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This report summarizes the Workshop on Science, Technology, Engineering, and Mathematics (STEM) Work-
force Needs for the Department of Defense and the U.S. Defense Industrial Base held on August 1 and 2, 2011, in 
Rosslyn, Virginia, under the auspices of the National Research Council’s (NRC’s) Committee on STEM Workforce 
Needs for the U.S. Department of Defense and the U.S. Defense Industrial Base (biographies of the committee 
members are presented in Appendix C). The workshop was part of an 18-month study of the issue funded by the 
Assistant Secretary of Defense for Research and Engineering (ASD[R&E]) to assess the STEM capabilities that 
the Department of Defense (DOD) needs in order to meet its goals, objectives, and priorities; to assess whether the 
current DOD workforce and strategy will meet those needs; and to identify and evaluate options and recommend 
strategies that the department could use to help meet its future STEM needs. At the conclusion of the study, the 
committee will issue a final report.

The present report summarizes the views expressed at the August 2011 workshop by individual workshop 
participants (the workshop agenda is presented in Appendix A and list of participants in Appendix B). While the 
committee is responsible for the overall quality and accuracy of the report as a record of what transpired at the 
workshop, the views contained in the report are not necessarily those of all workshop participants, the committee, 
or the National Research Council.

The workshop focused on the following set of questions: 

1. Identify emerging science and technology that could significantly impact the STEM workforce needs of 
the DOD and its defense contractors over the next 15 years.

2. Estimate the STEM workforce needs by number and field of the DOD and its defense contractors under 
each of the following three budget scenarios:
a. The current 5-year defense budget1 continues under identical basic assumptions.

1The outlays for fiscal year (FY) 2010 were $667 billion for “DOD-Military” (Function 051). The estimates for the out-years were as  follows 
(in billions): FY 2011: $740; FY 2012: $707; FY 2013: $648; FY 2014: $637; FY 2015: $644; and FY 2016: $651. (SOURCE: Office of 
Management and Budget. 2012. Fiscal Year 2012 Budget of the U.S. Government. Washington, D.C.: Government Printing Office.)

1

Introduction
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b. An abrupt change in security threats calls for an abrupt 35 percent2 DOD budget increase over that in 
2.a above.

c. A peace dividend calls for reallocating 25 percent3 of the DOD budget in 2.a to other national needs. 
3. Assess the limitations in meeting the above workforce needs and the forces shaping those limitations.
4. Estimate the fraction of the above workforce needs that will not be met by the civilian educational enter-

prise without supplemental DOD intervention. Where and how should DOD invest to achieve its workforce 
need?

5. Given the unpredictability of: scientific and technological change; levels and trajectory of DOD budgets; 
advancements and emerging threats; and the historical inadequacy of past projections of future workforce 
needs—How can the DOD ensure an adequate workforce capability for itself and its defense contractors 
in the future?

The workshop included discussions by five individual panels, each focusing on one of the questions listed 
above. Starting off each of the five panel sessions, an invited speaker(s) gave an introductory talk designed to 
provide an overview of the topic or to otherwise stimulate the discussion by offering thought-provoking comments 
or introducing a few key ideas. Then, each of the four panelists assigned to the panel on a particular question was 
given 10 minutes to address the topic. The panels were chosen to offer a broad range of views from the public sector 
and the private sector, including major defense contractors, and from nongovernmental organizations (NGOs), all 
of whom are stakeholders in the future STEM workforce. At the conclusion of their prepared remarks, the panelists 
fielded questions from the session moderators, who were members of the NRC committee, as well as from other 
NRC committee members in attendance and from workshop participants. 

The workshop included two keynote presentations. One presentation was made by the president of the National 
Academy of Engineering to introduce the topic through a discussion of the supply of scientists and engineers enter-
ing the workforce nationwide. The other presentation provided the opportunity for the workshop to hear from the 
sponsor, the Assistant Secretary of Defense for Research and Engineering.

The report includes, in Chapter 2, a discussion of what the committee believes to be the key points raised by 
workshop participants. Chapter 3 then presents a summary of the keynote presentations, and Chapter 4 offers sum-
maries of the panel discussions, including the introductory talks and the question-and-answer period that ensued. 
Chapter 5 summarizes the concluding session of the workshop. 

2Roughly the percent increase, in real terms, in DOD spending from FY 2001 to FY 2005 following the events of September 11, 2001; 
compare also the 25 percent increase from FY 1982 to FY 1989. (SOURCE: Office of Management and Budget. Historical Tables. Available 
at http://www.whitehouse.gov/omb/budget/Historicals. Accessed June 17, 2011.)

3Roughly the percent decrease, in real terms, in DOD spending from FY 1990 to FY 2000 following the end of the Cold War. (SOURCE: 
 Office of Management and Budget. Historical Tables. Available at http://www.whitehouse.gov/omb/budget/Historicals. Accessed June 17, 2011.)
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2

Summary of Key Points from the Workshop

The workshop was structured around five key questions related to the STEM workforce of the Department 
of Defense and the U.S. defense industrial base (see Chapter 1). Some key points from the workshop sessions on 
those five questions are discussed below. 

EMERGING SCIENCE AND TECHNOLOGY

Many workshop participants noted that the traditional path for research and development (R&D) and technol-
ogy development entails end-to-end ownership by DOD, governed by acquisition policy and rules. Important trends 
and findings in science and technology (S&T) are as likely as not to emerge outside the DOD classified environ-
ment, or even overseas. The challenge for DOD will be to stay abreast of such developments, occurring as they 
do outside the firewall of the classified DOD environment, and to apply these to meet its own needs. In an era of 
increased cost-consciousness, such technologies available in the global marketplace may indeed be cheaper than 
many developed within the confines of DOD end-to-end ownership. A further shift is that, currently, relatively few 
very significant advances in science leading to new technology are initiated outside the academic sector, whereas 
in the past such advances might originate in settings such as Bell Labs, Xerox Palo Alto Research Center (PARC), 
and IBM’s Thomas J. Watson Research Center. The role of industry has increasingly become one of integrating 
systems and applying rather than initiating new knowledge.

In the closing, summary session of the workshop, a committee member noted that a few of the key trends in 
S&T that can be identified now include the following:

•	 Computers	with	simple,	human-oriented	interfaces,	including	capabilities	for	design,	modeling,	commu-
nications, and data mining; 

•	 Systems	engineering,	including	social	behavior	modeling,	human-machine	interface,	and	data-to-decision	
capabilities; and

•	 Autonomous	systems,	including	multifunctional	materials,	robust	chemistries,	and	self-sustaining	power.

Other participants identified other trends in S&T: for example, engineered materials, including metamaterials, 
plasmonics, and new dielectrics; synthetic biology; and modeling of human behavior. Some participants predicted 
that, overall, DOD will increasingly be in the position of having to fund the basic research performed at universities 
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and to take advantage of the global customer and supplier bases. At the same time, some participants expressed the 
belief that DOD should judge project success to include not only the delivery of hardware but also the knowledge 
gained in the course of project performance. 

ESTIMATING STEM WORKFORCE NEEDS UNDER FUTURE SCENARIOS

Panelists discussing the STEM workforce noted that the definition of “STEM” is itself at issue with respect to 
the occupational fields that should be included. One panelist explained that the Bureau of Labor Statistics (BLS) 
collects data and makes projections based on its definition of STEM employment, which consists of 97 Standard 
Occupational Classifications (SOCs). In addition to including engineers, mathematicians, computer scientists, 
and life and physical scientists, its definition includes technicians in the life and physical sciences, architects, 
postsecondary teachers in STEM fields, STEM managers, and STEM-related sales positions. These SOCs do 
not include positions in social sciences and health-related S&T. Another participant presented information on the 
National Science Foundation’s (NSF’s) science and engineering indicators. The widely cited surveys conducted 
by NSF define natural science and engineering (NS&E) as including biological and agricultural sciences; Earth, 
atmospheric, and ocean sciences; engineering; mathematics and computer sciences; and physical sciences—but 
NSF also presents data for “scientists and engineers,” a construct that, in addition, includes psychology and the 
social sciences. At the workshop, NSF presented data for a possible construct of “STEM” composed of NS&E and 
the social sciences. Another participant presented information from DOD on its scientist and engineer workforce, 
a definition aggregated from 83 of the Office of Personnel Management’s (OPM’s) occupational series.1 Several 
participants noted the incompatibilities of these various ways of parsing the STEM-like workforce. 

One participant described the results of the triennial surveys of businesses collected by BLS, which show that 
there were 7.8 million persons employed in STEM in the U.S. civilian sector in May 2009, with the largest number 
employed in computer-related jobs. BLS projections of the national workforce to the year 2018, with 2008 as the 
base year (and hence missing the global recession), predict increasing demand in areas that are of importance to 
DOD such as computer sciences and life sciences. This prediction implies that there may be recruiting competi-
tion in these fields and to a lesser extent in other engineering fields as well. Another participant referred to studies 
indicating that the growth in the demand for a STEM workforce by industry alone will outpace the supply by 
about 1 million additional STEM workers by 2020, although the gap might be as high as 2.5 million workers.2 A 
member of the NRC committee opined that industry is increasingly turning offshore to resolve this shortfall, just 
as it did with manufacturing for cost reasons.

One participant presented information showing that the current civilian DOD workforce includes 108,703 
individuals classified as scientists and engineers. No unified picture emerged of the future workforce needs of 
DOD, though some insight might be culled from individuals’ recent experience. One participant described how in 
its system of labs, which comprise one-third of its current STEM workforce, DOD currently does not have a sig-
nificant set of unfilled positions, but predicted that retirement-induced gaps could emerge to disrupt this. Another 
participant presented information on the workforce of the contractor base and noted that retirements are being 
delayed, perhaps owing to underperforming retirement funds, and are occurring at a rate of 10 percent per year 
of those who are eligible for retirement. The participant further suggested that this delay points to the possibility 
that the problem may have been postponed but not avoided. The workforce in the contractor base experiences 
dislocations when a program priority shifts—for example, when the space shuttle program or the F-22 fighter 
program is terminated. There is evidence that current contractor workforce needs in some specific areas are not 
being met, with more than 800 open requisitions3—an open requisition is defined as a funded position that remains 
unfilled for 90 days or more—for systems engineers and other STEM workers. Opportunities for cybersecurity 
professionals currently remain open.

1J.M. Seng and P.E. Flattau. 2009. Assessment of the DOD Laboratory Civilian Science and Engineering Workforce. IDA Paper P-4469. 
Alexandria, Va.: Institute for Defense Analyses.

2A.P. Carnevale and S.J. Rose. 2011. The Undereducated American. Available at http://www9.georgetown.edu/grad/gppi/hpi/cew/pdfs/
undereducatedamerican.pdf. Accessed October 1, 2011.

3C.R. Hedden. 2010. Aviation Week Workforce Study. Arlington, Va.: Aviation Week.
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LIMITATIONS TO MEETING WORKFORCE NEEDS OF DOD AND THE INDUSTRIAL BASE

No evidence emerged from the workshop to indicate that there is currently a STEM workforce crisis. One 
participant did, however, describe how past DOD budget decreases naturally correlate with reduced demand and 
workforce drawdowns. This condition is, however, largely a self-fulfilling prophecy: if the DOD budget for R&D 
is reduced far enough, a point will inevitably be reached at which there is no unfilled demand. Particular needs, 
however, may not be fulfilled. One participant presented information from the Aviation Week Workforce Study 2011 
pointing to mismatches between supply and demand for particular skills in the contractor base in terms of numbers 
of open job requisitions. Another participant presented a case study of petroleum engineering in the 2000s show-
ing that markets will respond to demand signals for STEM jobs when such needs are not met. Some participants 
nonetheless made the point that whether or not there are quantitative mismatches, problems related to workforce 
quality can arise. Engineering skills can obsolesce given rapid changes in technology, and hence there may be 
need for more continuing education and training than in the past when change was slower.

Some participants presented data showing that, for the STEM pipeline, there has been a modest increase in 
bachelor’s degrees earned in engineering and the physical sciences. However, blacks and Hispanics earn natural 
science and engineering degrees in percentages well below their population shares, which are the fastest-growing 
segments of the U.S. population.

Participants also presented data on the numbers of persons remaining in STEM fields after graduation—the 
retention rates—which have been increasing in recent years, although the numbers graduating with degrees in 
engineering have been flat, at 72,000, for the past 6 years. One participant expressed the view that although gov-
ernment can intervene to stimulate supply, the creation of an oversupply of engineers is not a desirable outcome 
and may be more detrimental than lags arising from the demand-driven supply. 

One participant presented results of his study on another portion of the STEM supply: the doctoral degrees 
awarded to temporary-visa holders. At the doctoral level, the so-called stay rates of such graduates up to 2007 have 
not been in historical decline. On the one hand, China, India, and other countries in particular have a high percent-
age of PhDs staying in the United States, notwithstanding the very high growth rates in their home economies. 
On the other hand, there is substantial anecdotal observation of particularly highly qualified individuals returning 
to their home countries.

INSTITUTIONAL CAPACITY IN EDUCATION AND THE DOD INVESTMENTS 
NEEDED TO ENSURE A SUFFICIENT WORKFORCE

Workshop participants from academia stated the view that there is sufficient capacity to educate the STEM 
workforce, but there are aspects that could be improved with DOD assistance. In general, universities are best able 
to respond to a stable signal in DOD funding without year-to-year fluctuation; providing $100 million evenly over 
10 years for example is preferable to a short burst of very high funding. Major research universities are the primary 
recipients of DOD basic research (6.1) funding. Several participants stressed that other, non-R-1 universities and 
colleges4 are an important component of education for the STEM workforce. A large percentage of science and 
technology is based at all levels of postsecondary education: approximately 57 percent of those who ultimately 
pursue doctorates will have obtained their undergraduate degrees at institutions other than major research universi-
ties. Programs that focus solely on major research universities would miss these important elements of the STEM 
workforce pipeline. One participant suggested that engaging undergraduates in research would be an effective 
way to reduce attrition in the STEM pipeline. The same participant further expressed the view that the quality of 
U.S. education in kindergarten through 12th grade (K-12), particularly in mathematics and science, does not lend 
itself to major increases in the number of highly qualified STEM workers, and that this factor is exacerbated by 
the perceived unattractiveness of many STEM careers as seen by young people.

4That is, classified as “Research Universities I” by the Carnegie Foundation. The classification underwent a major update in 2005 such 
that RU/VH is the equivalent of R-1. A.C. McCormack and C. Zhao. 2005. “Rethinking and Reframing the Carnegie Classification.” Change 
37(5):50-57.
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One participant described how, within DOD, “learning by doing” is essential for those measured by their ability 
to perform in their jobs. One participant noted that systems engineers cannot be graduated but must be “grown” (i.e., 
must learn on the job), a point on which many participants concurred. Nonetheless, this learning can be expedited 
with formal training, particularly at the graduate level. The practice of science and engineering, including manage-
ment, is important for DOD. Lifelong technical training is important, and not only in university education. The 
pace of change in the STEM fields is sufficiently great that individuals’ critical skills can obsolesce in the absence 
of continued learning. Participants suggested that DOD might address this perceived problem. One participant 
described another tool available to DOD in its system of schools operated on military bases, which could become 
more oriented toward STEM and innovation. This system might provide a testbed experience that could help serve 
DOD STEM workforce needs by leading to changes in education in feeder schools and universities. 

ENSURING AN ADEQUATE WORKFORCE CAPABILITY IN AN UNCERTAIN FUTURE

Past attempts to predict the state of the world that will drive DOD’s demand for STEM talent have been 
unsuccess ful, as noted by several participants. The same has been true of the ability to predict major new tech-
nological advancements. Rather than depending on prognostication, a number of participants opined that DOD 
might instead emphasize a strategy that incorporates uncertainty. One committee member suggested that this 
inability to forecast points to a need for a workforce composed of people who are current in their field but also 
prepared academically and psychologically to change the course of their careers relatively rapidly when likely 
future changes in demand and technologies occur. In view of the latter, and the uncertainties about future budgets, 
some participants suggested that the best responses are in the realm of flexibility and adaptation rather than in the 
creation of new degree programs or the expansion of existing ones. 

One participant expressed the view that DOD has the tools that it needs to make its recruitment and retention 
of STEM personnel more aggressive and competitive. DOD laboratories and the acquisition workforce have dem-
onstration authority to set pay scales, and the current personnel system will allow the payment of recruitment and 
retention bonuses when these are indicated. Timeliness is a very serious issue both in hiring and in the granting 
of clearances. The former can be addressed by direct-hire authority. The latter seems to be in a world of its own.

Several participants discussed tools available to DOD on the supply side, where DOD has been able to offer 
summer employment in its laboratories to young people who might be inspired to return later—a tool often used 
in industry—and which affords the laboratories a low-risk opportunity to identify high-quality candidates for 
future employment. DOD might consider making its work more attractive to budding engineers: the fast track 
for  acquisition—described by one of the keynote presenters—greatly increases the chances that a project engineer 
will see his or her work to fruition. No one wants to work on a project that takes 20 years to finish and incurs the 
tangible risk of cancellation. One participant expressed skepticism about the efficacy of supply-side measures, 
observing that defense is today too small a fraction of the nation’s output—4.5 percent of gross domestic product 
(GDP)—to have a significant impact on supply.

Several participants observed that DOD does an admirable job of providing career management for the uni-
formed military but does little in this domain for the civilian side. If career management could be enhanced on 
the civilian side, the attractiveness of government careers would likely increase greatly. Major “Tier 1” suppliers, 
including Lockheed Martin, Northrop Grumman, and the Boeing Company, all keep a focus on recruiting and main-
taining their STEM workforces. Boeing, for example, is able to move personnel between its civilian and military 
businesses to mitigate the impact of a downturn in one sector. The DOD does not appear to have the same focus 
and priority for the continuity of its STEM workforce.

Several participants expressed concern over a further obstacle that limits the pool of applicants—the exclusion 
of foreign-born people—owing to the need for cleared personnel to be citizens. The comparison is made to the U.S. 
Department of Energy (DOE) laboratory system, which allows non-citizens to perform certain work. Clearances 
are required for critical security positions; nonetheless, there is scope within the current DOD system of controls 
for reducing the number of positions requiring clearances, depending on security threats.
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Summary of Keynote Talks

CHARLES VEST, PRESIDENT, NATIONAL ACADEMY OF ENGINEERING

In his keynote presentation, President of the National Academy of Engineering Charles M. Vest set the larger 
context for the workshop, comparing the educational enterprise and workforce of the United States to those in 
the rest of the world. He observed that the United States has a science and engineering workforce problem but 
primarily an engineering workforce problem: roughly 13 percent of university graduates in the United States have 
degrees in the natural sciences and only about 4.5 percent have degrees in engineering. Vest underscored that this 
is a problem: compared with the respective percentages for China and other countries, this is lower. He noted that 
there are a number of problems, including gender imbalances. Data on college-enrolled students, he said, show 
that there is a decline over the 4 years during which they are enrolled between the number of college students 
intending to major in science and those who actually graduate with such a degree. Along the way, of those who 
had earlier declared their majors in science, there is a loss of one-quarter of women students—in absolute numbers, 
from 13 percent down to 9 percent—but a modest increase for males, from 12 to 15 percent. Vest again noted the 
huge gender imbalance among those coming into universities who are pre-intended engineering majors: 3 percent 
of women versus 17 percent of men. A further 50 percent overall are lost over the 4 years of college. He believes 
that this points to an opportunity to make engineering more engaging and to retain these students and thereby 
double the numbers of graduates. 

Turning next to a discussion of the demography of students in the 18- to 23-year-old age range, Vest noted that 
the percent in this age group represented by minorities is increasing, but that the fraction represented by minorities 
earning degrees in engineering has been flat since 1995. Considering the percentage share of engineering under-
graduate degrees going to minorities and women, he believes that there is an impending workforce train wreck 
and that there is a need to increase the shares of minorities and women in the growing segment of the population 
in view of its impact on the absolute numbers of graduates. 

Vest then discussed what he called “the three elephants in the room,” starting with the citizenship requirement 
for classified work. He explained how this requirement further shrinks the eligible workforce and presented data 
(see Figure 3-1) showing that the U.S. S&E workforce includes 25 percent born outside the United States and, 
when PhDs are considered, the workforce is 40 percent born outside the country. If the production of PhDs were 
considered, then the fraction of those born outside the United States would rise to above 50 percent. He asked 
whether we cannot do something to better access this talent that does not happen to be born in the United States. 
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FIGURE 3-1 Foreign-born share of the U.S. science and engineering workforce. SOURCE: National Science Board. 2010. 
Science and Engineering Indicators 2010. NSB 10-01. Arlington, Va.: National Science Foundation.

The second elephant in the room, Vest noted, is that things (i.e., people, ideas, technology) flow in different 
ways. He pointed out that, whereas in the past there was the problem of brain drain to (versus from) the United 
States, this flow has been altered so that what we have now is “brain circulation” as economies heat up in Asia and 
Brazil. We are moving toward “brain integration”: this has been going on in industry for a while and is beginning to 
grow in academia; we work on problems worldwide and do not have to be physically present in a country in order 
to collaborate. Vest believes that it is important for recognition of the latter to figure into solving the problems of 
how we vector young men and women into fields that are needed by the security community. 

Finally, the third elephant, Vest commented, is export controls and deemed exports: generating new knowledge 
in technology is far more important than obsessing about every leak: this is the “leaky bucket” theory of security. 

ZACHARY J. LEMNIOS,  
ASSISTANT SECRETARY OF DEFENSE FOR RESEARCH AND ENGINEERING

The Honorable Zachary J. Lemnios, Assistant Secretary of Defense for Research and Engineering, opened 
his keynote presentation by offering some context for the workshop. He explained how the topic of the STEM 
workforce requires looking out 5 to 20 years from now and that he has made it a priority early on in his tenure to 
focus on what the technical workforce should look like in years to come. This entails consideration of what we put 
in place today in order to build the needed technical depth, align it to the fields that we need to be in, understand 
where we are relative to the rest of the world, and build an innovation engine at DOD that is competitive with the 
private sector. 

Lemnios referred to the joint operating environment put together in 2010 by the Joint Forces Command. It 
posited a shift in world demographics amid globalization and the pace of innovation. He noted that the time avail-
able to address threats and deliver capabilities has been shortened considerably. He observed that the National 
Academies report Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic 
Future1 put into perspective the position of this country relative to the rest of the world and that of industry and 

1National Academy of Sciences, National Academy of Engineering, and Institute of Medicine. 2007. Rising Above the Gathering Storm: 
Energizing and Employing America for a Brighter Economic Future. Washington, D.C.: The National Academies Press.



Copyright © National Academy of Sciences. All rights reserved.

Report of a Workshop on Science, Technology, Engineering, and Mathematics (STEM) Workforce Needs for the U.S. Department of Defense and the U.S. Defense Industrial Base 

SUMMARY OF KEYNOTE TALKS 9

where we need to be as a competitive nation. He noted that the report included the first use of the term knowledge 
capital as a concept for considering human capital and how we train future leaders in STEM. 

The offshore outsourcing of technical R&D is cause for concern, according to Lemnios. General Electric (GE), 
for example, has moved most of its research overseas. Four of the top-10 patenting companies are overseas, and the 
United States has lost its position in test scores. Globalization of R&D, from basic to applied, amounts to roughly 
$1.2 trillion, of which about one-third resides in United States, with another third being in Asia. Of the $400 billion 
in the United States, he continued, half is accounted for by industry, and so DOD leverage is very small. He noted 
that DOD is the consumer and needs to leverage its suppliers. Noting that another trend is the shift in alliances and 
the shift in R&D funding leadership, he asked how DOD can put forward a strategy to maintain U.S. leadership. 

