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ABSTRACT

This paper discusses the issue of the intellectual capital required for innovation to enable 
U.S. national security in the 21st Century. Many national and DoD reports have sounded warnings 
that there will not be a sufficient number of U.S. citizens with bachelor’s degrees and advanced 
degrees in defense related science and engineering (S&E) disciplines to meet the 21st century needs 
of the government defense and intelligence community sectors. NSF data on graduate student 
enrollment from 1994-2001 bears out these concerns, especially in the traditional defense-related 
disciplines. Coupled with the growth in defense related science and engineering in Europe and Asia 
and especially in view of the rapid increase in scientists and engineers outside of the U.S., the 
emerging competitive situation in the late first quarter of the 21st Century appears to be growing 
rapidly. The seriousness and significance of this concern was highlighted by the Presidential 
Commission on National Security in the 21st Century (2001). In its August 2003 Report on “The 
Science & Engineering Workforce – Realizing America’s Potential”, the National Science Board 
called for a National Policy Imperative to ensure the continuing adequacy of the U.S. S&E 
workforce by having every federal agency participate. 
This white paper proposes an initiative to increase the pool of U.S. citizens with S&E 
degrees for the federal defense and intelligence sector. DoD proposes that in FY 2006 four defense-
related departments provide funding for their portion of a federal department-wide National 
Defense Education Act (NDEA) of 2006. This defense/ intelligence community component of the 

NDEA of 2006 would be funded by additional appropriations to Department of Defense (DoD), 
the Department of Homeland Security (DHS), the Department of Energy (DOE), and the Central 

Intelligence Agency (CIA). The approach of the NDEA of 1958 included more disciplines than the 
proposed NDEA of 2006 which is a focused initiative for disciplines and critical sub-specialties  
that are forecast to be in short supply of US citizens. An expanded version could be supported by 
other federal departments and agencies. This investment in America is critical for national security.
The Director of Defense Research & Engineering’s DoD White Paper

         on the Urgent Need for a National Defense Education Act (NDEA) in 2006
I. ISSUE: Preserving U.S. Defense Technology Dominance by Reversing the Continuing 
 Decline in the Number of Science & Engineering Undergraduates & Graduates Who are
U.S. Citizens
The United States is facing a growing problem in developing the future science &

 engineering workforce needed for National Defense in several critical academic disciplines. 

For many years, numerous reports [refs. 1 -12] from within the U.S. defense science and
engineering community and elsewhere have warned of the long-term downward trend in 
defense relevant science and engineering degrees at all levels awarded to U.S. citizens, 
whether native-born or naturalized, who could qualify for the requisite security clearances 
needed to perform national security work. Specifically, these reports cited underlying declines
in the numbers of American citizens who even chose science and engineering professions, 
while the number of foreign nationals seeking degrees in these professions rose not only in 
their native countries, but also at U.S. universities to the point where the numbers of non-
American student dominate many U.S. science and engineering departments.  

The significance and priority of this problem was stated by the Report of the U.S. 

Commission on National Security in the 21st Century (Hart-Rudman Report) [ref. 1]: “The scale 
and nature of the ongoing revolution in science and technology, and what this implies for the 
quality of human capital in the 21st century, pose critical national security challenges for the 
United States. Second only to a weapon of mass destruction detonating in an American city, 
we can think of nothing more dangerous than a failure to manage properly science, 
technology, and education for the common good over the next quarter of a century.”

The 2003 National Science Foundation’s National Science Board Report “The Science 

and Engineering Workforce – Realizing America’s Potential” [ref. 2] recommended a National 
Policy Imperative: “The Federal Government and its agencies must step forward to ensure the 
adequacy of the US science & engineering workforce. All stakeholders must mobilize and 
initiate efforts that increase the number of US citizens pursuing science and engineering 
studies and careers.” 
This report warns that “the future strength of the US S & E workforce is 
imperiled by two long-term trends: (1) global competition for S & E talent is intensifying such 
that the US may not be able to rely on the international S & E labor market to fill unmet skill 
needs; (2) the number of native born S&E graduates entering the workforce is likely to decline 
unless the Nation intervenes to improve success in educating S&E students from all 
demographic groups, especially those that have been unrepresented in S&E careers.”

The “2003 BEST Report: The Talent Imperative-Diversifying America’s S & E

 Workforce” [ref. 3] reaches these same conclusions and emphasizes the replacement need to 
fill the shoes of the aging US S&E workforce and the structural need to meet demand in

sectors where technological opportunities are high. It references Bureau of Labor Statistics 
(BLS) projections of significant need in computer hardware engineering and the physical 
sciences.

With respect to demand for S&E’s, NSF’s “Science & Engineering Indicators 

2002” [ref. 4] states that “during the 2000-2010 period, employment (demand) in S&E 
occupations is expected to increase about three times faster than the rate for all occupations. 
Although the economy as a whole is expected to provide 15% more jobs over this decade, 
employment opportunities for S&E jobs are expected to increase by about 47% (about 2.2 
million jobs).” See Table VII for BLS near-term (2000-2010) demand projections for defense 
related disciplines. Thus, competition for the best S&E graduates can be expected to be more 
difficult now and for the rest of  the decade for government agencies with artificially imposed 
salaries as contrasted with industry. 

The Naval Advisory Board Report of 2001: “S&T Community in Crisis” [ref. 5] makes

these points for the DoD laboratories: “The real issue is not whether the laboratories can 

muddle through under the current system and fill S&E vacancies with entry level 

personnel. It is whether they can compete effectively for, and retain, the best and brightest 

technical talent, e.g., the top 10%.”

The Commission on the Future of the United States Aerospace Industry [ref. 6] 

recommended  “The nation immediately reverse the decline in, and promote the growth of, a 
scientifically and technologically trained U.S. aerospace workforce. In addition, the nation 
must address the failure of the math, science and technology education of Americans. The 
breakdown of America’s intellectual and industrial capacity is a threat to national security 
and our capability to continue as a world leader.” (Recommendation #8, p. xvi).


The October 2002 Report of the President’s Council of Advisors on Science & 
Technology [ref. 7] stated that “ Science & Engineering (S&E) human resources are a major 

issue, especially with the increased security provisions some federal labs and defense 

companies must implement.” The second of its three recommendations was that “A major 

program of fellowships should be established to attract and support the advanced graduate 

studies of U.S. citizens in fields of science and engineering that support critical national 

needs.” As noted in the report, the importance of such a program is enhanced by changing 

demographics in the U.S. and abroad and by heightened security concerns.

