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Executive Summary

The Army team at the Center for Technology and National Security Policy has been doing
technology studies for the Deputy Assistant Secretary of the Army for Research and Technology
since 2003. In 2007 we published Enhancing Army S&T: Lessons Learned From Project
Hindsight Revisited, which we refer to here as Vol. I. That publication was a summary of critical
technology contributions to the development of four successful Army warfighting systems. Since
then, we have completed a number of studies of important aspects of the Army science and
technology (S&T) program with an emphasis on the Army laboratories. In the present paper,
Vol. 11, we integrate the findings of these studies and make recommendations after each chapter,
as well as in a separate final chapter.

Chapter | of this volume is an introduction, and Chapter Il offers an updated view of the work
discussed in Vol. I with an emphasis on the relative roles played by the Army laboratories and
the contractors that manufactured the systems. The close collaboration between the two groups
was judged by us to be the key to the successful outcomes. Both the Army laboratories and the
technical personnel at the contractors were essential—without either group the work would have
cost more, taken more time, and might well have failed. We believe the collaboration was the
result of the efforts of the mid-level managers who pressed technologists to work together.

We recommend the Army continue to emphasize the importance of maintaining close
working relationships between the laboratories and the technical staffs of Army
contractors.

In Chapter 111, we discuss the impact of the lack of publicity given to the Army laboratories’
work. This lack of publicity has caused some observers to conclude that the laboratories are not
significant contributors to the warfighters. This belief in turn has produced recommendations
from outside the military to close the laboratories and assign the research to the private sector.
We do not agree with the criticism or the recommendation. We discuss two aspects of addressing
this problem: the need to maintain high-quality work and the need to provide detailed
information about the contributions of the laboratories to all parties concerned—namely, Army
senior leadership, officials in the Department of Defense (DOD), the Administration, the
Congress, and the general public.

We recommend an aggressive campaign to publicize the technical contributions of the
laboratories to the senior leadership of the Army, to other stakeholders, and to the general
public.

Chapter IV explores the laboratory quality question. We begin by asserting that the most
important asset of a laboratory is its technical staff members and that, therefore, ensuring staff
quality should be a top priority of management. We discuss a humber of methods for locating
and bringing new employees onboard, including use of the Intergovernmental Personnel Act
(IPA), post-doctoral appointments, and visiting scientists and engineers.

We recommend extensive use of the IPA, increased use of post-doctoral appointments, and
more extended visits by senior scientists and engineers to Army laboratories.



The more than 40 Senior Technical Professionals (ST) in the Army represent the best S&T
performers the Army has; their presence and influence should be maximized. Our survey of the
STs revealed a lack of uniformity in how they are funded, managed, and utilized in providing
advice and counsel in program planning.

We recommend the Army support the STs and make better use of their many talents.

A strong program of basic, fundamental research provides the foundation for applied and perhaps
shorter term research. It also attracts well-qualified new additions to the staff. Some of the Army
laboratories do not have enough funding for basic research.

We recommend that each laboratory should have a significant level of funding for basic
research.

To ensure the laboratory is satisfying the requirements for quality, relevance, and timeliness,
assessments should be made on a regular basis. Discussions should be held with customers and
stakeholders, and independent external experts should assess quality. Comprehensive peer
review strengthens the laboratory programs, and the reports help improve the laboratory’s image.

We recommend that the Assistant Secretary of the Army for Acquisition, Logistics, and
Technology (ASAALT) require, and each Army laboratory should arrange for, regular
guality assessments by independent, external subject matter experts.

Chapter V discusses two reports we issued on the role of technology in stabilization and
reconstruction. We surveyed the experiences of recently returned soldiers from Iraq. More
recently we have conducted Gedanken Experiments at Fort Bennning to explore, with
experienced soldiers, various challenges facing the laboratory programs. These experiments
brought together a number of officers and senior non-commissioned officers in combination with
Army scientists and engineers and observers from ASAALT and other Army organizations. The
participants have been enthusiastic about the experience and are urging that more such
experiments be carried out.

We recommend that, in defining and shaping research programs, interactions with
experienced warfighters should increase further.

DOD’s Independent Research and Development (IR&D) program supports research by defense
contractors in preparation for future contracted work. The Army laboratories, for the most part,
are not tracking this work. Both the Navy and the Air Force have formal programs to learn about
the research programs of their contractors. We believe the Army is missing an opportunity here.

We recommend that all of the Army laboratories undertake more formal interaction with
industry’s IR&D programs.

The Army has not conducted a long-range technology forecast since 1992. It is time to begin a
new forecasting effort. A review of current practices shows that structuring forecasts to look for
convergences among a set of sciences or technologies could lead to breakthroughs in addressing
capabilities not currently available to the warfighter.



We recommend ASAALT conduct periodic technology forecasting based on the concept of
convergences.

A trend in conducting research and development is close, long-term collaboration among
laboratories. This collaboration could be between different laboratories or individuals.
Institutional collaboration as represented by the Army Research Laboratory (ARL) Collaborative
Technology Alliances has been successful in terms of gathering new information and broadening
the knowledge of ARL participants and consortia members. Collaboration is a worldwide
phenomenon facilitated by the Internet and fiber optic links across countries and across the
oceans.

We recommend that the Army continue to use the mechanism of formal collaboration with
other companies and universities.

The evolution of computing has brought us to the point where the high-performance computer
(HPC) capability of the past is now found in desktop and laptop devices. Modern HPC machines
can conduct the development and testing of design options for products and systems in minutes
as opposed to weeks or months. In so doing, HPC can greatly shorten the entire innovation
process. Industry has demonstrated this capability. The United States—both industry and
government—is putting a new emphasis on manufacturing technology, and HPC is a part of it.

We recommend that the Army emphasize the use of HPC in the design and manufacture of
its systems.

Numerous studies in the past have demonstrated the role of military research laboratories. In the
Army, such studies were done during Base Realignment and Closure (BRAC) 91 and, more
recently, in the Army Materiel Command’s creation of the Research, Development, and
Engineering Command. New studies are now underway based on concerns about creativity,
visibility, and costs. Reporting relationships and access to policymakers are part of these studies.

In Chapter VI we recommend that the Army laboratories be managed as the important
component of developing new capabilities for warfighters that they are. The Army should
emphasize reporting relationships and the role of ASAALT in developing policy affecting
the laboratories.



CHAPTER I. INTRODUCTION

In 2007 the Army team at the Center for Technology and National Security Policy (CTNSP)
published a summary of a group of studies on the role Army technology plays in the
development of four successful Army platforms.® We refer to the 2007 paper as Vol. I. That
publication includes a section on excellence at the Army laboratories. We based this section on
our extensive interactions with the Army laboratories and Army contractors for the four systems,
as well as on our extensive experience with Army technology. Since then, we have continued to
study several aspects of the excellence issue for the Army laboratories. In the present volume,
which we have titled Vol. I, we integrate these studies into a set of recommendations for the
Assistant Secretary of the Army for Acquisition, Logistics, and Technology (ASAALT) and for
the Deputy Assistant Secretary of the Army for Research and Technology (DAS(RT). (Herein
these two offices will be referred to together as ASAALT).

We note that historically the Army operated arsenals whose purpose was to produce the arms and
armaments needed. The arsenals developed and then manufactured the products. Examples
include the Watertown Arsenal, which supplied the Rodman guns researched and designed by
the commander of the arsenal; the Picatinny Arsenal, which produced both small and medium
arms and ammunition; and the Watervliet Arsenal, which manufactured large gun barrels. Most
of the arsenals no longer focus on production but rather are responsible for sustainment. Today,
two remaining arsenals manufacture major Army components: Watervliet for gun tubes and
Rock Island for gun mounts and a variety of weapons components and systems. Private sector
contractors manufacture weapons platforms, including tanks, armored personnel carriers,
artillery pieces, and wheeled vehicles, such as trucks and High Mobility Multipurpose Wheeled
Vehicles (HMMWYV). Army laboratories perform much of the up-front research and
development (R&D) (basic research through advanced development, categories 6.1, 6.2, and 6.3)
in close collaboration with the contractors selected to manufacture the products. The Army
primarily performs the research; the research staff have close ties to the large contractors that
produce the products. The contractors do perform some research connected with current
contracts, and, under the Independent Research and Development (IR&D) program (see Chapter
V), they perform research in preparation for likely future projects.

External critics have proposed privatizing all of the R&D work now done by the Army. These
proposals have attempted to shift responsibility to private industry. The motivation for the
criticisms appears to include three ideas: that the private sector can do the work at lower cost;
that private R&D is inherently of higher quality than military R&D; and that, philosophically, the
least government, the better. So far, proposals to privatize the laboratories have not gained
traction largely because they are an important cog in the weapons development process. In
addition, as noted by Coffey,? it is important to maintain a corps of technical experts in house.
In-house expertise protects the military from unsubstantiated claims by contractors and others
and thus maintains a “smart buyer” perspective. One of the objectives of this paper is to continue

! Richard Chait, John Lyons, Duncan Long, and Albert Sciarretta, Enhancing Army S&T: Lessons from Project
Hindsight Revisited (Washington, DC: Center for Technology and National Security Policy [CTNSP], National
Defense University).

% Timothy Coffey, Building the S&E Workforce for 2040, Challenges Facing the Department of Defense, Defense &
Technology Paper 49 (Washington, DC: CTNSP, National Defense University, July 2008).



to emphasize the importance of the Army laboratories and to recommend improvements in the
Army’s management of them.

We begin with our initial studies of the role of Army laboratories in the successful development
and fielding of four Army warfighting platforms. These studies provide a basis to explore several
areas that need more emphasis: reputation (Chapter I11), quality (Chapter 1V), portfolio planning
(Chapter V), and laboratory management (Chapter VI1). At the end of each chapter in this paper,
we review the conclusions from these studies. The final chapter reviews our conclusions and
outlines a set of recommendations for Army senior management to evaluate and implement
them.



CHAPTER Il. IMPACT OF PREVIOUS SCIENCE AND
TECHNOLOGY EFFORTS

One of our first challenges was to examine an old (1969) report on evaluating the results of
investing R&D dollars in military research. That report® addresses two main issues raised, in
part, by the Congress: (1) identifying those management factors that are important in ensuring
R&D programs are productive and (2) identifying the increase in cost-effectiveness assignable to
the Department of Defense’s (DOD) investment in R&D. A large team drawn from across DOD
devoted 4 years to studying 20 weapons systems. The team documented the impact of R&D
performed by the military and industry and showed that contributions by both sectors were
essential.