Lemnios noted that across DOD there are laboratories, basic research, and independent research and devel-
opment (IRAD, performed by the contractor base) comprising an enormous enterprise of innovators. There are 
areas in which it will be of great importance to develop new capabilities but also core competencies for enduring 
capabilities. The 2010 Quadrennial Defense Review (QDR) identified S&T priorities that are vectoring DOD to 
where it needs these core competencies. The challenge will be to align these elements to build these disciplines, 
including those in the industrial base. Then, he noted, there is still the question of how to transition these ideas 
from a laboratory or a small business to one that allows DOD to develop these capabilities. 

Lemnios then described the system of 62 DOD laboratories with 60,000 people employed and with operating 
budgets of about $2 billion; another $1 billion in research funding goes to academia. Further, there is a connec-
tion with industry’s IRAD that totals about $4 billion from DOD, but the connection is mainly through advanced 
development or pre-production. The federally funded research and development centers (FFRDCs) and university 
affiliated research centers (UARCs) provide surge capacity in S&T areas where DOD does not have insight. The 
purpose of all of this, he said, is to build an S&T enterprise for DOD that operates across these lanes rather than 
in the traditional “pillars of excellence.”

Next, Lemnios turned to a discussion of what is referred to as the S&T priorities memorandum2 and of how 
these priorities were developed. DOD considered the architectures identified in the QDR and critical capabili-
ties vis-à-vis the invented technology base and asked whether and how it could support these architectures and 
capabilities. Lemnios discussed force multipliers that could address these, including data-to-decisions capability, 
autonomy (i.e., autonomous systems that reliably and safely accomplish complex tasks), engineered resilient 
systems, and human systems—areas for which there are pockets of research in the industrial base but for which 
developing a technical discipline will take some time. He then discussed two of three listed complex threat areas:3 
(1) Regarding electronic warfare, he noted that in the past this had been a hot-topic area. He described how he 
had gone to graduate school supported by Hewlett Packard (HP) in the then-emerging area of radio-frequency 
engineering. Noting the continued evolution in this field, he asked what electronic warfare might look like in 10 or 
15 years and whether a new training ground would not be needed. (2) On cyber science and technology, Lemnios 
observed that this is talked about all the time in the Pentagon, but the way in which new concepts in cyber science 
and technology are built and the way in which cyber systems are validated are not well understood. He stressed 
the difficulty of building a technical discipline around secure networks and of handling massive amounts of data 
in unstructured environments. 

Lemnios then discussed the high-interest basic science areas that are orthogonal to the priority S&T areas, and 
which include synthetic biology, engineered materials, quantum systems, modeling of human behavior, cognitive 
neuroscience, and nano-science and -engineering. He described the evolution of this list: Robin Staffin4 led a set 
of meetings at colleges to look at what the emerging fields are. Lemnios noted that part of the challenge to the 
NRC committee will be to identify those areas to which ASD(R&E) should pay attention over the next decade. 

Lemnios then discussed the STEM-related programs underway in ASD(R&E). These encompass K-12 stu-
dents, undergraduate and graduate students, and more than 23,000 teachers and 300 faculty. He said that ASD(R&E) 

2Secretary of Defense William Gates. April 19, 2011. Memorandum for Secretaries of the Military Departments; Chairman of the Joint Chiefs 
of Staff; Undersecretary of Defense for Acquisition, Technology and Logistics; Assistant Secretary of Defense for Research and Engineering; 
Directors of the Defense Agencies: Science and Technology (S&T) Priorities for Fiscal Years 2013-2017 Planning. Washington, D.C.

3The third such area is counter weapons of mass destruction.
4Director of Basic Research, ASD(R&E).
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needs to know how to use this collection of programs for effect across DOD; the challenge is not so much how to 
execute these various programs as how to use the results: that is, how might DOD best incorporate students into 
DOD laboratories and the industrial base? Lemnios observed that, in terms of numbers of graduates annually, the 
United States is losing 10 to 1 to China. He said that in the past month, ASD(R&E) has put in place a board of 
directors model for STEM, drawing its membership from across the military services and civilian ranks of DOD. 
He described three key areas for the board: First, what are the future needs of the department in technical depth, 
discipline, and numbers? Second, how do we fill those needs today? Third, how do we scale up academia in new 
areas, perhaps implying new departments?

In closing his remarks, Lemnios reviewed the five-point statement of task given the NRC committee and re-
emphasized the need to think about new and emerging disciplinary focuses and cross-disciplinary interactions. 

Committee Co-Chair Norman Augustine asked Mr. Lemnios a two-part question: (1) With respect to micro-
electronics, he noted that some of the defense systems on which he had worked had taken 10 or 20 years to develop 
and deploy into the field. He asked whether this could not be shortened. (2) The co-chair also noted that the leading 
edge of R&D lies in the private sector, not DOD, where it had been in the past, and that moreover companies are 
evolving global research consortia. The latter, however, become ensnared in export controls that constrain anything 
that passes through the United States, and this has led companies to simply bypass this country. Augustine asked 
if it would not be possible to change the rules to accommodate this aspect of globalization in a DOD framework.

•	 In	response	to	the	first	question,	Lemnios	replied	that	he	agreed	that	no	one	is	going	to	graduate	from	a	
first-rate school and choose to work in the defense industrial base if the person thinks that his or her first 
product will reach the market in 10 years. He offered an example of the iPod, which in the design phase 
had three requirements: 10,000 songs, three clicks, and fits in your pocket. Further, the iPod had to be 
ready in a year. This is the sort of problem that will attract the best and brightest. Lemnios suggested that 
there might be real benefit to shortening the DOD acquisition cycle if for no other reason than that it would 
increase the odds that project staff could see the result. Regarding Augustine’s second question, Lemnios 
responded that although he believed export controls to be outside his purview, he nonetheless recognized 
that regardless of the technology in question, many of the elements are available globally, and adduced 
as an example field-programmable gate arrays (FPGAs). Few core technologies reside entirely inside the 
United States, placing a premium on systems engineering. 

Committee member Leif Peterson asked where the Secretary of Defense stands on STEM issues. He also asked 
Lemnios to discuss the budgetary pressures due to the deficit crisis and asked whether the Secretary of Defense 
would still be interested in addressing the issue of the STEM workforce in an environment of greater competition 
for funding. 

•	 Lemnios	replied	that	STEM	was	part	of	the	secretary’s	confirmation	testimony.	Part	of	the	department’s	
posture has been to have disciplines to execute ideas in a timely way. He noted that there are now pressures 
to reduce costs: DOD turns over every single rock, so to speak, to find the best value for the department. 

A workshop participant noted that “best” is the enemy of the good, and this is why it takes 20 years, rather 
than 8, to field a new system, as procurement officers continually write new requirements. 

•	 Lemnios	 noted	 that	 the	 fast-track	 acquisition	 addresses	 this,	 and	 he	 adduced	 as	 an	 example	 the	 mine-
resistant ambush protected (MRAP) vehicle. He said that 1,000 MRAP vehicles are made per month, 
although these are not optimal and are in fact now being retrofitted. He noted that combatant command-
ers are asking him for the “80 percent solution,” and further, they tell DOD that they cannot wait for the 
10-year solution. By contrast, however, Lemnios expressed the view that we must understand the risk and 
that much in question is addressed by good systems analysis.
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Referring back to the Secretary of Defense’s memorandum on STEM,5 another participant asked how this has 
affected the priorities of ASD(R&E).

•	 Lemnios	noted	 that	ASD(R&E)	had	developed	 the	 list,	but	he	noted	 that	neither	stealth	 technology	nor	
undersea warfare is on the list. The core of discussion revolves around asking, What are fields for which 
we do not have an infrastructure in place?

A participant noted a new focus by the administration on advanced manufacturing and asked what DOD is 
doing in this area.

•	 Lemnios	replied	that	the	STEM	board	of	directors	is	focusing	on	this	issue	and	is	looking	across	the	depart-
ment at where it is making investments. DOD will need new ideas from academia and industry to build a 
new technology base. 

Augustine said that Kelly Johnson, the chief designer of Skunk Works, worked on 32 airplanes that flew. 
Today’s engineers will be lucky to see 2 in their careers. He suggested that there is a need for more prototyping.

Lemnios concurred with Augustine on this point and allowed that he had heard this in other discussions 
with industry. He remarked that “you grow systems engineers” through experience. Elaborating on Augustine’s 
suggestion, he asked: (1) How do we put together challenging problems that can be the basis for training future 
engineers? (2) How might we get access to testbeds and data sets?

5Secretary of Defense William Gates. April 19, 2011. Memorandum for Secretaries of the Military Departments; Chairman of the Joint Chiefs 
of Staff; Undersecretary of Defense for Acquisition, Technology and Logistics; Assistant Secretary of Defense for Research and Engineering; 
Directors of the Defense Agencies: Science and Technology (S&T) Priorities for Fiscal Years 2013-2017 Planning. Washington, D.C.
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Summary of Panel Sessions

PANEL 1: EMERGING SCIENCE AND TECHNOLOGY IN THE NEXT 15 YEARS

Question to Be Addressed

Identify emerging science and technology that could significantly impact the STEM workforce needs of the 
DOD and its defense contractors over the next 15 years.

Summary of Lead-off Presentations

Donald Burke, dean of the Graduate School of Public Health at the University of Pittsburgh, gave his presenta-
tion from the point of view of the life sciences. He went over the DOD priorities list for high-priority science and 
technology areas,1 noting where these areas touch on the life sciences. He discussed the various spatial and tem-
poral scales on which biological systems operate (see Figure 4-1), noting the tendency to focus on the small scale. 

In surveying the emerging S&T, Burke first turned to the area of nanoscience, noting that this is a maturing 
field that has been in existence for 20 years and has several prominent dedicated journals, notably Nature Nano-
technology. Some of the applications to life sciences have included the development of new vaccines, and there 
is potential for new technologies for their delivery. These latter technologies could include intradermal injections 
to deliver to specific cells. Burke then turned to synthetic biology and the idea of using cells as programmable 
entities. This is an engineering discipline that has been applied to the development of antimalarial drugs through 
the creation of novel compounds. He then discussed cognitive neuroscience, referring to a recent NRC report on 
the subject, and took note of “neurophysiological advances in detecting and measuring indicators of psychological 
states and intentions of individuals.”2

Burke then turned to the subject of STEM at scales larger than a human being. He noted that there are popula-
tion health problems—obesity, drug addiction, violence, and mental health—that have directly impacted military 

1Secretary of Defense William Gates. April 19, 2011. Memorandum for Secretaries of the Military Departments; Chairman of the Joint Chiefs 
of Staff; Undersecretary of Defense for Acquisition, Technology and Logistics; Assistant Secretary of Defense for Research and Engineering; 
Directors of the Defense Agencies: Science and Technology (S&T) Priorities for Fiscal Years 2013-2017 Planning. Washington, D.C.

2National Research Council. 2008. Emerging Cognitive Neuroscience and Related Technologies. Washington, D.C.: The National Academies 
Press.
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FIGURE 4-1 Scales of health science research. SOURCE: Donald Burke. 2011. “Emerging Science and Technology in the 
Life Sciences.” Presentation to the committee at the Workshop on Science, Technology, Engineering, and Mathematics (STEM) 
Workforce Needs for the U.S. Department of Defense and the U.S. Defense Industrial Base, Arlington, Va., August 1.

recruiting. He gave examples of four novel programs at his home institution: (1) simulation using agent-based 
models of pandemic spread through the United States, (2) data acquisition and analysis of historical disease  patterns, 
(3) modeling of human health behaviors, and (4) measurement of population-level immunity. He discussed these 
four in detail, touching on the methodologies and the challenges in accessing and analyzing the data. One note-
worthy example was the mining of the Department of Defense Serum Repository (Silver Spring, Maryland) of 
50 million human serum specimens. In concluding his talk, Burke reiterated the theme of multiple scales, adding 
that at higher levels of sociobehavioral analysis we are seeing a “data tsunami.”

Anthony Tether, president of the Sequoia Group, discussed the topic of emerging S&T in the next 15 years 
from the perspective of his current work and his former service as the director of the Defense Advanced Research 
Projects Agency (DARPA). He offered a “baker’s dozen” of important technologies and explained the significance 
of each to the DOD mission: 

•	 Alternative energy. Alternative energy is critical because all U.S. wars are conducted offshore, and a modern 
army moves on energy. 

•	 Critical biological technologies. There is a need for timely, tailored therapeutic response capability. 
•	 Cognitive computing and high-productivity computing systems. These systems could be used to simulate 

operations and eliminate extensive experimentation. 
•	 Laser systems. These systems are of perennial importance, dating back 40 years, and have multiple military 

uses, from sensing to communication to electronic warfare to target designation. 
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•	 The ability to manufacture very quickly. This capability makes possible the response to unanticipated situ-
ations like wars in Iraq and Afghanistan. 

•	 Structural, functional, and smart materials. Many fundamental changes in warfighting capabilities have 
sprung from new or improved materials.

•	 Mathematics. There continues to be value in supporting very intuitive people who are able to identify pat-
terns in very complex data. 

•	 Advances in microelectronics. Scientists will need to find a new way to continue Moore’s law using three-
dimensional constructs and will need to learn how to make monolithic analog-to-digital chips. 

•	 Communication networks. The network may become more important than the node (e.g., the airplanes that 
it supports). 

•	 Quantum information science. It can be envisaged that this technology will have a major impact as scientists 
learn to operate at atomic level and shrink our sensors. 

•	 Real-time accurate language translation. U.S. forces do not necessarily understand the culture or the lan-
guage in the operational area, and so they need automated translators that are 95 percent accurate 95 percent 
of time (i.e., equivalent to a level IV linguist). A translator system could be embedded in a helmet equipped 
with a microphone and speakers. Although English is currently the preferred language globally, this may 
not be the case much longer. 

•	 Trustworthy integrated circuits (ICs). DARPA has only a couple of foundries in the United States; most 
ICs are made offshore. Can we be sure that electronics manufactured abroad have nothing added or deleted 
that would lead to a catastrophic failure? 

In conclusion, Tether asked how we can ensure that tomorrow’s youth will learn S&T. He believes that the 
result of such study must lead to something exciting, and proffered that one might change the 7th-, 8th-, and 9th-
grade syllabi to include reading one science fiction book per week. In interviewing job candidates, he commented, 
he always looks for imagination. 

Panel Discussion

The session then turned to the four members of Panel 1 who had been asked to prepare brief remarks on the 
panel’s topic, emerging S&T in the next 15 years. 

The first panelist was Thomas Russell, director of the Air Force Office of Scientific Research, who began his 
remarks noting an underlying theme: seeking to educate people who can solve challenging problems. He said that 
academics are risk-averse and seek to ensure that research is successful even if it turns out that only the knowledge 
benefit rather than a deployable technology is applicable to future work. He noted that in the Air Force, there are 
six disruptive basic research areas identified in the “6.1” category (i.e., DOD-funded basic research): (1) engineered 
materials, including metamaterials and plasmonics; (2) quantum information sciences, with applicability to cryp-
tological problems; (3) cognitive neuroscience; (4) nano science and engineering—although Russell conceded that 
nanotechnology and nanobiology have been talked about for two decades; (5) synthetic biology—he pointed out 
the importance for vaccine development of getting beyond the use of eggs and tobacco to produce them in order 
to have a rapid-response capability; and (6) the modeling of human behavior. Russell noted that, although these 
six areas are the ones that the Department has identified, in looking to the future one must not forget the past. He 
gave the following as an example: in the Air Force, aerospace sciences will continue to be important; the future 
is in autonomous systems in which the factor of trust will be paramount. Other areas of ongoing importance will 
be information assurance, network sciences, and thermal sciences—important for energy sciences and electron-
phonon coupling. For the design of materials, there will be three-dimensional materials with n-dimensions in 
functionality. He also touched on the question of how humans interact with machines. Fractionated systems must 
be brought together, and we will require digital-based systems that are more generic. A question will be how to 
couple quantum architectures and how to bring them together in real time. 

The next panelist to present brief remarks was Lyle Schwartz, past chair of the ASM Materials Education Foun-
dation. This speaker decided against the approach of providing a list of critical technologies in favor of examining 
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a couple of technologies that in his view will be growing in importance at DOD; he also wanted to touch on some 
aspects of the STEM workforce that are not included in traditional thinking on S&T. The first of the technologies 
that he chose to focus on was robots, of which about 8,000 were in use in Iraq at the peak of the conflict. In future 
conflicts, he said, we will see autonomous systems—for example, insect-size surveillance robots or land-mobile 
robots teaming with soldiers. He noted that there will be a need for an increasingly sophisticated warfighter. 

The second technology that Schwartz described involved materials requirements for applications such as 
personnel protection or higher operating temperatures in engines. He noted that autonomous systems in particular 
will benefit from functional materials that also provide energy storage. The implementation of computational tools 
now reaching maturity will enable materials by design—that is, the materials genome. Within the materials field, 
the most dramatic change will be in the implementation of computational materials. He commented that there is 
a need for academia to integrate computation more fully into the engineer’s toolbox. 

Schwartz next turned to a discussion of the more efficient energy sources needed to meet expanding equip-
ment loads. He noted that there are investments by DOD in energy, but that DOD will need to address warfighter 
needs specifically: for example, autonomous systems run by batteries currently create logistics complexity, and 
jet propellant 8 (JP8) fuel standardization creates problems for small-engine ignition. 

Autonomous systems will require interdisciplinary and systems-organized research, Schwartz observed; it will 
not be possible to maintain the necessary depth of expertise in just the DOD laboratories, but other government labo-
ratories and universities, including those abroad, should probably be accessible. We will need systems- organized 
collaboration and more flexible communication with these other entities. He pointed to what he considered an 
excellent model: the Army’s establishment of technology alliances.3 

Schwartz then discussed issues that will be critical to maintaining aging transport and attack vehicles, which 
remain in use beyond their designed lifetimes. It is possible to upgrade such vehicles during the life-extension 
process in order, for example, to decrease fuel costs. Reduced investment in traditional areas by DOD has led to 
less academic attention to these topics; corrosion engineering, one of the major costs to DOD budgets, has all but 
disappeared as a subject taught in engineering education. We will need a trained maintenance workforce, for which 
community colleges will remain a critical element. DOD will continue to need a STEM workforce, ranging from 
individuals who have vocational training to those with advanced degrees in the soft and hard sciences.

The next panelist to present brief remarks was John Sommerer, Space Sector head at the Johns Hopkins 
University Applied Physics Laboratory. He began by commending to the workshop participants a Naval Research 
Advisory Committee (NRAC) summer study from 2010.4 Sommerer expressed mixed feelings about lists and about 
crowdsourcing, which, although it has a certain amount of convergence, tends to be market-driven. He presented 
a list, noting that it was Navy-focused, from the NRAC report, in a two-parameter framework (supplier base and 
customer base), to enable the Navy to maintain leadership in central areas while identifying the need for “agile 
adoption” within a much larger enterprise. Within the two-parameter framework (see Figure 4-2), there are two 
quadrants of interest: (1) “Most Navy control” and “Highest cost,” which quadrant is fragile because the govern-
ment takes end-to-end ownership of cost, governed by current acquisition policy; and (2) “Least Navy control” 
and “Lowest cost,” which is the global marketplace. In the latter, it falls to DOD more and more to take advantage 
of the global supplier base and customer base.

Sommerer then asked participants to consider that the United States makes up 5 percent of the global popula-
tion, or 10 percent if least-developed countries are excluded. Based on this calculation, one could posit that only 
1 in 10 good ideas will emerge from the United States, underscoring that we must rely on agile adoption.  Sommerer 
noted that this paradigm is used by Apple, currently the most valuable brand in the high-tech universe, using 
research to expand from its base as a boutique firm to overtake Microsoft. It is in the discovery arena,  Sommerer 
suggested, that we need to prepare the workforce to make its contribution and understand the unique value that it 
has to national security. Referring to the NRAC report, he noted that the summer study also came up with a set of 
agile-adoption areas. He offered that if he had to pick only two areas to add to an emerging S&T list, one addition 

3Further information is available at http://www.arl.army.mil/www/default.cfm?page=93. Accessed October 17, 2011.
4Naval Research Advisory Committee. 2010. Status and Future of the Naval R&D Establishment. Available at www.nrac.navy.mil/

docs/2010_Summer_Study_Report.pdf. Accessed October 17, 2011.
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would be applied neuroscience: the brain is not understood in terms of information processing even though there 
are astounding feats of pattern recognition. One could envisage neurally controlled fighter planes. The other addi-
tion to the list of emerging S&T that he suggested was information systems assurance. If he were to add a third 
and fourth, these would be materials and nanoscience.

In concluding, Sommerer stated that the real issue is not the list of technologies but the competitiveness of U.S. 
students and universities. He observed that this competitiveness is imperiled as both citizens and non-citizens leave 
academia to look for opportunities overseas. He suggested that the DOD intervention should be in policies that 
drive technology development, commercialization, and globalization, and career paths for the STEM workforce. 
With respect to the latter, he contends that the day of lifetime careers in government is over, and we will need to 
figure out how to pull in an increasingly globalized workforce. Generation Y is easily bored, amenable to working 
globally, and will move on if not kept engaged.

The fourth panel member was Leonard Buckley, technology division director at the Institute for Defense 
Analyses. Commenting on the lists of technologies already discussed, he noted that, for materials, there is a need 
to develop new dielectrics. He raised the matter of communication, which is an issue for STEM, offering as an 
example that nuclear power is not bad and that the public needs to be educated on this subject. Buckley discussed 
the modeling of complex systems, varying from weather to advanced aircraft to autonomous vehicles. S&T of 
complex systems also includes the interplay across fields, including autonomous operations, cognitive science, 
psychology, and the “creativity option”; creativity might not be desirable in a bus driver, but it may be key in 
robotic operation. Buckley also discussed quantum effects, noting that there are not a lot of materials to work 
with to build such systems. He noted that he was in broad agreement with list presented by Anthony Tether at the 
start of the panel session.

The panelists having made their remarks, session moderator and committee member Frances Ligler posed 
a few questions. Noting that the United States is facing the threat of terrorism and the build-up of sophisticated 
paramilitary forces, she asked the panel what is needed to make this a safer world.
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•	 John	Sommerer	suggested	that	this	is	not	a	technological	problem	and	challenged	the	premise	that	we	need	
to engage militarily as broadly as we have. Information dominance is our strong point and our weak point; 
we need to maintain good awareness with intelligence, surveillance, and reconnaissance (ISR) without 
compromising our ability to orient and observe. Sommerer expressed the view that we will need an appetite 
and an infrastructure for ISR that are in good match, but at the present time the former exceeds the latter.

•	 Thomas	Russell	noted	that	sociobehavioral	work	centers	on	the	question,	what	does	it	mean	to	influence?	
Sociobehavioral experiments generally evaluate influence based on some action during a specific scenario, 
not on the future outcomes. There has been minimal examination of what role DOD plays in the influence 
process.

•	 Leonard	Buckley	added	that	the	ability	to	influence	is	very	important	and	that	psychology	is	very	important	
and should be embraced more in DOD.

Ligler then posed the next question, commenting first that nanotechnology is an example of a field in which 
analytical inventions produced by the hard sciences led to breakthroughs in materials and biomedical engineering 
and will continue to do so for many years to come. Her question was, from what areas of S&T will the next major 
game-changing technologies emerge? 

•	 Sommerer	 reflected	 that	 although	 he	 was	 repulsed	 by	 the	 excessive	 hyping	 of	 nanotechnology	 in	 the	
early days, the successes have proved otherwise. He noted that nanotechnology is an example in which 
the research community went beyond the 6.1-to-6.3 pipeline (of DOD basic research to applied research 
to development) and into the innovation web. Nonetheless, he stated the belief that there is a long way 
for nanotechnology to go, and still to be addressed are very large systems integration (VLSI) and thermal 
management. In addition, there is the breakdown of Moore’s law that many have envisaged.

•	 Schwartz	noted	that	nanotechnology	is	the	result	of	an	evolutionary	and	continuous	process:	it	is	an	exten-
sion of our understanding of solid state science. Now underway is the attempt to do something similar with 
evolutionary activities in materials associated with computation.

