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Executive Summary

THE BOTTOM LINE
On the basis of its extensive discussions and review of documents, the Committee on Department of Defense Basic Research finds reason to question the
appropriateness of the classification of only a small part of the Department of
Defense (DOD) 6.1 basic research portfolio. Even in those cases, the issue is
usually centered on the implication in the current DOD definition of basic research
that having specific applications in mind is inconsistent with the purposes of
basic research. And in most of these cases, the issue often comes down to “how
specific is specific?” The committee concludes that such discussion is not productive, just as that distinction in the DOD definition is not useful. Hence, the
committee’s conclusion is that there is no evidence of significant misapplication
of DOD basic research funding.
The committee concludes that those responsible for directing and managing
basic research in the DOD are well motivated and generally successful in directing
basic research resources for purposes appropriate to the DOD definition of basic
research: that is, “systematic study directed toward greater knowledge or understanding of the fundamental aspects of phenomena and of observable facts without
specific applications towards process or products in mind.”1 Research managers
generally comply with the spirit of the definition, although if it was taken literally,

1Department of Defense, Financial Management Regulation, DOD 7000.14-R, Vol. 2B, Ch. 5, June
2004. Available online at http://www.dtic.mil/descriptivesum/budget_activities.pdf. Last accessed on
November 16, 2004.
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ASSESSMENT OF DEPARTMENT OF DEFENSE BASIC RESEARCH

having specific applications in mind would be disqualifying. The committee found
that research managers apply consistent and reasonable judgment on the level of
specificity that is appropriate to the purposes of basic research.
There has been a trend within DOD 6.1 basic research, however, toward
reduced unfettered exploratory research and increased support for meeting more
specific needs. The DOD needs to reset this balance in favor of the discovery of
new fundamental understanding.
SPECIFIC FINDINGS AND RECOMMENDATIONS
The committee’s findings and recommendations, which appear in the main
body of the report with related discussion, are presented below.
Findings
Finding 1. Department of Defense basic research funds under 6.1 have not been
directed in significant amounts to support projects typical of 6.2 or 6.3 funding.
Finding 2. Research managers are well motivated and generally successful in
focusing 6.1 funding on the discovery of fundamental knowledge in support of
the range of Department of Defense needs.
Finding 3. Having specific applications in mind is not a useful criterion for discriminating between basic and applied research.
Finding 4. The set of attributes and desirable characteristics of basic research
widely shared among experienced basic research managers can be beneficial in
distinguishing between basic and applied research.
Finding 5. The basic research needs of the Department of Defense are complex
and do not end when specific applications are identified.
Finding 6. The need for ongoing discovery from basic research can, and usually
does, continue through the applied research, system development, and system
operation phases.
Finding 7. Included in the range of values expected from basic research in the
Department of Defense are (1) discovery arising from unfettered exploration,
(2) focused research in response to identified DOD technology needs, and
(3) assessment of technical feasibility.
Finding 8. A recent trend in basic research emphasis within the Department of
Defense has led to a reduced effort in unfettered exploration, which historically
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has been a critical enabler of the most important breakthroughs in military
capabilities.
Finding 9. Generated by important near-term Department of Defense needs and
by limitations in available resources, there is significant pressure to focus DOD
basic research more narrowly in support of more specific needs.
Finding 10. Universities, government laboratories, and industry have overlapping
roles in basic research: universities primarily address the creation of broad new
knowledge and human competencies, and Department of Defense laboratories
and industry are more sharply focused on discovery tied more directly to identified DOD needs.
Finding 11. A clear understanding of the value expected from basic research
across its full range provides the most reliable assurance of long-term Department
of Defense leadership support for the basic research.
Finding 12. A variety of management approaches in the Department of Defense
is appropriate to the widely diverse missions and motivations for basic research.
Finding 13. The key to effective management of basic research lies in having
experienced and empowered program managers. Current assignment policies and
priorities (such as leaving substantial numbers of program manager positions
unfilled) are not always consistent with this need, which might result in negative
consequences for the effectiveness of basic research management in the long term.
Finding 14. The breadth and depth of the sciences and technologies essential to
the Department of Defense mission have greatly expanded over the past decade.
