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PREFACE

This report demonstrates that the Army has significant opportunities
to more effectively achieve its research and development (R&D) goals
through collaboration with industry. The report is one of two docu-
ments that address the issue of collaboration with industry. The sec-
ond report focuses on how the Army can effectively implement a
collaboration policy (see Kenneth P. Horn et al., Performing Collabo-
rative Research with Nontraditional Military Suppliers, Santa Mon-
ica, CA: RAND, MR-830-A, 1997).

This research was sponsored by Mr. Michael Fisette, Principal
Deputy for Technology, AMC Headquarters, and is being conducted
within the Arroyo Center's Force Development and Technology Pro-
gram. The Arroyo Center is a federally funded research and devel-
opment center sponsored by the United States Army.

The findings should be of interest to those concerned with strategies
for managing advanced technology development.

preceding PagiBlank
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SUMMARY

INTRODUCTION

The Army is encountering trends that may impede its ability to
maintain its technological edge. Its science and technology (S&T)
budget is decreasing, and commercial firms now hold the technolog-
ical lead in many areas important to the Army. Furthermore, growth
in international technological capabilities, increased competition
from European and Japanese firms, and an emerging U.S. ideological
shift away from government involvement in research and develop-
ment (R&D) all point to a need for the Army to investigate new meth-
ods to accomplish its R&D goals.

Collaboration with industry to achieve Army R&D goals is one
promising new approach that offers a number of benefits, and the
Army can use recently introduced instruments to execute such
agreements. Army collaboration, for the purposes of this study,
means that the Army forms a partnership with a commercial entity to
jointly conduct research and development.1 This study uses a
unique approach to evaluate Army technologies with respect to their
potential as collaboration candidates; it also determines whether
there are sufficient opportunities available to justify pursuing a col-
laboration policy.

1A commercial entity can be a traditional military supplier, a commercial firm that
does not usually do business with the Army, or a consortium of companies. We will
use the term "industry" to refer to a commercial entity that is controlled by the laws of
the United States. That is, firms controlled by foreign entities are not included
because their participation in joint efforts may be constrained by U.S. law.

xi



xii An Analysis of Collaborative Research Opportunities for the Army

BENEFITS OF COLLABORATION

Collaboration offers a number of benefits to the Army. For example,
there are many firms that do not perform R&D with or for the Army
but are doing leading-edge R&D in technologies of Army interest. By
collaborating with such firms, the Army can exploit their technologi-
cal leads and achieve technological advances both faster and
cheaper. Partnering with industry can also introduce new sources of
R&D money to the Army through cost sharing. The Army can also
pool resources with industry to accomplish objectives that are too
expensive to accommodate in its own R&D budget. In addition, col-
laboration can reduce the chance of duplicating work that has al-
ready been done by industry. The Army may also be able to recoup
some of its R&D costs through recovery of funds, which is allowed
under recently introduced instruments.

INSTRUMENTS TO EXECUTE COLLABORATIONS

In the past, the Army may have been deterred from using collabora-
tion as a principal R&D management strategy because few instru-
ments were available for conducting collaborative R&D. Cooperative
Research and Development Agreements (CRADAs), which were cre-
ated as mechanisms to transfer technology from the government to
industry (spin-offs), are not efficient or effective as mechanisms to
transfer technology from industry to the military (spin-on).
Conventional contracts and grants require adherence to many gov-
ernment regulations. In many instances, these instruments have
proved too restrictive to attract industrial firms that are recognized
technological leaders. With the introduction of newer, more flexible
instruments, such as Other Transactions (OTs) and Cooperative
Agreements (CAs), the Army will now find it easier to conduct collab-
orative R&D with industry.

THE COLLABORATION ASSESSMENT FRAMEWORK

To determine whether there are Army technologies suitable for col-
laboration with industry, we developed a two-dimensional frame-
work partitioned into four management domains. The two dimen-
sions are market breadth, designed to indicate industry's interest in a
technology, and Army utility, designed to reflect the technology's
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potential contribution to helping the Army accomplish its mission.
The market-breadth dimension ranges from Army unique (the
technology has potential use to the Army alone) to generic (the tech-
nology has potential government and commercial uses); the Army-
utility dimension ranges from low (the technology does not con-
tribute to the Army's future combat capability) to high (the
technology is critical to that capability).

The four management domains-which partition the above frame-
work-are lead, initiate, participate, and monitor. Technologies
falling into the lead domain tend to be those that are Army unique
and, thus, not suitable for collaboration with industry; technologies
in the monitor domain have relatively low Army utility, which argues
against their suitability for collaboration with industry. Technologies
that fall into the initiate and participate domains have high Army
utility/high industry interest or moderate Army utility/moderate in-
dustry interest, respectively, and are thus good candidates for col-
laboration.