The moderator then took questions from the floor. One participant noted that the workshop had generated 
several lists of technologies that will be important over the next 10 or 20 years and asked where risk is actually 
examined.

•	 Russell	replied	that	in	order	to	answer	this,	one	would	need	to	define	risk.	We	often	look	at	the	transition	
past the “valley of death” in innovation, which occurs after the basic science segment. This depends on 
where the risk is: Does it entail risk to create a capability? Is there innovation risk? Companies do not 
invest in basic research because they need a 5-year return on investment. One might conclude from this 
that basic science is high-risk. 

•	 Sommerer	noted	that	we	are	asking	STEM	personnel	to	do	a	game-theoretic	assessment	in	order	to	deter-
mine which field to go into—and that assessment, moreover, is based on what fields DOD will fund in the 
future. The most important output of 6.1 investment is human capital.

Another participant asked if DOD can really predict the top technology in the next 15 years.

•	 Sommerer	noted	that	hard	problems	can	engender	a	lot	of	good	results—for	example,	the	steam	engine	had	
huge benefits for physics. He suggested that the interfaces between existing disciplines will be the source 
of the most interesting developments.

The session moderator then asked, with regard to systems thinking, if the panel could foresee any fields of 
endeavor emerging that might enable this systems focus from smallest component to largest assemblages.
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•	 Buckley	suggested	that	we	will	need	to	think	more	about	building	systems	thinking	into	the	various	cur-
ricula and some fundamental courses in that area.

•	 Schwartz	 reiterated	 his	 point	 about	 the	 technology	 alliances	 used	 by	 the	Army.	These	 are	 reviewing	
specific areas of computational materials to create a systems effort that does not involve just individual 
DOD laboratories but the group of them collectively. The expertise cannot all be corralled in DOD. There 
is global exchange occurring in academia very freely, but we can only access this if we can collectively 
interact with it.

The participants asked the panel to state its number one area of S&T on which to focus.

•	 Russell	suggested	that	we	cannot	focus	on	one	area.	He	further	noted	that	we	are	often	trained	in	different	
disciplines than the ones that we pursue in our careers.

•	 Sommerer	noted	 that	prospective	members	of	 the	STEM	workforce	will	need	 to	graduate	with	a	 lot	of	
higher mathematics. The mathematics needed to practice physics for example has been around for 100 years 
and is not the mathematics at the frontiers of research. People who leave college without a significant 
 armamentarium of higher mathematics will not be entering the STEM workforce.

Participants asked whether there is enough emphasis on just letting people discover things.

•	 Russell	referred	to	Pasteur’s	quadrant,	in	which	one	can	have	a	basic	science	result	when	working	on	a	
practical problem. Such a construct can support research that borders on Bohr’s quadrant (basic science 
without a direct practical result) or Edison’s quadrant (research on a practical problem leading to a practical 
result).5

•	 Sommerer	agreed	that	it	was	good	to	ask	whether	all	the	emphasis	should	be	on	application	and	develop-
ment. He suggested that the decadal surveys that the NRC conducts of physics and astronomy are a good 
model of a process to identify key areas for research amid competition. He noted that such a Delphic model 
can identify the grand challenges. Another example is the 20 questions to mathematics posed by David 
Hilbert circa 1900. Sommerer underscored the need to get away from the limitations posed by the question, 
“What have you done for me lately?”

•	 Schwartz	noted	that	diversity	presents	a	funding	opportunity:	there	are	extensive	opportunities	to	broaden	
the spectrum. He emphasized that DOD is a small player in funding for academia—smaller than it was 
years ago. Schwartz noted there are activities in which DOD is the only source of funding: here you want 
to encourage free thinking in addition to development for a DOD-specific need. He further noted that there 
are also broad areas of S&T, the responsibility for which is shared across various government agencies 
among which DOD is a small player. 

Ligler then asked if we can conceive of defense as a technology intended to bring more benefits to humans 
rather than destroying them.

•	 Sommerer	 answered	 that	 security	 depends	 on	 well-being.	 It	 is	 our	 economy	 that	 led	 to	 our	 century	 of	
preeminence. 

PANEL 2: ESTIMATING STEM WORKFORCE NEEDS UNDER FUTURE SCENARIOS

Question to Be Addressed

Estimate the STEM workforce needs by number and field of the DOD and its defense contractors under each 
of the following three budget scenarios:

5D.E. Stokes. 1997. Pasteur’s Quadrant: Basic Science and Technological Innovation. Washington, D.C.: Brookings Institution Press.
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a. The current 5-year defense budget continues under identical basic assumptions.
b. An abrupt change in security threats calls for an abrupt 35 percent DOD budget increase over that in 

(a) above.
c. A peace dividend calls for reallocating 25 percent of the DOD budget in (a) to other national needs. 

Summary of Lead-off Presentation

Rolf Lehming, director of NSF’s National Center for Science and Engineering Statistics (NCSES) introduced 
the topic of Panel 2—estimating STEM workforce needs under future scenarios—with his presentation on back-
ground data relevant to the STEM workforce needs of DOD. He began by acknowledging the use of the Defense 
Manpower Data Center (DMDC) and stated that he would be giving a brief sketch of the civilian side of DOD, 
including data by major job title (Figure 4-3). 

Lehming noted that NASA is the largest STEM employer in the federal government. He then discussed the 
trends in STEM employment in the federal government, such as the trends in minority employment. Here he noted 
that the ability to attract STEM workers from minority populations will be an ongoing focus; he mentioned that 
DOD is doing a commendable job of recruiting minorities vis-à-vis the percentage in the population. 

Lehming then presented a historical look over the 1999-2009 period at the number of science and engineering 
bachelor’s degrees by broad field (e.g., engineering). Temporary-visa holders are a small portion of these. He noted 
that Asian Americans have more than a pro rata number of natural science and engineering degrees. (NS&E in this 
presentation includes the three basic sciences, but also ocean and Earth sciences as well as information technology 
[IT]; it does not include psychology or social sciences.) Temporary-visa holders account for 5 percent of such 
degrees in the life sciences and 25 percent overall. In summary, Lehming stated that DOD is a major employer 

FIGURE 4-3 Department of Defense science, technology, engineering, and mathematics (STEM) workforce employment by 
major job title: 1999-2009. SOURCE: National Science Foundation/National Center for Science and Engineering Statistics, 
special tabulations (2011) from data provided by the Office of Personnel Management and the Defense Manpower Data Center.
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of STEM, especially in the field of IT. Looking at the level of educational attainment, there has been a modest 
increase in engineering and physical sciences bachelor’s degrees. Blacks and Hispanics earn NS&E degrees in 
percentages well below their population shares. At the doctoral level, one-third of doctorates of NS&E are earned 
by temporary-visa holders. 

A few questions were asked after the presentation was concluded. One participant asked about the decrease 
in temporary-visa holders and whether this was related to difficulties with obtaining such visas that were observed 
6 or 7 years ago. 

•	 Lehming	noted	that	admittances	of	persons	with	student	visas	dropped	slightly	after	2000,	but	the	7	years	
allowed for getting the degree could explain what one sees in terms of a drop. 

A follow-up questioner asked if there were country data showing where the temporary-visa holders are from. 

•	 Lehming	indicated	that	most	were	from	China,	India,	and	Japan	and	that,	further,	only	a	very	few	were	
from countries that might be termed “unfriendly.”

•	 In	response	to	another	question	that	sought	clarification	on	what	specifically	was	included	in	IT,	Lehming	
noted that this includes all hardware and system components.

Panel Discussion

Session moderator and committee member Anita Jones thanked Rolf Lehming for his presentation and noted 
the value of the biennial science and engineering indicators report. Then the four members of Panel 2 who had 
been asked to prepare brief remarks presented their comments on the panel’s topic of estimating STEM workforce 
needs under future scenarios. 

The first panelist, committee member Leif Peterson, managing partner at Advanced HR Concepts and Solutions, 
LLC, was asked to provide a brief review of selected, previous Air Force studies regarding STEM workforce issues. 
He went back 10 years, beginning with the USAF Scientist and Engineer Future Study of 2002.6 His presentation 
included the National Defense University review in 20087 and the National Research Council STEM workforce 
study8 published in 2010. He concluded by giving an overview of Bright Horizons: The Air Force STEM Strategic 
Roadmap (2011) and the Senate Report to Accompany S. 1253, the National Defense Authorization Act (NDAA) 
for Fiscal Year 2012 (Report 111-26).9 

The USAF Future Study established the first-ever S&E projections of 2010, 2015, and 2025. It defined the 
tools used to establish the projections, derived workforce trends, and identified current and emerging technical 
degree profiles. It concluded that in order to manage a workforce with acceptable risk, the Air Force needed to 
man to authorized levels with the right skills. Peterson went on to identify future technology areas that would 
drive a shift toward academic degrees in the following major areas: directed energy (e.g., electrical engineering), 
space vehicles (e.g., astronautical engineering), information technology (e.g., computer science), and human fac-
tors (e.g., behavioral science). 

In July 2008 the National Defense University review arrived at three key conclusions: (1) future S&T efforts 
in DOD would be in competition for funding with other federal outlays (e.g., Medicare, the national debt, and so 
on); (2) it is critical that the DOD S&T workforce have the ability to renew itself and develop effective leaders 
who can maintain advocacy for new S&T initiatives; and (3) DOD should be aware of the implications of the S&T 
“shadow workforce” (i.e., non-organic personnel such as contractors).

6U.S. Air Force. 2002. USAF Scientist and Engineer Future Study. Washington, D.C.
7Timothy Coffey. 2008. Building the S&E Workforce of 2040, Challenges Facing the Department of Defense. July. Washington, D.C.: Center 

for Technology and National Security Policy, National Defense University.
8National Research Council. 2010. Examination of the U.S. Air Force’s Science, Technology, Engineering, and Mathematics (STEM) Work-

force Needs in the Future and Its Strategy to Meet Those Needs. Washington, D.C.: The National Academies Press.
9U.S. Senate. 2011. Report to Accompany S. 1253, National Defense Authorization Act (NDAA) for Fiscal Year 2012. Report 111-26. Wash-

ington, D.C., June 22, p. 171.
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Peterson stated that in 2010 the National Research Council completed its study of the current and future STEM 
needs of the Air Force.10 He discussed a few of the 25 recommendations (e.g., conduct a current and future man-
power STEM requirements review, define STEM, among others) that were incorporated into the Air Force’s strategic 
roadmap Bright Horizons. This effort by the Air Force was recognized in the NDAA for FY 2012.

The next panelist to make a brief presentation was Assistant Commissioner of Labor Statistics at the Depart-
ment of Labor Dixie Sommers, who explained that she would present some of the data that the Bureau of Labor 
Statistics has about STEM occupations and where the data come from. BLS uses the Standard Occupational 
Classifications (SOCs) approved by the Office of Management and Budget’s Office of Information and Regula-
tory Affairs. Qualifications generally are not used. There are 23 major groups; one example is life, physical, and 
social science occupations. Sommers then posed a question about STEM vis-à-vis SOCs, noting that her office 
recently published a visual essay11 on this topic: an open question is whether STEM should not include fields in 
the social sciences, health, or teaching. Sommers further noted that BLS surveys more than 1 million businesses in 
a 3-year period and publishes these data for the country as a whole, once a year, in May. Further, BLS carries out 
employment projections looking prospectively 10 years; these are updated every other year. BLS also produces the 
Occupational Outlook Handbook (see www.bls.gov/oco/), which is the most widely used compendium of its kind. 

The next panelist to speak was John Fischer, director of the Defense Laboratory Office within ASD(R&E), 
who provided an overview of the DOD laboratories. The data from the Defense Manpower Data Center show that 
in 2011, roughly one-third (approximately 37,000) of DOD’s scientists and engineers are in the DOD laboratories 
(Figure 4-4). Fischer noted that the laboratories have lost people in electronics engineering as well as in operations 
research, many of whom were trained at the Naval Postgraduate School. He provided data showing that, since 
2008, the DOD laboratory S&E workforce has experienced a hiring resurgence in five prominent occupational 
series, including general engineer (26.2 percent increase over 2008), mechanical engineer (7.8 percent), aerospace 
engineer (10.6 percent), and electrical engineer (21.5), as well as chemistry (10.3 percent). 

Fischer then turned to the question of what might be needed in the future. Some focal areas might include 
cloud computing, cyber science and technology, quantum computing, smart grid, metamaterials, and synthetic 
biology. These might have an impact on defense needs. He then discussed some challenges and possible solu-
tions, such as retirements and the gaps created by them, the new skill sets that will be needed, and the limited 
resources. Fischer expressed the view that the current budget crunch will have a huge impact on the workforce. In 
this context, retirements are not a concern owing to the eligibility requirements, inherent in the Federal Employee 
Retirement System (FERS) and based on age and “creditable service,” which may act as a deterrent. This might 
create an excess of persons who are close to retirement-eligible, leaving no vacancies to be filled by new hires. 
Fischer discussed some solutions, citing the Section 219 authority of the National Defense Authorization Act of 
2008 and the Science, Mathematics, and Research for Transformation (SMART) scholarship program, through 
which personnel receive educational benefits and then work for the DOD laboratories. Finally, he noted that DOD 
looks at academia for research trends.

The final panelist for Panel 2 was Edward Swallow, the vice president of Business Development, Civil Sys-
tems, for Northrop Grumman Information Systems, and the chair of the STEM Workforce Division of the National 
Defense Industrial Association (NDIA). Swallow began his remarks by noting that he had worked on this issue 
being addressed by the workshop in 2004 and received a charge from then-Undersecretary of the Air Force Ron 
Sega similar to the statement of task for the present study. For past 3 years, Aviation Week and Space Technology, 
NDIA, and the Aerospace Industries Association (AIA) have collaborated on an aerospace and defense (A&D) 
industries-wide survey of STEM employment. Swallow enumerated three key points from the AIA and NDIA 
data: (1) Budget variability does not correlate to industrial STEM employment, but it does correlate to program 
shifts; the latter—for example, in the space shuttle main engine or the Joint Strike Fighter—are responsible for 
changes. (2) Overall, the perfect storm has been postponed but not avoided. As others have noted, people are 

10National Research Council. 2010. Examination of the U.S. Air Force’s Science, Technology, Engineering, and Mathematics (STEM) Work-
force Needs in the Future and Its Strategy to Meet Those Needs. Washington, D.C.: The National Academies Press.

11Bureau of Labor Statistics. 2011. “Science, Technology, Engineering, and Mathematics (STEM) Occupations: A Visual Essay.” Monthly 
Labor Review (May), pp. 3-15. 



Copyright © National Academy of Sciences. All rights reserved.

Report of a Workshop on Science, Technology, Engineering, and Mathematics (STEM) Workforce Needs for the U.S. Department of Defense and the U.S. Defense Industrial Base 

22 STEM WORKFORCE NEEDS FOR THE U.S. DEPARTMENT OF DEFENSE AND THE U.S. DEFENSE INDUSTRIAL BASE

Scientists &Engineers 
in DoD DoD Lab Workforce

98,600

35,400

61,400
DoD Lab 

S&Es

Scientists &Engineers
in DoD DoD Lab Workforce

108,703

36,788

65,771

DoD Lab 
S&Es

2008 2011

FIGURE 4-4 Scientists and engineers in the Department of Defense (DoD) workforce and in the DoD laboratory workforce, 
2008 and 2011. SOURCE: John Fischer, Department of Defense, ASD(R&E).

postponing retirement because their 401(k)s have not performed. Looking at retirement, those who actually retire 
versus those who are eligible to retire, there is a 10 percent rate of retirement. (3) Supply does not always meet 
demand: there are open requisitions, defined as positions that remain open for 90 days or longer: systems engineer-
ing, for example, currently has more than 800 open.12 All of these are funded positions. Swallow also showed a 
supply-chain model being developed by NDIA (see Figure 4-5). Responding to a question on shortfalls, he noted 
that there was an excess of engineers and mathematicians due to the Apollo program. On the positive side, these 
personnel were attracted to solving national issues through science and mathematics. This created a big supply 
of labor, and these workers were able to solve other problems as well. The problem emerged in the mid-1990s as 
the Apollo generation retired. 

The members of Panel 2 having made their remarks, the session moderator Anita Jones asked the panel what 
have been the most successful government interventions to grow the STEM workforce.

•	 Leif	Peterson	noted	 the	 importance	of	 the	Apollo	program	to	growth	of	 the	STEM	workforce	 in	 that	 it	
provided inspiration. 

With questions being opened to the floor, committee member Mary Good asked about the pool of people 
who can be granted clearances and, given the numbers of persons graduating in engineering, where one will get 
these clearable people. Further, she asked why Americans do not go to graduate school. She noted that many are 
first-generation college students who will prefer to take a job that pays $62,000 per year rather than go to gradu-
ate school with a stipend of $18,000.

Another participant asked John Fischer a question related to the small numbers of significant advances in 
technology initiated outside the academic sector. This is true now, but it was not so in the past—for example, with 
Bell Labs, Xerox PARC, IBM’s Thomas J. Watson Research Center, and so forth. The participant asked whether 
DOD laboratories can provide leadership at that level.

•	 John	Fischer	 responded	 that	 the	uniformed	 services	 and	 the	Office	of	 the	Secretary	of	Defense	 (OSD)	
could push the laboratories to serve in that role. The expected decline in budgets will shift demand toward 

12C.R. Hedden. 2011. Aviation Week Workforce Study. Arlington, Va.: Aviation Week.
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near-term needs. DOD is discussing at the level of the Office of Science and Technology Policy (OSTP) 
and OSD how to turn the DOD laboratories into such an incubator.

•	 Edward	Swallow	noted	that	there	has	been	in	the	recent	years	a	significant	drop	in	R&D	as	a	percent	of	
revenues, to roughly 3 percent today.13 R&D is almost exclusively tied to a business plan. The only increase 
in R&D is in small business innovative research (SBIR). 

•	 Leif	Peterson	noted	that	Fischer	had	said	that	the	number	of	electrical	engineers	had	dropped	by	8	percent,	
but Peterson noted that this did not constitute a demand signal change but a lack of qualified and available 
talent, and further that this is one of the most competitive job categories for DOD. Next, Peterson sug-
gested that we look at what actions the commercial aerospace companies and DOD are taking to protect 
their STEM “seed corn” when they experience perturbations in the workforce.

Committee member Robert Hermann asked whether corporations are doing a substantial amount to attract 
and retain engineers.

•	 Swallow	replied	that	the	Aviation	Week	survey	had	asked	corporations	to	provide	information	on	what	they	
were doing in that regard and on how much they were investing. The survey identified $300 million in 
incentives, of which $100 million were for scholarships.14 Swallow noted that this is overall 1 to 2 percent 
of total revenue.

13Data are based on the survey of companies with 50,000 or more employees that was conducted as part of the 2011 Aviation Week Workforce 
Study. The same survey in 2010 found that approximately 6 percent of revenues were devoted to organic R&D.

14C.R. Hedden. 2011. Aviation Week Workforce Study. Arlington, Va.: Aviation Week.
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•	 Peterson	suggested	 that	as	we	go	 forward	 into	a	competitive,	 resource-constrained	environment,	 it	will	
behoove us to know the return on investment of these interventions.

Another participant noted that many in the workforce will be eligible for retirement soon and asked, in the 
context of a 15 percent decrease in DOD budget as posited in the workshop charge, if there are plans to use incen-
tives or policies to encourage buyouts.

•	 Fischer	noted	that	10	or	15	years	ago	there	was	just	such	a	decline	in	budget,	and	although	buyouts	were	
offered, the amount was only $25,000, which did not constitute much of an incentive. Eventually people 
retire if their jobs are eliminated, as might occur if the budget crunch gets bad enough. Fischer stated that 
within the past 2 weeks he had asked the DOD laboratories if they had unfilled staffing needs, and they 
said that they did not.

•	 Peterson	commented	that	although	the	DOD	laboratories	may	not	have	unmet	needs,	that	is	not	to	say	that	
there are no larger STEM issues at DOD; in the Air Force most engineers are not in the laboratories.

Committee member C. Kumar N. Patel commented on the relationship between technological change and the 
workforce, noting that in 1944 there was a movement to solid state electronics, and this attracted William Shockley 
and others. These scientists also worked on fibers. In that era, Bell Labs had very aggressive recruiting. 

•	 Peterson	noted	that	the	workforce	structure	has	changed	since	then.
•	 A	participant	offered	that	she	had	indeed	been	recruited	by	Bell	Labs	by	means	of	a	fellowship,	but	then	

she had returned to the Georgia Institute of Technology.

Committee Co-Chair Norman Augustine expressed the opinion that there will never be an engineering short-
age in this country again; corporations will continue the trend of opening an engineering facility overseas. DOD, 
however, will have to hire U.S. citizens. He asked if we cannot just get these jobs from abroad.

•	 Swallow	responded	that	in	his	work	he	is	building	a	supply-chain	model	and	has	identified	a	mismatch	
between the number and quality of engineers that we need and the number and quality of engineers that are 
available. Salary acceleration has grown above the pro rata 3.2 percent Cost of Living Adjustment (COLA), 
and direct labor is a large portion of cost overruns.

An e-mailed question asked what effect base realignment and closure (BRAC) has had on the S&T workforce.

•	 Fischer	noted	that	a	study	of	the	acquisition	workforce	had	shown	that	since	1995,	the	number	of	acquisition	
programs that had gone into the red had skyrocketed. He noted that, in recent testimony before the House 
Armed Services Committee, Assistant Secretary of Defense Lemnios was asked what was being done to 
ensure our acquisition workforce.

•	 Peterson	added	that,	 if	during	a	BRAC	activity	one	is	moving	a	workload	or	closing	it	down,	 there	are	
programs available to place the affected people at either the losing or the gaining activity, or both. His 
experience indicates that if the BRAC implies moving the workload geographically, historically less than 
20 percent will make the move. 

•	 Anita	Jones	noted	that	with	the	Defense	Intelligence	Agency	(DIA)	moving	to	Charlottesville,	Virginia,	
some staff with houses “under water” will not be able to move.
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PANEL 3: LIMITATIONS TO MEETING WORKFORCE NEEDS 
OF DOD AND THE INDUSTRIAL BASE

Question to Be Addressed

Assess the limitations in meeting the above workforce needs [refers to the question addressed by Panel 2] and 
the forces shaping those limitations.

Summary of Lead-off Presentation

Harold Salzman, professor and senior faculty fellow, John J. Heldrich Center for Workforce Development of 
Rutgers University, introduced the topic of Panel 3—limitations to meeting the workforce needs of DOD and the 
industrial base—with his presentation entitled “New STEM Labor Market Segmentation: Implications for Meet-
ing Workforce Needs of DOD and the Industrial Base.” He began by attempting to define the problem and asked 
the following questions: (1) whether there has been a market failure leading to an insufficient labor pool, (2) why 
there might be such a shortage (e.g., lack of interest at the college level), and (3) what the solution to such a short-
age might be—for example, a new, Sputnik-like initiative or the workings of market forces. Salzman reviewed the 
size of the STEM labor force vis-à-vis recent trends, noting that student performance since 1973 has been rising in 
mathematics, for example.15 He also noted that the United States has a bimodal distribution in educational perfor-
mance. Compared to other countries of the Organisation for Economic Cooperation and Development, the United 
States has a high percentage of high-performing students in science, reading, and mathematics (see Figure 4-6).16 

Salzman next turned to the subject of transition rates and yields in the “STEM pipeline.” He noted that the 
retention rates—related to those who stayed in STEM fields after graduating—have been improving, although 
the number graduating with degrees in engineering has been flat, at 72,000, for the past 6 years. Salzman then 
offered his analysis of what has been changing in the pipeline. He discussed the transition from high school gradu-
ation to 5 years later (i.e., college outcomes), noting a slight decline since 1977 in the percentage who graduate 
from college with STEM degrees. Significantly, the number of such graduates who were most prepared (defined 
as the top quintile of the Scholastic Assessment Test [SAT] or American College Testing [ACT] Assessment) at 
the time they entered college has declined by roughly half since its peak in 1997. By the next transition point, 
10 years after high school graduation, roughly 45 percent of those who graduated from college with STEM degrees 
remained in the STEM workforce. The data also show increasing retention for most STEM graduates from the 
1980s through the early part of this decade. The percentage of the top performers in STEM jobs at that point actu-
ally declines, particularly beginning in the mid-1990s through today.