Finding 15. In real terms the resources provided for Department of Defense basic
research have declined substantially over the past decade.
Finding 16. The demand for new discovery argues for significantly increased
involvement of university researchers. Yet some younger university researchers
in the expanded fields of interest to the Department of Defense are often discouraged by the difficulty in acquiring research support from the department.
Finding 17. Recent pressures to apply restrictions on participation and publication through export controls on Department of Defense-sponsored research funded
in 6.1 both disqualify it from being considered basic research as defined by National
Security Decision Directive 189 and threaten to change fundamentally the open
and public character of basic university research. This finding does not apply to
research funded in 6.2.
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ASSESSMENT OF DEPARTMENT OF DEFENSE BASIC RESEARCH

Recommendations
Recommendation 1. The Department of Defense should change its definition of
basic research to the following:
Basic research is systematic study directed toward greater knowledge
or understanding of the fundamental aspects of phenomena and has the
potential for broad, rather than specific, application. It includes all
scientific study and experimentation directed toward increasing fundamental knowledge and understanding in those fields of the physical,
engineering, environmental, social, and life sciences related to longterm national security needs. It is farsighted high-payoff research that
provides the bases for technological progress. Basic research may lead
to (a) subsequent applied research and advance technology developments in Defense-related technologies, (b) new and improved military
functional capabilities, or (c) the discovery of new knowledge that may
later lead to more focused advances in areas relevant to the Department
of Defense.
Recommendation 2. The Department of Defense should include the following
attributes in its guidance to basic research managers and direct that these attributes
be used to characterize 6.1-funded research: a spirit that seeks first and foremost
to discover new fundamental understanding, flexibility to modify goals or
approaches in the near term based on discovery, freedom to pursue unexpected
paths opened by new insights, high-risk research questions with the potential for
high payoff in future developments, minimum requirements for detailed reporting, open communications with other researchers and external peers, freedom to
publish in journals and present at meetings without restriction and permission,
unrestricted involvement of students and postdoctoral candidates, no restrictions
on the nationality of researchers, and stable funding for an agreed timetable to
carry out the research.
Recommendation 3. The Department of Defense should abandon its view of
basic research as being part of a sequential or linear process of research and
development (in this view, the results of basic research are handed off to applied
research, the results of applied research are handed off to advanced technology
development, and so forth). Instead, the DOD should view basic research, applied
research, and the other phases of research and development as continuing activities that occur in parallel, with numerous supporting connections among them.
Recommendation 4. The Department of Defense should set the balance of support within 6.1 basic research more in favor of unfettered exploration than of
research related to short-term needs.
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Recommendation 5. Senior Department of Defense leadership should clearly
communicate to research managers its understanding of the need for long-term
exploration and discovery.
Recommendation 6. Personnel policies should provide for the needed continuity
of research management in order to ensure a cadre of experienced managers
capable of exercising the level of authority needed to effectively direct research
resources. Further, in light of the reductions in positions reported to the Committee on Department of Defense Basic Research, the Department of Defense
should carefully examine the adequacy of the number of basic research management positions.
Recommendation 7. The Department of Defense should redress the imbalance
between its current basic research allocation, which has declined critically over
the past decade, and its need to better support the expanded areas of technology,
the need for increased unfettered basic research, and the support of new researchers.
Recommendation 8. The Department of Defense should, through its funding and
policies for university research, encourage increased participation by younger
researchers as principal investigators.
Recommendation 9. To avoid weakening the long and fruitful partnership
between universities and Department of Defense agencies, DOD agreements and
subagreements with universities for basic research should recognize National
Security Decision Directive 189, the fundamental research exclusion providing
for the open and unrestricted character of basic research. DOD program managers
should also explicitly retain the authority to negotiate export compliance clauses
out of basic research grants to universities, on the basis of both the program’s
specific technologies and its objectives.
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distinguished scholars engaged in scientific and engineering research, dedicated to the
furtherance of science and technology and to their use for the general welfare. Upon the
authority of the charter granted to it by the Congress in 1863, the Academy has a mandate
that requires it to advise the federal government on scientific and technical matters.
Dr. Bruce M. Alberts is president of the National Academy of Sciences.
