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Abst ract

W conpare defense and non-defense manufacturing practices by exam ning
the foll owi ng questions: How separated are conmerci al manufacturing
operations frommlitary production? How do defense and strictly non-
defense contractors conpare in their use of advanced flexible

manuf acturing technol ogies and in their collaborative production
net wor ki ng practices?

We draw on our own 1991 national survey of a size-stratified, randomy
sel ected sanple of 973 establishnents in the nmachining-intensive durable
goods sector (MDG, supplenmented by information from specialized
governnment data sources and case studi es describing the practices of

sel ected defense contractors. Qur study shows that defense
manufacturing in this sector is generally not segregated fromthe
commercial world. Rather, we find that: alnost half the manufacturing
plants in these industries do sone defense work; integrated
manufacturing is the norm where defense and commrercial products are
made in the sane facilities, on the sane equi pnent, and by the sanme
peopl e; nost defense contractors do only a small fraction of their work
for defense; and defense contractors are nore technically sophisticated
at the manufacturing process |level and nore externally collaborative, on
average, than strictly conmercial plants in this sector

To the extent that access to flexible manufacturing technol ogi es and
strong i nformati on sharing production networks are inportant el enents of
diversification into new narkets and nore generally for conpetitive
success in increasingly dynam c nmarkets, defense contractors may
actually be well situated conpared to their strictly comerci al

brethren
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I. Introduction

There are tens of thousands of firms in the defense manufacturing base.
Wth defense procurenent outlays in FY 1997-8 sixty percent |ower in
real terms than a decade before, nuch ongoi ng policy discussion centers
on the conversion and diversification of defense contractors into
commercial markets. Yet, beyond case study investigations of |eading
firnms, there has been little attenpt to systematically investigate how
def ense manufacturers' practices conpare to conmercial ones. Qur
ongoi ng research is the first systematic conparison in 35 years of

defense contractors to establishnments that do no defense contracti ng.

W evaluate the differences anong the defense and strictly comerci al

i ndustrial bases and the inplications for the prospects for dual -use
manuf acturing and diversification by addressing the foll owi ng questions:
How separated are commercial and mlitary production? How do defense
and non-defense contractors conpare in their use of advanced flexible
manuf act uri ng technol ogi es? How do the coll aborative practices of the
br oader production networks defense manufacturers operate in conpare
wi th those networks of strictly non-defense establishnments? Werever
possi bl e, we answer these questions through statistical conparisons of
def ense contractors to manufacturers with no contract ties to DOD but
operating in the sane industries and relying on the same underlying
process technologies. In addition to our own 1991 survey of a
representative sanple of establishnments in the machini ng-intensive

dur abl e goods sector (MDG, we use supplenentary information from
speci al i zed governnent data sources and case studi es describing the

practices of selected defense contractors.
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The defense industries in 1997-8 are rapidly noving targets in both
structure and size. Caution is clearly in order concerning the
applicability of conclusions fromour 1991 data and case anal yses done
over the past few years. Nevertheless, we believe that our findings—
which are contrary to | ong-held conventi onal w sdonm+aay refocus debate
over the possibilities and chall enges of defense diversification and
dual -use manufacturing. To us the policy questions are not about the
extent to which it is possible: even during the peak years of defense
procurenent budgets, we show that nmuch defense manufacturing was al ready
considerably integrated with comrercial manufacturing. The questions
shoul d be, instead, nore along the lines of howto maintain the
strengths of the defense industrial network, since Wrld War 11 the
principle instrument of U S. technology policy, in an era of

dramatically | ower defense spendi ng.

Il. Conventional Wsdom Defense Industries as A O osed, Distorted

System

H gh-tech products nmade for the mlitary such as tanks, mssiles,
satellites, submarines, or fighter aircraft have some sinilar features.
Each is a conpl ex product custonized to the requirenents of a single
customer. The manufacturing processes can involve exotic materials,
sophi sti cated technol ogy, and specialized engi neering expertise. The
customer also has the political power to restrict the sale or use of
products to other potential custoners. A conpany that makes a new hi gh-
tech weapon for the DOD cannot sell that weapon to another custoner
(i.e., another governnment) w thout the Defense Departnment's perm ssion
The DOD still forbids comrercial use or sale of sone of the conmponents

of these systens. These and related peculiarities provide the basis for
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t he assunption that there has been very little integration between a
producti on systemthat satisfies defense procurenent and one designed
for conmercial transactions (Gansler, 1995; Markusen and Yudken, 1992;
Mel man, 1974; Wi denbaum 1992). More generally, the conventiona

wi sdom hol ds that the defense industrial base is a closed, oligopolistic
producti on systemgrossly distorted in its use of technol ogy, batch
sizes, and its dependency on a single custoner. An analysis of the
defense industry by Murray Wei denbaum (1992, p. 131), forner Chairman of
Presi dent Reagan’s Council of Econom c Advisors, is illustrative:

“Truly, mlitary and civilian decision making differ so substantially

that they are al nost worlds apart.”