Salzman also discussed the segmentation in STEM education and identified some trends. There has been a 
decline in the obtaining of STEM degrees by white males but increases in all other demographic groups from 
1985 to 2006. He also identified a large increase in the number of temporary-visa holders receiving degrees. He 
noted, however, that since the STEM definition used in the analysis excludes medicine and patent law, if one were 
to broaden the definition of what STEM includes, one would find that the gap between native- and foreign-born 
degree recipients would narrow. 

Finally, Salzman posed the question of whether labor markets work to address shortages. He gave the example 
of the IT labor market, in which, in response to increases in demand, the numbers of persons graduating with IT 
degrees peaked in 2000, coinciding with the dot-com bust. He also gave an example of the petroleum engineer-
ing labor market, which has recently experienced an increase in demand following nearly flat hiring for much 
of the past 30 years (see Figure 4-7). Evidence of a “temporary” shortage had been exemplified in the increased 
difficulty in recruiting for jobs in the Alaska North Slope. The market has responded with a sharp increase in 
annual salaries since 2005. Indeed, salaries for petroleum engineers are now $22,000 above those for chemical 
engineers, for example. Concurrently, there has also been a sharp increase in the numbers of persons graduating 

15B.D. Rampey, G.S. Dion, and P.L. Donahue. 2009. NAEP 2008 Trends in Academic Progress. NCES 2009–479. Washington, D.C.: National 
Center for Education Statistics, Institute of Education Sciences, U.S. Department of Education.

16H. Salzman and L. Lowell. 2008. “Making the Grade.” Nature 453:28-30.
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U.S. share of all OECD high-performing students:
Science, math and reading

Source: These figures are reproduced from: Salzman and Lowell, 2008; “Making the Grade” Nature 453, 28-30].
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FIGURE 4-7 Petroleum engineering graduates: total and U.S. (citizens and permanent residents) graduates, 1995-2009.  
NOTE: BS, bachelor of science degree. SOURCE: Daniel Khuen, Hal Salzman, and Leonard Lynn. 2011. “Dynamics of Engi-
neering Labor Markets Petroleum Engineering and Responsive Supply.” Presented at U.S. Engineering in the Global Economy, 
The National Bureau of Economic Research, Cambridge, Mass., September 26-27, p. 9.
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in petroleum engineering, and, significantly, all of the response to the demand signal was from domestic students 
(including Green Card holders). 

A few questions were asked after the presentation. One participant asked, assuming that workforce is of high 
quality and able to meet the needs of the future, whether we would not need to produce a different type of worker 
who can think on his or her own and be agile in responding to change. How might we do this?

•	 Harold	Salzman	noted	that	when	he	has	 looked	at	what	engineering	skills	will	be	needed	in	 the	future,	
what is in short supply are skills to work across boundaries. Employers are looking for persons who may 
not necessarily have had the strongest technical skills but are nonetheless broad-minded, willing to travel, 
and so forth.

Another participant referred to Charles Vest’s keynote presentation (see Chapter 3) in which the speaker com-
mented that he believes we are heading for a train wreck; the participant asked whether Salzman sees this as well. 

•	 Salzman	said	that	he	sees	a	different	type	train	wreck	ahead:	he	did	not	see	the	lack	of	students	to	draw	
from, nor any shortages not responsive to market demand. Instead, he sees the danger as one of creating 
an oversupply, as happened recently in the life sciences for example.

One participant noted that Salzman’s presentation focused on high school and college graduates and asked 
about those who do not go that far. The participant offered the example of Boeing, where it now takes 13 weeks to 
train a new hire for factory work, whereas it used to take 6 weeks. The participant noted that although engineers 
today may have excellent technical skills, they cannot always apply them to real-world problems, nor are they 
necessarily innovative or creative.

•	 Salzman	noted	that	in	the	past,	companies	did	not	expect	an	engineer	to	be	productive	for	the	first	5	years	
of employment and that cooperative-type education programs are an attempt to address this issue.

•	 Committee	 Co-Chair	 C.	 Dan	 Mote,	 Jr.,	 noted	 that	 the	 OECD’s	 Programme	 for	 International	 Student	
Assessment showed the United States to be average in science, mathematics, and reading—essentially at 
the 40th percentile—and that Shanghai was ranked first in all categories. 

•	 Salzman	commented	that	although	that	is	true	of	averages,	the	distribution	is	bimodal,	with	large	numbers	
at the top and bottom, and that the United States does very well when the top of the pool is considered. 

Panel Discussion

The session then proceeded to the brief presentations by four panelists on the topic of Panel 3, limitations to 
meeting workforce needs of DOD and the industrial base. 

Burt Barnow, Amsterdam Professor of Public Policy at the George Washington University, discussed the 
nature of labor shortages. Economists generally view a shortage as a situation in which demand exceeds supply 
at the prevailing wage for an extended period of time, but in reality there is no single definition of a shortage that 
is universally accepted. For example, Kenneth Arrow has defined a “social demand” shortage17 as one in which 
the market clears but the jobs are filled with those who, while they are good enough, do not necessarily have the 
right qualifications. Moreover, a “skills” shortage is sometimes defined differently from an “occupational” labor 
shortage. Furthermore, others define a shortage as occurring when supply increases less rapidly than the number 
demanded, implying that shortages can persist for a long time.

Barnow noted that there are many reasons why shortages may arise. For example, price restrictions such as 
those imposed by third-party payers, a fixed-labor-price long-term contract, or restrictions on entry such as licens-
ing requirements can create a shortage environment. With respect to measuring the size and severity of a shortage, 

17K.J. Arrow and W.M. Capron. 1959. “Dynamic Shortages and Price Rises: The Engineer-Scientist Case.” Quarterly Journal of Economics 
73(2, May):292-308.
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Barnow warned that occupational codes are often too broad for the task. For example, the code for programmer 
does not distinguish between expertise in FORTRAN and Java. Employers can often adjust to shortages in various 
ways, such as by relaxing any unnecessary employment requirements or by substituting capital equipment for scarce 
labor or by restructuring around the shortage. Barnow then posed the question of how one can determine whether 
a shortage exists, and offered several indicators to look for, including an increase in the number and duration of 
vacancies, evidence of the adjustments described above, and changes in wages, especially relative wages. If these 
signs are not present, then one must question whether there really is a shortage. If there is indeed a shortage, he 
said, one should observe that relative wages in the affected labor market segment go up as the market adjusts.

The next panelist was Assistant Commissioner of Labor Statistics at the U.S. Department of Labor Dixie 
Sommers. She presented data on employment and wages, employment projections, and educational attainment by 
occupation. She discussed the standard SOCs and what might be considered STEM occupations and presented 
a list of STEM-related SOCs. In addition to the array of occupations normally included in STEM employment 
 numbers—engineers, mathematicians, and computer scientists and life and physical scientists—the Bureau of 
Labor Statistics includes, for example, technicians in the life and physical sciences, architects, postsecondary 
 teachers in STEM fields, and STEM managers, as well as those in STEM-related sales jobs, as part of the STEM 
labor force. Altogether, there were 7.8 million employed in STEM in the civilian sector in May 2009, with 
the largest number employed in computer-related jobs. From 2004 to 2009, STEM employment increased by 
7.9 percent—the last year included a recession. For 2008 to 2018, BLS is projecting STEM employment (excluding 
postsecondary STEM teachers) to increase by 16.6 percent, with the greatest growth (22.2 percent) predicted in 
computer and mathematical occupations. Finally, Sommers presented data from the American Community Survey 
on educational attainment showing that the majority of those in STEM by occupation have earned a postsecondary 
degree, especially at the PhD level in the life and physical sciences occupations.

Michael Finn, senior economist at the Oak Ridge Institute for Science and Education, the next panel member 
to speak, presented his analysis of the rate at which non-citizen U.S. PhD recipients remain in the United States. 
Analysis of data from the Social Security Administration shows an average 5-year stay rate in 2007 of 62 percent, 
with doctorate recipients from China and India having the highest percentages at 92 and 81, respectively. For the 
1995 and 1997 cohorts of non-citizen doctorate recipients, the stay rates tend to fall slightly among those remaining 
in the United States each year 6 to 10 years after graduation. There are tremendous differences by source country 
in stay rates, but these rates have remained stable with time. Relative to earlier cohorts, stay rates for more recent 
cohorts have risen slightly. Finally, data from the Survey of Earned Doctorates on the plans of non-citizen doctor-
ates to stay in the United States have shown a steady increase from the early 1990s. 

The fourth panelist was Rick Stephens, vice president for human resources of the Boeing Company and 
chair of the Aerospace Industries Association workforce steering committee. Stephens indicated that the STEM 
workforce at Boeing will grow by about 8,000 versus last year, and, given the anticipated number of retirements, 
Boeing can expect to fill 16,000 positions, for which it will anticipate 2.5 million resumes. At present, 20 percent 
of the workforce is eligible to retire, and 20 percent more will be in 5 years’ time. Stephens also noted that Boeing 
invests about $650 million in its workforce per year and at present has 3,000 personnel attending school full time. 

Stephens voiced concern over the quality of Boeing’s new hires, noting that whereas it used to take 6 or 
7 weeks to train someone from high school to work on the factory floor, it now takes 13 weeks. He noted that new 
hires often are information-savvy but not necessarily handy. Employers find that engineers who have not served 
an internship are not always good at design, even though they may be technically strong. Stephens noted that 
this problem is, if anything, more acute with the second- and third-tier suppliers who cannot tap the best hiring 
sources. Overall, he noted that workers today need to be more broadly trained; for example, a lineman working for 
an electric power company needs to know some basic electrical engineering, not just to be able to climb a pole. 

Stephens explained that Boeing has the ability to move staff between its commercial and defense divisions, 
mitigating any workforce impact of a downturn in one sector or the other, and he suggested that DOD might be 
able to do this across its agencies, noting that this would be a tremendous opportunity. Turning back to the STEM 
workforce issues at Boeing, he indicated that one of the reasons for the delay in delivering the 787 aircraft was 
a lack of workforce capacity in the area of design. Offering an example of the close relationship that Boeing 
tries to cultivate with the education sector, Stephens noted that Boeing had assisted with developing the systems 
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engineering curricula at a number of universities. In Boeing’s view, students are spending too much time working 
in simulator models, in which consequences of failure are non-existent. He concluded his remarks by suggesting 
that mentors and role models and incentives are needed to create and maintain a high-quality STEM workforce. 

After the panelists had concluded their prepared remarks, session moderator and committee member Sharon 
Levin briefly recapped the session. She noted that the panelists had covered a wide range of limitations facing the 
defense-related STEM workforce, including educational qualifications, the size of the pool, leakages in the pipe-
line, foreign-born stay rates of those educated in the United States, competing demands from the private sector, 
and the need for people with hands-on experience. Levin asked the four panelists what they considered to be the 
most cost-effective way to deal with the DOD STEM workforce concerns. 

•	 Michael	Finn	offered	a	comparison	to	work	performed	by	the	Department	of	Energy’s	(DOE’s)	laboratory	
system, in which there is a much greater willingness to hire foreigners than at DOD. He wondered whether 
it is necessary to be a citizen to do the work. The approach at DOE is that the strongest science gives the 
United States the strongest defense; that is the DOE rationale for hiring foreign citizens. 

•	 Burt	Barnow	suggested	that	in	some	government	jobs	the	pay	scale	is	such	that	engineers	cannot	be	paid	
what they would earn in the private sector and therefore they spurn DOD positions. Some agencies have 
authority to go above the general federal pay scale and use that authority to do so, and he suggested that 
perhaps DOD needs to do this as well.

•	 Rick	 Stephens	 indicated	 that	 there	 may	 be	 scope	 for	 shifting	 workers	 around	 to	 maintain	 stability	 as	
needs change. Electrical engineers, for example, may be able to move into cyber science and technology, 
although aeronautical/astronautical engineers might not be able to move in that direction. The cancellation 
of the space shuttle, however, might have removed some of the incentive for students to enter the field of 
aeronautical/astronautical engineering.

Addressing Rick Stephens about the difficulty encountered in training factory workers, a participant asked 
whether Boeing engages with public schools and community colleges. 

•	 Stephens	replied	that,	yes,	Boeing	does.	He	noted	there	have	nonetheless	been	some	shifts	in	education;	
for example, vocational courses are no longer taught in high school, and 1.7 million persons drop out of 
high school each year because they do not see the relevance of their coursework.

Another participant asked about the development of a skilled labor force and offered the comparison with 
Germany, which trains a skilled labor force, not all of whom attend a university. 

•	 Barnow	noted	that	the	United	States	does	not	have	a	national	credentialing	system	but	devolves	this	onto	
the states. This differs from other countries. 

•	 Stephens	suggested	that	we	have	been	telling	our	citizens	who	go	to	college	that	they	will	be	guaranteed	a	
job, when in fact they cannot always get a job and then they have loans to repay. We could do a better job 
of helping people work backward from jobs to an understanding of the degree requirements necessary.

Committee Co-Chair Mote referred to the data on PhD recipients returning to India and China and whether 
the rate at which they stay is really increasing. He added that this April, a report by the Kauffman Foundation18 
included survey results showing that people of Indian and Chinese origin expressed a strong desire to return to 
their home countries to start a company. 

•	 Finn	noted	that	surveys	are	not	always	useful.	What	people	say	their	aim	is	in	a	survey	and	what	they	do	
are not necessarily the same. Stay rates for bachelor’s and master’s degree recipients may be lower than 

18V. Wadhwa, S. Jain, et al. 2011. The Grass Is Indeed Greener in India and China for Returnee Entrepreneurs. Washington, D.C.: Ewing 
Marion Kauffman Foundation, April.
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that of doctorates. It can be easier to demonstrate at the PhD level that no American is available. Finn 
noted that the difficulty in getting visas following September 11, 2001, has subsided. Furthermore, China 
and three other countries (Mexico, Philippines, and India) have quotas with the Immigration and Customs 
Enforcement (ICE) agency of the Department of Homeland Security. Nevertheless, the stay rate among 
the Chinese doctoral recipients has never fallen below 90 percent. 

PANEL 4: INSTITUTIONAL CAPACITY IN EDUCATION AND THE DOD 
INVESTMENTS NEEDED TO ENSURE A SUFFICIENT WORKFORCE

Question to Be Addressed

Estimate the fraction of the above workforce needs [refers to the question addressed by Panel 2] that will 
not be met by the civilian educational enterprise without supplemental DOD intervention. Where and how should 
DOD invest to achieve its workforce need?

Summary of Lead-off Presentation

Carl Wieman, associate director for science of the Office of Science and Technology Policy, delivered his 
talk “Creating a More STEM-Capable DOD Workforce,” beginning with the assumption that DOD needs more 
and better technical capabilities at all levels. He further discussed the nature of the STEM problem and said that 
he considers it to be no worse now than in the past. He cited indicators such as the fraction of 20- to 24-year-olds 
receiving STEM degrees, which, although it saw a bump after Sputnik, has been flat. Likewise the mathematics 
and science proficiency test scores have been flat for as long as there have been data. He noted that there was a 
campaign to make the United States first in the world in STEM education 20 years ago, noting that although the 
acronym has changed from SMET to STEM, nothing else has changed. 

Wieman suggested that in seeking a solution, it would be important to think of education as a system and to 
focus on the higher-education component, which is neglected in the STEM discourse. He noted that historically the 
nature of federal funding after the Second World War and the rise of the research universities led to the separation of 
their higher-education STEM departments from schools of education, the latter offering K-12 teacher preparation. 
Wieman suggested that the two distinct components have become optimized to their respective, differing incentives. 
The research universities became optimized for research productivity and acquiring research funding, whereas the 
schools of education were optimized for bringing in the greatest numbers of students drawing on student tuition 
and education funding. The education degree evolved to have the lowest STEM requirements of any major. In the 
science and engineering departments of the research university, there was a disincentive to increase the number 
of undergraduate majors; there was no teacher training, and there were disincentives to change teaching methods. 
At the institutional level there was a focus on research. Indeed, there was an increase in the amount of university 
funds going to research, which by 2009 amounted to roughly $5 billion, or $5,000 per undergraduate, per year, 
above and beyond what the government provides for research. 

Wieman nonetheless suggested that there was potential for improvement and described some potential areas. 
Brain research and cognitive science have made dramatic advances in how to achieve learning at a high level of 
expertise. He noted that there are roughly 1,000 papers in peer-reviewed literature on STEM vis-à-vis college course 
tests. The literature has found that new methods of learning that go beyond the lecture or “chalk and talk” approach 
can be twice as effective. Another area for improvement is in learning to attract and retain more people in STEM 
fields. Wieman cautioned, however, that to accomplish this would entail some transition costs and stressed that 
there is a very great opportunity not now being realized because, in his view, the incentives are wrongly aligned. 
The K-12 level unfortunately does not offer a window to improve STEM participation because at that level the 
subject mastery is not sufficient. 

Wieman offered the idea that finding how DOD might achieve change starts with the realization that metrics 
and incentives are centered on the federal research funding system. One can see why the money is being diverted 
from education to research by ascertaining that research output is the metric of significance. DOD is unique because 
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it must worry not just about research output but also about workforce training needs. He suggested that DOD would 
need to establish a set of incentives and metrics that optimize both of these. More specifically, he suggested that 
DOD might link funding for R&D at a university to education (learning) performance at that university. The link 
is already in place, but the feedback has the wrong sign. How might one go about doing this? It might be possible 
to link departmental STEM teaching practices as a prerequisite for research funding and to create incentives to 
create joint schools of education together with STEM departments. In closing, Wieman urged that what is needed 
is to change the basic structure of the research and education system.

Committee Co-Chair Norman Augustine asked whether linking research and education and taking away the 
subsidy to research would not then lead to getting less research.

•	 Wieman	agreed	that	this	would	be	a	trade-off,	and	we	would	be	wise	not	to	go	past	the	optimum.

Committee member Lawrence Delaney asked if there is an example of a research university that is doing this 
right now.

•	 Wieman	replied	that	if	a	research	university	were	to	attempt	this,	it	might	lose	its	competitive	position—
think, for example, of asking a car company to install pollution controls for a compound that is not in fact 
regulated. He added that while at the University of Colorado, Boulder, he was part of a project examining 
how to bring about widespread change.

A participant asked if funding agencies could somehow weight the optimization—research and education—
during proposal review.

•	 Wieman	replied	that	he	did	not	think	so,	as	the	review	panels	are	composed	of	experts	in	the	subject	matter	
of the research under review.

Another participant noted that NSF has tried to increase women and underrepresented minorities in STEM, 
and asked what has been learned from this.

•	 Wieman	 replied	 that	 it	 is	not	 just	NSF	by	any	means	 that	 is	doing	 this.	OSTP	has	been	conducting	an	
inventory of all the federal STEM programs on women and underrepresented minorities, and a total of 
$1 billion per year is spent on these programs. Another $2 billion is spent on STEM, for which increasing 
the numbers of women and underrepresented minorities has always been at least a secondary goal. The 
results are not very impressive given the level of investment, and the trends in STEM for minorities and 
women do not look any different from broader societal trends or, for example, architecture, a field in which 
we do not spend $1 billion per year.

Noting that in his talk Wieman had considered making changes to top research universities, a participant asked 
if other schools with different business models might not be more receptive.

•	 Wieman	replied	that	these	too	are	focused	on	research,	reflecting	what	is	valued	by	the	system.	At	the	same	
time, 4-year or liberal arts colleges have a greater focus on education. 

Another participant picked up on the theme of liberal arts colleges and noted that they graduate people who 
want to do great things and that this is the basis for success of these colleges. 

•	 Wieman	 said	 that	 he	had	 reviewed	 some	 liberal	 arts	 schools,	 but	 that	 the	 faculty	 are	 all	 from	 research	
universities, and that is reflected in their value system. 
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Lastly, a participant asked if DOD could not partner with states on certification to raise STEM on a par with 
other teaching areas.

•	 Wieman	conceded	that	this	is	in	the	K-12	level,	and	he	had	not	gotten	into	this,	but	he	noted	that	there	is	
Race to the Top, a Department of Education program, which is pushing states to do this. He suggested that 
although there is the needed expertise among teachers in the discipline being taught, unfortunately what is 
being asked is to adopt a non-intuitive approach: we intuitively think that you just tell students what they 
should know, but this does not work for achieving complex expertise. 

Panel Discussion

The session then proceeded to the brief presentations by four panelists on the topic of Panel 4, institutional 
capacity in education and the DOD investments needed to ensure a sufficient workforce. 

Katrina McFarland, president of the Defense Acquisition University, began her remarks with her own story, 
noting that she had entered the workforce with theoretical as opposed to practical knowledge. Recently, she was 
asked by Ashton Carter, Undersecretary for Acquisition, Technology and Logistics (AT&L), to take on the uni-
versity. McFarland expressed the view that we are seeing evidence in our workforce of mediocrity and adduced as 
an example a mathematics quiz administered within the DOD workforce that assumed a college-graduate level of 
proficiency but which 40 percent failed. Some of the questions included doing the math to complete a pie chart. 

Next, McFarland explained that there is a need to practice the art of science and engineering, which includes 
management, since DOD has to deliver products. In the community, she noted, they are finding degreed engineers 
who cannot manage the business side of their programs. She noted that when we try to apply science, the theory 
needs to be coached and mentored; we want to take teaching into the job. In the military, she commented, we take 
people out of jobs to give them specific training; we ask them to break service and they demonstrate competency 
and we return them to field. In the education world, by contrast, we do not do this. But it is nonetheless paramount 
to learn by doing. McFarland noted that in benchmarking done throughout the world, formal learning is not the 
area in which people get measured, but rather they are measured in their ability to perform their jobs. Nonetheless, 
there is a window for improvement if we can change how we teach: it is fun to try out what you have learned, and, 
further, it gives people confidence in knowing that they can perform.

The next panelist was Wesley Harris, associate provost and Charles Stark Draper Professor of Aeronautics and 
Astronautics at the Massachusetts Institute of Technology (MIT). He addressed the topic by presenting the results 
of a recent NRC report on corrosion engineering education.19 He enumerated the four critical factors considered 
in the report that will have an impact out to 2030: (1) legacy systems, in that budget constraints will continue to 
increase the half-life of complex defense systems; (2) the need for ground personnel; (3) mobility, which will 
become more of a force multiplier; and (4) energy and the environment, in that energy (fuel) and environmental 
concerns will increase. The corrosion education study identified STEM personnel needs for 2010 to 2030, in par-
ticular a need for sustainment engineers, of which no university has such a department. Understanding corrosion 
is an important component of this. In addition, personnel protection specialists will be needed to develop new 
materials to combat new threats. The study also identified a need for light, survivable, agile systems specialists 
and chemical engineers, chemists, and atmospheric modelers. Harris presented estimates of the cost of corrosion, 
placing it at 3.1 percent of GDP. This can be broken down into three large components: the first is drinking water 
and sewers, the second is motor vehicles, and, significantly, the third is defense, at $20 billion. Harris presented 
a pyramid (see Figure 4-8) depicting corrosion education and the workforce and how the various categories of 
workers interact, explaining that at the top of the pyramid there are corrosion scientists and at the bottom are 
technologists and plant/equipment inspectors. 

Next, Harris presented demographics from the National Association of Corrosion Engineers (NACE), which 
showed that 24 percent of the corrosion workforce does not have a college degree. Further, the age profile shows 
a peak at age 41 to 60, which, in view of the small number currently taking corrosion courses, does not bode well. 

19National Research Council. 2009. Assessment of Corrosion Education. Washington, D.C.: The National Academies Press.
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FIGURE 4-8 The corrosion workforce education pyramid. SOURCE: National Research Council. 2009. Assessment of Corro-
sion Education. Washington, D.C.: The National Academies Press. Adapted from John R. Scully, presented at 16th International 
Corrosion Conference, Beijing, China, September 2005.