In 2004 ASAALT asked us to reprise the 1969 study for Army weapons systems that had been
developed since Project Hindsight. We studied four weapons systems: the Abrams main battle
tank,* Apache attack helicopter,® Stinger missile system, and Javelin missile system.® These
findings are summarized in Vol. I. Note that the objective of these studies was to seek out the
critical technology events (CTE) that contributed to successes during the acquisition cycle. We
looked for new and innovative concepts, devices, and components that contributed in a
significant way to the end systems. We talked—in detail—in person or by telephone to 158
people and discovered 134 CTEs for the four systems. The Abrams report is based on interviews
with 60 people who were active in the period of development (roughly from 1971 to 1999). We
obtained first-hand information on 55 CTEs that were deemed critical to the success of the
Abrams program. We found that the funding for these technical programs came almost entirely
from the U.S. Government. Some CTEs came from work sponsored by DOD but executed by
industry or academia; a few came from laboratories of other countries. Many CTEs arose from
close collaboration among various contributors from the Government and the private sector. The
Army Program Manager Office oversaw the integration of the new technologies, and the
manufacturer of the tank—Chrysler/General Dynamics—Iargely carried out the integration. We
found that the presence of highly skilled subject matter experts (SME) in the Army laboratories
over long periods of time, as well as necessary specialized laboratory equipment and facilities,
was critical. The Army laboratories were most deeply involved in those aspects of the Abrams
that were unique to ground combat systems. Finally, all interviewees attributed the successful
Army contributions to the supportive and patient environment provided by the Army laboratory
director and staff.

® Office of the Director of Defense Research and Engineering, Project Hindsight, Final Report (Washington, DC:
Office of the DDRE, U.S. Department of Defense, 1969)

* Richard Chait, John Lyons, and Duncan Long, Critical Technology Events in the Development of the Abrams Tank,
Project Hindsight Revisited, Defense & Technology Paper 22 (Washington, DC: CTNSP, National Defense
University, December 2005).

® Richard Chait, John Lyons, and Duncan Long, Critical Technology Events in the Development of the Apache
Helicopter, Project Hindsight Revisited, Defense & Technology Paper 26 (Washington, DC: CTNSP, National
Defense University, February 2006).

¢ John Lyons, Duncan Long, and Richard Chait, Critical Technology Events in the Development of the Stinger and
Javelin Missile Systems, Project Hindsight Revisited, Defense & Technology Paper 33 (Washington, DC: CTNSP,
National Defense University, July 2006).
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Figure 1. The Abrams Main Battle Tank

Figure 2. The Apache AH-64 Attack Helicopter

These conclusions applied to all four weapons systems. For the Abrams and the Apache, the
government laboratories contributed the most CTEs; for the two missile systems, industry was
dominant. The Army and industry technical staffs provided the vast majority of the CTEs. Most
striking to us was the closeness of the collaboration between government and industry. We



attribute these collaborative relationships to the efforts of mid-level managers in the technical
departments. Our study revealed the important, indeed essential, nature of the role of the Army
laboratories. This conclusion caused us to include in Vol. I a chapter on ensuring excellence at
the laboratories. This discussion includes much of what has been discussed in many of our
reports and is presented in updated form in the earlier chapters of this paper. Vol. | (p. 97) closes
as follows: “...for future success the Army in-house laboratories must be supported by sufficient
funding, strong leadership, and top flight technical staff ... this will require champions at all
levels in the Army and DOD...”

Conclusion:

In Project Hindsight Revisited, we learned the importance of close working relationships
between industry scientists and engineers and the Army laboratories and acquisition specialists.
Success in fielding major Army platforms is attributable to this teamwork; lack of teamwork
would have made successful fielding more costly and less timely.



CHAPTER Ill. ENHANCING THE REPUTATION OF THE
LABORATORIES

One motivation for Vol. 11 is the impact of the lack of external recognition for Army laboratories
on the support for Army laboratories. This lack has led to a perception by many people that the
Army laboratories are not of the same quality as the best government or private sector
laboratories. We devote space here to explore the reputation of the Army laboratories and what
should be done to enhance it.

Many have made comparisons between the Army laboratories and government laboratories, such
as the Naval Research Laboratory (NRL), National Institute of Standards and Technology
(NIST), Department of Energy (DOE) National Laboratories, and the internal laboratories of the
National Institutes of Health (NIH). The comparisons are usually made based on external
recognition, such as awards, membership in honor societies such as the National Academies,
numbers of refereed publications in top-quality journals, and rare honors such as the Nobel prize.
The Army laboratories have not fared well in these comparisons

Most criticisms are not based on detailed knowledge of the actual accomplishments of the Army
laboratories. For example, how many people know that the first all-purpose digital electronic
computer, the Electronic Numerical Integrator and Computer (ENIAC), was commissioned by
the Army’s Ballistic Research Laboratory in 1943 and operated for several years at the Army’s
Aberdeen Proving Ground? The ENIAC is considered to be the genesis of modern digital
computing.

It is often the case the Army’s laboratories have contributed key technical innovations in the
Army’s weapons systems, but these contributions disappear from view when contractors
incorporate them into finished systems. Most observers have no idea what the Army laboratories’
contributions have been. (This is a problem at many central corporate laboratories—their work is
subsumed in systems fielded by other parts of the company.) It is only through vigorous public
relations work that central laboratories have been recognized, such as the Bell Laboratories,
General Electric’s laboratories, or IBM’s laboratories.’

Two things are needed to establish the Army laboratories’ reputation: outstanding quality and
more attention to external relations. Quality is often indirectly measured by benchmarking
against laboratories generally accepted as leaders in the field. Examples® of metrics used are—

o Percentage of technical staff with doctorates

e Number of patents

e Number of refereed papers per technical staff member

e Number of staff elected to membership in the National Academies

" It should be noted that many companies have shifted the focus of their in-house laboratories from a balanced
portfolio of short term and longer term work to focus on current challenges. Some have essentially turned to
academia for the longer term fundamental needed for creating breakthroughs.

8 Edward A. Brown, Reinventing Government Research and Development: A Status Report on Management
Initiatives and Reinvention Efforts at the Army Research Laboratory, ARL-SR-57, Army Research Laboratory
(ARL), Adelphi, MD, August 1998; also see ref. 2.



e Number of staff as senior members of professional societies
e Number of prestigious National and international awards.

These metrics are numerical values and do not fully capture the true worth of a laboratory.
External peer assessment of the work is a good indicator of quality. These assessments can be
performed through formal reviews or simply by developing a measure of the general regard in
which the technical community holds the laboratories.

It is important to provide detailed information about the laboratories to the Army’s senior
leadership and officials in DOD, the Administration, and Congress, as well as the general public.
Attention should also be paid to scientific and professional societies. Everyone should know that
the Army’s technical community has been responsible for many of the key technologies in the
Army’s platforms, such as the armor on vehicles and individual soldiers, armaments from very
large guns down to pistols and rifles, the long rod penetrators known as the Silver Bullets that
played a key role in Desert Storm, and so on.

Leading laboratories, such as the Bell Laboratories, did not become recognized for excellence by
chance. They recruited the very best scientists and engineers and gave them considerable leeway
in the projects they undertook. They simply told them about the mission of the parent
organization and how the laboratories” work should support that mission. Strong encouragement
of creative exploration into new areas of science and engineering produced inventions and
innovations that were very useful to the company but also had major impacts on society. The
business area of the Bell Laboratories, for example, is intimately connected to the population as a
whole; every home with a telephone quickly recognized the lab’s innovations. The Army does
not have this intimate relationship with the public, so calling attention to new developments in
the Army is more difficult. The public only sees the performance of the military in conflicts but
not in the detail necessary to appreciate the underlying technical work.

So, the Bell Laboratories start with an advantage over the Army laboratories. But the former also
did a much better job of publicizing their work. Everyone knows that the Bell Laboratories
invented the transistor and that the transistor is central to the digital revolution, including
communications, computers, and consumer products of all kinds. As noted above, very few
people are aware of the role of the Ballistics Research Laboratory in launching the age of the
modern digital computer. The Army S&T program does not do a very good job of publicizing its
contributions. The Army holds the Army Science Conference, which is a vehicle for the Army
technical community primarily to talk among its members and to its contractors. The Army
should emphasize the value of talking about its S&T work at external scientific meetings.

External recognition also comes to staff members and the laboratories as a whole through awards
and election to distinguished rank in major technical societies and to the National Academies.
The Army does give awards, and these are very much appreciated. However, awards from
outside organizations have a greater effect and generate publicity outside the Army. For
example, an electrical engineer is highly honored by his peers if elected to the rank of Fellow of
the Institute of Electrical and Electronics Engineers. For most scientists and engineers, the most
prized recognition is election to one of the National Academies. Nomination and election are part
of a challenging process that takes a lot of work. It involves soliciting nominators and references
from the existing members and ensuring they and the academy membership receive all the
necessary background on the person’s accomplishments. The Army laboratories have only rarely
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attempted election to one of the National Academies; the laboratories currently have two active
and one retired members in the National Academy of Engineering. Compare this number to the
Bell Laboratories and its successors, which currently have 15 active and 20 retired members.
Bell and its successors also have members of the National Academy of Science; we know of no
members from the Army.

The Nobel Prize is, for most scientists, the most prestigious of all. The prize receives substantial
media attention and instantly confers an aura of excellence on the parent laboratory. We are
unaware of any Nobel prizes to the Army laboratories and rarely to any military laboratory—
NRL has received one, shared by two of its scientists in 1985; the Air Force has received none;
NIH has received five; and NIST has received three. We note that the Army Research Office
(ARO) has sponsored research with several Nobelists, but none were employed by the Army.
Investment in their work is a measure of the wisdom of the ARO program.

It seems Army public relations programs have not emphasized the R&D work done within the
Army. The Army laboratories and the media at higher echelons of the Army must make greater
attempts to highlight the Army laboratories in publications. Consider the attention the Defense
Advanced Research Projects Agency (DARPA) receives for its work. Granted, DARPA focuses
on areas where breakthroughs are likely and does not have to worry about supporting the day-to-
day needs of the acquisition community and warfighters. When the Army is at war—as it has
been for a decade—the immediate needs from the war zones take the highest priority. One does
not hear much about that work, even within the Army. One Army publication disseminated by
the Office of the ASAALT, Army AL&T, occasionally has contributions from Army
technologists, but this journal is not widely circulated. An assessment of the information flow
about Army technical work would be useful in preparation for a more ambitious effort in
information dissemination.

Strengthening the areas discussed in this report would also enhance the Army laboratories’
reputation. The following chapters analyze the quality of Army S&T work, the planning function
for the S&T program, the S&T program’s impact on warfighting capabilities (see, for example,
the discussion in Chapter I1), and opportunities to strengthen Army laboratory management. We
believe implementing the suggestions in this paper would result in appropriate recognition by
prestigious organizations, such as the National Academies.

Conclusion:

The reputation of the Army laboratories can improve by achieving outstanding work quality and
communicating the impacts of laboratory contributions on the warfighter to senior Army
leadership and the general public.

11



CHAPTER IV. ENHANCING THE QUALITY OF ARMY
LABORATORIES

The most important asset of a laboratory is its personnel. An outstanding staff with appropriate
management will produce exceptional results. Of course, several other factors enable staff to
perform up to their potential, such as resources (money, equipment, and facilities), supportive
management, champions at high levels, and a challenging mix of research programs.