ASSESSMENT OF THE ARMY'S COLLABORATION
OPPORTUNITIES

Using the above framework, we assessed the technologies found in
the Army's fiscal year 1995 Research, Development, Test, and Evalu-
ation (RDT&E) Program under the basic research, applied research,
and advanced development headings. The analysis showed that a
considerable number of technologies fall into the initiate and partic-
ipate domains and are, thus, good collaboration candidates. Specifi-
cally, 17 out of 28 basic research technologies, 14 out of 28 applied
research technologies, and 7 out of 32 advanced development tech-
nologies fell within the two domains.

While the above analysis determined that many technologies are
good collaboration candidates, it did not tell us how much money is
spent on the suitable technologies. If, for example, the Army spends
only a small amount on the suitable technologies, then a collabora-
tion policy may be inappropriate. To determine the amount of R&D
funds that fall into the two domains, we used budgetary figures for
fiscal years 1993, 1994, and 1995 (proposed) for the RDT&E program
technologies. We found that a substantial amount of R&D funds are
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spent on potentially collaborative technologies in the two domains-
47, 50, and 51 percent of the total R&D funds spent in fiscal years
1993, 1994, and 1995, respectively. In addition, when we examined
an illustrative subset, within the two domains, of eight technology
areas in fiscal year 1995 that are of particular interest to the Army and
have a recognizable industry leader that has not historically done
business with the Army, we find that those areas amount to a sub-
stantial amount of fiscal year expenditures-approximately $514
million of the Army's $1.49 billion fiscal year 1995 budget request.

CONCLUDING REMARKS

Hence, the Army stands to benefit from collaboration with industry.
It has a wide spectrum of instruments to execute collaborative ef-
forts; there are a large number of technologies that are good collabo-
ration candidates; and the Army spends a significant amount of R&D
funds on technologies that are good collaboration candidates. Col-
lectively, these facts indicate that the Army should adopt a policy
that considers collaboration as a primary R&D approach.
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Chapter One

INTRODUCTION

BACKGROUND

The Army is encountering trends that may impede its ability to
maintain its technological edge. First, as its science and technology
(S&T) budget continues to shrink, the Army may not have enough
money to adequately fund the efforts required to achieve its research
and development (R&D) goals in all technologies. Second, commer-
cial firms now hold the technological lead in many areas important
to the Army. Finally, growth in international technological capabili-
ties, increased competition from European and Japanese firms, and
an emerging U.S. ideological shift away from federal government
involvement in R&D all point to a need for the Army to investigate
new methods to accomplish its R&D goals.

Collaboration with industry is one promising new approach. In the
context of this study, Army collaboration means the Army forming a
partnership with a commercial entity to jointly conduct R&D.1

OBJECTIVE

This study's objective is to assess the Army's R&D collaboration op-
portunities. We chose to focus on collaboration opportunities with

1 A commercial entity can be a traditional military supplier, a commercial firm that
does not usually do business with the Army, or a consortium of companies. We will
use the term "industry" to refer to a commercial entity that is controlled by the laws of
the United States. That is, firms controlled by foreign entities are not included
because their participation in joint efforts may be constrained by U.S. law.

1
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industry because there are many firms doing leading-edge R&D in
technologies of Army interest-for example, textiles and information
technologies such as telecommunication systems-that are not now
engaged in collaborative efforts with the Army. By collaborating with
such firms, the Army can exploit their technological leads and
achieve technological advances for itself both faster and cheaper.2

Collaboration can bring other benefits to the Army as well. Partner-
ing with industry can introduce new sources of R&D money to the
Army through cost sharing. For example, collaboration can allow the
Army to leverage its scarce and decreasing R&D resources to more
effectively and efficiently accomplish its R&D objectives. The Army
can pool resources with industry to accomplish objectives that are
too expensive to accommodate in the Army R&D budget. Collabo-
ration can also reduce the chance of the Army's duplicating work al-
ready done by industry. The Army may also be able to recoup some
of its R&D costs through a recovery of funds that is allowed under re-
cently introduced instruments. Collaboration may result in some
auxiliary benefits. For example, the Army could be exposed to ideas
and approaches that could have a positive effect on the way it thinks
about requirements. Collaboration might also result in new sources
of supply for needed products and services. 3

INSTRUMENTS FOR EXECUTING COLLABORATION

Here we discuss the spectrum of instruments the Army can use to
execute collaborative R&D-a spectrum that is summarized in Table
1.1.4

2 Partnering with foreign entities might offer high potential for the Army to exploit a
technological lead. For example, Japan currently has the technological lead in flat-
panel displays. But such ventures would require the Army to contend with an
additional set of regulations and policies about national security and national
economic vitality.
3 Partnering with other services, other parts of the Department of Defense (DoD),
federal agencies, state governments, and local governments can bring the Army some
of the same benefits. In these cases, however, the Army would usually not have an
opportunity to benefit by exploiting a technological lead from its government partner.
4 An extensive discussion of instruments appropriate for collaboration can be found in
the companion volume to this report: Kenneth P. Horn et al., Performing
Collaborative Research with Nontraditional Military Suppliers, Santa Monica, CA:
RAND, MR-830-A, 1997.
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4 An Analysis of Collaborative Research Opportunities for the Army