NACE had also asked recent graduates to rate their knowledge of corrosion, and the overwhelming majority rated 
their knowledge fair or poor. Harris concluded his remarks noting that DOD’s proactive stance will be undermined 
by the shortage of scientists and engineers with knowledge of corrosion. 

The next panelist, Vice Admiral (ret.) Paul Gaffney, president of Monmouth University, began his talk by noting 
that he was conflicted in that he had spent 10 years giving large amounts of money for education to so-called R-1 
universities.20 Nonetheless, he is not the president of an R-1 university, and indeed Monmouth has a large school 
of education, he noted, referring to the dichotomy posed by the panel’s first speaker, Carl Wieman. 

Gaffney advised the panel not to forget that DOD operates a large, through-career, technical training and edu-
cation system for its enlisted personnel and officers and that a large percentage of science and technology is based 
at all levels of postsecondary education. Referring to the report Rising Above the Gathering Storm: Energizing 
and Employing America for a Brighter Economic Future,21 he suggested that the DOD in-house technical training 
and education system might nonetheless need a boost in the area of science and technology. As the earlier panel-
ist from the Boeing Company noted, this might entail longer training times. With 55 percent of the DOD STEM 
workforce working as managers, how do we ensure that they are or stay current on the latest S&T information 
and trends and the latest DOD needs relevant to their assigned technical areas? Gaffney expressed the view that 
we must determine the critical disciplines because we cannot be broad and deep in everything. It will be the job of 
those at DOD who make S&T investments (i.e.,  the research offices of the three military departments, the Office 
of the Director of Defense Research and Engineering [DDR&E], the Defense Threat Reduction Agency [DTRA], 
Medical Research & Development Headquarters, and DARPA) to steer disciplines that require clear priority for 
DOD needs, but we also need “rowers” in the performer organizations (DOD laboratories, universities, and con-

20That is, universities classified as “Research Universities I” by the Carnegie Foundation. The classification underwent a major update in 
2005. A.C. McCormack and C. Zhao. 2005. “Rethinking and Reframing the Carnegie Classification.” Change 37(5):50-57.

21National Academy of Sciences, National Academy of Engineering, and Institute of Medicine. 2007. Rising Above the Gathering Storm: 
Energizing and Employing America for a Brighter Economic Future. Washington, D.C.: The National Academies Press.
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tract industry), who work broadly across all S&T areas and remain alert to emerging threats and opportunities. 
For the Navy, identifying the important fields will be relatively simple: ocean acoustics is the hot topic. Gaffney 
identified a problem, noting that these are disciplines that might not be picked up by industry, but that at the same 
time Apple might know something about cybersecurity. He posed the question of how DOD should intervene. He 
suggested that DOD should ensure that money goes to non-R-1 STEM education as such institutions graduate 
half of the degrees and account for 57 percent of those seeking PhDs later on. He commented that DOD will be 
well served if it also invests in undergraduate STEM research, not just in PhD graduate students, since exposure 
to STEM research in the undergraduate years is a strong predictor of future STEM career pursuit. He also urged 
consideration of the career reward potential for pursuing STEM. 

Next he asked if academia has the capacity. In his view they do, although it could be improved, and he would 
like to see stability in so-called 6.1 funding (of basic research) and a broadening of support beyond R-1 graduate 
students. Lastly, he suggested that DOD may need to stimulate the supply, but he cautioned as previous speaker 
Harold Salzman had that we do not want to hijack the workforce for defense needs. 

The fourth panelist was S. James Gates, the John S. Toll Professor of Physics and the director of the Center for 
String and Particle Theory at the University of Maryland, College Park. He explained that for his remarks he would 
draw on his experience with the President’s Council of Advisors on Science and Technology (PCAST) looking at 
STEM in the K-12 system, including the report Prepare and Inspire.22 Of the latter’s recommendations, that on 
the STEM master teacher corps has been accepted by the Administration, although a similar recommendation on the 
creation of an advanced research projects agency for education, or “ARPA-Ed,” was not. He noted that there is 
in preparation a second report to go to the White House, focused on the community colleges and 2-year colleges. 
In the process of preparing these reports, it was learned that 32 percent of the STEM workforce is initiated in 
community colleges and, further, the enrollment of minorities is heavily in such colleges. Gates suggested that if 
we want a robust STEM workforce, we will need to pay attention to new areas. 

Reviewing some OECD statistics, he noted that the United States ranks third overall, but when looking at 
age cohorts the United States is in ninth place in the 25- to 34-years-of-age range. Continuing, he pointed to the 
wage premiums for a college degree, which have increased from 30 percent in 1950 to 81 percent now; even dish-
washers get an 83 percent boost in pay from a college degree. Referring to the study entitled The Undereducated 
American,23 Gates described an emerging skills pay gap in which the growth in demand for skilled labor by busi-
ness would continue to outpace growth in supply. He estimated that the fraction not met by the civilian education 
enterprise might be as many as 1 million additional STEM workers by 2020, with an upper-bound estimate of 
2.5 million (see Figure 4-9). 

Gates next turned to the levers with which to change the department, the relevant unit of change at the univer-
sity. He referred to an appendix of the aforementioned PCAST report Prepare and Inspire that covered high-quality 
studies of learning and noted that PCAST continues to look for appropriate models.24 Referring to Carl Wieman’s 
talk at the start of the panel session, he concurred that it is desirable to break the antivirtuous cycle—the split 
between the research community and the schools of education. Gates suggested that there may be some disruptive 
edges to be found, and he offered the example of Harrisburg University, which was created with input from the 
business community to address a perceived shortage. In closing, Gates noted that in the military we do not leave 
our people behind and suggested that we might instill this culture in education.

Session moderator and committee member Vice Admiral (ret.) Daniel Oliver, president of the Naval Postgraduate 
School, noted that “the big hammer” that Assistant Secretary of Defense Lemnios possesses is the billions of dollars 
that he invests, but asked the panelists what other hammers Lemnios might have.

22President’s Council of Advisors on Science and Technology. 2010. Report to the President: Prepare and Inspire: K-12 Education in 
 Science, Technology, Engineering, and Math (STEM) for America’s Future. September. Available at http://www.whitehouse.gov/sites/default/
files/microsites/ostp/pcast-stemed-report.pdf. Accessed October 10, 2011.

23A.P. Carnevale and S.J. Rose. 2011. The Undereducated American. Available at http://www9.georgetown.edu/grad/gppi/hpi/cew/pdfs/
undereducatedamerican.pdf. Accessed November 15, 2011.

24President’s Council of Advisors on Science and Technology. 2010. Report to the President: Prepare and Inspire: K-12 Education in Sci-
ence, Technology, Engineering, and Math (STEM) for America’s Future. September. Available at http://www.whitehouse.gov/sites/default/files/
microsites/ostp/pcast-stemed-report.pdf. Accessed October 10, 2011.
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•	 Paul	Gaffney	suggested	that	DOD	needs	to	look	at	the	hiring	system	and	the	personnel	system.	In	addition,	
he stressed that funding stability is wonderful and that it is much better to send a signal of say $100 million 
for 10 years than the same cumulative total with fluctuations from year to year. Gaffney also noted the 
value of undergraduates doing research and that peer-to-peer interaction is important. Lastly, he suggested 
that internships in the laboratories at DOD should be encouraged. 

•	 S.	James	Gates	noted	 that	 the	PCAST	education	report	 that	 is	 in	progress	asks	 this	question.	He	stated	
that this is the first administration to have raised STEM education to the level that it resides in the PCAST 
standing portfolio. Gates suggested that Lemnios could similarly make such gestures to get the message 
out. 

•	 Wesley	Harris	noted	that	there	were	in	fact	three	stakeholders:	DOD	and	its	industrial	base,	the	education	
community, and also the financial community. He asked why is it that Germany is able to maintain high-
tech manufacturing at a level we do not and suggested that this is likely not due to a lack of STEM training 
but due to a lack of engagement with the financial sector. 

•	 Katrina	McFarland	suggested	that	the	issue	is	one	of	how	we	reward	people	at	the	country	level.	For	indus-
try, the leadership was once engineers. Now it is chief financial officers, pointing to profit as the guiding 
message. McFarland further suggested that we consider the message sent to our children by the cancellation 
of the space shuttle program. Novels with an engineering theme are similarly uninspiring.

Oliver next discussed the rigidity of the higher-education system and asked the panelists to comment on what 
drives this rigidity.

•	 Gates	suggested	that	professors	look	at	the	path	of	least	resistance	when	executing	their	teaching	duties;	
there is no incentive at R-1 universities on teaching. What are needed are tools for making a sustainable 
change. 

•	 Gaffney	commented	that	the	rigidity	that	he	sees	can	be	attributed	to	tenure	and	to	professors’	being	union-
ized. The professional education societies and discipline-specific accrediting organizations in Washington, 
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D.C., can further constrain the latitude for change. He noted that introducing undergraduate research can 
change the culture of the student who learns to stand up and defend his or her work and who becomes a 
better problem solver. 

•	 Harris	agreed	that	this	was	an	important	question	in	the	context	of	R&D.	Drawing	on	his	experience	at	MIT,	
he noted that change does occur and there are rewards for teaching; in the past 30 years he has seen the 
importance of teaching move from being considered insignificant to the point at which it is now considered 
in promotions. Harris suggested, however, that the economy would suffer greatly if we were to swing too 
much toward teaching at R-1 universities at the expense of research and would result in some departments 
being folded or merged. 

•	 McFarland	remarked	that	she	was	in	a	different	position	than	are	most	university	presidents	in	that	she	can	
control the faculty, who are limited to terms of 4 years, resulting in the turnover of 120 of 700 last year. 
She suggested that accreditation is a possible lever for change. 

A participant referred to the U.S. News and World Report rankings which also drive culture and that do not 
include teaching. Noting that DOD operates schools on bases, the participant asked whether DOD might not look 
at what it does correctly there. 

•	 Gates	noted	that	he	had	attended	schools	on	a	military	base	from	kindergarten	through	5th	grade	and	agreed	
that this experience was beneficial: posts were very special places, sheltered as they were from the problems 
experienced in the larger society. He suggested that there may be a correlation to what was going on with 
the parents.

Another participant asked if there is a crucial age window for intervention.

•	 McFarland	responded	that	DAU	is	teaming	with	9th	and	10th	graders	and	disadvantaged	schools	that	are	
more open to new opportunities. She has observed an 80 percent attrition from STEM. She suggested that 
interventions must go beyond policy and noted that “it takes a village”: it used to be that the neighborhood 
helped children understand what is important. 

One participant noted two factors worth considering: (1) State university budgets are being affected by budgetary 
pressures. (2) Faculty receive a 9-month salary, which leaves a gap that they must fill by finding work. He contrasted 
this with the German model, in which faculty at the national universities are supported 12 months of the year. Lastly, 
he commented that the dichotomy of teaching versus research does not appear to be healthy for the future.

•	 Gates	agreed	that	the	research/teaching	split	is	not	healthy,	as	had	been	set	forth	in	Carl	Wieman’s	talk.	He	
noted that there have been calls for an even sharper split, for example in Texas, with the idea, which has 
become moot, of removing research from the University of Texas. 

A participant noted that economics has become a popular major even while STEM has remained flat overall. 
He posited that the increase in college wage premium was less due to STEM fields than to law, medicine, and so 
forth. He asked the panel to comment on whether Lemnios does not already have tools, such as scholarships and 
so forth, to strengthen STEM. 

•	 Gates	said	that	he	had	looked	at	curves	of	output	of	STEM	versus	non-STEM	during	the	dot-com	boom,	
but those curves resumed normal shapes after the bust in 2000. 

•	 McFarland	remarked	that	wages	are	based	on	supply	and	demand.	If	the	community	is	focused	on	short-
term return on investment, then this will be reflected in demand signal. Apple and Microsoft, for example, 
are focused on cost. How does one create an environment that has a high payoff for research?

•	 Harris	suggested	looking	to	the	financial	sector	and	noted	the	lack	of	a	conversation	between	DOD	and	
financial concerns. 
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•	 Gaffney,	by	way	of	illustration,	posited	two	recent	college	graduates—one	with	a	degree	in	artificial	intel-
ligence and the other with a degree in aeronautical/astronautical engineering, both of whom go to work at 
Goldman Sachs upon graduation. He further noted that 50 percent of chief executive officers of firms in 
the S&P 500 have a background in STEM.

PANEL 5: ENSURING AN ADEQUATE WORKFORCE CAPABILITY IN AN UNCERTAIN FUTURE

Question to Be Addressed

Given the unpredictability of: scientific and technological change; levels and trajectory of DOD budgets; 
advancements and emerging threats; and the historical inadequacy of past projections of future workforce needs—
how can DOD ensure an adequate workforce capability for itself and its defense contractors in the future?

Summary of Lead-off Presentation

Ruth David, the president of ANSER, began her remarks explaining that the scope of her talk would not 
encompass quantifying the workforce needs but would instead offer a framing of the issues that should enter into 
any planning. What are these planning considerations? She observed that in looking at a number of documents 
on what STEM is, there appears not to be a consensus. She suggested that we are in a fourth scientific paradigm, 
e-science, reflecting the changing nature of scientific discovery, which in the future may entail moving from  
 hypothesis through discovery to data generation. Computational capacity and accessibility of information are 
changing the nature of scientific discovery. Regardless of whether one believes that e-science is the way of the 
future, one must understand that scientists are being impacted. 

David discussed the trend toward convergence between disciplines and noted that computational-X fields 
(where X is chemistry, physics, and so forth) are evolving and relating to themselves and to other disciplines. She 
observed that convergence is reshaping products toward downloadable functionality. She also discussed “mash-
ups,” noting that one of Lemnios’s key areas for investment is data to decisions. One tool is to encourage these 
mash-ups. There are also accelerators with all scientific data moving online; one could think of a pyramid with 
peer-reviewed literature at the top, below which are derived and recombined data, and then raw data. Researchers 
can stand on one another’s shoulders to accelerate. These accelerators will drive rates of change that DOD will have 
trouble keeping up with. How will we tell if we are preeminent amidst this rate of change? Whether one operates 
under a principal-investigator-centric model versus a multidisciplinary team will be important to understanding 
results. This will have implications for behaviors as well and a different kind of skills. Referring to the report The 
Engineer of 2020: Visions of Engineering in the New Century,25 David pointed out the need for teamwork and 
collaboration skills. She also noted the split of systems engineers versus systems thinkers and that we will need the 
latter who understand the soft systems aspects. A further dichotomy is that of engaged (connected to information 
and people) versus controlled or isolated people. David observed in the context of cyber science and technology, 
for example, that we know how integral the human is. 

Next, David turned to the expectations for future STEM workers. She expressed the view that technologists 
had worked behind the fortress walls to such an extent that they had lost touch with drivers in commercial  markets; 
purely defense technologies comprise a shrinking list. Referring to the challenges of needing to follow what is 
happening worldwide and of being presented with too much information, David suggested that there is a new set 
of skills needed that will allow people to cope with this; some domains will want to do their science but need 
these new skills to explore their data. Disciplines that must be brought to bear include graphic design and human-
computer interface. She observed that the market for these skills is exploding, driven in large measure by the private 
 sector’s desire for business intelligence, and she commented that the competition for these new skills is quite fierce. 
She pointed to the nature of the STEM enterprise changing to encompass metamaterial and presented a global 

25National Academy of Engineering. 2004. The Engineer of 2020: Visions of Engineering in the New Century. Washington, D.C.: The 
National Academies Press.
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geographic analysis of publication data from Scopus, noting an increasingly globalized distribution of activity, but 
also rapid growth in certain regions of specific countries. She suggested that we need to understand these trends 
as they manifest themselves overseas if we want to be preeminent as a country, but she cautioned that data tend 
to be trailing indicators. She presented similar geographic data showing the globalization of autonomous systems. 

Turning to an analysis of scientific trends, David noted the top-20 publishing cities in the time frame 2004 to 
2008 and used this to calibrate the rate of growth as compared with that of the period 1996 to 2000. She observed 
that the eastern seaboard had decreased or stayed constant but that Asia is growing (see Figure 4-10). 

David continued with a discussion of publication quality, including a citation analysis comparing the same 
4-year periods. She observed that the United States is doing very well despite dropping its market share and offered 
the further caveat that the sample population is limited in this study because it does not include foreign-language 
publications. The new entrant is China, with 4 percent.26 

Resuming the theme of accelerators, David discussed collaboration, for example on scientific publications, and 
the expanding global networks and presented analysis of the connection between collaboration across countries on 
publication impact. Taking an integrating slant, she noted that the overall purpose of such analyses is to establish 
the importance of tracking the numerous factors working together to change the environment fundamentally, which 
DOD will need to evaluate. 

In closing her remarks, David offered some provocative questions: Should STEM be redefined and expanded 
to include the soft sciences, inter- and multidisciplinary fields, and computational-X? Further, how can we develop 
and understand leading (versus trailing) indicators? How can we ensure that our STEM workers are web-savvy 
in every dimension? She posed a question for the panel: Do we have the right bins to understand what the STEM 
workforce is, given the changing environment? David then observed that in her view a better understanding of the 
role of technology is needed in national security. The STEM workforce need not be PhD engineers but will need 
a degree of literacy. She observed that we tend to bin people by their degrees, but this oversimplifies the complex-
ity of the kind of workforce that we need in the future. The bottom line, she contends, is that if we accept our 
tasking to take inventory, then job codes are an inadequate characterization. We will need to look at credentials 
versus experience; degrees rarely reflect proficiency. Systems engineers, for example, need to go through failure 
to get the requisite experience. There is the dichotomy of personnel who are committed (to DOD and its mission) 
versus personnel who are engaged (rapidly accessible as skills change). She suggested that we will never have the 
right skills in-house. David noted that there are some barriers and that we are not driving innovation in the right 
areas (e.g., IT, energy). In addition, there is competition with the private sector for a limited talent pool. The final 
barrier is the challenge posed by the need for clearances and controls on the one hand and by the need for global 
engagement on the other.

Session moderator Robert Hermann asked Ruth David if she could offer a model of how to address the point 
on clearances and controls versus global engagement. 

•	 In	reply,	David	noted	that	one	of	the	underlying	causes	of	the	STEM	problem	is	the	lack	of	appreciation	
for who is doing what elsewhere. The sense in the national security community is that “we are ahead so we 
must protect.” She adduced the example of deemed exports: studies of this have put forward the conclusion 
that controls are a result of lack of awareness. She stressed that it will be critically important to develop 
leading indicators and suggested that if presented with data, people will rationalize the environment.

Committee member Mary Good observed that the subject of the significance to STEM of the soft sciences has 
been brought up a number of times and noted that we have a political climate that is trying to eliminate funding 
for the soft sciences. 

•	 David	replied	this	is	a	serious	problem	and	may	be	more	challenging	to	solve	than	security.

26The Royal Society. 2011. Knowledge, Networks and Nations: Global Scientific Collaboration in the 21st Century. London: The Royal 
Society.
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FIGURE 4-10 Top 20 publishing cities, 2004-2008, and their growth since 1996-2000. SOURCE: The Royal Society. 2011. 
Knowledge, Networks and Nations: Global Scientific Collaboration in the 21st Century. London: The Royal Society.

Committee member Daniel Hastings asked, with respect to global engagement, if there is not a model in which 
the STEM workforce is updated and refreshed by being engaged globally. 

•	 David	replied	that	there	are	groups	such	as	ONR	Global,	which	has	a	global	footprint	with	some	singletons	
in various countries in order to engage with the local technology base. She again stressed the importance 
of collaborative projects.

A participant noted the difficulty posed by collaborative work in that it entails having to transfer knowledge 
to a foreign entity and navigate through export controls. 

•	 David	stressed	the	need	for	export	reform	and	suggested	that	research	per	se	should	be	exempt	from	these	
controls, understanding that there is a blurry line between research and development. She observed that 
large research universities have collaborative programs with universities elsewhere or campuses elsewhere.



Copyright © National Academy of Sciences. All rights reserved.

Report of a Workshop on Science, Technology, Engineering, and Mathematics (STEM) Workforce Needs for the U.S. Department of Defense and the U.S. Defense Industrial Base 

40 STEM WORKFORCE NEEDS FOR THE U.S. DEPARTMENT OF DEFENSE AND THE U.S. DEFENSE INDUSTRIAL BASE

Panel Discussion

The session then proceeded to the brief talks by the four members of Panel 5 on the panel’s topic, ensuring 
an adequate workforce capability in an uncertain future. 

The first panelist was Vallen Emery, the outreach program manager at the U.S. Army Research Laboratory 
(ARL). He began his remarks by noting the challenges that we face in STEM education and the concerns and 
visions expressed by Assistant Secretary of Defense Lemnios. He referred to the DOD’s board of directors for 
STEM and suggested that the output from the board has to give a cohesive strategy. Emery observed that DOD 
has programs that it has been investing in for a long time and that there is a need to take a look at the outputs and 
whether these have produced people who entered the STEM workforce. 

He turned to the topic of opportunities for students, noting that ARL has about 300 people at the undergraduate 
level who come in to ARL and are exposed to possible careers in STEM. This is critical from the standpoint that 
as children they were exposed to PlayStations, but they do not understand the engineering behind them. Emery 
noted there are statutory authorities that allow DOD to make equipment donations, for example, that facilitate their 
having direct relationships with academia. 

Next, Emery turned to the question of where and how DOD invests. He observed that the services (Army, 
Air Force, and Navy) focus on technologies and not necessarily on the human capital responsible for them. He 
suggested that there needs to be a policy document from DOD stating that the services are permitted to go on 
high school and college campuses to show the depth and breadth of DOD research. He pointed to current Office 
of Personnel Management (OPM) procedures, under which it takes a long time to bring someone into the organi-
zation. Emery also observed that the majority of the workforce does not have these skills, and many do not have 
the graduate degree needed for senior positions. The refresh rate at DOD is sufficient because of the connection 
to the academic partners. Referring to the discussion about clearances and controls versus globalization, Emery 
stressed the need to incentivize the recruitment of students who can meet DOD employment criteria. 

The next panelist was Jennifer Byrne, the vice president for corporate engineering and technology at Lockheed 
Martin. She began her remarks noting that when she decided to become an engineer, she had originally thought 
that she would go into research, but she wished that she could have seen today’s world of technology with quantum 
computing, spacecraft, and so forth. Byrne noted that her job allows her to see research and development across the 
company while at the same time funding university research. She observed that through technical interchanges with 
universities, it has become clear to her that the composition of the classroom has not changed much in the United 
States since the time when she was the only woman in the class. Byrne did observe, however, that internationally 
there is a better mix, in India in particular, where females are encouraged to go into engineering and entrepreneurial 
professions. She discussed the experience sponsoring the USA Science and Engineering Festival in September 
2010 (and upcoming on April 27-29, 2012), which was held on the National Mall in Washington, D.C. There they 
wore shirts that said, “Ask me about being green,” indicating the wavelength for green in the electromagnetic 
spectrum. Byrne also discussed the perception of science vis-à-vis the media and noted that Lockheed Martin is 
an adviser on technology integration for the television series NCIS Los Angeles, whose producers want technology 
to be a star of the show, and hold a biweekly teleconference with Lockheed Martin to receive background on the 
technology. Byrne noted that working in India she observes that the engineering profession is held in high regard 
by women engineers and entrepreneurs; she wondered what lessons this might hold for the United States. Byrne 
observed that in the decade after she obtained her electrical engineering degree in 1990 there had been a steep 
decline in the number of workers in aerospace and defense. She noted that Lockheed Martin has in its workforce 
66,000 scientists and engineers and wants to see growth. Picking up on Ruth David’s remarks, in closing Byrne 
commented that the future workforce would need to be both collaborative and super-smart. 