Supporting the Technical Staff. In Vol. | (see Chapter 4), we discussed issues surrounding
hiring, retaining, and promoting technical staff. Care must be taken to obtain the very best new
hires and then to mentor them and see to it that they are supported with the necessary resources
to do their jobs. The formal hiring process is ponderous compared to that of the private sector
entities competing with the Army. Some recruiting progress has been made, but it is hard to
compete with recruiters who have authority to make a binding offer on the spot. The Government
does not work that way. Nonetheless, the mission of the Army laboratories to develop a means
for soldiers to win has strong appeal to young people, so some of the best and brightest will opt
for the military laboratories. The strongest motivators for researchers are challenging
assignments, good equipment and facilities, agreeable coworkers, and opportunities to publish
and attend society meetings. Salary is not the strongest motivator as long as salary decisions are
perceived as fair and compensation, though less than the private sector in many instances, is
reasonable.

Outstanding performers must be treated better than mediocre or poor performers. The top staff
should be rewarded with bonuses and more opportunities to travel and to publish. Poor
performers should be put on probation and given a detailed work plan that, if fulfilled, could
raise their performance rating. Failure to meet the plan should lead to termination. History shows
that even when given a personnel policy that requires such performance distinctions to be made,
many mid-level managers tend to give mostly average or somewhat above-average ratings
because differentiating more strongly could lead to messy appeals and other adverse personnel
actions. Many managers are not willing to put up with these human resources issues.

Managers must show appreciation for the work of their most effective senior technical staff, but
they do not always do so. We recently examined the status of the Army’s corps of Senior
Technical Professionals (ST). The STs represent non-managerial personnel who are performing
at the highest levels in their fields of science or engineering. The Army currently has about 40
such individuals; they have deep knowledge of their fields and are a source of technical counsel
to managers and younger staff. Yet we found that not all Army STs are utilized as key members
of their organizations. Some do not have any base funds and must sell their talents to external
sponsors every year. They are not often involved in planning the technical work of their
organizations. Their protocol level in the Army is equivalent to that of a member of the Senior
Executive Service (SES) or of a general officer, but they are not treated as such. The Army is
wasting tgeir talents and potential. We have offered recommendations to ASAALT to correct this
situation.

° Private communication to the Deputy Assistant Secretary of the Army for Research and Technology, February
2010.
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A recent example from the National Security Personnel System (NSPS) is instructive. The
Congress gave DOD authority to transfer employees into a new personnel system (NSPS) that
called for tying salary to performance ratings. Automatic step increases that occurred in the old
system were dropped. In the new system, average performers would only receive cost of living
adjustments; poor performers would get no increases and would eventually fall behind their
contemporaries. This system is similar to that used in many companies in the private sector.
However, employee unions complained that the new system placed employees at the mercy of
arbitrary decisions by supervisors. They made such strong protests that eventually the
experiment at DOD was cancelled, and NSPS no longer exists. However, the Congress directed?
DOD to create a new performance management system designed to reward high performers yet
avoid some of the pitfalls encountered with NSPS. This system is still in development.

It is interesting to note that some military laboratories were exempt from NSPS and remained
under experimental personnel systems designed for the laboratories. These systems have many of
the features of NSPS but confer somewhat more authority to laboratory management than did
NSPS. Higher authorities control these laboratories in terms of how many positions laboratories
may fill and how much money the laboratories receive. Managers would prefer, given the
program plans in the budget and laboratory funding, to be free to hire as many people as they
deem necessary to perform the mission and can afford. Again, this is may not be feasible in the
Federal Government.

Other Ways to Acquire the Best and the Brightest. Sometimes the Government’s usual
method of hiring employees is too cumbersome for a particular position, but other hiring
processes are available. One is a noncompetitive authority™* for hiring STs, including those who
are otherwise out of reach for the Government. These positions are generally the equivalent of
the SES or general officer rank. The positions are not supposed to be managerial. Another
mechanism under the Intergovernmental Personnel Act (IPA) is an arrangement’? whereby an
employee of a non-Federal entity may be detailed to a Federal agency and have most of the
rights and privileges—such as supervising others—of the agency. These employees, deemed
IPAs, come for a time not to exceed 4 years—2 years plus an option for the second 2 years. The
IPA may subsequently be hired for a regular government position, excepted or regular. IPA
positions are used in many agencies that want to have a high rate of turnover, such as program
managers at the National Science Foundation or DARPA, where fresh insights are needed for the
work. IPAs can certainly be used at the Army laboratories.

Some laboratories participate in the National Research Council’s (NRC) Research Associate
program for post-doctoral individuals (post-docs). (Other such post-doc programs include one
conducted by the American Association of Engineering Education, which some military
laboratories use.) Intended for post-doc appointments for 1 or 2 years, the NRC vets the
Associate and matches him or her to requests for specific talent from the participating
laboratories. Laboratory management can accept or reject a particular applicant. During the
appointment, the post-doc can evaluate the laboratory for permanent employment, and the
laboratory can evaluate the post-doc for suitability for its programs. Conversion to permanent
employment is noncompetitive because the competition has been held at the NRC. These post-

9 pyblic Law 111-84, Section 1113(d).
" See 5 U.S.C. 3104,
12 Intergovernmental Personnel Act of 1970.
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docs are among the very best candidates for the laboratories; experience has shown that about
half of the post-docs are converted to regular permanent government appointments and represent
a key cadre of researchers. Expanding this mechanism to cover more hires of PhDs would make
sense.

Another option is for the laboratories to sponsor graduate work for promising young employees,
including undergraduate interns. DOD operates a program that sponsors study for masters and
doctorate degrees in science, mathematics, and research for transformation (SMART).
Candidates may be for existing employees and for applicants from outside DOD. The recipients
must commit to work in DOD programs after the degree program is completed.™

Visiting personnel from other government entities and from company and university laboratories
can bring relevant expertise as well. Sometimes such visitors are part of a personnel exchange
program in a formal research collaboration. Moving people is the best way to transfer
information back and forth. The Army Research Laboratory’s (ARL) Collaborative Technology
Alliance (CTA) program includes a requirement for such personnel exchanges. These
movements help keep personnel aware of the details of the technical work and the challenges
that arise. Intimate collaboration in programs is a way of broadening the horizons of a laboratory
and at the same time raising its visibility.

Leadership of the Laboratories. Effective leaders will ensure the laboratory’s mission is clear;
define a vision for success; and secure the necessary staff, funds, facilities, and equipment. They
will oversee laboratory operations and represent them to the customers, Army overseers,
Government, and public at large. Laboratory leaders should have an appropriate technical
background and be able to strike a balance between defining the goals of the laboratory and
micromanaging the details of the technical work. They should maintain awareness of progress by
interacting with the staff in their workplaces but avoid telling them what to do. The selection of
laboratory directors should be based on a mix of leadership skills and record of accomplishment
in laboratory research. Aggressive National searches for candidates should be required for SES
positions.

The Importance of Basic Research Programs. Ideally, a research laboratory should conduct a
mixture of programs in basic research, applied research, and development. Basic research is
important in providing a solid basis for the applied programs to come, attracting new PhDs and
post-docs, and giving a laboratory the opportunity to expand into new areas. Basic work usually
leads to associations with universities and thereby broadens the competence of the laboratory.
We believe any Army laboratory should perform some basic research; the amount needed is
debatable. We think a good balance among the S&T areas is something like the following:

o Basic research: 15 percent
e Applied research: 35 percent
o Advanced development: 50 percent.

These are not hard and fast numbers, but they do indicate what is needed and have withstood the
test of time. Some Army laboratories meet this ratio; most do not.

3 See “SMART Scholarship,” American Society for Engineering Education at http:// smart.asee.org/
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Assessment of Laboratory Quality. Assessments of the Army laboratories should be a
continuing process. Effective assessments will reveal the kinds of improvements management
should consider. One model of assessment (see ref. 8) considers three facets of a laboratory:
quality, customer satisfaction, and relevance to Army needs. We consider quality assessment
first.

Quality. We can assess technical quality as new work is proposed, as the research is in progress,
and when the work is completed. Independent technical experts, usually external to the
laboratory, should review technical quality. Experts designated by ARO always evaluate
research proposals for external research grants. For proposals for work internal to the
laboratories, the usual practice is for management and perhaps senior scientists and engineers at
the laboratory to perform the review. Large proposals must be defended in the budget
formulation process. New starts related to specific military needs are developed in concert with
the Army Training and Doctrine Command (TRADOC). The laboratory director and designees,
usually within the laboratory, review proposals to a laboratory director’s discretionary fund for
quality. Decisions are made on a number of criteria: the scientific basis, ability of the proposer to
accomplish the task, relevance as a high-priority need for the warfighter, and laboratory
resources to do the work. Often, the question is whether it is better to stop something to address
the new work. In many environments, the budget and the staffing are zero-sum games; that is,
there is usually no additional money for new thrusts, so some other program must give up some
of its funding. Management regularly assesses the quality of work in progress. In addition, an
outside review is desirable to gain another perspective and an independent evaluation of the work
quality, staff, environment, and infrastructure. Our report on peer review for laboratories™*
summarizes the practices at a number of comparable laboratories. There is no one preferred
model. Some laboratories contract with outside groups to conduct the entire review process—
from selecting the reviewers to making meeting arrangements and preparing and vetting the
report. Others conduct their own review, sometimes using external experts. Some do not conduct
an explicit peer review but rely on internal periodic briefings. Using an external contractor with
high credibility, such as the NRC, tends to ensure the report will be believable; internal reviews
are less credible. Our analysis produced the following recommendations:

e The Army should establish a policy that the laboratories contract with outside groups to
convene peer review panels and manage the review process.

o Panels of experts external to, and independent of, the laboratory should perform the
review.

e Membership on the panels should be for definite terms; conflicts of interest should be
addressed.

e Reviews for a given component of a laboratory should be done every 2 or 3 years.
e Reviews should cover technical details at the project level.

e The panels should also assess the quality of the staff, the management environment, the
equipment, and the facilities.

e The panels should provide feedback to the laboratory staff and provide formal written
reports.

14 John W. Lyons and Richard Chait, Strengthening Technical Peer Review at the Army S&T Laboratories, Defense
& Technology Paper 58 (Washington, DC: CTNSP, National Defense University, March 2009).
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Under some circumstances, the chair of the external evaluation team may discuss the findings
with senior leaders in the Army, the Office of the Secretary of Defense (OSD), and, perhaps,
congressional committees. An additional advantage of having external experts visit the
laboratory is that interactions with these knowledgeable visitors broaden the staff perspective.
We believe external peer review is very important in helping the laboratory strengthen its work
and establish a reputation for its concern for technical quality.

The third kind of quality review is for published work. For Army reports, each laboratory should
have an internal review process. For papers submitted to archival journals, there should be two
reviews—an internal review in the laboratory and an external review by experts that is arranged
by journal editors. Journal review usually leads to valuable suggestions for the authors to add to
or change portions of the paper. Publication in refereed journals is another way of calling
attention to the laboratory and its staff and can aid in nominating staff members for various
prestigious external awards and recognitions.

One of the authors (JWL) was at NIST for two decades and had the opportunity to observe
NIST’s evaluation program. For 50 years, NIST (formerly the National Bureau of Standards
[NBS]) has contracted every year with NRC to perform an external peer review of NIST’s
laboratory programs. These reviews are based on annual visits (recently changed to biennial)
arranged by the NRC Board on Assessment of NBS; expert panels perform the reviews—one for
each of the major organizational components. The results are published by the National
Academies. Part of the review is to see how well the laboratory has addressed the
recommendations in the previous report.