In the remai nder of this paper, we exam ne two propositions about the
character of defense-dependent conpanies and industries. Beliefs in

t hese propositions di scourage conpani es from enbarking on their own

di versification canpai gns and underlie skepticism about dual -use

manuf acturing and the extension of industrial technology policies to the
diversification of defense-related resources into civil and conmerci al

applications.

1) The uni que market structure and regul atory environment of the
defense industry conpel conpanies to isolate their defense
producti on. The engi neers, managers and workers enployed in these
operations have little experience with comrercial customners.
Conversion of this base would require re-organization
consi derable re-training, and in many cases, entirely new
managenent. Conments by Alic, et al. (1992, p. 142), anpng the
| eadi ng proponents of dual -use manufacturing, are typical of this
wi dely-held belief that firms “conduct mlitary business in

di visions that are managed separately from comerci al operations,
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often with separate work forces, production and research
facilities, accounting practices, engineering design philosophies,

and corporate culture.”

2) The absence of conpetitive pressures inplies that governnent
contractors will refrain frommaking i nvestnents in new
productivity- and flexibility-enhancing technol ogi es and
organi zati onal practices to the same extent as producers in
commercial markets. As a result, conpared to strictly conmerci al
enterprises, defense contractors' manufacturing processes are
technol ogi cal |y and organi zationally behind and are limted in
their flexibility to diversify into commercial markets. Retooling
and reorganizing will be necessary to achieve the of mlitary
production capabilities into the comercial industrial base.
Agai n, Wi denbaum (1992, p. 146): “Under the circunstances
[ Federal Procurement Regulations] it is not surprising that the
major mlitary contractors have been reluctant to make substanti al

new i nvestnents in their factories and producti on equi pnent.”

These propositions about the singularity of the defense industry are

| argel y unexanmi ned and hypothetical. Defense contractors' practices
have been subject to considerable public scrutiny, and nunerous studies
have focused on the special problens of the mlitary enterprise. Yet we
cannot identify a single enpirically rigorous study since Peck & Scherer
(1962) 35 years ago in which the market structure and manufacturing and
organi zati onal practices of defense-dependent establishnments are
systematically conpared to those of manufacturers of commercial goods.
As Gansler (1995, p. 29) notes, “It is at the plant level itself, which
is the nost inportant area as far as individual enpl oyees are concerned,

that surprisingly little information is available.”
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Mor eover, manufacturing of such conplex products as aircraft and ot her
weapons systens requires capabilities that no single conpany has by
itself. Yet the larger set of facilities engaged in manufacturing sone
part of these products have hardly been studied at all. Qur main
criticisms of the literature are the absence of any systematic effort to
conpare practices of defense contractors to their comerci al
counterparts, and the failure to include in those conparisons the vast
supplier network. Yet, that network’s prospects for dual -use
manufacturing and its flexibility in diversification are arguably as

i nportant a policy and econom c issue as the top-tier prine
contractors’. Only with such conparisons is it possible to sort out the
real differences that divide the defense and conmercial industrial
spheres. In this paper, we undertake such an exam nati on of defense and
commer ci al production and the | arger networks that support that

production in the machi ning intensive durable goods sector (NMDG.

[11. The Extent of Defense Manufacturing

From 1980 to 1987, purchases by the U S. Departnent of Defense were the
single largest contributor to the growh in U S. manufacturing. At the
1987 peak of the Reagan defense buil d-up, DOD accounted for al npst 12
percent of the sales of durable goods manufactured in this country
(Alic, et al., 1992). Yet, the concentrati on of Pentagon spendi ng | eads
many anal ysts to conclude that only a small nunber of |arge conpanies
benefited fromthis increase in defense spending. A frequently cited
statistic in support of this conclusion is data conpiled each year by

t he Pentagon, the |argest 100 defense contractors receive about 60

percent (58.4 in FY 1996, 61.5 in FY 1993) of the value of the total
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defense prime contract awards in excess of $25,000.% Current
concentration by this neasure is down considerably since the early 1960s
through |ate 1970s when it hovered around 70 percent.? Nonet hel ess,

this dom nation by the major defense contractors has led to a | ong-
standing and widely held belief in the difficulties the defense industry

woul d have in conpeting in conmercial markets.