Katherine McGrady, the chief operating officer of CNA, began her remarks as the fourth panelist noting 
that at CNA about 70 percent of its employees have PhDs in STEM and extensive experience with STEM in the 
field. McGrady explained that in preparing for the session, she spoke with people at CNA who have been dealing 
with more recent technologies, like cyber, as well people from CNA’s business that trains DOD employees, both 
uniformed and civilian. She noted that, like Vallen Emery, she wondered what we can do now as opposed to what 
we can do in the long term. For example, CNA staff were not convinced that if the fiscal environment were one of 
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limited resources, one would want to increase the STEM skills of enlisted personnel: the high-tech in the battle-
field has nothing to do with the science. It would be better to put STEM money toward laboratories and defense 
industry business lines. That said, McGrady acknowledged that some fields really demand STEM; submariners, 
for example, really need this to operate the nuclear power plant on a carrier. Another point is that a recent study 
by CNA on the Navy’s officer corps27 found that they were well prepared for their time in the warfare community 
but not so well prepared for their later careers, in which critical thinking skills are needed. The latter, moreover, 
are not the exclusive purview of scientists: having a STEM background may impart these skills, but many people 
from other backgrounds can contribute as well. An example of the latter is the intelligence community, in which 
staff collect and analyze a large volume of data, which involves judgment and awareness that do not necessarily 
come from STEM. Another conclusion from CNA’s study was that a technical undergraduate education does not 
appear to confer an advantage because of the training for new officers. Those with backgrounds in STEM were 
retained and promoted at the same rates. McGrady then suggested that the leverage point for STEM is the defense 
industrial base and the laboratories and that it is bigger than just the DOD workforce and noted the difficulty in 
attracting people of high caliber who are graduating right now and of bringing them into the government; some 
parts of the government can pay a huge salary, but they are few in number. In contrast, defense contracting does 
seem to pay enough and is able to retain staff; they have incentives and, for example, allow off-ramps so that you 
could have children and return to the job. 

McGrady’s final point was that it is hard to interest people in the sciences, and the time window in which 
you can affect this is at the high school level. In addition, it will be important to consider military technical train-
ing, which is 12 to 18 months long, and where all these people go and how this science is used on the battlefield.

The final panelist was David S.C. Chu, the president of the Institute for Defense Analyses. He began his 
remarks by challenging the supply focus of the STEM discourse and suggested that the focus be on demand. He 
observed that defense today is too small a fraction of the nation’s output to have a significant impact on supply; 
it is still only 4.5 percent of GDP. He raised the questions of whether the compensation that we are paying is not 
too modest, or too unexciting, or whether there are not simply barriers. With respect to the government workforce, 
he expressed the opinion that the answer to all three questions is yes. 

On compensation, he adduced the example from the national security personnel system of persons stranded 
at the level of GM-15, Step 10. He noted that the laboratories and the acquisition workforce have demonstration 
authority to set pay scales. There are other tools in the civil service tool kit and, for example, one can pay recruit-
ing and retention bonuses. The government still has experts who can be paid a salary of $200,000. 

Chu then turned to the question of whether the compensation is unexciting, and he noted that DARPA has 
successful contests for robotic vehicles or that Teach for America, which does not pay much or offer good working 
conditions, is successful. He asked whether we might not want to have a “Science for America” program to try 
and identify opportunities that would excite young Americans. Chu observed that there is no recruiting strategy 
on the civilian side that is comparable to that of the uniformed side. He noted that to make prompt offers requires 
direct-hire authority and that OPM has been sympathetic at granting this when a shortage can be identified. At 
the same time, he observed, there are more pedestrian issues such as the need to write the job description better. 

Turning to the question of the citizenship requirement for cleared work, Chu observed that 3.5 percent of 
uniformed recruits are not U.S. citizens and that the law provides military accession for national security interests 
similar to that used to recruit non-American scientists after the Second World War. Lastly, Chu discussed the issue 
of minorities and women, which he adjudged to be a supply issue. 

In conclusion, Chu offered several points, starting with the view that paying dollars on the supply side amounts 
to paying rents, as this is paying people to do what they would have done in any case, or if not, the practice simply 
displaces other funds. Next, he suggested that one size will not fit all: each domain is different, whether science, 
engineering, or mathematics; with regard to the latter, DOD is a large source of demand. Third, and finally, Chu 
observed that the field in which you start is not necessarily the one in which you apply your talent and that the 
most significant contribution is from people who can think outside their fields. 

27CNA. 2011. Developing an Education Strategy for URL Officers. Arlington, Va.: CNA, Inc.
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The panelists having concluded their opening remarks, session moderator Robert Hermann asked them to 
comment on the citizenship requirement and on how DOD can make use of non-U.S. citizens.

•	 Vallen	Emery	described	a	barrier	that	he	encountered	when	he	was	invited	to	China	to	give	a	seminar	on	
toxicity. The Department of State did not approve his travel, citing his Army affiliation. Emery urged that 
we take a serious look at such a parochial view of what are really intellectual exchanges. 

•	 Jennifer	Byrne	observed	that	to	prepare	for	technological	surprise,	the	best	way	of	keeping	ahead	is	situ-
ational awareness. Further, she observed that in the BRIC,28 people are not encumbered in their thinking 
by technologies but that by contrast the United States is made complacent because of technologies. She 
noted that Lockheed Martin funds work in Canada, Australia, and other countries where it sees capabilities 
developing that could not be developed here. The flip side is that innovation thrives on diversity. Byrne 
gave the example of “jugaad,” an Indian expression meaning “cheap innovative solutions.” She described 
a situation in which Lockheed Martin needed 200 cleared Java programmers overnight and, not being able 
to find such, had to develop a method of partitioning the work between classified and unclassified so as to 
accommodate the shortage.

•	 Katherine	McGrady	noted	that	her	adviser	made	regular	trips	to	China,	so	globalization	is	not	news	to	her.	
She concurred with Vallen Emery and others who observed that if you are recruiting the best and brightest 
but people are disallowed from traveling, this is a significant disincentive.

•	 David	Chu	advised	that	a	stronger	bridge	to	academia	would	be	a	good	way	to	access	what	is	going	on	around	
the world and suggested that some dollars be used for sabbaticals in the government. Also, he asked, why not 
hold more exchanges with other scientific enterprises overseas the way services do with war colleges? He 
further adduced the example of British Commonwealth citizens who are seconded to the U.K. government 
as if they were U.K. citizens. Lastly, Chu urged that the investment dollars be spent recognizing those who 
are fluent in critical languages; we assume that the dominant language will always be English.

Robert Hermann, referring to the practice of exchange in technical domains for improving understanding in 
S&T, noted that a common problem is procurement. He described how at the National Security Agency (NSA), 
where the work is on highly sensitive activities, there were extensive interactions with the United Kingdom and 
Commonwealth based on a degree of trust. 

A participant noted Chu’s skepticism about the ability of DOD to address the supply-side problem but added 
that attracting an all-volunteer force is based on incentives. He proposed that telling civilian DOD to skip incen-
tives would compromise its recruitment ability. Establishing personal relationships and internships are part of the 
supply-side package, for example.

•	 Chu	replied	that	the	emphasis	on	scholarships	is	too	much.	DOD	is	a	small	part	of	the	overall	picture.	He	
asked about the kind of career opportunities that DOD is offering and said that sometimes DOD does not pay 
enough or hire promptly or describe the opportunity in a compelling way—all of which is on the demand 
side. Chu suggested that if people think there is something interesting and rewarding, they will go even if 
they do not have a strong intrinsic interest. For example, in the United States we do not try to improve the 
nation’s high schools (supply) but we offer a great job environment for those with a high school diploma.

•	 Emery	expressed	the	view	that	there	were	not	enough	internships	at	DOD.	He	described	the	need	to	show	
the relevance of the theory that people learn in a classroom and suggested a competition involving the 
writing of a paper that entails understanding the utility of the science and engineering that the writers are 
practicing. 

Another participant noted that two of the speakers had said that DOD has the authority that it needs but does 
not use it. He stated that such authorities have a way of becoming disused, as it is the Secretary of Defense who 
has the authority, and he cannot delegate it. 

28BRIC: Brazil, Russia, India, and China.
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•	 Emery	agreed	that	these	authorities	are	not	consistently	applied	across	the	services,	but,	for	example,	the	
laboratory directors themselves have such authority.

•	 Chu	advised	that	we	should	judge	the	system	on	performance	not	on	processes.

Committee member Anita Jones commented that “the carrot” being used does matter. DOD invests in research 
areas that have promise and, for example, during the 1970s and 1980s paid tuition and living expenses for com-
puter scientists who designed chips at Intel, National Semiconductor, and so forth. DOD was growing the pipeline. 

A participant made the suggestion that Congress could authorize 2,000 or 3,000 graduate fellowships, and 
these could be spread around rather than being converted to department-specific uses. 

•	 Chu	said	that	although	programs	of	this	kind	are	very	popular,	they	are	(maybe)	not	the	best.	
•	 Hermann	suggested	that	it	is	possible	that	someone	will	work	on	some	supply	segment,	for	example,	devices,	

but that foresight is needed to identify such areas.

A participant observed that there is a focus on scientists and engineers with advanced degrees, but that DOD’s 
needs can fall into other categories of the workforce that need some training in science and engineering, such as 
engine maintenance. These are critical areas, and these workers need STEM education in high school or it is too 
late; welding is a critical skill, for example. 

•	 McGrady	noted	the	practice	of	precision-based	logistics,	in	which	the	person	in	the	field	can	pull	whatever	
module is not working and send it back to the manufacturer. She observed that with DOD going to such 
a system that obviates the need for STEM in the field, it may be working at cross-purposes by continuing 
to push for STEM overall. 

•	 Hermann	noted	that	the	example	given	by	the	participant	may	be	representative	only	of	a	class	of	activi-
ties, such as knowing how to get a generator to work when it stops. He noted that the example may not 
extrapolate to the general.

•	 Emery	added	that	we	do	not	do	a	good	job	of	describing	opportunities.	There	are	opportunities	for	those	
with associate’s degrees and with bachelor’s degrees and so forth.

•	 McGrady	offered	an	example	that	she	had	observed	while	deployed,	in	which	generators	broke	down	all	
the time. The person who was the best at fixing them was the guy from a family of car mechanics, and he 
had never been to college.

Another participant referred to the workshop charge and the mention of “uncertainty” and asked the panel to 
comment on how DOD might mitigate the impact of uncertainty.

•	 Chu	suggested	that	broader	preparation	is	needed	and	that	this	is	how	you	can	cope	with	developments	that	
you cannot forecast.

•	 Emery	noted	that	through	some	of	his	visits	to	industry,	he	has	learned	that	there	is	psychological	profiling	
performed to ensure that those hired in scientific and engineering fields can think in a flexible manner. 
He commented that today it is necessary to be more multidisciplinary in approach, a point seconded by 
McGrady. 

A participant observed that the panel had touched on two big issues: (1) it takes a long time to get clearances, 
and (2) it takes a long time to get hired into civil service. He suggested that engineers and scientists have to be 
nurtured or they will leave their field to become, for example, a hedge-fund manager. 

Committee member Daniel Hastings referred to data presented by Ruth David on the globalization of some 
fields. He observed that Lockheed Martin is engaged globally at the same time that it is involved in classified 
government work. He asked Jennifer Byrne how Lockheed Martin was taking advantage of this and absorbing 
global work into its business lines.
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•	 Byrne	replied,	noting	that	Lockheed	Martin	has	15	strategic	technology	threads	in	which	it	has	seen	disrup-
tion that might be important to its customers. These threads mesh with Lockheed Martin’s organizational 
competences. She described the company’s use of business intelligence software to observe trends in patents 
and research. This allows it to see for a given country where its technological capabilities and interests lie.

Committee Co-Chair Augustine made an observation on the ability of program managers of R&D projects and 
the like to make lateral moves—specifically that 30 years ago you could work in DOD and then back into industry. 
Today, however, there is a regime in force related to conflict of interest that would prevent one from doing this. 

•	 Chu	agreed	that	this	is	a	serious	problem	that	has	made	it	difficult	to	attract	mid-career	talent.	He	stressed	
the need to ask the question, Why don’t people come? Chu suggested that the input of the NRC to that 
evidentiary process would be of great value. 
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5

Wrap-Up Session

CO-CHAIR SUMMARY

Committee Co-Chair Norman Augustine reviewed the workshop and offered his observations, which he 
stressed were not necessarily comprehensive but were reflective of what he had found interesting. He started with 
some broad issues that showed some conflicting underlying beliefs. Charles Vest, he noted, said that we are head-
ing for a train wreck, but the panelists from DOD did not identify such a problem. Two other participants also 
presented data suggesting that there was not much of a problem. How you see this question of course depends on 
how you parse the data or on the remit of the person giving the data, but, overall, this presents a confusing picture. 

Augustine then observed that the workforce issue has been solved in the industrial sector by moving overseas. 
Then he asked whether the STEM workforce issue is DOD’s problem or reflects a nationwide issue. Many partici-
pants observed that DOD is not going to have much effect on the overall, nationwide problem. Augustine noted, 
for example, that the United States has 14,000 independent school districts, which by its sheer number presents an 
enormous challenge to DOD. He suggested that DOD focus on the unique things that it might do—for example, 
providing summer employment in its laboratories to young people who might be enticed into returning later—a tool 
often used in industry, and which affords the laboratories an opportunity to identify high-quality candidates for future 
employment. There is also the DOD school system, he observed: this is a great prototyping tool that could apply 
some of the things that participants in the workshop have been discussing in an environment that DOD controls. 

Augustine then turned to the vexing question of how to predict technical breakthroughs and national security 
events, the latter of which define DOD’s budgets. DOD, in his view, should come up with a strategy that maxi-
mizes its ability to deal with uncertainty. He noted that DOD does a great job of career management for uniformed 
military personnel but not for their civilian counterparts. He allowed that he could not recall ever having seen a 
succession plan while employed at DOD; no company would not have a succession plan. Augustine stressed the 
importance of lifelong learning and suggested that DOD civilians should get “re-capped” in new technologies so 
that it is not as big a jump to convert them to new areas. 

Augustine’s next point concerned the supply of engineers: he noted that, on the one hand, whenever he meets 
with business leaders they say that they cannot find engineers to hire, but, on the other hand, when he says this 
during television interviews he gets deluged with e-mails from engineers who cannot find work. He observed, 
however, that some people let themselves obsolesce with respect to the technologies. Specifically on systems 
engineers, Augustine noted that they are trained as well as taught—both being essential. It may be necessary for 
DOD to allow its systems engineers to spend some time in industry as part of the training. Lastly, he noted that 
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when he graduated from school, DOD or NASA were the great places to work and were considered the leading 
edge. Today’s DOD might be characterized variously as an integrator or an overseer or a manager of R&D—such 
work is less exciting. There are nonetheless some opportunities to entice people to work at DOD in these areas, 
and these might include doing a better job of getting the word out on what it is that DOD does, reducing the time 
that it takes to hire someone, and reducing the time that it takes to obtain a clearance. The goal is to make DOD 
an employer of choice. 

Augustine then touched on several more issues, starting with the challenge posed by export controls and the 
offshoring of capabilities, a model that has worked well in other industries but not in defense. He noted that par-
ticipants had suggested that DOD hire non-U.S. citizens and wondered whether much of the classified work is not 
being classified at too high a level; he suggested that addressing the latter might allow more noncleared personnel 
to work on projects and would ease the supply crunch. 

Augustine also mentioned that a very important approach for getting more scientists and engineers would be 
to tap into the enormous pool of women and minorities. He referred to data presented at the workshop showing 
that these groups are underrepresented in STEM fields, and he asked how we attract more women and minorities 
into such fields, suggesting that K-12 is the point at which to intervene. He stressed the need for teachers to have a 
background in the core subjects that they are teaching and suggested that DOD could offer summer jobs to teachers. 

Next, Augustine discussed the leakage rate in the pipeline that produces engineers and scientists, owing to 
students not finding high school courses interesting. He referred to Carl Wieman’s talk, in which Wieman observed 
that money is being siphoned off from teaching to research, a problem that Augustine suggested could be alleviated 
by DOD and other funding agencies providing more support for research. 

Referring to Panel 1, the session on emerging science and technologies, Augustine added a few future tech-
nologies that he considered were missing from the discussion. These technologies included robotics; telepresence; 
the non-intrusive identification of individuals and tracking of their locations continuously; likewise, the continuous 
tracking of the location of nuclear weapons; and communicating with computers on human terms—for example, 
asking the computer in plain English, “Where am I?” or ”Where was I last Thursday at noon?”

Augustine then discussed the problems identified by the panelists speaking on acquisition issues. He noted that 
there are two tracks: the fast track and the regular track. To interest engineers, one would have to concentrate on 
the fast track, since no one would want to work on a project in which it would take 20 years for a finished product. 
Further, over that 20-year time span, there is a likelihood of the project’s being canceled. Augustine suggested 
that prototyping would be one way for industry to preserve its most valuable skills, those of design and develop-
ment. He further noted that according to a number of studies, there is an anticipated shortfall of from 1 million 
to 2.5 million workers by 2020, observing that one could multiply by the DOD fraction of the national workforce 
and get an estimate by field. He observed that although workshop participants had said that it would be difficult 
to find such estimates, this was a rough-and-ready way to do so. 

Augustine noted that there is an issue regarding financial markets and how to get a long-term perspective. He 
observed that there are disciplines that are merging, and perhaps DOD should look at its own organization and 
ask whether it is not too stovepiped to go across disciplinary boundaries. 

Then Augustine offered what he considers to be the bottom line: specifically, that we do not know how to 
predict the state of the world that will drive DOD’s demand for engineering and should instead count on a strategy 
that deals with uncertainty. This points to a need for a workforce composed of people who are current in their fields 
and maintain their expertise throughout their careers so that they can change course rapidly; it will not be possible 
to wait 10 or 20 years to produce a new graduate with a bachelor’s degree in engineering. Augustine further noted 
that we could enlarge the pool by including foreign applicants, and we could also benefit by reducing the number 
of items requiring clearances and by making the field of engineering more attractive.

Augustine then opened the discussion to the floor and asked participants for their observations.

•	 Sharon	Levin,	a	committee	member	and	session	moderator	for	Panel	3,	stressed	the	need	to	find	ways	to	
collaborate globally against the backdrop of new technology development and the spread of talent world-
wide—not everyone is going to be in the United States. She agreed with David Chu about focusing on the 
demand side, given the limitations on funds, and on export controls and non-citizen workers.
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•	 Anita	Jones,	a	committee	member	and	session	moderator	for	Panel	2,	suggested	considering	what	was	not	
heard: Panel 2 did not hear much on the shortfalls in the technical workforce at specific times. She further 
agreed with Norman Augustine that adaptation will be the key, suggesting that there are many ways for 
DOD to implement such a strategy. For example, if more engineers are needed in a certain field, one can 
simply raise the salary by $20,000 per year as in the case of petroleum engineers. Jones also observed 
that what did not show up in the data is the ability of engineers to move to a different field rapidly. As a 
corollary, one might conclude that moving within STEM is not so hard, and DOD can implement polices 
to enable this.

•	 Frances	Ligler,	a	committee	member	and	session	moderator	for	Panel	1,	continued	with	the	theme	of	what	
was not said during the workshop and offered two additional ideas: first, instead of fellowships of the type 
that would compete with those of the National Science Foundation, DOD could offer fellowships aimed 
at bringing people to its laboratories and immersing them in DOD problems. She described such efforts 
at the Naval Research Laboratory, which are enthusiastically received. She hastened to add, however, that 
the money for this comes from non-DOD sources. 

•	 Committee	member	Leif	Peterson	noted	the	tremendous	pressure	on	defense	budgets	and	underscored	the	
need to define requirements well in order to compete effectively for resources. He asked if the workshop 
has found a good definition of the STEM requirements, and, projecting into the future, what these require-
ments will be.

•	 A	participant	offered	a	number	of	reactions	to	Augustine’s	wrap-up	comments.	He	considered	the	ques-
tion about whether we have a national problem or a DOD problem to be very perceptive. DOD’s attempts 
to understand the longer-term supply of STEM employees have been affected adversely by inaccurate 
metaphors—for example, describing the workforce supply in terms of leakage. Although there is a gradual 
winnowing that occurs, it would nonetheless be useful to think in terms of behavioral choices of indi viduals, 
which can be influenced through inspiring students or by financial and research support in school. The 
participant noted that another point not heard during the workshop was that ASD(R&E) does not have 
strong internal evaluation capability on supply, career development, and the retention of its workforce 
but has only recently focused on internal evaluation. What is lacking is a more rigorous analysis, going 
beyond “counting noses,” of the benefits of the program relative to the counterfactual case of no such 
programs. Referring to David Chu’s comment equating scholarships to rents, the participant described an 
Army program, GrADSO (i.e., Graduate School for Active Duty Service Obligation), that offered to send 
people to graduate school for 3 more years beyond the 2 years for graduate school that was very popular. 
A further point, the participant noted, is that there is the profit motive and the assumption that firms will 
always be short term in their perspective, but we have heard that Lockheed Martin, for example, has some 
collaborations that are longer term. Lastly, the participant noted that, in response to the question of how to 
position ASD(R&E) for the uncertain future, all panelists had said to hire more flexible STEM workers. 
Thus there are two components: the flow of workers, but also their flexibility. 

•	 Committee	member	Mary	Good,	continuing	in	the	vein	of	limitations	to	DOD’s	meeting	its	STEM	needs,	
suggested that DOD needs to change travel policies and that, for example, the Institute of Electrical and 
Electronics Engineers (IEEE), whose meetings technically coincide with DOD’s interests, holds 90 percent 
of its international conferences outside the United States. 

PANEL SESSION MODERATOR SUMMARIES

The moderators of the panel sessions next offered their summaries.

Panel 1, on Emerging Science and Technology in the Next 15 Years

Frances Ligler, session moderator, synthesized the list of technology areas discussed in Panel 1 that will be 
important in the future. They include the following: complexed, trustworthy computers with simple interfaces, 
including capabilities for design, modeling, communications, and data mining; systems engineering, including 
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social behavior, human-machine interface, and data-to-decision capabilities; and autonomous systems, includ-
ing multifunctional materials, robust chemistries, and self-sustaining power. The DOD requires STEM-trained 
personnel who can work across disciplinary boundaries and interface with sophisticated computational systems. 
STEM-competent staff are also required with the ability to understand other cultures and to participate in the global 
S&T community for technology awareness, collaborative exploration of cutting-edge science and engineering, and 
anticipation of technological surprise.

Panel 2, on Estimating STEM Workforce Needs Under Future Scenarios

Anita Jones, session moderator, explained that there is no dearth of data addressing the STEM workforce 
needs; there have been numerous surveys made over a long period of time—this is not a new topic. There was, 
however, an absence of discussion of whether the data are consistent. An interesting point is that temporary-visa 
holders, who are earning a large percentage of higher degrees, are not leaving in droves but are in fact more likely 
to stay than not. DOD leadership is thinking about future STEM needs. Jones noted that there is, however, little 
data on the effectiveness of different kinds of intervention from K-12 or even K-20, and it would be very helpful 
to have those data; the intervention that you want to make is very different at different stages of an individual’s 
development. Anecdotally, it would appear that the STEM workforce in DOD and the laboratories and those work-
ing in direct support of acquisition are affected by exogenous factors, Jones observed. For example, the BRAC 
has had an effect on the STEM workforce. Also, a depressed economy delays retirements and causes the seniority 
system to squeeze the availability of junior STEM appointments, particularly in the laboratories. There is also the 
looming possibility of reduced federal budgets and a new era of austerity flowing from the debt crisis. There do 
not, however, appear to be good data on shortfalls in supply, but it will nonetheless be important to pay attention 
to what DOD and industry have done to be adaptive and to retool. 