NIST was established as NBS by an Act of Congress in 1901. Part of the Act was the creation of
a statutory visiting committee (VC) to review the status of NBS and report annually to the
Secretary of Commerce and the Congress. The VC is concerned with broad issues of the
laboratory as a whole. Until recently, at one of its meetings each year, the VC received an oral
report from the chair of the NRC Board on Assessment as to the health of the technical work.
The chair of the VC meets with the Secretary of Commerce annually. It had been the practice for
the chair of the VC and the chair of the NRC board to testify together at hearings before the
authorizing committees for NIST at both houses of Congress. Thus, NIST is assessed from the
point of view of technical quality and policy concerns of the stakeholders at Commerce and
Congress. The exposure also enhances the reputation of NIST.

The customer base for NIST is the worldwide scientific and engineering community, which is a
broad and diffuse clientele. NIST has not attempted formal surveys of all these clients but rather
relies on comments from the NRC reviews and the information gained from the many visitors to
the laboratories and to management.

Customer Satisfaction. Customers want quality work that is timely and sharply focused on their
requirements. Some are paying customers, and others receive the laboratories’ products simply
as part of the Army structure with no exchange of funds. The warfighters are the ultimate
customers of the Army laboratories. However, most of the laboratories’ results are transmitted to
other laboratories or to the acquisition community’s program managers. ARL, the corporate
laboratory for the Army Materiel Command (AMC), sends most of its findings through the
Research, Development, and Engineering Centers (RDEC), which in turn support the program
managers and, sometimes, the contractors.
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ARL surveys customer satisfaction annually. The technical directors of the RDECs meet at ARL
every year to review the program and discuss issues they may have with the laboratory. In
addition, the RDECs make unofficial contracts with ARL covering some portion of the applied
research (6.2). These contracts provide a good focus for the evaluation. In turn, the RDECs meet
regularly with sponsoring program executive officers (PEO) and program managers to review
progress against their goals. Relevance and timeliness are always a concern.

Stakeholders. Stakeholders are groups at the senior policy level with a vested interest in the
laboratory. At NIST the stakeholders are represented by the VC and the four congressional
committees that handle authorization, oversight, and budgeting. At ARL, there was, until very
recently, a stakeholder group consisting of three-star generals at the deputy chief of staff level
and chaired by the four-star commander of AMC. This group met annually to discuss policy
issues and the status of major program thrusts. (When ARL was placed under the new Research,
Development, and Engineering Command [RDECOM], the stakeholder group was
disestablished.) The Army laboratory management has no direct contact with top leadership at
DOD or with the Office of Management and Budget (OMB) and the Congress. Other
stakeholders include TRADOC, its schools, and other commands based on their interest. The
Combatant Commands (COCOM) are stakeholders as well. The AMC office occasionally
schedules visits by laboratory staff to some of the COCOMs.

Adequacy of Funding for Basic Research and Recapitalizing Research Equipment. Two key
attributes of a laboratory are the extent of its basic research program and the state of its research
equipment and the facilities. In one report,”> we investigate the investment in these two areas.
We believe a strong program in basic research is critical for an R&D laboratory. The exact level
required for effectiveness can be debated. We have considered 15 percent of a laboratory’s total
funding to be a good target. The reasons for having this amount of basic work include (1)
pushing out the frontiers of knowledge in topics of high interest to the Army, (2) providing a
sound underpinning to the applied work, and (3) keeping staff in touch with research leaders
around the world through publication and scientific meetings. The presence of a strong basic
research program facilitates the hiring of bright new PhDs because they will view the basic work
as very similar to the research done for a PhD degree.

The three laboratories that are focused on research—ARL, Engineering Research and
Development Center (ERDC), and Army Medical Research and Materiel Command (MRMC)—
all have 15 percent or more of 6.1 funding. The RDECs have considerably less—some even have
none. Some argue that these development laboratories do not need 6.1 funding. But, for the
reasons just presented, enough 6.1 funding to mount strong projects is necessary for the health
and standing of these laboratories. We have suggested that the RDECs and related centers should
have 6.1 funding at a level of 5 percent of in-house R&D funds, or preferably more. (One issue,
however, is that there may be a level below which managers do not become skilled at managing
6.1 research. We do not know what this level is.) We have also observed that a laboratory’s
culture has an important effect. If senior managers support basic research, the staff will
participate by submitting proposals. If management is indifferent, the staff will be as well.

15 John W. Lyons and Richard Chait, Assessing the Health of Army Laboratories, Funding for Basic Research and
Laboratory Capital Equipment, Defense & Technology Paper 72 (Washington, DC: CTNSP, National Defense
University, September 2010).
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Infrastructure Funding. We said earlier that the quality of laboratory equipment and the
facilities for performing R&D attract new staff. In one paper (see ref. 15), we assess the funding
for capital laboratory equipment at the Army laboratories, as well as at other government
laboratories and one industrial laboratory. The basis for assessment is shaky at best. The
definition of capital equipment varies; the role of sponsors in buying capital equipment also
varies and is not clearly reported; and the calculation may be based on core funding, total in-
house funding, or total funding. These variations make assessments uncertain. However, the
Army figures are internally consistent and are based on core funding. The three corporate
laboratories—ARL, ERDC, and MRMC—report from 7 percent to 11 percent spending on
capital equipment. These figures compare favorably to those from NIST. NRL bases capital
funding on total in-house funding, yielding about 2 percent. When computed based on core
funding, this figure rises to near 9 percent, which is comparable to the Army corporate
laboratories. The funding for the Army RDECs is substantially lower. However, some of the
RDECs receive equipment funded by their sponsors; we did not obtain these figures.

ARL and NRL estimate that the recapitalization rate for equipment is about 60-70 years! The
useful life of laboratory equipment is far less than this, suggesting that technical work is often
done on equipment that is very old in origin but has been repeatedly upgraded. We believe that
up-to-date capital equipment is essential for performing high-quality work and attracting high-
quality employees. To evaluate how Army laboratories are faring in this regard, the lack of a
common set of definitions must be addressed. We recommend that a new study be done on the
Army laboratories based on clear definitions and assumptions. We also urge that independent,
external experts assess the status of laboratory equipment as part of regular peer reviews.

As for facilities funding, we earlier noted that the competition for military construction funding
strongly tilts toward funds for soldier needs as opposed to laboratory needs. Were it not for the
Base Realignment and Closure (BRAC) activities of the last 20 years, the funding situation for
facilities would be even worse. However, we did not assess this.

Conclusions:
1. The most important asset of a laboratory is its personnel.

2. A strong program of basic research will ensure the laboratory is pushing the frontiers and
exploring new areas. Basic research also is an attractor for hiring new staff from graduate
school and bringing in post-doc associates.

3. Regular assessments of laboratory quality provide the basis for quality improvement. These
assessments comprise peer reviews by external experts, customer reviews for timeliness and
relevance, and stakeholder reviews for resource adequacy and program priority.
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CHAPTER V. PLANNING THE S&T PORTFOLIO

Although we did not set out to study the Army’s planning of its S&T portfolio, our reports
contain a number of studies that relate directly to planning. Some of the studies look back at
what has been done, thereby revealing lessons for the future. In other studies, we have proposed
new ways to plan and conduct the S&T program. We begin with what has been done, including
interviews with soldiers, past attempts at forecasting technology, and relations with other
laboratories and industry. We then consider current efforts and present an analysis of the benefits
of collaboration, sometimes on a global scale. Finally, we present the advantages of technology
forecasting using concepts of converging S&T and urge that the Army use this approach.

A Look Back. In two papers,*® *" we discuss the interview and polling results from returning

veterans, mostly from Iraq. We sought their comments on the efficacy of the technology they
used in stabilization and reconstruction activities, particularly related to gaps in the technology
that they would like to see filled.

Soldiers agreed that there are significant problems in urban environments that current technology
could not overcome. These problems include difficulty in tracking friendly forces; difficulty in
handling vehicle traffic; poor non-line-of-sight communications; and lack of integrated planning
for operations involving both military and non-military operations, such as convoy movements in
cities. There are problems with tactical radio systems operated by our military and by our
coalition and host-nation partners. Lack of language translation support continues to be a
problem. Situational analysis in urban environments is difficult because GPS in complex
situations does not work very well. Soldiers cannot use their most potent weapons platforms,
such as the Abrams tank, in urban combat for reasons of collateral damage.

Soldiers manning checkpoints need better ways to identify individuals on the spot and more
security when conducting security checks. Soldiers reported problems with conflicts in air space
management, as well as poor availability and high cost of using unmanned aerial vehicles
(UAV). Soldiers appreciate the new technologies regarding information availability but are
concerned with potential information overload. They also complained about the number and
weight of batteries they must carry. Power systems are needed for temporary and permanent
bases.

Existing S&T programs are addressing some of these problems; other programs need new or
increased efforts. For example, the Army has long conducted research on the battery problem
and, lately, enhanced work on fuel cells. Research on power and energy challenges is occurring
for forward operating bases.*® For our second paper (ref. 16), we developed a set of use cases

18 Richard Chait, Albert Sciarretta, and Dennis Shorts, Army Science and Technology Analysis for Stabilization and
Reconstruction Operations, Defense & Technology Paper 37 (Washington, DC: CTNSP, National Defense
University, October, 2006)

7 Richard Chait, Albert Sciarretta, John Lyons, Charles Barry, Dennis Shorts, Duncan Long, A Further Look at
Technologies and Capabilities for Stabilization and Reconstruction Operations, Defense & Technology Paper 43
(Washington, DC: CTNSP, National Defense University, September 2007).

18 John W. Lyons, Richard Chait, and James J. Valdes, Assessing Army Power and Energy for the Warfighter,
Defense & Technology Paper 81, (Washington, DC: CTNSP, National Defense University, March 2011).
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and presented them to warfighters at Fort Benning.'® That paper presents a discussion of
technologies for battle command followed by a discussion of the status of many technologies of
general interest to the Army, including electronics, sensors, power sources for the individual
soldier, basic research in advanced materials, robotic systems, combat casualty care, and a
synopsis of work being done by the Army on technology for battle command at the system level.

Figure 3 summarizes these discussions. It presents the needed capabilities across seven
technology areas. The objective of this work was to help decisionmakers in the Army S&T
program gain insight into warfighter views and modify the S&T work accordingly.
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Figure 3. Technologies—Capabilities Map in Summary (from ref. 17, p. 70)

Collaboration. Two papers (see ref. 20 and 22) discuss the advantages of collaboration between
Army laboratories and efforts elsewhere in the Government and overseas. One discusses the
interactions between the Army laboratories and the research programs in industry conducted
under the IR&D program.?’ The Congress established this program to stimulate R&D by DOD
contractors with a focus on future defense systems. Until 1992, Army experts evaluated each
project in a program. In 1983, for example, there were about 30,000 evaluations on 10,000
projects. This meant that the military had a very detailed picture of the industrial work being
done. But the reviews were deemed too burdensome, and the evaluation requirement was
dropped. Inevitably, DOD’s knowledge of the industrial work has since declined; some
laboratories have little or no idea of what is currently going on in their areas. Other laboratories

19 A use case presents a scenario with a set of explicit actions that must be accomplished to complete the mission.
The capabilities required are then compared to available solutions — in our cases, technology gaps. At Benning there
were lengthy discussions that gave a sense of the soldiers’ priorities. An example was information overload; another
was the need for persistent surveillance. The soldiers were worried about the ability of telecommunications to enable
“a high degree of micromanagement from higher echelons.” They also emphasized that proper training is necessary
for soldiers to benefit from technology; they said in some cases training on new technologies being introduced in
theater was too brief and superficial.