Cooperative Research and Development Agreements

Until recently, the Army may have been deterred from using collabo-
ration as a principal R&D management strategy because few instru-
ments were available for it to conduct collaborative R&D. In the past,
Cooperative Research and Development Agreements (CRADAs) were
the principal instruments for collaborative efforts. CRADAs are busi-
ness, not procurement, contracts that allow the government and
industry to cooperate and share intellectual property resulting from
joint efforts.

Under a CRADA, the industry partner is allowed to contribute re-
sources such as personnel, services, property, and funding to the ef-
fort. The government can contribute all the above except funding.
For example, under a CRADA, the Army can enter into joint R&D ef-
forts in which it provides all or some of the required facilities,
equipment, and materials as well as some personnel.

CRADAs were created as mechanisms to conduct joint R&D for mu-
tual benefit or to transfer technology from the government to indus-
try (spin-offs) and thereby help improve U.S. competitiveness. They
were not designed as mechanisms to efficiently transfer technology
from industry to the military (spin-ons). CRADAs are not effective
instruments to allow the Army to take advantage of technological
leads held by industry.

Conventional Contracts

Conventional contracts, although not specifically designed to be in-
struments to conduct collaborative research, can be used to execute
joint efforts. However, conventional contracts require adherence to
burdensome regulations such as the Federal Acquisition Regulation
(FAR), Defense Acquisition Regulation Supplement (DFARS), or De-
partment of Defense Grant and Agreement Regulations (DoDGARs).
In many instances, this sort of instrument has proved too restrictive
to attract many industrial firms that are recognized technological
leaders in their fields, either because of the management, account-
ing, or other regulations that apply or to the high cost to bid.
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Cooperative Agreements

Substantial government participation in the research characterizes
Cooperative Agreements (CAs). There are several variations of CAs.
The primary difference among them is a recovery-of-funds feature.
All CAs are authorized by Title 10 U.S. Code Section 2358 (10 U.S.C.
§2358). However, the recovery-of-funds clause in 10 U.S.C. §2371
can be invoked to include a recovery provision in a CA. We will call
CAs without recovery-of-funds clauses "10 U.S.C. §2358 CAs," and
those with such a clause "10 U.S.C. §2371 CAs." A recovery-of-funds
clause can be attractive to the Army because it allows for account
augmentation that has not been possible under conventional con-
tracts. If a CA is desired, the government and its partner can usually
select the variation that is most appropriate for the joint effort.

CAs are designed to allow the government to more easily conduct
collaborative R&D with industry. 10 U.S.C. §2371 CAs allow the Army
to cost share by contributing money to the collaborative effort. 5 For
example, 10 U.S.C. §2371 CAs allow for joint ventures on specific re-
search, with the Army bearing part of the cost and its industry part-
ner(s) bearing the remaining costs. Other examples of collaborative
efforts that are allowed under a 10 U.S.C. §2371 CA include joint
funding of broader agendas of research conducted at multiple sites,
and jointly funded and managed research at a single industrial or
Army site.

Other Transactions

Other Transactions (OTs) are authorized by 10 U.S.C §2371. OTs are
the most flexible instrument, in that fewer regulations apply to them
than to other instruments. OTs also allow return on investment for
the Army. Hence, the Army can, for example, enter into an OT that
invests in a startup company doing innovative research in a technol-

5 Recall that CRADAs prohibit the government from contributing funds to the joint
effort. Cost sharing is to be exercised to the maximum extent practicable for 10 U.S.C.
§2371 CAs and OTs.



6 An Analysis of Collaborative Research Opportunities for the Army

ogy of interest to the Army. Such an OT arrangement can be de-
signed to yield equity interest to the Army.6

OTs can also facilitate the Army's ability to take advantage of techno-
logical leads held by industry. When industry holds the technologi-
cal lead, it may not be particularly eager to enter into a collaborative
agreement that would let the Army exploit that lead. OTs are flexible
enough to allow the Army to design an agreement in which its indus-
try partner sees some financial advantages to entering into a collabo-
ration. For example, the industry might be very interested in cost
sharing. The Army can also negotiate other terms that might "com-
pensate" industry for Army exploitation of a technological lead. For
example, industry might be persuaded by the Army's ability and
willingness to negotiate particularly favorable joint-effort intellectual
property rights.

The flexibility of OTs includes the waiver of almost all regulations
that would force a prospective industrial partner to change its way of
doing business. Exercising this feature can make the OT a powerful
instrument for the Army to use to attract industry into R&D partner-
ship.