The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is
autonomous in its administration and in the selection of its members, sharing with the
National Academy of Sciences the responsibility for advising the federal government. The
National Academy of Engineering also sponsors engineering programs aimed at meeting
national needs, encourages education and research, and recognizes the superior achievements of engineers. Dr. Wm. A. Wulf is president of the National Academy of Engineering.
The Institute of Medicine was established in 1970 by the National Academy of Sciences
to secure the services of eminent members of appropriate professions in the examination
of policy matters pertaining to the health of the public. The Institute acts under the responsibility given to the National Academy of Sciences by its congressional charter to be an
adviser to the federal government and, upon its own initiative, to identify issues of medical
care, research, and education. Dr. Harvey V. Fineberg is president of the Institute of
Medicine.
The National Research Council was organized by the National Academy of Sciences in
1916 to associate the broad community of science and technology with the Academy’s
purposes of furthering knowledge and advising the federal government. Functioning in
accordance with general policies determined by the Academy, the Council has become the
principal operating agency of both the National Academy of Sciences and the National
Academy of Engineering in providing services to the government, the public, and the
scientific and engineering communities. The Council is administered jointly by both Academies and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. Wm. A. Wulf are chair
and vice chair, respectively, of the National Research Council.
www.national-academies.org
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Preface

The U.S. Congress mandated that this study be conducted. The mandate is
contained in the U.S. Senate report that accompanied the Senate’s version of the
National Defense Authorization Act for Fiscal Year 2004 and in the U.S. House
of Representatives report that accompanied the House-Senate authorization conference committee version of the act. Specifically, the Senate and House reports,
respectively, state:
While the Department [of Defense] is increasing its budget request for the
Science and Technology Program, the committee remains concerned that the
investment in basic research has remained stagnant and is too focused on nearterm demands. Therefore, the committee recommends an increase of $50.0 million
for basic research. In addition, the committee directs the Director of Defense
Research and Engineering to commission a study by the National Academy of
Sciences to assess the basic research portfolio of the services and the Defense
Advanced Research Projects Agency (DARPA). This assessment should review
the basic research portfolio in order to determine if the programs are consistent
with the definitions of basic research in DoD regulation. This report is not
intended to rate the worthiness of the basic research portfolio, but rather to
determine whether the basic research portfolio needs to be realigned to be more
consistent with the goals of traditional fundamental research activities.1

1Senate Armed Services Committee, FY04 National Defense Authorization Act, 108th Cong.,
2003, S. Rep. 108-46, Title II, Subtitle A. Available online at http://frwebgate.access.gpo.gov/cgi-bin/
getdoc.cgi?dbname=108_cong_reports&docid=f:sr046.108.pdf. Last accessed on November 16, 2004.
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and
The conferees further note their concerns about funding levels and technical
content of the basic research activities of the defense science and technology
program. The Department’s investment in basic research provides the foundation upon which our modern military is built. It is critical the basic research
investment remain strong, stable, and focused on the fundamental search for
new knowledge. Therefore, the conferees direct the National Academies of
Science to evaluate the DOD basic research portfolio. The evaluation shall
utilize the official DOD definition of basic research to determine whether the
basic research portfolio is consistent with the definition provided in DOD regulation. The conferees expect to work closely with the National Academies of
Science and the Secretary to build the terms of reference for this evaluation.
The evaluation should be made available to the congressional defense committees prior to the fiscal year 2006 budget request.2

The Department of Defense (DOD) awarded National Research Council
(NRC) the study grant with an effective starting date of March 2004.
BACKGROUND AND SCOPE OF STUDY
The Department of Defense currently defines basic research as follows:3
Basic research is systematic study directed toward greater knowledge or understanding of the fundamental aspects of phenomena and of observable facts
without specific applications towards processes or products in mind. It includes
all scientific study and experimentation directed toward increasing fundamental
knowledge and understanding in those fields of the physical, engineering, environmental, and life sciences related to longterm national security needs. It is
farsighted high payoff research that provides the basis for technological
progress. Basic research may lead to: (a) subsequent applied research and advanced
technology developments in Defense-related technologies, and (b) new and
improved military functional capabilities in areas such as communications,
detection, tracking, surveillance, propulsion, mobility, guidance and control,
navigation, energy conversion, materials and structures, and personnel support.