2 John W. Lyons, Richard Chait, and Jordan Willcox, Improving the Interface between Industry and rmy Science
and Technology, Some Thoughts on the Army’s Independent Research and Development Program, Defense &
Technology Paper 33 (Washington, DC: CTNSP, National Defense University, June 2009).

20



make an effort. One is the Army’s Communications and Electronics RDEC (CERDEC); another
is the Air Force Research Laboratory (AFRL). These have formal programs to foster meetings
between government experts and their counterparts in the IR&D programs. In addition, the Navy
has created a program not tied to IR&D but that develops the same understanding. The program
also explicitly requires the Navy participants to brief their industry counterparts on Navy
programs and needs.

We found (see ref. 20) that the Army is likely losing valuable information that could enhance
Army S&T programs. We recommended that Army laboratories set up information exchange
programs with their industrial counterparts much as CERDEC has done. These programs need
not be tied to the IR&D program.

In another paper, we discuss collaboration and the effects of globalization on the conduct of
research.”? A potential side benefit of collaboration and globalization is increased return on
investment (ROI) on the military research done by the military partners. The paper begins with a
discussion of a variety of forms of collaboration,
ranging from informal individual pairings of
researchers to formal long-term relationships with
centers of excellence. The CTAs at ARL are true
partnerships between consortia of companies and
universities to carry out long-range basic research
programs in specified areas. An example area is that
of micro-autonomous technology systems (see Figure
4). The CTAs are structured so ARL is actively
involved in planning and execution. Also, staff
rotation between ARL and the consortia members is
required. This rotation facilitates early information
exchange and, ultimately, technology transfer to the Figure 4. A Microrobot Typical of

Army. ARL also has an international version of the  the Focus of ARL’s CTA in Micro-

CTAs with the United Kingdom. These collaborations  Autonomous Technology Systems®

differ from the more traditional centers of excellence, such as multi-disciplinary university
research initiatives (MURI) and university affiliated research centers (UARC). The Army’s three
large centers of excellence—soldier nanotechnology, collaborative biotechnology, and creative
technology—do not involve Army technologists in day-to-day operations. The centers are more
or less at arm’s length from the in-house research laboratories. Efforts should be made to tie
these UARCs closely to the Army in-house S&T programs.

The international collaboration agreement with the United Kingdom may be the beginning of
more global agreements that will extend the horizons of the Army laboratories. We review the
pros and cons of international work in our paper (see ref. 22). Of concern is always security.
Basic research, usually considered open, is easiest to justify. However, there are some countries

2 Photo is from http://www.wired.com/dangerroom/2008/04/usually-our-dys/. Information on the CTA can be had
from Dr. Joe Mait, ARL, Adelphi.

22 John W. Lyons, Army R&D Collaboration and the Role of Globalization in Research, Defense & Technology
Paper 51 (Washington, DC: CTNSP, National Defense University, July 2008).
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where DOD has prohibited any collaborations in research. Berry and Loeb have urged that this
restriction for China be removed for basic research.?

ROI in S&T. Stimulated by a U.K. Ministry of Defence (MOD) study on the ROI of its S&T
work,?* CTNSP was asked by its Army sponsor to look into the paper and offer a critique. The
result was a set of three publications on the topic. There has been a great deal of effort by micro-
economists to quantify the results of R&D. Doing so is relatively easy if one looks back far
enough that a new product or process has matured and was based on identifiable technical
contributions. Quantifying R&D results is very difficult to do in the near term, however, because
financial impact usually comes years after the technical work is finished. The MOD study
attempted to compare the ROI for battle tanks from different countries in terms of the countries’
R&D investment relative to the capabilities of the resulting tanks. The study used panels of
experts to judge the capabilities of the tanks in pairs. The judgment deemed whether each
member of the pair was comparable to, better than, or poorer than the other. But this study did
not differentiate between the quality of the differences; for example, the same result would have
been obtained if a tank was a little better or a great deal better than the other in its pair. We
decided to take another tack.

ROI analysis in the Government is not motivated by financial gains as much as by performance;
there is no profit incentive. The Army can look at the value of benefits from its S&T program, if
they can be quantified, compared to the S&T investment. Another approach is to estimate the
costs incurred if no research is done; a third approach is to try to identify scientific measures of
merit, which is useful in assessing basic research. These are discussed in the first of two reports®
(see ref. 25 and 26). Cost is available in the records of the budget office, but benefits are not so
easy to calculate. Sample benefits include risk reduction (improved survivability), capability
enhancements (more lethality), and cost reduction. The value of the first two is difficult to
quantify, whereas cost avoidance can be calculated. To estimate the potential of a given project
proposal versus the likely benefits, one needs to estimate the probability of technical success by
considering such factors as technical probability, probability of successful transition from the
laboratory to the acquisition community, likelihood of fielding the results, and estimated length
of time the result would ensure predominance over possible adversaries.

To test these estimations, we developed scenarios using microrobots for searching in-tact and
demolished buildings and setting up perimeter defense for a special operations unit. Only the
searching of buildings was proposed for the first test, which set the stage for the second paper.
The second paper®® presents the results of exercising the use cases at Fort Benning, Georgia.
Since the technology had yet to be developed, a thought experiment (Gedanken) was conducted

2 William Berry, Cheryl Loeb, China’s S&T Emergence, A Proposal for U.S. DOD — China Collaboration in
Fundamental Research, Defense & Technology Paper 47 (Washington, DC: CTNSP, National Defense University,
March 2008).

¢ AJ. Middleton et al., The Effect of Defence R&D on Military Equipment Quality, Defence and Peace Economics,
Vol.17, No. 2 (April 2006).

% Albert Sciarretta, Richard Chait, Joseph Mait, and Jordan Willcox, A Methodology for Assessing the Military
Benefits of Science and Technology Investments, Defense & Technology Paper 55 (Washington, DC: CTNSP,
National Defense University, September 2008)

% Albert Sciarretta, Joseph Mait, Richard Chait, Elizabeth Redden, and Jordan Willcox, Assessing Military Benefits
of S&T Investments in Micro Autonomous Systems Utilizing a Gedanken Experiment, Defense & Technology Paper
80 (Washington, DC: CTNSP, National Defense University, January 2011).
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with a team of technical personnel from ARL, members of the ARL CTA on micro-autonomous
systems, and soldiers with experience in small unit combat operations. The experiment involved
the three scenarios posed in the first report (see ref. 25): clearing a building, defending the
building once cleared, and dealing with an explosion in an urban setting with snipers present and
possible insurgents in the local population. The S&T participants learned many things from the
warfighters that changed the S&T perspective. The interactions benefited the soldiers and the
researchers in documented ways. There is no question that the joint exercise between research
staff and experienced combat soldiers sharpened the focus of the research program and guided
future work. The Gedanken Experiment with the combination of soldiers and technologists has
been judged a success; more such experiments are being contemplated for other areas. For
example, one on network science in small unit operations has just been completed at Fort
Benning. Participants in these experiments have been enthusiastic and supported more such
exercises. Appendix D has a summary of the latest Gedanken Experiment. Because of
technologists” close collaboration with warfighters, Gedanken Experiments are likely to find a
permanent role in planning the S&T portfolio.

Technology Forecasting. The Army conducted a full-scale effort in 1992 known as STAR 21 to
forecast developments in S&T.?” We assessed that report through interviews with SMEs to see
how well the predictions held true and documented our results in a paper.®® As might be
expected, some predictions were right on target, and some underestimated progress (e.g., in
optoelectronics and photonics and manufacturing at the nano-scale). Some projections were
overly optimistic; some were outright wrong. One or two were, in our estimation, way off the
mark (e.g., the use of ground- or space-based free electron lasers for destroying missiles). STAR
21 missed some important areas: the evolution of computing and the Internet, the wireless
revolution, information security, information overload, and micro-UAVs. Nonetheless, it was a
valuable exercise in terms of educating the nontechnical people overseeing and funding the S&T
enterprise. STAR 21 also influenced the thinking of the S&T managers. We recommended
another round of forecasting occur. In our paper (see ref. 28), we recommend that such
forecasting be done at least every decade and that it be broken up into sections conducted in a
rolling manner so all sections are not forecast at once. We also recommend that areas with
similarities be grouped together; the same was suggested for basic sciences with their related
technologies. We believe that more participation by Army SMEs can bring to the proceedings a
better understanding of Army challenges. The Army at the level of DAS(RT) decided to pursue
these recommendations, so we undertook studies on current methods of forecasting and made
recommendations in two succeeding documents.”® We urged that the next studies be done by the
three services working together under the Assistant Secretary of Defense for Research and
Engineering and proposed that a relatively new concept based on the convergence of individual

%7 National Research Council, Star 21 — Strategic Technologies for the Army of the Twenty-First Century,
(Washington, DC: National Academies Press, 1992).

%8 John Lyons, Richard Chait, and Jordan Willcox, An Assessment of the Science and Technology Predictions in the
Army’s STAR 21 Report, Defense & Technology Paper 50, (Washington, DC: CTNSP, National Defense University,
July 2008).

2 John W. Lyons, Richard Chait, and James J. Valdes, Forecasting Science and Technology for the Department of
Defense, Defense & Technology Paper 71, (Washington, DC: CTNSP, National Defense University, December
2009); John Lyons, Richard Chait, and Simone Erchov, editors, Improving the Army’s Next Effort in Technology
Forecasting, Defense & Technology Paper 73, (Washington, DC: CTNSP, National Defense University, September
2010).
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areas of science or technology could be more powerful than considering areas in isolation. As an
example, we presented a subset of one such study®® (see Appendix A) that consisted of
forecasting future convergences in four areas of biotechnology— convergences that could lead to
new, perhaps unanticipated, products and capabilities.

Unfortunately, the three services could not agree on launching a new tri-service series of
forecasts (the Navy and the Air Force had also published forecasts in the 1990s similar to STAR
21), so the Army decided to proceed with its own forecasting. The second paper in ref. 29 details
how such studies might be done. The concept involves selecting several separate sciences or
technologies closely enough related to provide possible convergences and studying them
together. We decided to couple the forecasts to desired outcomes as given by TRADOC. With
such outcomes or capabilities in mind, the forecasts would look for convergences that would
enable the realization of the desired capabilities.