II. U.S. UNIVERSITY S&E GRADUATE STUDENT0/Ph.D. PRODUCTION TRENDS 

For a quantitative picture of the problem, 2001 NSF data [ref 8: Tables 43 & 44] show 
that the percentage of  full-time science & engineering graduate students with temporary visas 
at U.S. universities granting doctorates rose by 33% (+ 27,400) from 1994 to 2001, while U.S. 
citizens + resident aliens dropped by 8.3% (- 15,942). In 1994 the temporary visa fraction 
was 30% (83,602) of all full-time S&E graduate students at Ph.D. granting institutions 
(274,537). In 2001, that fraction had risen to 39% (111,002) of all full-time S&E graduate 
students at Ph.D. granting institutions (285,995).  The situation is even more pronounced in the 
traditional defense-related fields of S&E ( See Table I below, which makes similar comparisons 
for specific fields & subfields using Table 43 & 44 of ref. 8 for physics, chemistry, 
mathematics/applied mathematics, computer science, and eight sub-fields of engineering.) 
a. PHYSICS: In 2001 about half of the full-time U.S. graduate student population at U.S. Ph.D. 
granting institutions in physics held temporary visas (4,891 out of 9,936 = 49.2%). While the
 number of temporary visa holders in physics is up 7% from 1994-2001, the number of U.S.
 citizens & resident aliens in this category dropped by 27% or 1,885 to only 5,045.
b. CHEMISTRY: In 2001, temporary visas were held by almost 40% of graduate students in 
chemistry (5,913 out of 15,708, or 38%) at U.S. Ph.D. granting institutions. The 1994-2001 trend 
in the number of U.S. citizens and resident aliens in chemistry graduate school is down by 10%
 to 9,795 in 2001.
c. MATHEMATICS:  44% of mathematics & applied mathematics (not including statistics) 
graduate students held temporary visas (4,247 out of 9,563).  The trend in the number of 
mathematics and applied mathematics graduate students who are U.S. citizens and resident 
aliens is down 24% from 1994 to 4,847 in 2001.
d. COMPUTER SCIENCE: In the U.S. 66% of computer sciences graduate students held 
temporary visas (17,829 out of 26,977). While the US Citizen + Permanent Resident alien 
component grew by 14 % from 1994 to 2001 ( by 1, 136), the growth in aliens with temporary 
visas grew by 10 times that much, (i.e. 143 % or by 10,492). See Table II.
e. ENGINEERING: See Table III. below for Defense–related Engineering Disciplines Trends 
(1994-2001). These are eight of the fourteen NSF engineering disciplines for which data is 
available in ref. 8, Tables 43 & 44. Defense–related engineering disciplines listed in Table III 
exclude agricultural, biomedical, civil, mining and petroleum engineering. In 2001, 62 % (or 
34,967) of graduate students in defense related engineering disciplines were aliens with temporary 
visas. This is a growth rate of 55 % from 1994 to 2001. During the same period, the US Citizen + 
permanent resident alien component diminished by 26 % to 21,374.
f. WORK IN PROGRESS: NSF S & E GRADUATE STUDENT DATA COLLECTION 
ISSUE: DoD/IC NEEDS THESE NUMBERS FOR THE US CITIZEN CATEGORY:  Published 
NSF data does NOT tell what fraction of this aggregated category is “U.S. Citizens” and what 
fraction of S&E graduate student are “permanent resident” aliens for any S&E category. This is 
due to the fact that NSF does not ask University S & E departments to provide separate numbers 
for graduate students in these two categories. This situation needs to be clarified in order for DoD 
and IC to be able to have a data base from which to estimate the number of S&E advanced 
degree graduate students eligible for security clearances. 

g. DEFENSE-RELATED U.S. S&E PH.D. PRODUCTION TRENDS: In 2001, the National
Research Council [ref. 9] reported that six science and engineering fields that DoD regards as 
defense related experienced substantial cuts in both federal funding for university research from 
1993 to 1997 and in full time graduate enrollment from 1993 to 1999. They are physics, 
chemistry, mathematics, aerospace engineering, chemical engineering, and mechanical 
engineering, all of which have been and will continue to be disciplines critical to national 
defense. The areas where federal funding had increased from 1993 to 1999 (astronomy, 
biological sciences, medical sciences (health fields), earth, atmospheric, and ocean sciences) 
were, with a few exceptions, in sub-disciplines that are not defense-related. However, even in 
these fields, “the rate of growth among non-U.S. citizens has been far higher than the rate of 
growth among U.S. citizens.”
Tables IV -VI show the 1994-2001 trends [ref. 10] for all S&E doctoral production for 
all S&E  disciplines & for defense-related disciplines respectively with US Citizen data explicit. 
The “all S&E discipline trend” appears unremarkable. But when one removes psychology and 
social science from these trends, and separates out biology and agricultural sciences and civil 
engineering, one sees that defense-related Ph.D. production is only a quarter of the NSF S&E 
totals, and that the annual defense-related physical science and engineering Ph.D. production 
rate of U.S. citizens is down by 10% from 1994-2001 to < 4,500 in 2001. These are very small 
numbers of cutting edge innovators for a superpower of 280 million people in a world of 6 
billion which will rise to 7 billion within 25 years. 
In particular, all these studies [ref. 1- 10] either inferred or stated that there would 
be an insufficient number of American citizens to meet the 21st Century needs of the domestic 
U.S. defense industry and the U.S. defense R&D establishment. This was largely due to the fact 
that the 10-12 year long “ramp-up” of the post-Sputnik generation of American scientists and 
engineers that helped win the Cold War, began to retire in the 1990’s. Many of these had 