RESEARCH APPROACH

The study team developed a two-dimensional framework, parti-
tioned into management domains, that was appropriate for evaluat-
ing Army technologies with respect to their potential as collaboration
candidates. We applied the framework to Army R&D technologies to
identify which of them might be the most suitable candidates for
each of the management approaches. In particular, we showed
where collaboration may present opportunities for the Army to real-
ize such benefits as exploiting technological leads to achieve R&D
goals faster and cheaper. We also performed a budgetary analysis of
recent and proposed Army research and development resource allo-
cations, showing that a substantial amount of Army R&D money is
being spent on technologies that are good collaboration candidates.

6 For such innovative uses of OTs, it is still unclear which part of the Army would
receive the return on the investment-e.g., the Army laboratory that performed the
joint research, the command, or the Department of the Army.
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By integrating the budgetary analysis with the application, we de-
termined that more Army collaboration with industry in selected
technologies can enhance the effective use of Army research and
development funds.

ORGANIZATION OF THIS REPORT

Chapter Two contains a discussion of the collaboration assessment
framework. Chapter Three contains an analysis of Army technologies
using the framework. In addition, Chapter Three includes a budget
analysis and our integration of that analysis with the application of
the framework. Chapter Four contains concluding remarks.



Chapter Two

THE COLLABORATION ASSESSMENT FRAMEWORK

To determine whether there are Army technologies suitable for col-
laboration with industry, we developed an approach that involves a
two-dimensional framework partitioned into four management do-
mains.1 Below we discuss the two dimensions and the four man-
agement domains in more detail.

FRAMEWORK DIMENSIONS

Figure 2.1 shows the framework developed for identifying the most
promising collaboration technologies. It has two dimensions:
market breadth and Army utility.

Market Breadth

The market breadth dimension is designed to indicate industry's in-
terest in a technology. Without this information, it would be difficult
for the Army to ascertain whether it could find potential partners to
perform R&D in the technology area. If a technology has many po-
tential government and commercial uses (everybody wants it), then
industry's interest is likely to be higher than if the technology had
potential use for the Army only (it is Army unique). Industry's inter-
est in the former case is likely to be higher, since advances in the

'We examined a number of alternatives in our search for a tool. We adapted a concept
developed to categorize Navy technologies. See Kenneth Saunders et al., Priority-
Setting and Strategic Sourcing in the Naval Research, Development, and Technology
Industrial Base, Santa Monica, CA: RAND, MR-588-NAVY/OSD, September 1995.

9
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technology have potential uses in many products or services. Hence,
industry is likely to perceive such a technology as more likely to re-
sult in higher profits. In our framework, market breadth is repre-
sented as a continuous scale that ranges from a technology having
potential Army uses only (Army unique), to potential military uses
only, to potential government uses only, to potential government
and commercial uses (generic).

Army Utility

Army utility reflects a technology's potential contribution to helping
the Army accomplish its mission. In our framework, Army utility is
represented as a continuous scale that ranges from low to high. A
technology with low Army utility is one that is not expected to con-
tribute directly to the Army's future combat capability. On the other
hand, a technology that is critical to maintaining future combat ca-
pabilities has high Army utility.

RAND MR675A-2.1

High

Army
utility

Low

Army unique Generic

Market breadth

Figure 2.1-The Collaboration Assessment Framework
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DEFINING MANAGEMENT DOMAINS

The Army and the Department of Defense (DoD) have traditionally
judged the progress and success of R&D efforts in terms of three
benchmarks-performance, schedule, and cost/budget 2 character-
istics. As shown in Figure 2.2, our framework comprises four man-
agement domains, which reflect different approaches to managing
the three benchmarks. 3 Our discussion below is presented from the
Army's viewpoint.

RAND MR675A-2.2

High

Initiate

Lead

Army
utility

SParticipate

Low

Army unique Generic

Market breadth

Figure 2.2-Management Domains Within the Collaboration
Assessment Framework

2 We use the more general term "resources" to include cost/budget.

3The domains we show in Figure 2.2 have fuzzy borders. There is no line or curve on
the framework above, below, left, or right of which a particular management approach
can be judged most appropriate.
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Lead

When the Army chooses to lead, it defines the performance goals,
provides the vision, and specifies the potential products or capabili-
ties. The Army also sets forth its schedule requirements and sets the
resource (cost/budget) constraints. Under an Army-lead manage-
ment approach, the Army uses contractual measures to control per-
formance, schedule, and use of resources (budget).4 The instrument
the Army generally chooses to carry out its plan is a formal agree-
ment with a contractor such as a conventional contract. In the lead
role, the Army is conducting "business as usual," and the contracted
activities are usually not collaborative.