Experts in four fields contributed essays from their fields. The paper contains two examples of
physical sciences and engineering: one in the human dimension and one in virtual presence,
enhanced sensing, and augmented autonomy; and two examples of basic science: one on
mechanochemical transduction and one on quantum information science. In each of the four
cases, in addition to presenting the technical details of the several related disciplines suggested
for forecasting, we included a chart showing the possible evolution from the separate areas to
convergence to products or capabilities that would realize the desired outcomes. In the case of
human dimension, six areas—physics, materials science, mathematics, neuroscience,
biochemistry, and pharmacology—are predicted to evolve through two intermediate steps to deal
with preventing or treating post-traumatic stress disorder. The paper concludes with a suggested
methodology for conducting such studies and suggested ways of presenting the results. In it, we
urge the Army to undertake a test case that could provide a template for further studies.

ASAALT accepted our suggestion for a pilot study, and ARO agreed to manage a study on
mechanochemical transduction—a new area of interest in the chemical and materials sciences.
ARO very recently conducted the workshop, where academics from departments of chemistry
and materials science and engineering participated along with people from ARO, CTNSP,
ASAALT, ARL, Tank and Automotive Command, and TRADOC. The objective of the
workshop was to demonstrate the utility of the approach and to provide a template for future
technology forecasts. The academics presented 5-minute talks on their research related to the
topic; the group then split into two breakout locations to develop forecasts in their specialties and
to look for potential convergences to provide new and perhaps unexpected opportunities.
Participants were instructed to keep in mind the Army’s priorities for new capabilities. For more
on the workshop, see Appendix C.

One area that would benefit from a convergence forecast is power and energy for the warfighter.
In the paper in ref. 18, we urge that a convergence forecast be conducted in this area. We
recommend that a more holistic approach be taken, especially for isolated forward combat
operations posts. The idea of holism, taking into accounts all aspects of a situation or system, is
consistent with the idea of convergence, which attempts to add dimensions to the forecasts. In
addition to suggesting a forecast, the power and energy report notes serious problems in

% Unpublished information from James J, Valdes, CTNSP, National Defense University, Washington, DC.
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calculating the fully burdened costs of energy on the battlefield and urges that the military apply
more sophisticated expertise in doing such analyses.

It is difficult to launch new
approaches to power and energy on . True Cost of Fuel
the battlefield without knowing the Delivered to Army Battlefield Assets

economics of the current approaches.
In ref. 18, we also propose that the
Army mount more basic research in
this area and tie the sponsored
academic research at ARO more
closely to the applied work at the
Army laboratories. Finally, it is worth
noting again that the Army does not Delyered Price)
seem to be aware of several relevant ’
studies by NRC. For example, one , /

Army white paper®? does not cite any T T T T
of the several recent comprehensive 1200 Range, Kilometers

: 33
studies by NRC. Figure 5. Chart From a Study by ARL™ (AOE
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Computing (HPC) to Strengthen as of 1998; Army XXI represents the planned
the Development of Army Systems. digitized Army as of 1998; AAN [Army After Next]
We have recommended that the Army is a projection into the next century)

conduct a technology forecast on the use of HPC in the design and development of Army
systems.** HPC is maturing as a tool in more than just research—it is being applied to all sorts of
technical problems, including product design, manufacturing, data mining, and management of
large data sets. We believe that if the Army adopted the use of HPC in modeling and simulation
of new products and systems, it would reduce the time and cost of acquisition. Developing
computer modeling and then experimenting with the models on a computer can very much
abbreviate the time it takes to design a system. HPC can greatly reduce the time the old approach
requires to build prototypes, test and evaluate them, and repeat this cycle many times before the
final design is reached. Such experimentation on the computer is now recognized by many as a
third mode of research, added to theory and experiment. HPC systems began in the Army as very
sophisticated research tools used to address very complex problems in computation. At the time,
few supercomputers existed, and most technologists could not readily access them. This has
changed. HPC systems are more available now than ever and are easier to use. (See Figure 6 for

%1 The Impact of Fuel Efficiency on the Army After Next, ARL briefing FEAAN la, October 1998 available from the
office of the director, Sensors and Electron Devices, ARL, Adelphi, Maryland.

%2 Col. R. C. Effinger, Warfighter Challenges/Warfighter Outcomes, Presented at the Technology Planning
Conference, ARL at Adelphi, Maryland, May 2010; Army Capabilities Integration Center; Research, Development,
and Engineering Command; and the Deputy Chief of Staff, G-4, Power and Energy White Paper, published by
TRADOC, Fort Monroe, VA, April 2010.

* See John W. Lyons, Assessing and Predicting for Army Science and Technology, the second paper in Defense &
Technology Paper 12 (Washington, DC: CTNSP, National Defense University, March 2005, p. 44).

% John W. Lyons, Richard Chait, and Charles Nietubucz, The Use of High Performance Computing to Strengthen
the Development of Army systems, Defense & Technology Paper 43 (Washington, DC: CTNSP, National Defense
University, November 2011).
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one example of an HPC.) Because of the advent of the Internet and its fiber optics links, an
engineer can sit at his or her desk and work with an HPC system even though it is located in
another state or overseas. The software is improving and will be more scalable in the future.

Army systems are designed
cooperatively  through  Army
laboratories and centers, PEOs
and their program managers, and
contractors who are bidding on
the production work. When this
work is done on HPC systems
shared in real time over the
network, the overall time and
cost of the development cycle is
reduced significantly. In one case
study reported by industry, this
savings was a factor of three in
the overall development time.®
Adopting this approach to

Figure 6. The IBM Blue Gene P Supercomputer Runs at
Petaflop Speeds

developing Army systems or modifying existing systems can produce savings in both time and

money in the acquisition process.

We believe Army S&T program planning will benefit from adopting the above suggestions.
Some of these require simple instructions through the management chain from ASAALT. Some
may require policy memoranda from ASAALT in coordination with affected commands. Some
may require additional resources and funding reallocations. But all are straightforward actions
based on experiences in other respected R&D programs.

Conclusions:

1. Close interactions with soldiers improve the usefulness of Army S&T. Understanding
deficiencies in technology on the battlefield by talking to returning soldiers sharpens the
focus of research programs. The value of use cases and thought (Gedanken) experiments
have been shown to be helpful in analyzing and planning.

2. Formal collaborations with academe, industry, and other public laboratories are used
increasingly in Army research. The Army does not have a good understanding of the industry
work done under the IR&D program. This is a missing value.

3. Technology forecasting is of value to managers of S&T; the last major forecast for the Army
was done in the early 1990s. A new approach involving the study of potential convergences
of various S&T disciplines has been adapted for Army research. A pilot study has been
conducted and should lead to a template for broad forecasting in the future.

4. The Army should increase the use of HPC, especially in system design and development.

% Loren Miller in Goodyear Puts the Rubber to the Road with High Performance Computing, case study available
from the Council on Competitiveness, Washington, DC. 2010; for more details see Loren K. Miller, Simulation-
Based Engineering for Industrial Competitive Advantage, Computing in Science & Engineering, May/June, 2010.
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CHAPTER VI. MANAGING THE LABORATORIES—
INDIVIDUALLY AND COLLECTIVELY

CTNSP has recently given thought to the philosophy of, and guidelines for, managing R&D in
DOD laboratories. One study began after the Department of Homeland Security (DHS) asked
CTNSP staff with relevant DOD experience for advice on a series of issues that had arisen in
DHS. This request stimulated thinking about aspects of laboratory management that had not
previously occurred to members of the CTNSP group. The questions touched on areas we, as
long-time R&D managers, had taken as givens. The results of this thinking are useful for this
paper as well. A second study consisted of interviews with three retired directors of DOD
laboratories—one each from the Navy, Army, and Air Force—performed to obtain personal
opinions on and practices for dealing with issues these directors deemed important. Also, one of
the authors of the present paper (JWL) wrote a memoir on his experiences managing laboratories
in industry and in two government agencies. That paper considers a full set of management
challenges and discusses how he handled them.

DHS, which was formed after 9/11, needed to pull together a group of laboratories that DHS had
inherited from the various agencies from which its functions were drawn. These agencies had
diverse charters and experiences and were responding to new challenges arising from 9/11. DHS
sent us a list of questions focused on managing its R&D portfolio using risk management. By
this, DHS meant balancing potential payoff from a project with the potential for failure caused
by any of a number of negative factors or risks. In our first resulting report,®® we list 11 risk
factors taken from our experiences in DOD, such as the lack of sufficient expertise in the
technical staff and failure to secure adequate funding. We point to the need for relevance to the
mission and the lack of support from the customer. We also consider the difficulty of the
technical challenge—sometimes a project is just too hard or would take much too long.

Next, the report lists 10 components of impact when a project succeeds. These include value to
the mission, wide applicability of the results beyond the use of the sponsor, the addition of
valuable information to the knowledge base in the community at large, and avoidance of
technical surprise by being first with new results. For Federal laboratories, adding to the profits
of a sponsoring organization is not a factor. By applying arbitrary numbers to each of the risks
and impacts, we suggest that figures of merit can be given to a technical proposal. We also offer
a flowchart for decisionmaking based on these factors.

In a follow-up paper,®” we cover issues in management beyond project selection. Topics include
workforce management, relations with outside SMEs, relations with the ultimate user
community, balance in the program—especially long-term fundamental work (basic research) to
keep the laboratory at the cutting edge of S&T, ability to accept sponsored funding,
nonmanagerial career paths for top technical staff, excellent equipment and facilities, ability to
publish results and attend professional meetings, and independent outside peer review of the

% Samuel Musa, William Berry, Richard Chait, John Lyons, and Vincent Russo, Risk-Informed Decision making for
Science and Technology, Defense & Technology Paper 76 (Washington, DC: CTNSP, National Defense University,
September 2010).

%" Samuel Musa, Richard Chait, Vincent Russo, and Donna Back, Strengthening Government Laboratory Science
and Technology Programs: Some Thoughts for the Department of Homeland Security, Defense & Technology Paper
83 (Washington, DC: CTNSP, National Defense University, July 2011).
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laboratory’s ongoing work. The report concludes with discussion of leadership and a
differentiation between a manager and a leader. Ideally, a laboratory director should have
elements of both. Technical managers normally consider all of these factors when planning their
research portfolios.

Interviews With Former Executives of DOD Laboratories. We gained important insights
from a series of interviews with retired executives of the three service corporate laboratories:
NRL, ARL, and AFRL.*® Comments from a former senior official at the office of the Assistant
Secretary of Defense for Research and Engineering and from a book written by a former director
of that office elaborated on the executives’ views.>* All of the interviewees stressed the
importance of having a robust basic research program for the reasons already discussed. All
believe personnel are the key to laboratory success and that, therefore, managers must address
the factors that are important to research professionals, including a challenging mission; first-
class equipment and facilities; stimulating colleagues; supportive management; and freedom to
publish, obtain patents, and travel to technical meetings and laboratories with similar interests.

One of the interviewees (JWL) recently wrote a memoir of his 50+ years in R&D.*° In it, he
discusses in detail his experiences as an R&D manager at three different laboratories—one in the
chemical industry and two in the Federal Government. The memoir begins with a general
discussion of research in science and engineering intended as a primer on working in a
laboratory. The discussion is aimed at young people studying for a career and managers
responsible for R&D but who lack direct experience (e.g., senior executives in companies or the
Government who have a research function under them and who make decisions about budgets
and facilities). The rest of the memoir deals directly with the subjects discussed in this chapter.