received 1958 NDEA funding to complete their college and graduate studies.
h. FOREIGN R&D INVESTMENT AND S&E COLLEGE & UNIVERSITY TRENDS: 
The external competitive context for continuing U.S. dominance in fundamental defense S&T 
innovations is even more ominous than these internal U.S. workforce trends. In 1955, the DoD 
investment in S & T (formally 6.1 -6.2) equaled 25% of the sum of all other US government and 
commercial S&T investments plus those of Europe and Japan. [see Fig. 1] By 1970, that DoD 
S&T investment equaled only 14% of total S & T investment of the same sum. By the year 2000 
the DoD S&T investment was under 5% of the same sum and was declining. Of particular 
significance is the decision taken in the mid-1990’s by the PRC to have 15% of its vast 
population graduate college.  In the mid-late 1990’s each country, U.S. and China, produced 
about 1.2 million college & university graduates. In the U.S. S&E accounted for about 32% 
(384,000) of these. In the PRC, S&E accounted for about 70% (840,000 S&E degrees). By 2003, 
PRC college and university graduates soared to 2.4 million annually with only a slightly smaller 
S&E production rate of 68% [see Fig. 2]. That’s 1,632,000 college and university graduates in 
S&E vs. a total U.S. college and university S&E output of 384,000. Early 21st century data 
through 2003 show that PRC college and university S & E college and university graduate 
production rates are accelerating rapidly. 
i. CONCLUSIONS:  For U.S. national security in general and for defense in particular, 
importing foreign S&E talent or relocating offshore are not options. The potential shortage in the  
U.S. citizen S&E workforce in critical disciplines is emerging as a major threat to U.S. national 
security. This is due to the need to have a pool of U.S. citizens educated and trained in the critical 
skills that DoD needs to maintain technology dominance. These must be U.S. citizens to qualify 
for security clearances. It is also crucial to cultivate a cadre of science and engineering managers 
with the experience and perspective to direct and manage the U.S. defense science and engineering 
enterprise after the post-1958 NDEA “baby-boomer” generation of DoD S&E’s, laboratory and 
program managers retires within the next 10 years. As such, the potential shortage in the U.S. 
citizen S&E workforce in critical disciplines is squarely in the lane of DoD responsibility. Just as 
DoD cannot delegate or abdicate its responsibility to ensure that the U.S. retains its military 
technological superiority, neither can it delegate or abdicate its responsibility to ensure that the 
U.S. retains a defense S&E workforce that is superior in quality, if not quantity, to any adversary. 
The compensating factor for sheer quantity is the conventional wisdom that the top 20% of the 
S&E community accounts for 80% of innovation and productivity. 
Both Europe and Asia are rapidly raising the investment in S&E intellectual capital, both 
in the commercial and defense sectors. This trend, if not reversed raises concerns of U.S. 
defense technology dominance over the next 20 years. For those outside the defense S&T 
community, this trend will be masked by the near-term fielding of new U.S. warfighting 
capabilities (6.5, e.g. F-22) incorporating 10-20 year old U.S. science and technology (6.1-6.2). 
For these reasons, cultivating and recruiting the best S&E graduates who are U.S. citizens 
to form the core of U.S. defense science & engineering competency is critical for DoD. Also, this 

makes the case for a DoD Ph.D. environment which optimizes opportunity for innovation more 

compelling. The safety and security of the future is tied to the U.S. ability to continually advance 
its technology base into ever more capable, flexible warfighting and intelligence capabilities.

This white paper is ODDR&E’s attempt to meet its responsibility to lead DoD’s response

by supporting the concept of an NDEA of 2006.

.

II. CONCEPT OF A NEW NDEA: A Substantial, Near-term National Effort that will Repeat the 
Success of 1958 NDEA in Restoring/Sustaining U.S. Defense S&E Primacy for the next 20-30 
Years.  

The original 1958 NDEA broadly focused on post-secondary education in science and 
engineering and appropriated significant resources in 1958 to gain and maintain U.S. S & E 
workforce leadership. The new NDEA would focus on these same levels of education and 

technical training. See Fig. 3 for the notional relationship of the NDEA 2006 “mission space” 
relative to that of other U.S. educational programs. However, to succeed to the same extent as did 
the NDEA of 1958, the investment required for the new NDEA will have to take into account not 
only monetary inflation, but also the significant increases in the total cost of associate and 
bachelor’s degrees, graduate degrees, and postdoctoral research in the physical sciences and 
engineering above and beyond the rate of monetary inflation. The new NDEA would also require a 
resource commitment proportionately (to the increased U.S. population and economy vs. 1958) as 
large as did the original NDEA. But the new NDEA will require a much sharper focus on the 
defense-related disciplines (e.g., aeronautical S&E), critical sub-disciplines (e.g., hypersonics 
S&E) and technical specialties (e.g., advanced airfoil fabrication from exotic materials requiring 
special processing & machining expertise) needed for the immediate future than did the previous 
bill. This is made necessary by the significantly expanded breadth and distinctiveness of what used 
to be individual S&E sub-disciplines over the past decade, as well as the revolutionary character 
and rapid expansion of totally new areas such as nanotechnology and computer information and 

computer network-centric related disciplines. 
For the top 20% of American S & E college degree and graduate degree recipients, the 
new NDEA should consider a complete scholarship for each student contingent on continuing
excellent academic progress and productivity. This will include post-bachelor’s degree, post-
masters degree and post-doctoral appointments at defense/IC federal S & T and FFRDC facilities 
and within the domestic defense industry.  The DoD laboratories should be given a significant 
influence over the direction of NDEA resources in order to enable them to cultivate the quality 
students in emerging disciplines who fit their immediate and near-term needs to transform the 

DoD laboratories. See Fig. 4. which is a notional Venn diagram showing the Federal Defense 
S&T focus of the NDEA in the context of the overall U.S. defense base and education base.
III. FOCUS OF A NEW NDEA: Emphasize Key Specialization Areas in the Mathematics, 
Science and  Engineering Disciplines with Particular Attention to Emerging, Potentially 
Revolutionary Technology Trends. 


The focus of the new NDEA will be on the traditional areas of mathematics, physics, 
chemistry and biology, and engineering at the  undergraduate levels. Beyond the undergraduate 
level, the new NDEA will emphasize disciplines critical for defense-related work and 
particularly emerging specialties within those defense-related disciplines with more immediate 
potential for breakthroughs and revolutionary developments in defense applications such as 
nanotechnology, micro-biotechnology, advanced computer network  design, advanced systems 
engineering, micro-robotics, man-machine interfaces, cognitive science, etc. In short, the new 
NDEA should emphasize S&E sub-disciplines with the greatest potential for transforming U.S. 
21st Century military and intelligence capabilities. See Fig. 5 for the defense “critical skills” 

emphasis of the NDEA in the context of other U.S. S & E education efforts.

