		136		102		59		55		52		34		38

		Black		3		6		3		4		10		7		5		6

		Hispanic		4		7		6		10		8		8		8		9

		American Indian/Alaskan Native		1		0		2		0		2		2		0		1

		Other or unknown race/ethnicity		5		9		7		8		13		7		7		6

		Mechanical		538		563		588		538		516		463		397		427

		White		337		339		392		376		371		335		279		300

		Asian/Pacific Islander		179		188		166		113		89		88		72		76

		Black		7		13		10		12		14		12		18		17

		Hispanic		8		8		13		15		19		9		12		21

		American Indian/Alaskan Native		0		2		3		6		2		2		3		1

		Other or unknown race/ethnicity		7		13		4		16		21		17		13		12

		Other		398		464		519		516		489		505		435		408

		White		292		307		349		368		362		376		336		317

		Asian/Pacific Islander		85		129		127		96		79		76		58		52

		Black		4		4		11		13		14		24		15		12

		Hispanic		8		12		20		18		11		13		10		15

		American Indian/Alaskan Native		2		3		1		0		3		3		3		2

		Other/unknown		7		9		11		21		20		13		13		10

		SOURCE:  National Science Foundation, Division of Science Resources Statistics, Survey of Earned Doctorates, 1994–2001.
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