Managing the Collection of Army Laboratories. The foregoing has been focused on managing
an individual laboratory and all the factors a laboratory manager should keep in mind to ensure
the laboratory remains strong and effective. An additional consideration when managing or
overseeing the set of Army laboratories includes placement of the laboratories in host
organizations—the level and additional lines of responsibility and oversight that may be needed.
The Army has three central laboratories: AMC’s ARL, the Corps of Engineers’ ERDC, and the
Army Medical Command’s MRMC. Their reporting level varies. AMC’s corporate laboratory,
ARL, reports to the AMC RDECOM, which in turn reports to the Commanding General of
AMC. There is no formal relationship between ARL (with its ARO) and the Office of the
ASAALT. At the Corps of Engineers, the Director of Research and Development at Corps
Headquarters also serves as the Director of the ERDC. In both positions, he reports to the Chief
of Engineers. The Army MRMC reports to the Army Medical Department, headed by the
Surgeon General. MRMC has within it five major research areas that are coordinated and report
to the Command’s office. Thus, one of the research functions (ERDC) reports directly to the
Commanding General of the major command, and the others report through intermediates levels.
NRL reports to the Chief of Naval Research and through him to both the Chief of Naval

% Richard Chait, Perspectives from Former Executives of the DOD Corporate Research Laboratories, Defense &
Technology Paper 59 (Washington, DC: CTNSP, National Defense University March 2009).

% Hans Mark and Arnold Levine, The Management of Research Institutions (Washington, DC: National Aeronautics
and Space Administration, 1994).

%0 John W. Lyons, Reflections on Fifty Years in Research and Technology, Defense & Technology Paper XX
(Washington, DC: CTNSP, National Defense University, in press, 2012).
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Operations and the Assistant Secretary of the Navy for Research, Development, and Acquisition.
AFRL reports to the Commanding General of the Air Force Materiel Command.

At NIST, the director also serves as the Under Secretary of Commerce for Standards and
Technology. The director is nominated by the President and confirmed by the Senate. He reports
directly to the Secretary of Commerce and interacts closely with the various committees of the
Congress. At NIH, the director is also nominated by the President and confirmed by the Senate.
He reports to the Secretary of Health and Human Services. These officials work directly with
OMB and with the responsible committees in the Congress. This makes realization—by direct
communication and formal testimony—of their organizations’ technical needs possible. In
contrast, directors of Army laboratories rarely have exposure to the people who control their
budget destiny.

In the private sector, the central research department of a corporation usually reports to a senior
vice president who may also be a member of the board of directors. This was true of the Bell
Laboratories, an independent subsidiary that reported to the board of AT&T. At IBM, the central
laboratory reports to a senior vice president. Titles at various companies include Chief
Technology Officer, Vice President for Science, and Vice President for Research—all of whom
are at the top of the reporting chain. These arrangements are typically in firms that depend on an
aggressive R&D program to remain competitive. The Army structure appears to keep the
laboratories, especially in AMC, at arm’s length from top decisionmakers.

Some Studies of Government Laboratories. There have been many studies of the
Government’s laboratories, many of which have been in DOD. Some studies consider the
placement of the laboratories in or out of the Government. Some consider breaking up the
assignments to the laboratories and hiving them off to various recipients. Others consider the
nature of the laboratories’ work; for example, basic research and creativity. One report considers
the National laboratories of DOE and makes sweeping recommendations for change in the
management paradigm (see the next section).

In a series of reports, the Defense Science Board (DSB) considers the defense laboratories.** The
DSB suggests that the laboratories make massive use of personnel under the IPA in lieu of civil
servants. DSB also suggests abolishing the laboratories, transferring the S&T work (6.1, 6.2, and
6.3) to universities, and transferring 6.4 and above to the acquisition community. Coffey et al.
have analyzed the positioning options.** They list four possibilities: government owned-
contractor operated (GOCO), federally funded research and development centers (FFRDC),
public-private partnerships, and government-owned corporations. Coffey et al. favor a
government-owned corporation similar to the Tennessee Valley Authority or the Saint Lawrence
Seaway Development Corporation. Perhaps a more useful model would be a state-owned
university. A university is more like a large Federal laboratory than the examples above.

! Report on the 1987 Summer Study on Technology Base Management,(Washington, DC: Department of Defense,
December, 1987); Defense Science Board Task Force on Defense Laboratory Management, Interim Report
(Washington, DC: Department of Defense, April 1994); Defense Science Board Summer Study on Defense Science
and Technology (Washington, DC: Department of Defense, amy, 2002).

2 T, Coffey, K. Lackie, and M. Marshall, Alternative Governance: Tool for Military Laboratory Reform, Defense
Horizons 34 (Washington, DC: CTNSP, National Defense University, November 2003).
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In 1993 the NRC’s Board on Army Science and Technology (BAST) studied, at the Army’s
request, four new organizational and management options that might be most suitable for the
newly established ARL.** They found that converting ARL to a GOCO would entail a sizeable
up-front cost and the resulting entity would be at arm’s length from the customer—the
warfighter. The BAST considered an enhanced ARL option and a NIST-like option. The BAST
focused on what it termed a multi-center option. This option would contract out up to roughly 70
percent of the technical work but keep a small staff of program managers and some technical
work. The model is a combination of the enhanced ARL concept and the GOCO idea. The
enhanced ARL approach would maintain ARL as an Army laboratory but would grant additional
authorities to ARL management, including expanded powers in personnel, procurement, and the
like—some of which were already part of reforms mounted in the 1980s. The multiple centers
would be under contract to ARL and would conduct research in areas where the centers would
have the best expertise to do the job. These enhancements continue. The contracting to several
centers has begun under the CTAs. The CTAs have succeeded and are growing in number.
Finally, the BAST recommended that ARL report directly to ASAALT, thereby making clear the
special status of ARL. Such a reporting channel would make ARL similar to NRL and also to
NIST. Many of these ideas have been implemented; others are still—almost 20 years later—
being4z:onsidered. Two recent studies have proposed the idea of raising the reporting level for
ARL.

In these not-yet-released studies, former senior leaders have looked at the reporting levels in the
acquisition system and have recommended changes, primarily to tighten the reporting chain and
focus more sharply on the mission. ARL was originally established as a subcommand of AMC
reporting directly to the Commanding General. However, in a subsequent AMC reorganization,
RDECOM was established under AMC and the laboratories were placed under it. Thus, ARL
reports through two layers to reach the Army Chief and has no formal ties to ASAALT.
Interactions with higher levels in the Pentagon, OMB, and the Congress are strictly limited.

In ref. 44, two points are made regarding Army laboratories. One is to disestablish RDECOM at
AMC and assign the RDECs to their former homes in the Life Cycle Management Commands.
Presumably, this suggestion would leave a question as to where ARL should be located. The
second option worthy of consideration is to leave as is the organizational structure but create
formal dotted-line relationships between the laboratories and ASAALT. In this option, the
directors would be rated in AMC, but the second-level raters would be in ASAALT. In matters
such as major appointments in the laboratories and critical personnel actions, including
prioritizing personnel headcount in budget decisions, ASAALT would have to concur. Yet
another option would be to transfer ARL/ARO to ASAALT but leave the RDECs in RDECOM.

The National Laboratories of DOE: The Galvin Report. In 1995 a task force of the Secretary
of Energy Advisory Board reported on its study of the future of the National laboratories. The
report (commonly called the Galvin Report after the Task Force Chairman Robert Galvin, CEO
of Motorola) begins by stating that “government ownership and operation of these laboratories

* The Army Research Laboratory: Alternative Organizational and Management Options (Washington, DC: Board
on Army Science and Technology, National Research Council, 1994).

* Unpublished; under study by the Army. For some insight into one of these see “Study Paints Bleak Picture of
Billions Sunk into Incomplete Army Programs,” Inside the Army, February 14, 2011.
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does not work well.”* The history of the 10 laboratories studied goes back to the scientific and
development efforts in World War Il when the Federal Government called on industry to help
with the development and production of radar, the atomic bomb, proximity fuses, and the like.
After the war, some of those laboratory sites were continued under a contract management
arrangement with industry or universities; these were termed GOCO facilities. The original
concept was to gain the flexibility and quick-response capabilities of the private sector while
doing the Government’s technical work. And, initially, this was the case. But as time went on,
laboratory management by the Government became tighter and more bureaucratic to the point
where many of its advantages were lost. Hence, the Galvin Task Force’s assignment to see what
could be done to loosen Federal oversight.

The Galvin Task Force was convinced that something very different needed to be done. It
recommended an experiment in *“corporatizing” the laboratories. In this model, the laboratories
would be outside government control and funded by large blocks from the Congress. The
weapons laboratories would likely be excluded. Each of the laboratories (or groups of
laboratories) would be established in corporations managed by Boards of Trustees. The role of
DOE would be to serve as the principal customer of the laboratories. The trustees would decide
how to allocate funding across the laboratories and topical areas. The management style would
not be according to the “Federal norm.” Certain essential governmental services would be treated
as exceptions. The corporatized laboratories would be able to serve customers other than DOE.

This proposal is similar to the public corporation discussed by Coffey et al. To our knowledge,
the Galvin Report’s recommendations on organization and management have not been
implemented, but DOE has attempted a number of reforms. The first Packard report in 1983
proposed some of these reforms,* including setting up director’s discretionary funds for new
initiatives, and DOE did so.

Conclusions:

1. Drawing on the experiences of several CTNSP senior staff and outside experts, a set of
factors necessary for successful S&T programs emerged, including having an outstanding
staff, a strong basic research program, and good laboratory equipment and facilities.
Motivation for technical staff consists of a rewarding laboratory mission; accomplished
colleagues; supportive management; and freedom to publish, patent, and travel to technical
meetings and other laboratories. Salary is not a leading factor as long as it is adequate and
fairly administered.

2. The reporting level of the laboratories is important as an expression of the priority given to
them in budgeting the funding and staffing levels. The question of the laboratories’
organization within AMC has often been raised. Options have ranged from no change to
restructuring the laboratory reporting relationships.

*® Report of the Task Force on Alternative Futures for the Department of Energy National Laboratories, prepared by
the Secretary of Energy Advisory Board, February 1995.

“® Report of the White House Science Council Federal Laboratory Review Panel (Washington, DC: The White
House, May 1983).
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CHAPTER VII. SUMMARIZING THE CONCLUSIONS—
RECOMMENDATIONS

In this paper, we have discussed important factors that can improve Army S&T.

In Chapter Il, we study the role of the Army laboratories in the fielding of major Army
warfighting platforms. In Project Hindsight Revisited, we learned the importance of close
working relationships between industry scientists and engineers and the Army laboratories and
acquisition specialists. Success in fielding major Army platforms is attributable to this
teamwork; lack of it would have led to failure.

Recommendation: Continue to emphasize the importance of maintaining close working
relationships with the technical staffs of Army contractors.