Veterans and the children of veterans would be the focus of a special provision which 
would fully fund the undergraduate and graduate educations in S & E of those who demonstrate 
aptitude on the SAT’s and GRE’s. Postdoctoral work would also be covered by this provision.

The DoD higher education system, from the Military Academies and post-graduate 
schools should be the subject of a special demonstration program provision that identifies and 
cultivates students with a high aptitude and inclination for S & E while presenting those students 
with high benefit S & E career paths at every academic transition and especially at the transition 
to professional positions within DoD and the military Services.  Ideally, this would lead to the
establishment of a “technology warrior category ” within DoD civilian service and the military 

services that transcends the career transition from military to civilian status. This “technology 

warrior” category might even be formalized into a U.S. Public Health Service type entity.As those 
S&E “technology warriors” leave military service, they would have the option of smoothly

 transitioning into the DoD R&D system. In this regard, DoD should consider establishing a formal 

“Defense Science and Technology Reserve” composed of these former “technology warriors”. 
Individuals within this category would not only serve in the DoD laboratories and centers. They 
would serve as the main outreach arm of  the DoD S&T complex. They might even gain formal 
academic status at DoD’s or other institutions of higher learning, and have assignments outside 
DoD to teach, to perform research at those universities or national laboratories with a view toward 
teaching in defense-related disciplines and specialties, while serving as mentors and recruiting the 
next generation of  “technology warriors” for DoD. They could serve as S&E advisors to 
combatant commanders and serve with combat units as “S&E reach back” experts much more able 
to access and convey real technical/combat problems and possible solutions to the DoD R&D 
complex than would line combat officers. 

For those recipients of NDEA funds there would be a “one year commitment to serve in the 

DoD R&D complex for every year of S&E education (including post-doctoral work) funded under 

the NDEA of 2006.”
IV. FOCUS ON COMPLEMENTARY FEDERAL S & E PARTNERSHIPS: DoD, DOE, DHS, IC

The new NDEA would provide funds for S & E education that are easily fungible across

Departmental lines when employees or fellowship holders of one agency identify benefits of 
doing short-term or long-term research at the unique facilities of another federal agency or with a 
particular researcher or team of researchers that would advance his/her academic progress.


This is aimed at increasing the national security benefit by leveraging use of federal 
science and technology facilities and personnel at all federal agencies, whether they be 
specifically defense mission oriented or not. For example, many of DOE’s large radiation and 
high energy particle sources at their five nanotechnology research centers are highly relevant to 
DoD’s nanotechnology research program. 

The DoD military officer/scientist technical exchange program with the DOE laboratories 

would be expanded to cover all participating agencies and would be the subject of a provision of 

the NDEA. These assignments would count toward the “one-year of commitment to DoD service 

for each year of education funded under the new NDEA”.

These federal partnerships would also provide access to non-DoD federal S & E personnel, 

research facilities, and equipment to assist with enhancing the quality of defense-related 
undergraduate and graduate S & E education for U.S. citizens, especially veterans, in universities 
near those federal facilities.
V.  S & E INCENTIVES TO INDIVIDUALS & INSTITUTIONS: Direct Fellowships, 
A. Matching Funds

The new NDEA would have several mechanisms:

1. Direct NDEA fellowships to individuals based on competitive merit.

2. Matching grants to the institution the NDEA fellow attends for their research project

3. Provision to forgive 50% of any student loan for technical school, college or graduate
school in S & E for five years of service in a DoD S & T agency, Service Lab, or Depot; 

DOE Laboratory National Security Program; an IC S & T Program, DHS S & T Program, 

cooperative technology or training program with local and state first-responders, or with
DHS operational components (such as the Coast Guard, Border Patrol, Transportation 

Security, etc.) technology development for work on a bona fide DoD, DOE, DHS, or IC        

S & E contract.

B. Expanding Existing Programs and Starting New Programs 
Each participating department would specify which of its existing programs could be expanded 

to effectively deal with cultivating critical national defense S&E disciplines and specific 

critical skills
1. NDEA Undergraduate Programs (by department, see Table VIII):

a. DoD: The DoD would expand its Freshman Science Curriculum Program and its 

Undergraduate Research Collaborations with NSF and with the Semiconductor Research 

Association in selected critical disciplines based on an assessment of need within the overall 
DoD S&E establishment. 
b. DOE:

c. DHS: 

d. IC:

2. NDEA Graduate Programs (by department, see Table IX):

a. DoD: DoD would expand its National Defense Science & Engineering Graduate 

Fellowship Program. DoD would also institute a new program of Graduate Traineeships
(see Table____ )

b. DOE:
c. DHS:
d. IC: 

3. Postdoctoral Programs (by department, See Table X)

a. DoD: DoD would begin a program of funding postdoctoral research in its highest priority 
critical skills. As much of this research as possible would be within laboratories working on 
relevant defense programs and projects, even if they are in university labs or other FFRDC’s.
b. DOE: 

c. DHS:

d. IC

VI. FOCUS ON VETERANS:  GI Bill–like Support for Defense Critical S & E Disciplines for 
Undergraduate, Graduate & Post-doctoral Levels
The new NDEA would include a “GI Bill-like” support provision for Education in 
Defense Critical Disciplines within Mathematics, Science, and Engineering at all undergraduate,

graduate, and post-doctoral levels as well as at DoD certified technical schools.

This would also include housing allowance support for Veterans in the NDEA Program 
and would allow for participation in the program without that veteran “counting” against 

existing institutional caps on numbers of participants. Veterans would be fully funded to pursue  
college and graduate school degrees in critical S & E disciplines as their aptitude allows. For
those not qualified for or deciding not to attend a minimally ranked S & E college or graduate 
school, the full cost, including housing for a DoD certified technical school would be provided by 
the new NDEA.