Initiate

When the Army chooses to initiate, it defines its performance goals,
provides its vision, and specifies products and capabilities of Army
interest. The Army may also set forth its schedule requirements and
set its resource (cost/budget) constraints. In its proactive search for
a collaborating partner in industry, the Army may look for areas of
intersection among its performance goals and those of potential in-
dustrial partners. Since these technologies are primarily of high
Army utility, the Army may place heavy emphasis on finding an
intersection of performance goals, rather than negotiate a set of
goals. The Army may also look for compatible schedules or negotiate
an acceptable schedule. The Army may also negotiate a set of re-
source constraints. Under an Army-initiate management approach,
the Army tries to control performance but may share control of
schedule and use of resources. Approaches likely to be appropriate
are formal agreements with industrial partners using instruments
that lend themselves to collaborative efforts. These instruments
include Cooperative Research and Development Agreements
(CRADAs), Cooperative Agreements (CAs), and Other Transactions
(OTs). In the initiate role, the Army is collaborating with industry. In
such an effort, the Army should achieve the same or nearly all the
same goals it would achieve if it conducted the activity without col-
laboration.

4A prime contractor generally executes the Army's plan.
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Participate

When the Army chooses to participate, it may negotiate acceptable
performance goals if it cannot find an appropriate intersection with
industrial performance goals. The Army may also negotiate an ac-
ceptable schedule as well as a set of resource constraints. Under an
Army-participate management approach, the Army has shared con-
trol of performance, schedule, and use of resources. Approaches that
are likely to be appropriate are formal agreements with industrial
partners using instruments that lend themselves to collaborative
efforts. These instruments include CRADAs, CAs, and OTs. In the
participate role, the Army is collaborating with industry. In such an
effort, the Army should achieve at least some of the same goals it
would achieve if it conducted the activity without collaboration.

Monitor

A primary characteristic of the this type of approach is two-way
communication between the Army and industry through informal
means. When the Army chooses to monitor, it relies on vigilant
communication of Army performance and schedule goals to indus-
try, but it makes only very limited or no resource commitments to
accomplish its performance goals. In the monitor role, the Army
does not have a formal role and has no control over performance,
schedule, or use of resources committed to research and develop-
ment activities. The instrument is informal; for example, communi-
cation occurs through established working relationships, workshops,
conferences, and seminars.

THE COLLABORATIVE DOMAINS

Since industry interest is required for collaboration to be successful,
the right-hand region of the framework, where industry interest is
moderate to high, is the general area where collaboration is likely to
work. In particular, the initiate, participate, and monitor domains
lend themselves to collaborative management approaches. Under
tight fiscal constraints, however, the Army may find that it must
dramatically lower or eliminate its R&D funding in some technolo-
gies. We argue that the candidates for reduced funding are those
with low Army utility-that is, those in the lower half of the frame-
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work. Among those with low Army utility, those with high industry
interest (i.e., technologies in the monitor domain) may be better
candidates for lowered Army funding because R&D is more likely to
be continued in those technologies through industry funding. R&D
activities are unlikely to continue in Army-unique technologies with-
out Army funding. Hence, for this study we will consider the initiate
and participate domains to be the collaborative domains. 5

Table 2.1 summarizes typical performance, schedule, and cost
benchmark characteristics of the four management approaches in
the framework. Once again, the demarcations between the man-
agement approaches are fuzzy.

5 We recognize that these statements are generalities and that whether the Army
should make an expenditure to exploit a technological lead held by industry for a
technology in the monitor domain should be decided on a case-by-case basis. Many
factors will figure into such a decision, including the amount of expenditure required,
what the Army will gain, and how tight the Army's fiscal constraints are.
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Chapter Three

ASSESSMENT OF THE ARMY'S COLLABORATION

OPPORTUNITIES

THE ARMY TECHNOLOGIES

For our application of Army technologies to the framework, we used
the list of technologies found in the Army's fiscal year 1995 Research,
Development, Test, and Evaluation (RDT&E) Program under the ba-
sic research, applied research, and advanced development head-
ings.1 We limited our considerations to technologies that showed a
positive funding level for fiscal years 1993, 1994, or 1995 (proposed).
This list of technologies is shown in Table 3.1.

APPLICATION OF ARMY TECHNOLOGIES TO THE
FRAMEWORK

The project team placed the list of technologies shown in Table 3.1
on the framework. Each team member first independently deter-
mined each technology's placement on the framework. The team
then convened for a series of discussion sessions to come to a con-
sensus to place the technologies on which team members initially
disagreed.2 For computational convenience, we assumed a scale of
zero to three for the market-breadth axis and for the Army-utility
axis. A market-breadth value of zero indicated potential Army uses

1 Our source is RDT&E Programs (R-I), Department of Defense Budget for Fiscal Year
1995, Office of the Comptroller of the Department of Defense, February 1994. This
document is also known as the R-1. In budgetary terms, basic research is known as 6.1
activities, applied research (also known as exploratory development) is known as 6.2
activities, and advanced development is known as 6.3 activities.
2 See the appendix for a detailed description of the technology placement process.