Panel 3, on Limitations to Meeting Workforce Needs of DOD and the Industrial Base

Sharon Levin, session moderator, noted that the speakers and panelists presented and discussed data on profi-
ciency in mathematics, science, and reading and showed that this has not declined in the United States. There is, 
however, attrition in the numbers who are in the STEM pipeline as they progress through high school and college 
and make career choices. Levin mentioned the discussion on the important question of how one defines “STEM 
workforce.” The definition can depend on the question being asked and the context. The Bureau of Labor Statis-
tics supplies data that fall into the Standard Occupational Classifications, which can be selected and combined in 
whatever way makes sense. There are also data from the National Science Foundation, which have been structured 
to be used for some purposes. Nonetheless, there does not appear to be a consensus on what constitutes a STEM 
worker, nor on how one can go about measuring STEM. 

Harold Salzman of Rutgers University thought that there was not a STEM crisis requiring government 
intervention but that markets will respond to demand signals, although markets are becoming segmented. A lot 
of lower-level needs with respect to computer science and information technology are being met offshore. This 
means that if less of the lower-level work is being performed domestically, we can redirect the focus within the 
United States to higher-level skills. 

Committee member Burt Barnow described the difficulty in ascertaining whether there is a labor supply short-
age. It is unlikely that we will have any great shortages, but there can nonetheless be mismatches between supply 
and demand for a particular skill. As the market is changing, he noted, there will be a time needed for transition 
to a labor force with a different set of skills addressing new technology. Retraining and other such opportunities 
to update workers’ skills will be important to make the best use of the workforce that we already have.

Dixie Sommers, Bureau of Labor Statistics, presented BLS data and occupational forecasts out to 2018. There 
will be increasing demand in the future for areas that are of importance to DOD, implying recruiting competition 
for computer sciences and life sciences and less for engineers, although it should be noted that the latter included 
both engineers and those working in sales. Here again, the definition of STEM could matter. 
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Michael Finn, Oak Ridge Institute for Science and Education, presented information on one element of the 
limitation regarding the non-citizens who received doctorates. Finn observed that the stay rates did not go down. 
China, India, and other countries in particular have a high percentage of PhD graduates staying in the United 
States as of 2007, notwithstanding the very high growth rates in their economies. There should be an ample supply, 
given these stay rates, and DOD has the opportunity to tap into this supply, provided the restrictions on employing 
non-citizens can be lifted.

Rick Stephens, with the Boeing Company, talked about STEM from the standpoint of practical applications, 
stressing that it takes almost twice as long as it used to take to train people to perform on Boeing’s assembly lines, 
for example. He suggests that there needs to be consistency and stability in funding on STEM. In addition, an 
important attribute of the STEM workforce is the ability to adapt and be flexible.

Levin observed that the data presented during the workshop were by and large sourced from outside DOD. 
The data provided by DOD were of coarse granularity and relate to the total number of scientists and engineers. 
There is work underway at DOD and by its contractors to develop a better quantitative understanding of its STEM 
workforce, but the committee does not have access to this information as yet. DOD will not be able to plan effec-
tively without this information in one comprehensive database.

Panel 4, on Institutional Capacity in Education and the DOD Investments  
Needed to Ensure a Sufficient Workforce

Daniel Oliver, session moderator, identified some key points and noted some reinforcing linkages to other 
sessions. Referring to the remarks by Katrina McFarland, Defense Acquisition University, Oliver suggested that, 
whether we have a crisis or not, having heard the president of the Defense Acquisition University calling her 
workforce of 147,000 mediocre, we can say that we have an issue. Wesley Harris gave a case study on corrosion 
and the shortage of 1 million workers, reinforcing a point made in the session of Panel 1 by Lyle Schwartz and 
underscoring the importance of not overlooking traditional basic disciplines. Referring to an earlier talk in the ses-
sion on Panel 1, Oliver noted that the best value we get out of 6.1 (i.e., DOD-funded basic research) is the human 
capital—this is a supply-side approach. However, David Chu, in the Panel 5 session, advised us to deemphasize 
the supply side. Oliver suggested that DOD shift the emphasis to 6.2 funding, with its more interdisciplinary 
character. Regarding Carl Wieman and his emphasis on metrics, Vallen Emery asked how we measure learning 
outcomes. Most of the metrics used in accreditation are not direct but indirect—for example, salaries used as a 
surrogate for productivity of graduates. Oliver noted that, referring to the tools that Assistant Secretary of Defense 
Lemnios has in his tool kit, James Gates suggested that Lemnios has a pulpit and access to forums. A final point 
made during the Panel 4 session was the linkage between STEM and accreditation and accrediting organizations, 
which can provide a lever for change.

Panel 5, on Ensuring an Adequate Workforce Capability in an Uncertain Future

Robert Hermann, session moderator, described that each panelist in the Panel 5 session had talked about 
actions that DOD could take. All of the panelists fundamentally talked about organic things to do within DOD. 
Vallen Emery, Army Research Laboratory, believed that these actions were constrained by the fact that he could 
not find a larger strategy. This point was re-emphasized by David S.C. Chu, of IDA. Jennifer Byrne, Lockheed 
Martin Corporation, described what it meant to her to be an engineer in her career. She emphasized the need for 
collaboration and international engagement. She conveyed a sense of participation and activity on the part of 
Lockheed Martin, which appears to be addressing STEM. This echoed what was said earlier in the workshop by 
Rick Stephens of Boeing and Edward Swallow of Northrop Grumman, who expressed the view that they could 
address the STEM issue with their firm’s organic capabilities. Katherine McGrady, of CNA, focused on priori-
ties that DOD might want to establish in this area and was trying to take the edge off of what she perceived to 
be an overemphasis on STEM for all of the functions within the government. She made concrete suggestions on 
DOD’s prioritization of what it can do internally with the resources that it has. Chu proposed that it is demand, not 
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supply, on which DOD should focus. He also discussed the requirement for citizenship and the pressures that this 
places on the workforce supply; the globalization of science and technology; and what options there are to mitigate 
the tension between the two. Hermann also culled points made in the question-and-answer period, including the 
importance of the technician workforce and the constraints imposed by conflict-of-interest rules on the workforce 
moving between DOD and defense contractors—a point made by Norman Augustine from his own experience 
moving from the Department of the Army.
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Workshop Agenda

SCIENCE, TECHNOLOGY, ENGINEERING, AND MATHEMATICS (STEM) WORKFORCE NEEDS 
FOR THE U.S. DEPARTMENT OF DEFENSE AND THE U.S. DEFENSE INDUSTRIAL BASE

August 1-2, 2011 
The Waterview Conference Center 

Arlington, Virginia

Monday, August 1, 2011

8:00 AM–8:10 AM  Opening Remarks
	 •	 Terry	Jaggers,	National	Research	Council
	 •	 Norman	Augustine,	Committee	Co-Chair	
8:10 AM–8:30 AM  Welcome and Introduction
	 •	 Charles	M.	Vest,	President,	National	Academy	of	Engineering	(NAE)
8:30 AM–8:40 AM  Purpose and Plan
	 •	 C.	Dan	Mote,	Norman	Augustine,	Committee	Co-Chairs
8:40 AM–9:00 AM  STEM Workforce Development for the Department of Defense
	 •	 	The	Honorable	Zachary	J.	Lemnios,	Assistant	Secretary	of	Defense	(Research	and	

Engineering)

Panel 1: Emerging Science and Technology in the Next 15 Years

9:00 AM–10:00 AM Introductory Talks
	 •	 Donald	Burke,	Dean,	Graduate	School	of	Public	Health,	University	of	Pittsburgh
	 •	 	Anthony	Tether,	President,	The	Sequoia	Group	and	Distinguished	Fellow,	Council	

on Competitiveness
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10:30 AM–12:00 noon Panel Discussion (Moderator: Frances Ligler, U.S. Naval Research Laboratory)
	 •	 	Thomas	Russell,	Director,	Air	Force	Office	of	Scientific	Research
	 •	 	Lyle	Schwartz,	ASM	Materials	Educational	Foundation
	 •	 	John	Sommerer,	Space	Department	Head,	Johns	Hopkins	University	Applied	Physics	

Laboratory
	 •	 	Leonard	Buckley,	Director,	Science	and	Technology	Division,	Institute	for	Defense	

Analyses

Panel 2: Estimating STEM Workforce Needs Under Future Scenarios

1:00 PM–1:30 PM Introductory Talk
	 •	 	Rolf	Lehming,	Director,	S&E	Indicators,	National	Center	for	Science	and	Engineer-

ing Statistics, National Science Foundation
1:30 PM–3:00 PM Panel Discussion (Moderator: Anita Jones, University of Virginia)
	 •	 	Leif	Peterson,	Managing	Partner,	Advanced	HR	Concepts	and	Solutions	
	 •	 	Dixie	Sommers,	Assistant	Commissioner	of	Labor	Statistics,	U.S.	Department	of	Labor
	 •	 	John	Fischer,	Director,	Laboratories	Office,	ASD(R&E)
	 •	 	Edward	 Swallow,	 Vice	 President,	 Business	 Development,	 Northrop	 Grumman	

Corporation; Chairman, STEM Workforce Division, National Defense Industrial 
Association

Panel 3: Limitations to Meeting Workforce Needs of DOD and the Industrial Base

3:30 PM–4:00 PM Introductory Talk
	 •	 	Harold	Salzman,	Professor	of	Public	Policy,	Rutgers	University
4:00 PM–5:30 PM Panel Discussion (Moderator: Sharon Levin, University of Missouri-St. Louis)
	 •	 	Burt	Barnow,	Amsterdam	Professor	of	Public	Service	and	Economics,		Trachtenberg	

School of Public Policy and Public Administration, The George Washington University
	 •	 	Dixie	Sommers,	Assistant	Commissioner	of	Labor	Statistics,	U.S.	Department	of	Labor
	 •	 	Michael	Finn,	Economist,	Oak	Ridge	Institute	for	Science	Education
	 •	 	Rick	Stephens,	Senior	Vice	President,	Human	Resources	and	Administration,	The	

Boeing Company
5:30 PM Adjourn

Tuesday, August 2, 2011

Panel 4: Institutional Capacity in Education and the DOD Investments Needed to Ensure a Sufficient Workforce

8:30 AM–9:00 AM Introductory Talk
	 •	 	Carl	Wieman,	Associate	Director	for	Science,	Office	of	Science	and	Technology	Policy
9:00 AM–10:30 AM Panel Discussion (Moderator: Daniel Oliver, Naval Postgraduate School)
	 •	 	Katrina	McFarland,	President,	Defense	Acquisition	University
	 •	 	Wesley	Harris,	Charles	Stark	Draper	Professor	of	Aeronautics	and	Astronautics,	and	

 Associate Provost, Massachusetts Institute of Technology
	 •	 	Paul	Gaffney,	President,	Monmouth	University
	 •	 	S.	 James	Gates,	 Jr.,	 John	S.	Toll	Professor	of	Physics	 and	Director	of	Center	 for	

String and Particle Theory, University of Maryland, College Park
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Panel 5: Ensuring an Adequate Workforce Capability in an Uncertain Future

11:00 AM–12:00 noon Introductory Talk
	 •	 	Ruth	David,	President,	ANSER
1:15 PM–2:45 PM Panel Discussion (Moderator: Robert Hermann, Private Consultant)
	 •	 	David	Chu,	President,	Institute	for	Defense	Analyses
	 •	 	Jennifer	Byrne,	Vice	President,	Corporate	Engineering	and	Technology,	Lockheed	

Martin
	 •	 	Vallen	Emery,	Outreach	Program	Manager,	U.S.	Army	Research	Laboratory
	 •	 	Katherine	McGrady,	Executive	Vice	President	and	Chief	Operating	Officer,	CNA
2:45 PM–4:00 PM Wrap-up Presentations
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Appendix C

Biographies of the Committee Members

Norman R. Augustine (NAS/NAE), Co-chair, is the retired chairman and chief executive officer (CEO) of the 
Lockheed Martin Corporation and a former Under Secretary of the Army. In 1958 he joined the Douglas Aircraft 
Company in California where he worked as a research engineer, program manager, and chief engineer. Beginning 
in 1965, he served in the Office of the Secretary of Defense as Assistant Director of Defense Research and Engi-
neering. He joined LTV Missiles and Space Company in 1970, serving as vice president of Advanced Programs 
and Marketing. In 1973 he returned to the government as Assistant Secretary of the Army, and in 1975 became 
Under Secretary of the Army, and later Acting Secretary of the Army. Joining Martin Marietta Corporation in 1977 
as vice president of Technical Operations, he was elected CEO in 1987 and chairman in 1988, having previously 
been president and chief operating officer (COO). He served as president of Lockheed Martin Corporation upon the 
formation of that company in 1995 and became CEO later that year. He retired as chairman and CEO of Lockheed 
Martin in August 1997, at which time he became a lecturer with the rank of professor on the faculty of Princeton 
University, where he served until July 1999. 

Mr. Augustine was chairman and principal officer of the American Red Cross for 9 years, chairman of the 
Council of the National Academy of Engineering, president and chairman of the Association of the United States 
Army, chairman of the Aerospace Industries Association, and chairman of the Defense Science Board. He is a 
former president of the American Institute of Aeronautics and Astronautics and of the Boy Scouts of America. He is 
a former member of the boards of directors of ConocoPhillips, Black & Decker, Proctor & Gamble, and  Lockheed 
Martin and was a member of the board of trustees of Colonial Williamsburg. He is a regent of the University System 
of Maryland, trustee emeritus of the Johns Hopkins University, and a former member of the board of trustees of 
Princeton University and the Massachusetts Institute of Technology. He is a member of the Advisory Board of the 
Department of Homeland Security and the Department of Energy; was a member of the U.S. Commission on 
National Security/21st Century, known as the Hart-Rudman Commission; and served for 16 years on the Presi-
dent’s Council of Advisors on Science and Technology. He is a member of the American Philosophical Society, the 
National Academy of Sciences, and the Council on Foreign Affairs and a fellow of the National Academy of Arts 
and Sciences and the Explorers Club. 

Mr. Augustine was presented the National Medal of Technology by the President of the United States and 
received the Joint Chiefs of Staff Distinguished Public Service Award. He has five times received the Department 
of Defense’s highest civilian decoration, the Distinguished Service Medal. He is a co-author of The Defense 
Revolution: Strategy for the Brave New World and Shakespeare in Charge: The Bard’s Guide to Leading and 
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Succeeding on the Business Stage, and is the author of Augustine’s Laws and Augustine’s Travels. He holds 26 
honorary degrees and was selected by Who’s Who in America and the Library of Congress as one of “Fifty Great 
Americans” on the occasion of the 50th anniversary of Who’s Who. He has traveled in 109 countries and stood on 
both the North Pole and the South Pole. Mr. Augustine graduated magna cum laude from Princeton University, 
where he earned bachelor’s and master’s degrees in engineering. 

C.D. (Dan) Mote, Jr. (NAE), Co-chair, is Regents Professor and Glenn L. Martin Institute Professor of Engineering 
at the University of Maryland. He served as president of the university from 1998 to 2010. Under his leadership, 
academic programs flourished, leading the university to its position of 36th in the world ranking by the Academic 
Ranking of World Universities. Dr. Mote is a leader in the national dialogue on higher education; his analyses of 
shifting funding models have been featured in local and national media. He has testified on major educational issues 
before the U.S. Congress, representing the university and higher-education associations on the problem of visa 
barriers for international students and scholars, on global competitiveness, and on deemed export control issues. 
He has served and currently serves on National Research Council (NRC) committees that work to identify chal-
lenges to U.S. leadership in key areas of science and technology. He chaired the 2010 NRC study that produced 
the report S&T Strategies of Six Countries: Implications for the United States, served as vice chair of the Depart-
ment of Defense Basic Research Committee, is a member and an officer of the National Academy of Engineering, 
co-chairs the Government-University-Industry Research Roundtable, and serves on the Governing Board of the 
NRC. In 2004-2005, Dr. Mote served as president of the Atlantic Coast Conference. In its last ranking in 2002, 
Washington Business Forward magazine counted him among the top 20 most influential leaders in the region.

Prior to assuming the presidency of the University of Maryland, Dr. Mote served on the faculty of the Univer-
sity of California (UC), Berkeley, for 31 years. From 1991 to 1998, he was vice chancellor at UC Berkeley, held an 
endowed chair in Mechanical Systems, and was president of the UC Berkeley Foundation. He led a comprehensive 
capital campaign for UC Berkeley that raised $1.4 billion. He earlier served as chair of UC Berkeley’s Department 
of Mechanical Engineering and led the department to its number one ranking in the National Research Council 
review of graduate program effectiveness.

Dr. Mote is internationally recognized for his research on the dynamics of gyroscopic systems and the bio-
mechanics of snow skiing, and he has produced more than 300 publications. He also holds patents in the United 
States, Norway, Finland, and Sweden, and has mentored 58 Ph.D. students. Dr. Mote has received numerous 
awards and honors, including the Humboldt Prize awarded by the Federal Republic of Germany. He is a recipient 
of the Berkeley Citation from the University of California, and was named Distinguished Engineering Alumnus. 
He has received three honorary doctorates, is a fellow of the American Academy of Arts and Sciences, an honorary 
member of the ASME International, and a fellow of the International Academy of Wood Science, the Acoustical 
Society of America, and the American Association for the Advancement of Science. In 2005, he was named recipi-
ent of the J.P. Den Hartog Award by the ASME International to honor his lifelong contribution to the teaching 
and/or practice of vibration engineering. He received the 2005 Founders Award from the National Academy of 
Engineering in recognition of his comprehensive body of work on the dynamics of moving flexible structures and 
for leadership in academia. He received the B.S., M.S., and Ph.D. in mechanical engineering from the University 
of California, Berkeley.

Burt S. Barnow is the Amsterdam Professor of Public Service and Economics at the Trachtenberg School of Public 
Policy and Public Administration at George Washington University. He has more than 30 years of experience as 
an economist in the fields of workforce investment, program evaluation, performance analysis, labor economics, 
welfare, poverty, child support, and fatherhood programs. Prior to his service at George Washington University, 
Dr. Barnow was associate director for research at the Johns Hopkins University’s Institute for Policy Studies, where 
he worked for 18 years. Prior to that, he worked for 8 years at the Lewin Group and nearly 9 years at the U.S. 
Department of Labor, including 4 years as director of the Office of Research and Evaluation in the Employment 
and Training Administration. Prior to holding those positions, Dr. Barnow was an assistant professor of economics 
at the University of Pittsburgh. He has a B.S. degree in economics from the Massachusetts Institute of Technology 
and M.S. and Ph.D. degrees in economics from the University of Wisconsin-Madison. He has extensive experience 
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conducting research on the implementation of large government programs and is currently co-project director for 
a study for the Employment and Training Administration (ETA) to analyze states’ experiences in implementing 
workforce investment and unemployment insurance provisions of the American Recovery and Reinvestment Act 
of 2009. Dr. Barnow also co-directed studies for ETA on the implementation of the Workforce Investment Act and 
the 1992 amendments to the Job Training Partnership Act. His current and recent research includes an evaluation 
of programs of the Center for Working Families for the Annie E. Casey Foundation, a project to develop and 
evaluate demonstrations that test innovative strategies to promote self-sufficiency for low-income families for 
the U.S. Department of Health and Human Services, a study for ETA to evaluate the impact of selected projects 
in the High Growth Job Training Initiative using nonexperimental methods, an assessment of occupational skill 
shortages for the Alfred P. Sloan Foundation, an evaluation of the priority-of-service-for-veterans mandate for 
Department of Labor programs for ETA, a project to develop cost-performance standards for ETA, an evaluation of 
the determinants of the welfare caseload in Colorado for the State of Colorado, and an evaluation of a Department 
of Labor demonstration project to help youth in foster care make the transition into the labor market for Casey 
Family Programs. Dr. Barnow served as vice chair of the National Academy of Sciences (NAS) Committee on the 
Information Technology Work Force and was a member of the NAS Board on Higher Education and Workforce 
for 6 years. He is currently serving on the NAS Committee on the External Evaluation of the National Institute on 
Disability and Rehabilitation Research and the Committee on the U.S. Mining and Energy Workforce, and he has 
served on five other NAS committees. He currently serves on the Baltimore Workforce Investment Board’s System 
Effectiveness Committee, and he chaired the Maryland Governor’s Workforce Investment Board’s Performance 
Committee for 4 years. Dr. Barnow chairs the National Association of Schools of Public Affairs Research Com-
mittee, and he serves on the editorial boards of two journals. 

James S.B. Chew is L-3 Communications holdings director, Advanced Technologies and Concepts for the 
Precision Engagement Sector. Mr. Chew is responsible for leading the development and transition of disrup-
tive precision-engagement technologies to the Department of Defense (DOD) and commercial markets. Prior to 
joining L-3, Mr. Chew served as a propulsion engineer for the Boeing Aerospace Company, senior engineer for 
SPARTA, program manager for Air Force Rocket Propulsion Lab, director of rocket propulsion technology plans 
and programs for the Air Force Phillips Laboratory, assistant staff specialist for weapons technology for the Office 
of the Secretary of Defense, and the deputy director of Air and Surface Weapons Technology for the Office of 
Naval Research. Mr. Chew also served as Exide’s vice president for the Military and Specialty Global Business 
Unit; product marketing consultant for the Dodge Division of Chrysler Corporation; QWIPTECH’s chief operat-
ing officer (COO); General Motors’ American Tuner program manager; T/J Technologies COO; vice president, 
 Science and Technology, ATK; and Science Applications International Corporation’s vice president, Space Systems 
Development Division. Mr. Chew earned a lifetime California State Community College teaching credential in 
engineering. He earned his B.S. degree in mechanical engineering from the California State Poly technic  University, 
Pomona, and an M.S. degree in systems management from the University of Southern California. Mr. Chew is a 
graduate of the Stanford Executive Engineering Program and the Defense Systems Management College Advanced 
Program Management Program. He is a DOD Level 3 certified acquisition professional and a DOD Level 3 System, 
 Planning, Development, Research and Engineering professional. He was recognized as the 2009 College of Engi-
neering Distinguished Alumnus by his undergraduate alma mater. Mr. Chew serves on the board of ABAKAN, Inc., 
and is also chair of the National Defense Industrial Association’s Science, Engineering and Technology Division.

Lawrence J. Delaney is a private consultant. He retired as the executive vice president of operations and president 
of the Advanced Systems Development Sector of Titan Corporation. Previously he held distinguished positions 
with Arete Associates, Inc.; Delaney Group, Inc.; BDM Europe; and the Environmental and Management Systems 
Group at IABG. He was also the Acting Secretary of the Air Force and served as the Assistant Secretary of the Air 
Force for Acquisition, as well as the Air Force’s service acquisition executive, responsible for all Air Force research, 
development, and acquisition activities. He provided direction, guidance, and supervision of all matters pertain-
ing to the formulation, review, approval, and execution of acquisition plans, policies, and programs. Dr. Delaney 
has more than 41 years of international experience in high-technology program acquisition, management, and 
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engineering, focusing on space and missile systems, information systems, propulsion systems, and environmental 
technology. He served as a member of the National Research Council’s Board on Army Science and Technology, 
Air Force Studies Board (chair), and Army Science Board. 

Mary L. Good (NAE) is the Donaghey University Professor at the University of Arkansas at Little Rock and 
serves as dean for the College of Engineering and Information Technology. She is managing member for the 
Fund for Arkansas’ Future, LLC (an investment fund for start-up and early-stage companies), past president of 
the American Association for the Advancement of Science, past president of the American Chemical Society, and 
an elected member of the National Academy of Engineering. At present she serves on the board of St. Vincent 
Health System and the board of Delta Bank and Trust. Previously she served a 4-year term as the Under Secretary 
for Technology for the Technology Administration in the Department of Commerce, a presidentially appointed, 
Senate-confirmed position. In addition, she chaired the National Science and Technology Council’s (NSTC’s) 
Committee on Technological Innovation and served on the NSTC Committee on National Security. Previously 
she has served as the senior vice president for technology for Allied Signal and as the Boyd Professor of Chem-
istry and Materials Science at Louisiana State University. She was appointed to the National Science Board by 
President Carter in 1980 and by President Reagan in 1986. She was chair of that board from 1988 to 1991, when 
she received an appointment by President Bush to be a member of the President’s Council of Advisors on Science 
and Technology. Dr. Good has received many awards, including the National Science Foundation’s Distinguished 
Public Service Award, the American Institute of Chemists’ Gold Medal, the Priestly Medal from the American 
Chemical Society, and the Vannevar Bush Award from the National Science Board, among others. Dr. Good received 
her bachelor’s degree in chemistry from the University of Central Arkansas and her M.S. and Ph.D. degrees in 
inorganic chemistry from the University of Arkansas at Fayetteville. 