VII. INCORPORATE NEW NDEA INTO NATIONAL SECURITY STRATEGY/ 
REQUIRE REVIEW: White House & Congress (SASC/HASC) to Require Annual Progress 
Reports on Universities Increasing Supply of Domestic S & E Degrees & Whether this is Meeting 
Agency and Defense Industry Demand

Each federal agency and laboratory would be required to provide statistics and a brief 
interpretive report annually to the DoD to determine (1) the efficacy of the various elements of 
the new NDEA and (2) the impact that the new NDEA is having annually on demand for specific 
types of S&E personnel throughout the U.S. defense & IC establishment. 
A systemic model that 

provides metrics for intellectual capital by specific skills needed by DoD, DHS, DOE and IC and 

that goes beyond supply and demand of S&E’s as mere commodities must be developed as a 

planning tool for managers at all levels to deal with this issue on a continual, grass roots basis.  
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TABLES I-V: 1994-2001 U.S. UNIVERSITY TRENDS IN DEFENSE-RELATED S&E
                          GRADUATE STUDENT ENROLLMENT (ref. 8 tables 43 & 44)  
TABLE I.  Recent (1994-2001) Trends in Graduate Student Enrollment in Defense-related
Science Disciplines: U.S. Citizens+“Perm. Res.” Aliens VS. Aliens with Temporary Visas


Aliens with Temporary Visas
  
US Citizens +Perm. Resident Aliens

                                    1994

2001


1994

2001
1. Physics

4582

4891


6930

5045

2. Chemistry

5807

5913
          
          10872

9795
3.  Math/Applied
4227

4247


6983

5216






          14616
          15051
          

24785
          20056




     +435 (+ 3%)


      -4,729 (- 19%)
o 1994-2001 Trend: There was a 19% decline in the number of “US Citizens or Permanent Resident Aliens” who were enrolled as graduate students in U.S. universities in defense-related science disciplines between 1994 and 2001.

o 1994 delta: There were 10,169 more “US Citizens & Permanent Resident Aliens” enrolled in defense related science & math graduate schools than were foreign nationals with temporary visas. 

o 2001 delta: There were only 5,005 more “US Citizens & “Permanent Resident Aliens” enrolled than were foreign nationals with temporary visas.
TABLE II. Recent (1994-2001) Trends in Graduate Student Enrollment in Computer Sciences: U.S. Citizens +“Permanent Res.” Aliens VS. Aliens with Temporary Visas 
 

Aliens with Temporary Visas

     US Citizens + Perm. Resident Aliens



1994

2001


1994

2001




7337

17829


8012

9148




   +10492 (+143%)


     +1136 (+14%)
o 1994-2001 Trend: There were 14% more computer science graduate students who are “U.S. Citizens or Permanent Resident Aliens” enrolled in U.S. universities, but this is only one tenth the growth rate in computer science graduate students with temporary visas over this 8 year period.
o 1994 delta: There were 675 more “US Citizens +Permanent Resident Aliens” in Computer Science graduate school than there were aliens with Temporary Visas in 1994.

o 2001 delta: There were 8681 more aliens with Temporary Visas than there were “US Citizens + 
Permanent Resident Aliens” in Computer Sciences graduate school. There are twice as many 
aliens with temporary visas in computer science in Ph.D. granting graduate schools as there are
US Citizens + permanent resident aliens.
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TABLE III. Recent (1994-2001) Trends in Graduate Student Enrollment in Defense–related Engineering Disciplines: U.S. Citizens+“Perm. Res.” Aliens VS. Aliens w/ Temporary Visas
          Aliens withTemporary Visas
    US Citizens + Perm. Resident Aliens


         1994             2001                      1994


2001

1. Aerospace            1133
      1480

1834


1353
   

2. Chemical 
         2738
      3106

3320


2690



3. Electrical
         8687            16506

9951


7784



4. Engineering

    Science
           514
         652

  829


  555

5. Industrial/

    Manufacturing      2662
        4299

3054


2073

6. Mechanical           4694              6390

6927


4863

7. Metallurgical/

    Materials
          1769
        2200

2315


1742

8. Nuclear

379
           337

 618


  314


                                22,576
       34,970
         28,848


21,374   

     +12,394 (+ 55%)                         -7,474(- 26%)
o 1994-2001Trend:   There has been a 26% decline in the annual U.S. university population of graduate students in defense-related engineering disciplines who are “U.S. Citizens or Permanent Resident Aliens”.            

o 1994 Delta: There were 6,272 more “US Citizens + Permanent Resident Aliens” than those with temporary visas in defense-related engineering disciplines in U.S. graduate schools 
o 2001 Delta:   There are 13,596 more full time graduate students who hold temporary visas
 in U.S. Ph.D. granting institutions in defense–related engineering areas than there are “U.S. citizens + permanent resident aliens”. 

o In 2001, “US citizens + permanent resident aliens” totaled only 38% of defense-related
engineering graduates in 2001 with the downward rate in the absolute number trend and that 
relative trend continuing.
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TABLES IV –VI: U.S. S&E Ph.D. Production Trends (1994-2001) (Totals vs. US Citizens)

                               (ref. 10)
Table IV.
 All US S&E Discipline Doctoral Production (Total vs. US Citizens):




  Total


        US Citizens
       


   1994

   2001

  1994

  2001

Engineering

  5,821

  5,501

  2,215

  2,140

Science*

20,382

20,024

12,951

12,915 

S*&E Total

26,535

25,525

15,166

15,055
------------------------------------------------------------------------------------------

Physical-Science



(incl. biology & ag.)
13,102

12,503

7,576

  7,425
Phys. S & E Total
18,923

18,004

9,791

  9,565
------------------------------------------------------------------------------------------
Defense-related 
Phys. Science
(not including

biology & ag.)
5,826

5,005

3,010

  2,565

Defense-related 

Engineering

5,138

4,907

2,012

  1,918

Defense-related

Phys. S & E Total
10,964

9,912

5,022

   4,483
                                           - 1,052 (- 9.6%)

       - 539 (- 10.7%)
o The Annual 2001 U.S. University Production of Defense-related Physical Science & Engineering Ph.D.’s who were U.S. Citizens was only 4,483. 
o That is less than half of the total 2001 U.S. University Physical Science & Engineering Ph.D. production total. 
o Annual U.S. University Production of Defense-related Physical Science & Engineering Ph.D.’s who are U.S. Citizens is down more than 10% from 1994 to 2001.