17



18 An Analysis of Collaborative Research Opportunities for the Army

> ->

a4a.
~0 a

5 a) V
U 0

~~? .0 0 2n
"o 0 ~ w U 0 T0

00Cn 0

0b >
Z 0 d

;2 nC

U~ a) 0d U, ~ u a

(Uao 0 n ~ ~ ~

'o Cd0 S ~ 5

CU. ~ 0 
U

Cd0 a.) w

U rU 8. ... r.

00

0)O

0 0 .

0 H
0 c0

> 0 a

.5 ~ ~ ~ C 0- Oo
0 ~ ~ ~ ~ U .0a 00 - . , ) O

H) U. Cr, 4 H 0 0
U H~~b U ~

Uaa



Assessment of the Army's Collaboration Opportunities 19

Q )

> cuccI

C.)

00 a0 ý

U- 0
, -a 0W w n >

a 0 Cr, > U-

CU 2' >

M4 .2w

Z W40 n C

> w aaci U -0
0 Q)

U F o 0 0 a

a- z C- a

a ~Q)
C.) o o.0 ~ 0~ , .)

->~C~I, C- ~ C-) -C) - ~ U0
a ) 

0
a 0 

0  
O

E cl t- U



20 An Analysis of Collaborative Research Opportunities for the Army

only (Army unique), and a market-breadth value of three represented
potential government and commercial uses (everybody wants it).
Similarly, an Army-utility value of zero indicated low Army utility,
and a value of three indicated high Army utility.

Each team member received descriptive material on the technolo-
gies. To minimize the influence of current budget allocations on the
placement of technologies on the framework, no budget information
was included in the descriptive material, nor was it discussed or ana-
lyzed until after we finished our iterative discussions to resolve
differences in opinion on where some technologies should be placed.

Figures 3.1, 3.2, and 3.3 show the respective placement of technolo-
gies in the basic research, applied research, and advanced develop-
ment categories. Figure 3.1 shows that 17 out of 28 basic research
technologies fall into the initiate or participate domains. Figure 3.2
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shows that 14 out of 28 applied research technologies fall into the
initiate or participate domains. Figure 3.3 shows that 7 out of 32 ad-
vanced development technologies fall into the initiate or participate
domains. Hence, in each category, there are many good candidates
for Army and industry collaboration.

BUDGETARY ANALYSIS

In addition to knowing how many Army R&D technologies are good
collaboration candidates, it is also important to know the magnitude
of recent Army funding in these technologies. If the Army spends
only a relatively small amount of money on them, say less than ten
million dollars a year, then an Army-wide policy of collaboration may
not be appropriate, since such an approach would not bring sub-
stantial financial benefits. If, on the other hand, the Army spends
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Figure 3.2-Placement of Applied Research Technologies
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hundreds of millions of dollars annually in these areas, then collabo-
ration can greatly enhance the effective use of its R&D funds.

In the context of our framework, we used the budgetary figures for
fiscal year 1993, fiscal year 1994, and fiscal year 1995 (proposed) in
the R-1 source, to calculate the recent and proposed funding for
technologies in the lead, initiate, participate, and monitor manage-
ment domains. Tables 3.2, 3.3, and 3.4 summarize the results, which
are expressed in then-year dollars.

As shown in Tables 3.2 and 3.3, in fiscal year 1993 and fiscal year 1994
the Army spent more for research and development work in the lead
domain than in the initiate, participate, or monitor domains. Table
3.4 shows that the Army proposed to spend $699,661K in fiscal year
1995 on basic research, applied research, and advanced de-
velopment technologies that fall into the lead management domain.
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Table 3.2

FY 1993 Funding Levels for Army Research Technologies
in Thousands of Dollars

Research
Category Lead Initiate Participate Monitor Total

Basic research 247,415 298,230 81,312 62,731 689,688

Applied 353,441 508,068 62,130 0 923,639
research

Advanced 500,377 81,033 20,041 4,045 605,496
development

Total 1,101,233 887,331 163,483 66,776 2,218,823

Table 3.3

FY 1994 Funding Levels for Army Research Technologies
in Thousands of Dollars

Research
Category Lead Initiate Participate Monitor Total

Basic research 184,155 276,626 81,595 54,123 596,499

Applied 206,523 301,652 43,842 0 552,017
research

Advanced 375,543 88,212 24,118 0 487,873
development

Total 766,221 666,490 149,555 54,123 1,636,389

Table 3.4

Proposed FY 1995 Funding for Army Research Technologies
in Thousands of Dollars

Research
Category Lead Initiate Participate Monitor Total

Basic research 160,365 284,487 70,003 25,887 540,742

Applied 228,011 291,514 21,760 0 541,285
research

Advanced 311,285 64,825 18,876 0 394,986
development

Total 699,661 640,826 110,639 25,887 1,477,013
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This amount is also larger than the amount the Army proposed to
spend in any of the other management domains in fiscal year 1995.
This observation is consistent with our expectation that the Army
spent and proposed to spend most of its basic research, applied
research, and advanced development funds in technologies that
have potential uses only to the Army, the military, or the government
(e.g., technologies that are close to Army unique in market breadth).
This suggests that the Army has recognized that it must fund R&D
activities in the lead technologies because industry may view these
technologies as having a limited customer base and therefore limited
profit potential. Hence, industry may be less likely to fund R&D in
these technologies. From this perspective, the Army appears to be
"doing the right thing" with its budgetary allocations by investing
R&D funds in technologies where industry might not be.