In Chapter I11, we consider the reasons for the continuing criticisms of the laboratories and the
suggestions that they be privatized. We conclude that the cause of these critiques is in part the
inability of the Army S&T program to publicize the contributions of the laboratories and that this
has led to a poorer reputation than is warranted. Enhancing the reputation of the laboratories
requires that the quality of the work be maintained at the highest level.

Recommendation: Implement an aggressive campaign to publicize the technical contributions of
the laboratories to the senior leadership of the Army and to the general public.

We conclude in Chapter 1V that the most important asset of a laboratory is its personnel.
Recommendation: Pay constant attention to all aspects of Army laboratory management that
affect the ability of laboratory to hire and retain top-flight technical personnel. Take particular
care to ensure the ““stars’ are handled properly. This includes paying attention to how the Army
STs are managed.

We further conclude that a strong program of basic research should ensure the laboratory is
pushing the frontiers and exploring new areas. Basic research also is an attractor for hiring new
staff from graduate school and acquiring post-doc associates.

Recommendation: Ensure each laboratory has a significant level of funding for basic research.

We are convinced that regular assessments for laboratory quality provide the basis for quality
improvement. These assessments comprise peer reviews by external experts, customer reviews
for timeliness and relevance, and stakeholder reviews for resource adequacy and program
priority.

Recommendation: ASAALT should require, and each Army laboratory should arrange for,
regular quality assessments by independent, external SMEs. Customer evaluations should also
be required. Stakeholders should be alert for possible problems that may arise.

In Chapter V, we demonstrate that close interactions with soldiers improve the usefulness of
Army S&T. Understanding deficiencies in technology on the battlefield by talking to returning
soldiers sharpens the focus of research programs. The value of use cases and thought
(Gedanken) experiments has been shown to be helpful in analyzing and planning.
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Recommendation: Continue to increase interactions with experienced soldiers in defining and
shaping research programs. The successes with use cases and thought experiments at Fort
Benning justify more such cooperation with soldiers.

We further conclude that formal collaborations with academe, industry, and other public
laboratories are used increasingly in Army research. The Army does not have a good
understanding of the industry work done under the IR&D program. This is a missing value.
Recommendation: Undertake more formal collaborations with industry’s IR&D programs
(pertains to all Army laboratories).

The Army has developed useful collaborations with consortia of companies and universities
under formal arrangements. At ARL these are called CTAs. They have been successful as
evidenced by the extension of some and the creation of a number of new ones over the last dozen
years.

Recommendation: Continue to use this mechanism for formal collaborations.

Technology forecasting is of value to managers of S&T; the last major forecast for the Army was
done in the early 1990s. A new approach involving the study of potential convergences of
various S&T disciplines has been adapted to Army research. A pilot study has been conducted
and should lead to a template for broad forecasting in the future.

Recommendation: ASAALT should conduct periodic technology forecasting. This should be
based on the concept of convergences among fields of S&T. Frequency should be such that every
priority area is covered every decade. Studies should be oriented to needed capabilities defined
by the warfighters.

In response to recent suggestions that the Army must rethink its acquisition processes to
markedly reduce cost and shorten the time to complete a program, we studied the recent
beginnings of a trend to use HPC to achieve these effects. This signifies the movement of HPC
from the research environment to the commercialization of new technology.

Recommendation: Expand the use of HPC in the design and manufacture of Army systems.

In Chapter VI, we conclude that drawing on the experiences of several CTNSP senior staff and
outside experts, there emerged a set of factors necessary for successful S&T programs. These
include having an outstanding staff, a strong basic research program, and good laboratory
equipment and facilities. Motivation for the technical staff consists of a rewarding laboratory
mission; accomplished colleagues; supportive management; and freedom to publish, patent, and
travel to technical meetings and other laboratories. Salary is not a leading factor as long as it is
adequate and fairly administered.

Recommendation: ASAALT should make more use of the experiences of retired managers of
R&D, especially from other parts of DOD and from other Federal laboratories.

The question has often been raised of the organization of the laboratories within AMC. Options
range from no change to restructuring the laboratory reporting relationships and moving the
corporate laboratory either to AMC headquarters or up to ASAALT.

Recommendation: Seriously consider reorganizing the AMC laboratories.
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ASAALT should be actively engaged in solving all major issues relating to the laboratories.
ASAALT should have shared authority in such matters as hiring senior managers and setting
management priorities in relation to downsizing.

Recommendation: Manage the Army laboratories as the important component of acquisition

that they are. Emphasize the reporting relationships and the role of ASAALT in developing
policy affecting the laboratories.
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APPENDIX A. EXAMPLES OF CONVERGENCE STUDIES
(PROPOSED)

(from ref. 25, Defense & Technology Paper 73)

Convergence of S&T: Biobehavioral Resilience

Physics

Brain imaging for real time
functional assessments

Neuros

Elucidation of neurcanatomical &
neurochemical pathways:
Receptor concepts developed

Pharmacology

Specific recepter agoni
antagonists synthesized

Biochemistry

Genomic sequencing &
identification of transcriptomic,
proteomic & metabolimic
biochemicals

Mathematics

Advanced computational
methods & data mining

Materials science

Diagnesis
of pathelogy or

therapeutic
effectiveness

Drug

Development for
therapeutic
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Figure 7. Convergence of S&T: Biobehavioral Resilience
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Figure 8. Roadmap for S&T Convergence in Materiel Location and Tracking Technology
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Figure 9. S&T Convergence (from left to right) to Enhance Warfighter Situational
Awareness and the Autonomous Behavior of Robotic Systems
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Convergence of S&T: Mechanochemical Transduction
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Figure 10. Convergence of S&T: Mechanochemical Transduction
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APPENDIX B. RESULTS OF AN ACTUAL CONVERGENCE
STUDY IN THE BIOLOGICAL SCIENCES (FROM REF. 27,
DEFENSE & TECHNOLOGY PAPER 71)

Strategic Science Roadmap

A A E A A

Initial key components

Nano/Bio Bricks | | ¢ Rules for rational design |

" <7 On-demand design

|0 Hybriostructures @) Smartabiotic structures |

Complex Abiotic i 2 3
systems f Comms and self power | N

H 5 ’ Adaptive autonomous systems ]

T 1 (RS ] AN

Dynamic Materials development | | | B I I / §
pioticpiotc | | | | 4@ Click chemistry, unnatural amino acids | 4¢
Interfaces " —{ L ) Self-programming materials
Energy at Smal ) Regenerable power at the micro-scale ]
Scales

W

. Non-optical, non-glectronic signaling ||

Non-¢lectronic/Non-
optical Signaling ‘ Amorphous and decentralized computing ||

*L

Development Begins: @ ‘Investment: © ( H > SGM) (M - S2M-53M) (L < 52M]
Technolagy Source: Pariner | Impact of Technoiogy: | Disruptive | | Differentiating |

Key for S&T Convergences:

—

Standard synihefic companents will alow all laberalonies o creats new molecular devices, doing for synfhetiz bickogy what compuier chip did for information f2chnalogy.

Ratioral design of mefancle pathways and devices wil enablz fre wasfion of new capabifias not found in nature.

Compiete parts Fbraries will permit mass manufacture of sbiofic systems.

Waterizls capabie of modulating the tinfie/abioc interface wil pamnit hybrid device design as well as the interation between abiofe devess and the ervironment.

Click chemistries will make use of new emergent molecules clher fhan ATP and provide power at fhe misroscale. Unnatural zmine acids wil allow consiruction of an unfimited number of new profein-fke siructures.
Sefsprogramming matera's will use the fivares to enable repair and adaptive mecharisms.

Regenerable power will eimnate use of batieries o cther power sources with fmiied fespan.

===l el =T =T ~=]

Amomphous computing wil inform emengent behaiors.

38



APPENDIX C. 2012 MECHANOCHEMICAL TRANSDUCTION
CONVERGENCE WORKSHOP

In January 2012, the Army Research Office held a Mechanochemical Transduction Convergence
Workshop as a test case for identifying convergences of disciplines and the potential impact on science
and the Army. A diverse group of academic and government scientists were invited to participate in the
workshop. The 11 academic researchers were renowned subject matter experts representing a wide range
of disciplines, including chemical engineering, organic chemistry, physical organic chemistry, molecular
biochemistry, materials engineering, multi-scale theory, metallurgy, and physics. The chief objective of
the workshop was to identify the most promising research opportunities and interdisciplinary
convergences that could lead the field of mechanochemical transduction in new directions with
unexpected outcomes relevant to future Army needs. The workshop was organized into three breakout
sessions scheduled across 2 days, with a focus on discussion rather than presentations.

The first breakout session called for the academic participants to identify and forecast which of their
research interests could potentially converge with complementary research from the other academics. The
government participants met separately to identify specific research and technology areas of interest to the
Army that could be affected by research in mechanochemical transduction.

The second breakout session used the results from the first session to focus the research convergences in
directions relevant to Army interests. In the second session, the groups comprised academic researchers
and at least one government participant. The objective of this session was to identify the most promising
opportunities for substantial convergence in mechanochemical transduction that could affect the Army’s
top 24 science and technology challenges, with an emphasis on force protection, engineered resilient
systems, and lethal effects.

The third breakout session built on the results of the second session and focused each group on refining
its results and adding detail to produce a flowchart illustrating how parallel research in specific scientific
domains could converge to create new fields of study and unexpected results. ARO is preparing a detailed
report discussing the results of this workshop.
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APPENDIX D. BRIEF SUMMARY OF A GEDANKEN
EXPERIMENT AT FORT BENNING ON NETWORK SCIENCE
AND SMALL UNIT OPERATIONS

The following was prepared by Albert Sciarretta for an internal National Defense University
weekly news summary.

On January 18-19, 2012, Senior Research Fellow Albert Sciarretta conducted a Gedanken
(Thought) Experiment at Fort Benning, Georgia. Center for Technology and National Security
Policy (CTNSP) research analysts James Garcia and Kathleen Jocoy supported the event. The
experiment solicited feedback from 14 mid-/senior-level Infantry non-commissioned officers
(NCO) and 14 captains (11 Infantry and 3 Armor). All had combat tours as squad leaders,
platoon sergeants, or platoon leaders; with some of the NCOs having as many as six tours in Iraq
or Afghanistan. Scientists and engineers from Army laboratories and engineering centers
participated as subject matter experts and observers. The experiment focused on exploring how
future Network Science (dynamic communications, information, and socio-cognitive networks)
capabilities could be used by small units (platoon and below) in offensive, defensive, and
stability operations, as well as on illuminating critical issues (e.g., information overload and
distraction/disruption to the command and control structure) that should be considered as these
capabilities are developed. The highly successful event generated a tremendous amount of
information from discussions and surveys. A CTNSP Defense & Technology Paper will be
written to document the output of the event. It will address the process of designing and
conducting the Gedanken Experiment, as well as the technical output—capability needs;
potential operational issues; potential tactics, techniques, and procedures; and recommendations
for science and technology investments. The participating scientists and engineers have already
begun to use the experiment results in their respective programs. Hearing about the event, an
Army Science Board study committee requested a report on the key findings.
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