* These NSF statistics include psychology & social sciences totals under “Science”: The doctoral production in these two categories alone amounted 30% of US science Ph.D. output in 2001.
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Table V. Annual US Defense–Related Phys. Science Production (Total vs. US Citizens)     
Total


     US Citizens                 US Citizen       










       8 yr. delta

1994

2001

1994

2001          2001-1994
Physics

1,548

1,192

  789

  602        -187 (-23.7 %)
Chemistry

2,257

1,980

1,291

1,127       -164 (-12.7 %)
Math


1,118

1,007

   504

   469
      -35 (- 6.9 %)
Computer Sci.
   903

   826

   426

   367
      -59 (-13.8 %)
Total                           5,826                5,005              3,010

 2,565      -445 (-14.8 %)
                                             -821 (-14.0%)

       -445 (-14.8 %)

o 1994-2001 trend: There are marked (-15%) declines in US Citizens with defense-related physical science Ph.D.’s from 1994 to 2001. 

o This tracks with the overall drop in defense-related physical-science Ph.D. production for that period. 

o Note that these are small numbers (only about 0.25% of US college enrollees go on to obtain Ph.D.’s.) compared to those in the workforce and compared to BLS 2000-2010 demand figures.

o The annual production of U.S. citizens with physics Ph.D.’s is down by 24% between 1994 and 2001. Given that physicists were among the leaders of defense-related science innovations over the past 50 years, and were the mainstay of defense science and technology leadership during that period, this trend demands further scrutiny and analysis.

o Analysis of this table leads to the conclusion that defense related S&E workforce indicators of significance must be sought at least at the discipline level (e.g., physics) and preferably at the subspecialty level within each discipline.  
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Table VI.  US Defense-Related Engineering Disciplines Doctoral Prod. (Total vs. US Citizens)
                                                                                                                                     












US Citizen

Total


     US Citizens

8 year delta
1994

2001

1994

2001

 2001-1994
Aero/Astro.

 230

 203

110

 94

-16 (- 14.5%)
Chemical

 725

 727

293

329

+36 (+ 12 %)
Electrical

1673

1576

634

465

-169 (- 26.7 %)
Industrial

228

205

 89

 72

-17 (- 19.1 %)
Mater./Metal.

539

497

218

202

-16 (- 7.3 %)
Mechanical

1015

953

359

385

+26 (+ 7.2%)
Other


728

746

309

371 

+62 (+20.1%)
(nuclear, et al)

Total


5138

4907

2012

1918

-94 (-4.7%)



       -231 (-4.5%)

        -94 (-4.7%)
o The overall 8 year trend shows only a slight (-5%) decline, but consideration of production trends of U.S. Citizen in certain defense related engineering disciplines is a cause for concern and further, more detailed analysis:
o Aeronautical/astronautical engineering Ph.D. production among U.S. citizens is down by 15% from 1994 to 2001. This trend does not support the plans of DoD’s National Aerospace Initiative (nor do these trends support the President’s broader, longer-term Moon/Mars landing initiatives).
o Electrical engineering Ph.D. production of U.S. citizens is down by almost 27% from 1994 to 2001. This trend should be of great concerns across the DoD R&D complex because of the ubiquitous character of this discipline across almost all advanced warfighting capabilities. This trend is not supportive of the DoD Energy and Power Initiative or of the Intelligence and Knowledge Initiative.
o Note that according to the National Research Council (ref. 9), Mechanical Engineering is up because of a unique infusion of federal funds into this particular engineering discipline during the 
late 1990’s.
o Note that the nuclear engineering category is aggregated with other engineering disciplines with small numbers of Ph.D.’s. While the overall category shows an increase, there is no data set for the unique area of nuclear engineering from which to draw specific conclusions.

o As with the defense related sciences, these data indicate that meaningful trends in defense-related Ph.D. production of U.S. citizens must be sought at the sub-discipline and sub-specialty level. This would indicate that DoD may need to begin collecting its own defense–related discipline and subspecialty data in the future in order to manage the future of its own R&D complex’s intellectual capacity and core competencies.   

[image: image5.emf]U.S. S&E Ph.D. Production Trends (1994-2001) 

-500

0

500

1000

1500

2000

U.S. Defense-Related Engineering Disciplines Doctoral Production

-14.5%

U.S. Citizens U.S. Citizen

8 Yr. Delta

Aero/Astro.

Chemical

Electrical

Industrial

Mater./Metal.

Mechanical

Other (nuclear, et al)

Aero/Astro.

Chemical

Electrical

Industrial

Mater./Metal.

Mechanical

Other (nuclear, et al)

1994 / 2001

+12%

-26.7%

-19.1%

-7.3%

+7.2%

+20.1%

Total

Aero/

Astro Chemical Electrical

Industrial

Mater/Metal Mechanical

Other

Aero/

Astro Chemical

Electrical

Industrial

Mater/Metal Mechanical Other

Table VI


Table VII.  

[image: image6.emf]Overall S&E Demand Projections 2000-2010

From “Occupational Outlook Handbook” Bureau of Labor Statistics

Projected growth in S&E 

Demand

DoD Defense-Related Disciplines

10% Physics

10-20% Chemistry/Materials Science

-1% Mathematics

0-2% Nuclear Engineering

10-20% Mechanical Engineering

3-9% Materials Engineering

3-9% Industrial Engineering

10-20% Electrical & Electronic Engineering

36% Computer Software Engineering

21-35% Computer Hardware Engineering

3-9% Chemical Engineering

10-20% Aerospace Engineering

Table VII


FIGURE 1.  DoD S&T Investment Trend vs. Other US Government S&T, US Commercial

                       S&T, European Union + Japan S & T Investment Trends from 1955 to 2000:

o DoD S & T is No Longer the Dominate Component of Even Free-World Innovation, with 

  late 1990’s S&T investment trends indicating a continuing widening of the innovation gap.  
o In 1970, the DoD S&T investment was about 15% of the total U.S (federal + commercial) + Europe + Japan S&T investment.

o  In the 1990-95 period, DoD S&T was only about 5% of total U.S. + Europe + Japan S&T investment, but by 2000 it war only 4% due to continuing rapid growth in S&T investments in all these other sectors.

o  As late as 1970, DoD S&T was 50% of the total U.S. government agency S&T investment, but by 2000, DoD S&T investment was about 20% of the total U.S. federal S&T investment.

o The 1990-2000 annual DoD S&T investment (in constant dollars) was flat at about $4B/yr.

o The 2000 annual DoD S&T investment  is equal to the 1970 DoD S&T investment (in constant dollars) while the “other U.S. government” S&T sector has grown by a factor of almost 6x since 1970.
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FIGURE 2.  People’s Republic of China College & University Graduate Production Trends
(1985-2003): 
From PRC Parity with the U.S. in Overall College & University Graduate Production Rates in the Late 1990’s (but PRC had 2x the S & E Graduate Production Rate as the U.S. 1995-99) …
To PRC having Double the US College & University Graduate Production Rate in 2003         (but PRC had 4x U.S. S & E Graduate Production Rate in 2003)…