In our application of Army technologies to the framework, we found
that there are a substantial number in all three research categories
that fall into the collaborative domains: initiate and participate. In
terms of funding levels, Table 3.5 summarizes the amount spent or
proposed to be spent in fiscal years 1993 through 1995. The table
shows that about half of Army R&D funds are being spent on re-
search in technologies that are good collaboration candidates.

CURRENT ARMY COLLABORATIVE EFFORTS

In some of the technologies that fall in the initiate and participate
management domains, the Army has already started collaborative
efforts. For example, in Project Plowshares, the local government of

Table 3.5

Spending on Technologies in the Collaborative Domains
in Thousands of Dollars

Fiscal Year Then-year Dollars Spent Percent of R&D Budget Spent

1993 1,050,814 47.36

1994 816,045 49.87

1995 751,865 50.88
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Orange County, Florida is using Army-generated computer simula-
tions to aid in disaster relief. The Army's Tank-automotive and Ar-
maments Command (TACOM) has collaborated with the "Big Three"
automobile manufacturers to form the National Automotive Center.
Army and industry collaborative efforts are also ongoing in the in-
formation technology area. However, our analysis showed that there
are many more technologies that are good candidates for Army and
industry collaboration, and that the Army spends a significant
amount of money for R&D in these technologies.

To illustrate this point, we randomly selected a set of eight areas that
included one or more technologies in the initiate or participate
domains. A technology area was included in our set if it contained at
least one recognized industrial leader that has not historically done
business with the Army. We limited the set to eight technology areas
to keep our illustration manageable. They are shown in Table 3.6.

Table 3.6

Technology Areas Selected for Spending Illustration

Examples of Industrial Leaders
That Historically Have Not Worked

Technology Area with the Army

Artificial intelligence Expert Software;
Network General Corp.

Automotive Roush Industries

Electronics, C3, computers, and software Apple Computer, Inc.;
QUALCOMM Incorporated

Human factors Cannondale Corp.;
The Coleman Co., Inc.

Logistics Federal Express Corp.;
UAL Corporation

Materials E.I. DuPont De Nemours & Co.;
Minnesota Mining & Mfg. Co.

Medical Genzyme Corp.;
Biogen, Inc.

Models and simulation The Walt Disney Company;
Warner Bros., Inc.
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We calculated the amount of fiscal year 1995 funding the Army pro-
posed to spend in the eight selected areas. Figure 3.4 shows that the
Army proposed to spend approximately $514 million (FY95$) of its
$1.49 billion fiscal year 1995 6.1-6.3 budget request in these eight
areas alone.

These facts indicate that there are many more potential opportuni-
ties for the Army to use its R&D funds more effectively through col-
laboration with industry; the Army has yet to exploit these oppor-
tunities.

RAND MR675A-3.4

Army's FY95
6.1 to 6.3

Budget Request of $1.49B

Artificial intelligence

Automotive

Electronics, C3, computers, and
software

Human factors

Logistics -$973M

Materials

Medical

Models and simulation

Figure 3.4-The Army's Proposed Budget for Eight Selected
Technology Areas



Chapter Four

CONCLUDING REMARKS

In the previous chapter we illustrated how to use our framework to
assess the Army's collaboration opportunities. The framework
helped us categorize the technologies by management domain. We
offer the following guidelines to help the Army interpret the results of
the framework application.

For those technologies in the lead domain, the Army should expect
to spend its own funds in order to realize the benefits of technologi-
cal advances. In most of these cases and particularly for technologies
that are Army unique, the Army should expect to use a conventional
contract and might even have to offer a fee incentive to ensure that
R&D moves toward Army goals.'

Technologies that fall in the initiate domain have high Army utility
and high industry interest. Although industry might be funding R&D
in these technologies, the Army might not wish to just stand by and
rely totally on industry to meet Army goals. Instead, the Army may
want to proactively initiate collaborative efforts to ensure that R&D
in these areas addresses Army goals.