Program elements in this category involve pre-Milestone A efforts.

2House Armed Services Committee, National Defense Authorization Act for Fiscal Year 2004, 108th
Cong., 2003, H.R. Rep. 108-354, Title II, Subtitle D. Available online at http://frwebgate.access.gpo.gov/
cgi-bin/getdoc.cgi?dbname=108_cong_reports&docid=f:hr354.108.pdf. Last accessed on November 16, 2004.
3Department of Defense, Financial Management Regulation, DOD 7000.14-R, Vol. 2B, Ch. 5,
June 2004. Available online at http://www.dtic.mil/descriptivesum/budget_activities.pdf. Last
accessed on November 16, 2004.
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The goal of DOD basic research support is to encourage advances in fields
that are likely to contribute to national defense, and in doing so, to foster a
competitive technology base for the U.S. military.
In order to maintain this competitive technology base, the DOD continues to
fund basic research. However, over the past 6 years, it has come to the attention
of the congressional committees on armed services that basic research funded by
the DOD may be changing. Several organizations, including university research
departments and defense laboratories, have described areas of concern. They
include the following:
• Some research conducted using funds designated specifically for basic
research is not, under the DOD’s definition, considered basic research;
• Reporting requirements on DOD grants and contracts have become cumbersome and constraining to basic researchers; and
• Basic research funds are handled differently among the Services, which
makes the funds, in some cases, difficult to track and monitor.
These concerns prompted the armed services committees to request that the
National Academies perform a study regarding the nature of basic research currently being funded by the Department of Defense. The task includes assessing
the DOD’s basic research portfolio, including that managed by the Office of the
Secretary of Defense, the three military departments, and the Defense Advanced
Research Projects Agency (DARPA), to determine if the programs in that portfolio are consistent with the definitions of basic research contained in DOD
regulations and consistent with the characteristics associated with fundamental
research activities. Specifically, the National Academies’ statement of task is
shown in Box P-1.
STUDY APPROACH AND CONSTRAINTS
The committee (see Appendix A for biographical sketches of members)
approached the study in two basic steps, which corresponded to its first two
meetings. The committee devoted its first meeting, on May 5-6, 2004, to understanding the DOD definitions for basic and applied research and the characteristics
associated with fundamental research and to gathering data and information that
would provide insight into the study issue and background from representatives
of the research community. During this meeting, the committee received presentations by personnel from the DOD, the Office of Management and Budget
(OMB), the National Science Foundation (NSF), and the Department of Energy
(DOE) and from a former member of the Senate Committee on Armed Services
staff. Representatives of the Association of American Universities (AAU) and
the American Association for the Advancement of Science (AAAS) spoke. The
associate provost from the Massachusetts Institute of Technology (MIT) and vice
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BOX P-1
Statement of Task
In accordance with Senate Report 108-46, Title II, Subtitle A, and House Report
108-354, Title II, Subtitle D, the National Academies will conduct a study to assess
the basic research portfolio of the Department of Defense (DoD), including that
managed by the Office of the Secretary of Defense (OSD), the three military
departments, and the Defense Advanced Research Projects Agency (DARPA), to
determine if the programs in that portfolio are consistent with the definitions of
basic research contained in DoD regulations and consistent with the characteristics
associated with fundamental research activities. To conduct the study, the National
Academies will accomplish the following tasks:
1. Form a study committee that possesses knowledge and expertise in the
science and technology areas in which DoD basic research is involved; understanding of the differences and relationships between the DoD science and
technology (S&T) program categories of basic research (6.1), applied research
(6.2), and advanced technology development (6.3); and understanding of DoD
financial management and budget regulations and processes that define basic
research and govern the categorization of science and technology programs
and related budgets as basic research and understand the historical characteristics associated with fundamental research activities.
2. Review the unclassified and classified DoD basic research portfolio through
descriptions and documentation of recent, current, and planned programs; discussions with DoD S&T and basic research policy makers, program managers,
and intramural and extramural researchers; on-site examination; testimonies
from persons with knowledge relevant to the study issues; and other reference
information as applicable.