With PRC’s Annual Overall College & University Graduate Production Rate Accelerating Rapidly from 2000-2003 and the U.S. Annual Overall College & University Graduate Production Rate Constant  
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FIGURE. 3    Notional NDEA 2006 Focus on Post-secondary S &E Educational Levels
                                            Relative to All Federal Education Programs
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FIGURE 4.  Notional Emphasis of the Proposed NDEA of 2006 on Production of Defense –related Scientists & Engineers for the Federal  Defense (DoD, DHS, DOE, and IC) R&D Complex, as contrasted with the such S&E Production for the U.S. Defense Industry and U.S. Commercial, Industrial and Academic Sectors  
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FIGURE 5.  NDEA of 2006 Would Emphasize Producing a Domestic Government 

S & E Workforce Not Only for Defense & Intelligence-Related S & E Disciplines, 
But Would Emphasize “Defense Critical” S&E Specialties and Skills Within Those Disciplines.

Interagency Working Group on Critical Workforce Needs [National Security S&E]

Draft Supply/Projected Demand Categories for the National Security S&E Workforce

o National Security–related S&E Data Categories and Critical Skills for which data is needed from each Department/Agency and if possible by Laboratory.

o Roman numerals and capital letters are essentially the categories used by NSF for past data on graduate students and Ph.D. production.

o However, NSF data on graduate students does not differentiate between “U.S. Citizens” and “Permanent Resident Aliens”. Graduate students with Temporary visas are broken out in NSF tables. (years: 1994 – 2001). NSF does differentiate “U.S. Citizens” from “Permanent Resident Aliens” and “Temporary visas” for Ph.D. production data. (years: 1994 -2002).

o Arabic numerals and small letters “slot” some initial, specific “critical S&E needs” by category in italics. 

I. PHYSICAL SCIENCES:

A. PHYSICS

     1. Acoustics


a. ocean acoustics

            b. oceanography

     2. Hydrodynamics

            a. Hypervelocity physics

            b. Energetics (explosives & propellants)

     3. Aerodynamics

     4. Materials/solid state physics 

            a. high temperature materials

            b. Miniturization sciences

     5. Optics


a. Adaptive Optics

     6. Electromagnetics

           a. Stealth/Low observable technology

B. CHEMISTRY

     1. Energetics (explosives & propellants)

     2. High temperature materials

    3. Chem-bio defense

C. MATHEMATICS (APPLIED)

D. BIOLOGY

     1. Chem-bio defense

II. COMPUTER SCIENCE:

A. HARDWARE DESIGN

B. SOFTWARE DESIGN

C. NETWORKING SCIENCES

III. ENGINEERING

A. AERONAUTICAL/ASTRONAUTICAL

1. Aerodynamics

2. Hypersonics

3. Propulsion

B. CHEMICAL

C. ELECTRICAL

D. INDUSTRIAL

 1. Naval engineering

E. MATERIALS/METALLURGICAL

 1. High temperature materials

 2. Stealth/Low observable technology

F. MECHANICAL

G. NUCLEAR ENGINEERING

H. COMPUTER HARDWARE

I. COMPUTER SOFTWARE

J. ENGINEERING SCIENCE

K. SYSTEMS ENGINEERING

IV. COGNITIVE & HUMAN FACTORS SCIENCE

A. Human performance

     1. Human Performance optimization

V. PROJECT  MANAGEMENT 

VI. PROGRAM MANAGEMENT

Table VIII. NDEA 2006 Undergraduate Component

A. DoD
 General Characteristics
· Objective is to recruit and train domestic students in science and engineering

· Scholarships are by institution

· Students in scholarship pool “choose” defense-related disciplines 

· Focused Scholarships optimized around technical specialties

· General Area Scholarship optimized around diversity goals (physical science and engineering)

· Traineeships are awarded competitively

· Traineeships funded by OSD  

· Research supplements can be provided by Services

Specialization Scholarships
$15M/yr (1,500 students/yr)
· Discipline Focus Areas (illustrative)
	· Ocean Acoustics

· Oceanography

· Naval Engineering

· Hypervelocity Physics

· Nuclear Engineering

· Energetics (explosives & propellants)

· Human Performance Optimization

· Aerodynamics


	· Propulsion

· High Temperature Materials

· Biology
·  Optics

· Electromagnetics

· Networking Sciences

· Miniturization Sciences

· Systems Engineering


· On-the-spot DoD intern option in effect for undergraduates in scholarship programs

· Award Characteristics

· Average Award Size: < $1M/yr 

· Number of Awards: 45
· Estimated Cost: < $15M/yr

B. DOE

C. DHS

D. IC

Table IX. NDEA 2006 Graduate Component

DoD: 

General Characteristics
· Objective is to recruit and train domestic students in science and engineering

· Traineeships are institutional

· Students in traineeship pool “choose” work with faculty having DoD grants

· Focused Traineeships optimized around technical specialties

· General Area Traineeship optimized around diversity goals (physical science and engineering)

· Traineeships are awarded competitively

· Traineeships funded by OSD  

· Research supplements can be provided by Services

Specialization Focused Traineeships
$15M/yr (500 students/yr)
· Focus Areas (illustrative)
	· Ocean Acoustics

· Oceanography

· Naval Engineering

· Hypervelocity Physics

· Nuclear Engineering

· Energetics (explosives & propellants)

· Human Performance Optimization

· Aerodynamics

· Hypersonics
· Other
	· Propulsion

· High Temperature Materials

· Chem-Bio Defense

· Stealth/Low Observable Technologies

· Adaptive Optics

· Electromagnetics

· Networking Sciences

· Miniturization Sciences

· Systems Engineering


· On-the-spot DoD hiring option in effect for graduates of traineeship programs

· Award Characteristics

· Average Award Size: < $1M/yr 

· Number of Awards: 15

· Estimated Cost: < $15M/yr

· General Area Traineeships 
$35M/yr (1200 students/yr)
· Institutional Category 1