Technologies in the participate domain have moderate market
breadth and moderate Army utility. Under tight fiscal constraints,
neither the Army nor industry will have enough funds to invest much
in these technologies. Collaboration may allow the Army and indus-

'Some of the technologies in the lead domain may be good candidates for the Army to
explore teaming arrangements with other services, other parts of the DoD, and other
federal agencies, state governments, or local governments.
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try to pool resources to perform research and development in these
areas. However, the Army may not want to spend more effort to
proactively initiate research activities. For technologies in this do-
main, both the Army and industry can design and participate in ac-
tivities for mutual benefit. Such efforts may require both the Army
and industry to compromise on a set of R&D goals. Without a will-
ingness to adjust goals, a joint investment may not be attractive
enough to either the Army or potential industry partners.

Technologies in the monitor domain have low Army utility and high
market breadth. Under tight fiscal constraints, the Army may have to
let industry take the lead for technologies in the monitor domain and
limit its own R&D investment there, restricting its role to one of
proactive monitoring. Proactive monitoring could include low- or
no-cost activities such as establishing working relationships with in-
dustry leaders and regularly (but informally) communicating Army
needs in the technology, and attending workshops and conferences.

We have shown that the Army stands to benefit from collaboration
with industry; it has a wide spectrum of instruments to execute col-
laborative efforts; there are a large number of technologies that are
good collaboration candidates; and the Army spends a significant
amount of R&D funds on technologies that are good collaboration
candidates. Collectively, these facts indicate that the Army should
adopt a policy that considers collaboration as a primary approach to
achieve its R&D goals.



Appendix

PLACING TECHNOLOGIES ON THE FRAMEWORK

BACKGROUND OF PROJECT TEAM

The project team members who participated in the placement of
technologies on the framework were RAND researchers with back-
grounds in engineering, operations research, business management,
and the physical sciences. Experience levels ranged from five years
to decades of experience in research and development issues. Every
"team member had worked on Army research and development proj-
ects for at least several years, and all were familiar with the Army's
current R&D program. Most team members had experience with
commercial firms that did business with the Army.

MATERIALS AND GUIDANCE FURNISHED

Each team member was furnished with descriptive material on the
technologies. To minimize the influence of current budget alloca-
tions on the placement of technologies on the framework, no budget
information was included in the descriptive material, nor was it dis-
cussed or analyzed until after the iterative discussions to resolve dif-
ferences in opinion on where some technologies should be placed.

Each team member also received guidance on how to interpret the
endpoints of the market breadth and Army utility dimensions. For
the market breadth axis, placement on the leftmost portion of the
framework indicated "close to Army unique" and placement in the
rightmost portion indicated "close to government and commercial
uses (everyone wants it)." For Army utility, placement on the lower
portion of the framework indicated that the technology's expected

29
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contribution to helping the Army accomplish its mission is low or
small. For example, technologies that did not directly contribute to
maintaining future combat capabilities were to be placed near the
bottom. A placement at the top of the framework indicated that the
technology's expected contribution to the Army's mission is high or
great. For example, technologies that are critical to maintaining fu-
ture combat effectiveness should be placed near the top of the
framework.

THE PLACEMENT PROCESS

For computational convenience, we assumed a scale of zero to three
for the market-breadth axis and for the Army-utility axis. A market-
breadth value of zero indicated potential Army uses only (it is Army
unique), and a market-breadth value of three represented potential
government and commercial uses (everybody wants it). Similarly, an
Army utility value of zero indicated low Army utility, and a value of
three indicated high Army utility.

For each technology in each of the three research categories, each
member of the team specified a market breadth value and an Army
utility value. Each team member worked independently to establish
his initial values. One team member tabulated the results. The tabu-
lated results showed consensus in most technology areas. For ex-
ample, all team members specified values for environmental quality
technology and meteorological data systems that placed these tech-
nologies in the monitor domain. Similarly, all team members speci-
fied values for medical technology and computers that placed these
technologies in the initiate domain. In addition, all team members
specified values for all classified programs, line-of-sight antitank,
and landmine warfare technologies that placed these technologies in
the lead domain. But there were also some technologies for which
there was no initial consensus. For example, some team members
viewed night vision as a lead domain technology, while others felt
that it was an initiate technology.

We convened for a series of discussions to try to come to a consensus
on technologies for which different team members specified widely
different values for either market breadth or Army utility. For the
purposes of this exercise, we considered "widely different values" to
be values that differed by more than 0.5 and placed a technology into
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different domains. Our discussions methodically moved from one
technology to the next, but the placement for some technologies re-
quired multiple discussions. The discussions took place once a week
for about a month. For the purposes of this exercise, we viewed val-
ues that would place the technology in the same management do-
main as a consensus. Hence, team members could adjust their
specification of values to reach consensus but still have some leeway
to express their opinion about where the technology should be
placed on the framework.

The discussions resulted in modified values for some of the tech-
nologies by some team members. Any remaining discrepancies were
adjudicated by the group leader. After the discussions, we averaged
the market-breadth values and the Army-utility values for each tech-
nology in each category. The pair of average values for each technol-
ogy in each category determined its placement on the framework.
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