3. Audit the nature of the research to look at fundamental vs. applied orientation;
research program review criteria used by the OSD, military departments, and
DARPA; any restrictions being placed upon principal investigators; whether
broad agency announcements permit truly innovative approaches to be proposed; and other such indicators.
4. Determine if programs in the DoD basic research portfolio are consistent
with the definitions of basic research contained in DoD regulations and consistent with the characteristics associated with fundamental research activities.
Identify any instances where programs are not consistent with DoD regulations
or are not consistent with the characteristics associated with fundamental research
activities.
5. Identify any problems that might arise from the definitions themselves or the
regulations, policies, or processes implementing the definitions that have a significant bearing on the study issues.
6. Report findings, conclusions, and recommendations regarding the tasks above.
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provosts for research from the University of Southern California (USC) and
Howard University made presentations. Speakers from Harvard University and
George Mason University discussed how research fits into innovation. The list of
guest speakers and titles of their presentations at Meeting 1 is provided in
Appendix B.
The committee’s second meeting, held on May 26-27, 2004, was devoted to
reviewing the DOD’s basic research program. It included presentations (see
Appendix B) by representatives from the U.S. Army, U.S. Navy, U.S. Air Force,
DARPA, the Defense Threat Reduction Agency (DTRA), and the Office of the
Secretary of Defense (OSD). Army speakers included representatives of the
Assistant Secretary of the Army for Acquisition, Logistics, and Technology
(ASAALT); the Army Research Laboratory (ARL) (including the Army Research
Office [ARO]); the Army Research Institute (ARI); the Medical Research and
Materiel Command (MRMC); the Engineer Research and Development Center
(ERDC); and the Research, Development, and Engineering Command (RDECOM).
The committee received presentations from Navy representatives of the Office of
Naval Research (ONR), the Naval Research Laboratory (NRL), and the Naval
warfare centers. Representatives of the Air Force Office of Scientific Research
(AFOSR) and the Air Force Research Laboratory (AFRL) made presentations.
The director of DARPA’s Defense Sciences Office represented DARPA. The
DOD chemical and biological defense program was discussed by a DTRA representative. An OSD representative discussed the Department of Defense Experimental Program to Stimulate Competitive Research (DEPSCoR).
The committee also conducted several site visits. Committee members visited
DARPA, the three main Service laboratories, and the Navy and Air Force offices
responsible for managing their respective Service’s basic research program.
During each visit, committee members met with key organization leadership
personnel in addition to one or more groups of researchers and/or research
managers. Discussion topics included the DOD definition of basic research; the
perceptions of leadership, researchers, and managers about how well their research
fits this definition and about characteristics associated with basic research; trends;
concerns; and suggested improvements. Appendix C lists the DOD organizations
visited.
Committee members also visited and/or interviewed individuals and groups
at the universities shown in Appendix C. Each visit included a meeting with the
key person responsible for research at the university (usually a vice president or
vice provost for research), as well as one or more groups of DOD-sponsored
researchers. In addition to the same topics discussed during the DOD site visits,
the discussions at the universities addressed the importance of DOD research
funding to the university research enterprise (e.g., faculty development and support, the ability to train graduate students, and the impact on the research agenda
of individual researchers and the institution). These same topics were discussed
during interviews of university research leaders who were not visited in person.
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In selecting the universities that it would invite to participate in its meetings,
visits, and/or interviews, the committee attempted to include a representative
sample of universities receiving DOD research funding. The universities that
received DOD basic and applied research funding in fiscal year 2002 are shown
in Appendix E. Although it was impossible for the committee to conduct site
visits or interviews with research leaders and others at all of these universities or
even a major percentage of them, the committee sought to obtain meaningful
information regarding the study issue by selecting a sample that received a significant portion of DOD research funding, included research sponsored by all
three military Services and DARPA, and was geographically balanced. In all, the
committee’s site visits and interviews included discussions with approximately
140 people from 7 DOD research organizations and 14 universities.
Constraints on this study were the normal ones experienced by most such
studies—schedule and resources. The primary constraint was the requirement
expressed by congressional staff members that the study results be available by
the end of 2004.
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