· DoD Funding Level  (tentative):   ≤ $10M/yr 
· Award Size: < $2M/yr

· Number of Awards: 10

· Estimated Cost: $20M/yr

· Institutional Category 2

· DoD Funding Level  (tentative):  $3M/yr - $10M/yr

· Award Size: < $1M/yr 

· Number of Awards: 10

· Estimated Cost: $10M/yr

· Institutional Category 3

· DoD Funding Level  (tentative):   $1M/yr - $3M/yr

· Award Size: < $500K/yr

· Number of Awards: 10

· Estimated Cost: $5M/yr
· On-the-spot DoD hiring option in effect for graduates of traineeship programs
DOE:

DHS:

IC:

Table X. NDEA 2006 Postdoctoral Component

DoD:
General Characteristics
· Objective is to recruit and train domestic students in science and engineering

· Traineeships are institutional

· Students in traineeship pool “choose” work with faculty having DoD grants

· Focused Postdoctoral Fellowships optimized around technical specialties and diversity goals (physical science and engineering)

· Postdoctoral Fellowships are awarded competitively

· Postdoctoral Fellowships funded by OSD  

· Research supplements can be provided by Services

Specialization Focused Fellowships
$15M/yr (50 students/yr)
· Focus Areas (illustrative)
	· Ocean Acoustics

· Oceanography

· Naval Engineering

· Hypervelocity Physics

· Nuclear Engineering

· Energetics (explosives & propellants)

· Human Performance Optimization

· Aerodynamics

· Hypersonics
· Other
	· Propulsion

· High Temperature Materials

· Chem-Bio Defense

· Stealth/Low Observable Technologies

· Adaptive Optics

· Electromagnetics

· Networking Sciences

· Miniturization Sciences

· Systems Engineering


· On-the-spot DoD hiring option in effect for successful Postdoctoral Fellows program

· Award Characteristics

· Average Award Size: < $1M/yr 

· Number of Awards: 15

· Estimated Cost: < $15M/yr

· On-the-spot DoD hiring option in effect for graduates of traineeship programs
DOE:

DHS:

IC:

Appendix I  Cost of the NDEA of 2006
The scope is envisioned to be $1.6 Billion over the four year life of the program or $ 400 

million per year. See Table XI.  To implement the NDEA of 2006, a total of $ 400 million/year 

will need to be in the FY06 budget request of the four participating Department and Agency: 

DoD, DHS, DOE (Energy), and CIA. Each of these four agencies will need to request $ 100 

million for NDEA of 2006  implementation in FY 2006, 2007, 2008 and 2009. These resources 

would be administered by each department and agency in accordance with the NDEA of 2006.  

Table XI.                                  
[image: image9.emf]Cost of the NDEA of 2006

Projected Source of Funds for NDEA of 2006

400

100

100

100

100

FY09

400

100

100

100

100

FY08

400

100

100

100

100

FY07 FY06 Department/Agency:

400 Subtotal ($M)

100 CIA

100 DOE (Energy) 

100 DHS

100 DoD

Table XI


[image: image10.png]



� EMBED PowerPoint.Slide.8  ���





� EMBED PowerPoint.Slide.8  ���











                                                                        2

[image: image13.emf]NDEA 2006: 

U.S. Gov’t

Defense S&E

Other U.S. S & E: 

Civilian/Commercial, 

Industry & Academia   

U.S. Defense 

Industry S&E

[image: image14.emf]No Child 

Left 

Behind

K 12 Masters

Ph.D

College Post

Doc

Tech. Retraining for Vets

Lifetime 

Learning

NDEA 2006 : All Fed. Depts./Agencies

----------------------------------------------------------

DoD, DOE, DHS, IC NDEA ’06 Component

Other Federal

Educational Programs

Academic Levels 

_1140441972.ppt


U.S. S&E Ph.D Production Trends (1994-2001)
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U.S. S&E Ph.D. Production Trends (1994-2001) 
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Overall S&E Demand Projections 2000-2010

From “Occupational Outlook Handbook” Bureau of Labor Statistics

Table VII

		DoD Defense-Related Disciplines		Projected growth in S&E Demand

		Aerospace Engineering		10-20%

		Chemical Engineering		3-9%

		Computer Hardware Engineering		21-35%

		Computer Software Engineering		36%

		Electrical & Electronic Engineering		10-20%

		Industrial Engineering		3-9%

		Materials Engineering		3-9%

		Mechanical Engineering		10-20%

		Nuclear Engineering		0-2%

		Mathematics		-1%

		Chemistry/Materials Science		10-20%

		Physics		10%
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Cost of the NDEA of 2006

Table XI

		Projected Source of Funds for NDEA of 2006

		Department/Agency:		FY06		FY07		FY08		FY09

		DoD		100		100		100		100

		DHS		100		100		100		100

		DOE (Energy) 		100		100		100		100

		CIA		100		100		100		100

		Subtotal ($M)		400		400		400		400
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U.S. S&E Ph.D. Production Trends (1994-2001) 

Annual U.S. Defense-Related Physical Science Production

Total

U.S. Citizens

U.S. Citizen

8 Yr. Delta

	

Physics

	Chemistry

	Math

	Computer Sciences

1994 / 2001

-23.7%

-12.7%

-6.9%

-13.8%

Physics

Chemistry

Math

Computer

Sciences

Physics

Chemistry

Math

Computer

Sciences

Table V
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NDEA 2006: 

U.S. Gov’t

Defense S&E

Other U.S. S & E: Civilian/Commercial, 

Industry & Academia   

U.S. Defense Industry S&E
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U.S. University Trends in Defense-Related S&E Graduate Student Enrollment (1994-2001)

Engineering Disciplines

U.S. Citizens + Perm.

Resident Aliens

U.S. Citizen

8 Yr. Delta

Aliens with Temporary 

Visas

-26.2%

-18.9%

-21.7%

-33.0%

-32.1%

-29.7%

-24.7%

-49.1%

Aerospace

Chemical

Electrical

Engineering

Sciences

Industrial/

Mfg.

Mechanical

Metallurgy/

Materials

Nuclear

Aerospace

Chemical

Electrical

Engineering

Sciences

Industrial/

Mfg.

Mechanical

Metallurgy/

Materials

Nuclear

Table III
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	Industrial/Manufacturing

	Mechanical

	Metallurgical/Materials

	Nuclear
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No Child Left Behind

K	12

Masters

Ph.D

College

Post

Doc

Tech. Retraining for Vets

Lifetime Learning

NDEA 2006 : All Fed. Depts./Agencies

----------------------------------------------------------

DoD, DOE, DHS, IC NDEA ’06 Component

Other Federal

Educational Programs

Academic Levels 






