Daniel E. Hastings is dean for undergraduate education and a professor of aeronautics and astronautics and engi-
neering systems at the Massachusetts Institute of Technology (MIT). As professor of aeronautics and astronautics 
and engineering systems, Dean Hastings has taught courses and seminars in plasma physics, rocket propulsion, 
advanced space power and propulsion systems, aerospace policy, technology and policy, and space systems engi-
neering. Dean Hastings served as chief scientist to the U.S. Air Force from 1997 to 1999. In that role, he acted 
as chief scientific adviser to the Chief of Staff and the Secretary and provided assessments on a wide range of 
scientific and technical issues affecting the Air Force mission. He led several influential studies advising the Air 
Force investment in space, global energy projection, and options for a science and technology workforce for the 
21st century. His recent research has concentrated on issues of space systems and space policy and also on issues 
related to spacecraft environmental interactions, space propulsion, and space systems engineering. He has published 
many papers and a book in the field of spacecraft-environment interactions and several papers in space propulsion 
and space systems. He has also led several national studies on government investment in space technology. Dean 
Hastings is a fellow of the American Institute of Aeronautics and Astronautics, a fellow of the International Council 
on Systems Engineering, and a member of the International Academy of Astronautics. He served as a member 
of the National Science Board and the Applied Physics Lab Science and Technology Advisory Panel, as well as 
the chair of the Air Force Scientific Advisory Board. He is a member of the MIT Lincoln Laboratory Advisory 
Committee, a member of the Corporation of Draper Laboratory, and a member of the Intelligence Science Board. 
He has served on several national committees on issues in the national security space. As dean for undergraduate 
education, Dean Hastings has broad responsibility for policy and direction in undergraduate education at MIT. He 
also oversees several administrative offices at MIT, including the Office of Undergraduate Advising and Academic 
Programming, Admissions Office, Global Education and Career Development Center, Office of Experiential Learn-
ing, Office of Educational Innovation and Technology, Office of Faculty Support, Office of Minority Education, 
Registrar’s Office, Student Financial Services, the Teaching and Learning Laboratory and the ROTC Programs. 
Dean Hastings earned a B.A. in mathematics from Oxford University in England in 1976 and a Ph.D. and an S.M. 
from MIT in aeronautics and astronautics in 1980 and 1978, respectively. 
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Robert J. Hermann (NAE) is a private consultant. Previously he served as a senior partner at Global Technol-
ogy Partners, LLC. He retired as senior vice president for science and technology of the United Technologies 
Corporation (UTC) in March 1998. He is a former director of the Department of Defense’s (DOD’s) National 
Reconnaissance Office and a former senior official at the National Security Agency. Dr. Hermann served as a 
member of the President’s Foreign Intelligence Advisory Board (1993-1995) during the Clinton administration. 
In the role of senior vice president of science and technology for UTC, he had been responsible for ensuring the 
development of technical resources and the full exploitation of science and technology by the corporation. He 
was also responsible for the United Technologies Research Center. He had joined the company in 1982 as vice 
president of systems technology in the electronics sector and later served in a series of assignments in the defense 
and space systems groups prior to being named vice president of science and technology. Dr. Hermann concluded 
his tenure as immediate past chair of the board of directors of the American National Standards Institute (ANSI) 
at the end of 2002, following a 2-year term; he had served as chair of the ANSI board of directors during 1999 
and 2000 and as a member of the ANSI board since 1993. He continues to serve as a senior partner of Global 
Technology Partners, LLC, which specializes in investments in technology, defense, aerospace, and related 
businesses worldwide. Prior to joining UTC, Dr. Hermann had served for 20 years with the National Security 
Agency, with assignments in research and development, operations, and NATO. In 1977, he was appointed prin-
cipal Deputy Assistant Secretary of Defense for Communications, Command, Control and Intelligence. In 1979, 
he was named Assistant Secretary of the Air Force for Research, Development and Logistics and in  parallel was 
director of the National Reconnaissance Office. He received B.S., M.S., and Ph.D. degrees in electrical engineer-
ing from Iowa State University. 

J.C. Herz is the chief executive officer of Batchtags, Inc. She is a technologist with a background in biological 
systems and computer-game design. Her specialty is massively multiplayer systems that leverage social network 
effects, whether on the Web, mobile devices, or more exotic high-end or grubby low-end hardware. She currently 
serves as a White House special consultant to the Office of the Secretary of Defense (Networks and Information 
Integration). Defense projects in which she has been engaged range from aerospace systems to a computer-game-
derived interface for next-generation unmanned air systems. She is one of the three co-authors of the Office of 
the Secretary of Defense’s Open Technology Development roadmap. Ms. Herz serves on the Federal Advisory 
Committee for the National Science Foundation’s (NSF’s) Education Directorate. In that capacity, she is helping 
NSF harness emerging technologies to drive U.S. competitiveness in mathematics and science. Ms. Herz was a 
member of the National Research Council’s Committee on Information Technology and Creativity and is currently 
a fellow of Columbia University’s American Assembly, where she is on the leadership team of the Assembly’s 
Next Generation Project. In 2002, she was designated a Global Leader for Tomorrow by the World Economic 
Forum. She is a member of the Global Business Network and is a founding member of the Task Force on Game 
Technologies of the Institute of Electrical and Electronics Engineers. She is a term member of the Council on 
Foreign Relations. She is on the advisory board of Carnegie Mellon University’s ETC Press. Ms. Herz graduated 
from Harvard University with a B.A. in biology and environmental studies, magna cum laude, in 1993. She is the 
author of two books, Surfing on the Internet (Little Brown, 1994), an ethnography of cyberspace before the Web, 
and Joystick Nation: How Videogames Ate Our Quarters, Won Our Hearts, and Rewired Our Minds (Little Brown, 
1997), a history of videogames that traces the cultural and technological evolution of the first medium that was born 
digital and explores how it shaped the minds of a generation weaned on Nintendo. Her books have been translated 
into seven languages. As a New York Times columnist, Ms. Herz published 100 essays on the grammar and syntax 
of game design between 1998 and 2000. She has also contributed to Esther Dyson’s Release 1.0, Rolling Stone, 
Wired, GQ, and the Calgary Philatelist. 

Ray O. Johnson, a global executive focused on diversity and innovation, is the senior vice president and chief tech-
nology officer of the Lockheed Martin Corporation. As an officer of the corporation and a member of the executive 
leadership team, Dr. Johnson guides the corporation’s technology vision and provides corporate leadership in the 
strategic areas of technology and engineering, which include more than 70,000 people working on more than 4,000 
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programs that provide some of the nation’s most vital security systems. He also leads the corporation’s Advanced 
Concepts Organization and the Center for Innovation, a world-class laboratory for collaborative experimentation 
and analysis involving Lockheed Martin, its customers, and industry partners. Dr. Johnson has a proven track 
record in managing large P&L organizations, strategic planning, program development, program management, and 
venture capital funding. He previously served on the boards of two biotechnology companies. He currently serves 
as a member of the boards of directors of Sandia Corporation, the National Math and  Science Initiative, and the 
Hispanic College Fund, and as a member of the Project Lead the Way Advisory Board. Dr. Johnson is a member 
of the Governing Board of the Indo-U.S. Science and Technology Forum and a sponsor of the DST-Lockheed 
Martin India Innovation Growth Program. He is on the U.S. National Institute of Standards and Technology (NIST) 
Technology Innovation Program (TIP) Advisory Board. He is on the board of directors of the Northern Virginia 
Technology Council and the Virginia Center for Innovative Technology. He is also a member of the Virginia Innova-
tion and Entrepreneurship Investment Authority and the Maryland Federal Facilities Advisory Board. Dr. Johnson 
is a member of the Board of Visitors for the A. James Clark School of Engineering at the University of Maryland, 
on the Dean’s Advisory Council for the College of Engineering at Carnegie Mellon University, and chair of the 
USA Science and Engineering Festival’s Advisory Board.

Anita K. Jones (NAE) is a University Professor Emerita at the University of Virginia and a professor of computer 
science in the School of Engineering and Applied Science, previously having served as chair of the Department of 
Computer Science. Dr. Jones was sworn in as the director of Defense Research and Engineering for the U.S. Depart-
ment of Defense (DOD) in June 1993. In that position she was responsible for the management of the DOD science 
and technology program, which included responsibility for the Defense Advanced Research Projects Agency and 
oversight of the DOD laboratories, as well as being the principal adviser to the Secretary of Defense for defense-
related scientific and technical matters. Dr. Jones is past vice chair of the National Science Board, which advises 
the President on science, engineering, and education as well as oversees the National Science Foundation. She 
is a senior fellow of the Defense Science Board and a member of the Charles Stark Draper Laboratory Corpora-
tion and a past member of the MIT Corporation Executive Committee. She has co-chaired the Commonwealth of 
Virginia Research and Technology Advisory Commission and has served on other government advisory boards 
and scientific panels for NASA, the National Academies, the Department of Energy, and the National Science 
Foundation. She is a member of the National Academy of Engineering and the American Philosophical Society 
and a fellow of the Association for Computing Research Association’s Service Award, the Air Force Meritori-
ous Civilian Service Award, the Department of Defense Award for Distinguished Public Service, and the IEEE 
Founders Award. The U.S. Navy named a seamount in the North Pacific Ocean for her. She is currently a member 
of the board of directors of Science Applications International Corporation and of ATS Corporation and a trustee 
of In-Q-Tel. Dr. Jones’s other private-sector experience includes serving as a trustee of the MITRE Corporation. 
Duke University, Carnegie Mellon University, and the University of Southern California have awarded her honor-
ary doctorate degrees. She is a founder and council member of the Computing Community Consortium. She has 
published more than 50 technical articles and two books in the area of computer software and systems, cyber-
security, and science and technology policy. In the fall of 2010, Dr. Jones received from the National Academy of 
Engineering the Arthur M. Bueche Award for contributions to science and technology policy advancement. She 
holds an A.B. from Rice University in mathematics; a Master of Arts in literature from the University of Texas, 
Austin; and a Ph.D. in computer science from Carnegie Mellon University. 

Sharon Levin is professor emeritus and research professor of economics at the University of Missouri-St. Louis. 
Dr. Levin has been studying issues concerning the science and engineering workforce for more than 25 years. She 
co-authored the book Striking the Mother Lode in Science: The Importance of Age, Place, and Time (Oxford, 1992), 
and her work related to the science and engineering workforce has been published in such prominent journals as 
the American Economic Review, The Review of Economics and Statistics, Growth and Change, Science, Social 
Studies of Science, and Management Science, for example. Her research on the careers of scientists and engineers 
has also been the focus of articles in The Economist, Science, The Scientist, and various newspapers and magazines 
in the United States and abroad. In 1993 she was awarded the Chancellor’s Award for Excellence in Research and 
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Creativity by the University of Missouri-St. Louis. Dr. Levin’s research currently focuses on the effects that the 
diffusion of information technology has had on the publishing productivity of academic scientists. Her research 
has been supported by the Alfred P. Sloan Foundation, the Exxon Educational Foundation, the Andrew W. Mellon 
Foundation, the National Science Foundation, the National Bureau of Economic Research, and the University of 
Missouri. Dr. Levin graduated from the Bronx High School of Science, the City College of New York (Phi Beta 
Kappa, magna cum laude) with a B.A. in economics, and she earned both her M.A. and Ph.D. in economics from 
the University of Michigan. 

Frances S. Ligler (NAE) is the Navy’s senior scientist for biosensors and biomaterials and current chair of the 
bioengineering section of the National Academy of Engineering. A researcher in the fields of biosensors and micro-
fluidics, she has also worked in biochemistry, immunology, and proteomics. Dr. Ligler has more than 300 full-length 
publications and patents, which have been cited more than 6,100 times. She is an elected fellow of the Society for 
Photooptical Instrumentation Engineering and serves as an associate editor of Analytical Chemistry and a regional 
editor for the Americas for Biosensors & Bioelectronics. Her awards include the Navy Superior Civilian Service 
Medal, National Drug Control Policy Technology Transfer Award, Chemical Society  Hillebrand Award, Navy 
Merit Award, Naval Research Laboratory (NRL) Technology Transfer Award, three NRL Edison Awards for Patent 
of the Year, and the national Women in Science and Engineering (WISE) Outstanding Achievement in Science 
Award. Additionally, in 2003 she was awarded the Homeland Security Award (Biological,  Radiological, Nuclear 
Field) by the Christopher Columbus Foundation and the Presidential Rank of Distinguished Senior  Professional 
by President Bush. She has previously served on the National Research Council panel on Test and Evaluation of 
Biological Standoff Detection Systems (2007-2008). She earned a B.S. degree from Furman University and both 
a D.Phil. and D.Sc. from Oxford University. 

Aaron Lindenberg is an assistant professor of materials science and engineering at Stanford University. His cur-
rent research there is focused on the dynamics of phase transitions, ultrafast properties of nanoscale materials, 
photoelectrochemical charge transfer dynamics, and terahertz nonlinear spectroscopy. Prior to taking his current 
position, Dr. Lindenberg served as a staff scientist at the Stanford Synchrotron Radiation Laboratory. Previously he 
had been a postdoctoral faculty fellow at the University of California, Berkeley. In 2010 he was named a Defense 
Advanced Research Projects Agency young faculty awardee for functional materials—all-optical control of nano-
electronic devices. From 2007 to 2009 he was a Stanford Terman Fellow. He won the Alfred Moritz Michaelis 
Prize in Physics from Columbia University as well as being the I.I. Rabi Scholar while at Columbia. 

Paul D. Nielsen (NAE) is the director and chief executive officer of the Software Engineering Institute (SEI), a 
Federally Funded Research and Development Center operated by Carnegie Mellon University. The SEI advances 
software engineering principles and practices through focused research and development (R&D), which is transi-
tioned to the broad software engineering community. Prior to his arrival as SEI director, Dr. Nielsen served in the 
U.S. Air Force, retiring as a major general after 32 years of distinguished service. As commander of the Air Force 
Research Laboratory at Wright-Patterson Air Force Base in Ohio for more than 4 years, he managed the Air Force’s 
science and technology budget of more than $3 billion annually. He also served as the Air Force’s technology 
executive officer, determining the investment strategy for the full spectrum of Air Force science and technol-
ogy activities. Prior to his command of the Air Force Research Laboratory, Dr. Nielsen served as vice commander 
of the Aeronautical Systems Center, the Air Force’s center responsible for developing fighters, bombers, transports, 
reconnaissance aircraft, training systems, and unmanned aerospace vehicles. Among his previous assignments, he 
had served at the National Security Agency, the Department of Energy’s Lawrence Livermore National Labora-
tory, the Secretary of the Air Force’s Office of Special Projects, and the Air Force’s Electronic Systems Center. 
He was a military assistant in the Office of the Secretary of Defense and the Commander of Rome Laboratory. He 
was operations chief for the Cheyenne Mountain Operations Center and director of plans for the North American 
Aerospace Defense Command. In 2010, Dr. Nielsen was elected as a member of the U.S. National Academy of 
Engineering. He is a fellow of the American Institute of Aeronautics and Astronautics (AIAA) and a fellow of the 
Institute of Electrical and Electronics Engineers (IEEE). He served as the AIAA president in 2007-2008 and is 
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a member of the AIAA Foundation board of trustees. Dr. Nielsen serves on several advisory boards, including 
the Air Force Scientific Advisory Board, and he is a member of the board of directors for the Hertz Foundation, 
a nonprofit organization that awards graduate-school fellowships in the applied sciences. Dr. Nielsen received a 
B.S. degree in physics and mathematics from the U.S. Air Force Academy; an M.S. in applied science from the 
University of California, Davis; an M.B.A. from the University of New Mexico; and a Ph.D. in plasma physics 
from the University of California, Davis. 

Daniel T. Oliver, USN (Vice Admiral, retired), is the president of the Naval Postgraduate School. Commissioned 
in 1966 through the Naval Reserve Officer Training Corps program at the University of Virginia, he became a naval 
aviator and piloted the Navy’s P-3 Maritime Patrol Aircraft, specializing in detecting and tracking sub marines. He 
completed eight operational deployments around the world during the Cold War with the Soviet Union, command-
ing Patrol Squadron Sixteen and Patrol Wing Two. As a flag officer, he served as commander, Fleet Air Forces 
Mediterranean, and commanded coalition air operations in support of the United Nations embargo of the former 
Republic of Yugoslavia. Vice Admiral Oliver served on the personal staffs of two Chiefs of Naval Operations. In 
his first flag assignment as director, Total Forces Training and Education Division, he supervised the mobilization 
of naval reservists called to active duty during Operation Desert Storm. He later served sequentially as director of 
the Office of the Chief of Naval Operations (OPNAV) Assessment Division, Fleet Liaison Division, and Program-
ming Division. In these capacities, he was instrumental in shaping a balanced investment program for all Navy 
resources during the post-Cold War drawdown. In September 1996, Vice Admiral Oliver became the Chief of Naval 
Personnel and Deputy Chief of Naval Operations for Manpower and Personnel. He was the primary advocate for 
sailors, both officer and enlisted, from recruitment through retirement. In this position, he formulated and insti-
tuted personnel policies that guided the Navy through a critical transition from a post-Cold War drawdown to a 
steady-state force. After retiring from active duty in February 2000, he was active in the private sector as a senior 
executive and board member of a number of companies and civic organizations, mostly involved with government 
contracting in the information technology sector. Vice Admiral Oliver holds a bachelor’s and a master’s degree 
from the University of Virginia, where he also served as an associate professor of naval science. He is a graduate 
of the Harvard Business School Advanced Management Program and was a White House Fellow. 

C. Kumar N. Patel (NAS/NAE) is the founder, president, and chief executive officer of Pranalytica, Inc., a 
company based in Santa Monica, California, that is the leader in quantum cascade laser technology for defense 
and homeland security applications. He is also a professor of physics, chemistry, and electrical engineering at the 
University of California, Los Angeles (UCLA). He served as vice chancellor for research at UCLA from 1993 to 
1999. Prior to joining UCLA in March 1993, he was the executive director of the Research, Materials Science, 
Engineering and Academic Affairs Division at AT&T Bell Laboratories, Murray Hill, New Jersey. He joined Bell 
Laboratories in 1961 and began his career there by carrying out research in the field of gas lasers. He is the inven-
tor of the carbon dioxide and many other molecular gas lasers that ushered in the era of high-power sources of 
optical radiation. Dr. Patel holds a B.E. in telecommunications from the College of Engineering in Poona, India, 
and received his M.S. and Ph.D. in electrical engineering from Stanford University in 1959 and 1961, respectively. 
In 1988, he was awarded an honorary Doctor of Science degree from the New Jersey Institute of Technology. 
In 1996, Dr. Patel was awarded the National Medal of Science by the President of the United States. His other 
awards include the Ballantine Medal of the Franklin Institute, the Zworykin Award of the National Academy of 
Engineering, the Lamme Medal of the Institute of Electrical and Electronics Engineers (IEEE), the Texas Instru-
ments Foundation Founders’ Prize, the Charles Hard Townes Award of the Optical Society of America, the Arthur 
H. Schawlow Award of the Laser Institute of America, the George E. Pake Prize of the American Physical Society, 
the Medal of Honor of IEEE, the Frederic Ives Medal of the Optical Society of America, and the William T. Ennor 
Manufacturing Technology Award of the American Society of Mechanical Engineers. 

Leif E. Peterson is managing partner for Advanced HR Concepts and Solutions. Before retiring in December 
2007, he was a member of the Senior Executive Service and the director of Manpower, Personnel and Services 
for the Air Force Materiel Command (AFMC) at Wright-Patterson Air Force Base in Ohio. He provided executive 
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management of the command’s nearly 80,000 military and civilian professionals throughout the United States and 
overseas in research facilities, test sites, universities, and at product-development, logistics and specialized centers. 
The function of the Directorate of Manpower, Personnel and Services was to shape the AFMC workforce to deliver 
war-winning expeditionary capabilities and provide oversight, direction, and control for all personnel activities 
within the AFMC. Mr. Peterson entered federal service in 1971 as a labor relations specialist at U.S. Air Force 
Headquarters. He held numerous positions as a civilian personnel officer, serving two tours at Eglin Air Force Base 
in Florida and 6 years overseas. In 1983, he became deputy director of civilian personnel for Air Force Systems 
Command at Andrews Air Force Base in Maryland. He later returned to U.S. Air Force Headquarters as chief of 
staffing of development and equal employment opportunity. For 8 years he was director of civilian personnel at 
Tactical Air Command and Air Combat Command at Langley Air Force Base in Virginia. He was then assigned 
as director of civilian personnel and programs at the AFMC. He was appointed to the Senior Executive Service in 
May 2004, assuming his previous position as deputy director of personnel. 

Stephen M. Robinson (NAE) is Professor Emeritus of Industrial and Systems Engineering and of Computer 
Sciences at the University of Wisconsin-Madison, on whose faculty he served from 1972 to 2007. Dr. Robinson 
also holds the rank of colonel (retired) in the U.S. Army. His research specialty is in variational analysis and 
mathematical programming: methods for making the best use of limited resources, applied in logistics, transpor-
tation, manufacturing, and many other areas. He is the author, co-author, or editor of seven books and more than 
100 scientific research papers and has directed numerous funded research projects at the university. His research 
accomplishments have been recognized by the award of the honorary doctor’s degree from the University of Zürich, 
Switzerland, the George B. Dantzig Prize of the Mathematical Programming Society and the Society for Industrial 
and Applied Mathematics, and the John K. Walker, Jr., Award of the Military Operations Research Society. He 
is a member of the National Academy of Engineering, a National Associate of the National Research Council, 
a fellow of the Institute for Operations Research and the Management Sciences, and a fellow of the Society for 
Industrial and Applied Mathematics. 

Michael S. Teitelbaum is Wertheim Fellow at Harvard Law School and senior adviser to the Alfred P. Sloan 
Foundation. By specialty he is a demographer, with research interests in the causes and consequences of very 
low fertility rates, the drivers and implications of international migration, and science and engineering labor 
markets. He has written and edited 10 books and many articles on these subjects. Previously he served as vice 
president of the Sloan Foundation; faculty member at Oxford University and Princeton University; director of 
the U.S.  Congressional Select Committee on Population; vice chair and acting chair of the U.S. Commission on 
International Migration; member of the U.S. Commission on International Migration and Cooperative Economic 
Development; and chair of the Section on Social, Economic and Political Sciences of the American Association 
for the Advancement of Science, of which he was later elected a fellow. Dr. Teitelbaum was educated at Reed 
College and at Oxford University, where he was a Rhodes Scholar. 

Ronald Williams is a vice president of the College Board. Among his several leadership roles, he is responsible 
for strengthening the relationship between the College Board and community colleges throughout the United 
States. He also provides leadership to a cluster of initiatives dealing with students’ access to and persistence 
in college. Dr. Williams joined the College Board in 2007 from Prince George’s Community College in Largo, 
Maryland, where he had served as president since 1999, capping an extensive career with community colleges. He 
is a member of the board of the American Association of Colleges and Universities, the American Association of 
Community Colleges, and the American Council on Education’s Center for Policy Analysis Advisory Committee. 
Dr. Williams attended Lehigh University, where he earned a doctorate in literature, a master’s degree in English, 
and a bachelor’s degree in history and English. A writer, Dr. Williams has published two novels: Four Saints and 
an Angel and A Death in Panama. 
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