Yet, when considering the inplications for diversification and dual -use
manufacturing, it is inmportant to consider as well the vast supplier

net wor ks upon which these firnms rely. Mjor weapons systens

manuf acturers stand at the top of a production chain simlar in
structure to manufacturing systens for conplex comercial products.
Wthin their owmn facilities, these prinme contractors |argely confine
production activities to final assenbly. |In commercial manufacturing

i ndustries for such conpl ex products as autonobiles, trucks, and
civilian aircraft, the final producers do not nmanufacture all of the
conponents of these products. Subcontractors nake the parts and
conmponents as well as the specialized equipnent, e.g., robots or machine
tools, which the final producers use in assenbly operations. For

def ense products, the establishments that have either prime or
subcontracts make up the defense industrial base. The size and
proportion of all DOD purchases that go towards subcontracts provide
conveni ent indicators of the inportance of this broader industrial base,
i ndi cators m ssing from previ ous anal yses, which focused on the | argest

prime contractors.

' U S. Department of Defense, 100 Conpani es Receiving the Largest Dollar
Vol une of Prine Contract Awards—Fiscal Year 1996, DI OR/ PO1- 96,

Washi ngton, D.C., US Government Printing Ofice, 1996. Al so available
at http://webl.whs. osd. m |/ pei dhone/ procstat/topl00/topl00. ht m

2 See Gansler (1980), p. 37 who charts this ratio from 1959-1978.
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More inportantly, the characteristics of this broad supplier network
have inmportant inplications for the conpetitive abilities of the

nati onal defense industrial base to undertake dual -use manufacturing and
di versification. For exanple, Gansler (1995) and Alic, et al. (1992)
anong ot hers have specul ated that the prospects for dual -use

manuf acturing may be higher at the conmponent |evel than at final

assenbl y.

Unfortunately, the only systematic information on subcontracts that DOD
collects fromprine contractors concerns subcontracts to smal
enterprises.® Various anal yses that do exist of weapons systens' costs
suggest that subcontractors are responsible for a substantial share of

def ense manuf act uri ng.

In published sources and in our own interviews w th nmanufacturing
managers at major prime contractors, we find that the dependence on
subcontractors ranges from 60 percent to nore than 70 percent of prine
contractors' costs. At Pratt & Wiitney, a nmanufacturer of aircraft

engi nes, "approximately 60 percent of the dollar value of its engines is

)

mat eri al s and conmponents purchased from suppliers. Simlarly, at

Al li edSi gnal, which makes subsystens, purchases of materials and

® For certain contracts, an enterprise is considered to be "small" if

it enploys fewer than 500 enpl oyees. In other contracts, cutoffs are
750 empl oyees or 1,000. For service and construction industries, a
small enterprise is defined in terms of revenue, not enploynent. The DOD
al so tracks prinme contracts to small firns. These two sources provide
estimates of the share of all defense spending that "leaks out" fromthe
large prime contractors. Using these data, the Congressional Ofice of
Technol ogy Assessnent (1992) estimated that 35 to 37 percent of al

def ense purchases in the 1980s went to enterprises that net one or
another criteria as "small." This estimate applies to all DOD

pur chases, including both services and manufactured goods. About one-
third of all defense procurement in the m d-1980s went to the service
sector (Blank and Rothschild, 1985).

*"IMP: Pratt & Witney Dependabl e Engines," informational brochure
(Pratt & Whitney, E. Hartford, CT), p. 10.
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conmponents accounted for 60 percent of total costs.® For GE Aircraft
Engi nes, subcontracts consunme two-thirds of the overall cost of
producing a mlitary aircraft engine. At what is now Lockheed Martin's
Fort Worth F-16 manufacturing plant, managers involved in supplier

devel opnent activities estimte that subcontracts consune nore than 70
percent of the cost of the aircraft. These |evels of pass-through (as
reported by major prime contractors) are consistently higher than the
50- 60 percent range reported in the Rand Corporation's 1965 study of the
subcontracting cost of sel ected weapons systens (Hall and Johnson

1965) .

In 1991, we surveyed 1,124 manufacturing establishnents, of which 973
were still in manufacturing and engaged in the precision machining
process. The sample is the cohort of plants in the MDG sector, first
surveyed by Kelley and Brooks (1991) in 1986-87. That sanple was

sel ected by stratifying all establishnents identified in Dun and
Bradstreet Conpany's plant universe (of 1984) bel onging to the nost
machi ni ng-i ntensive industries into the follow ng five enploynent size
categories: fewer than 20, 20 to 49, 50 to 99, 100 to 249, and 250 or
nore workers. An equal nunber of plants was selected fromeach stratum
resulting in proportionally greater sanpling fromthe |arger plant sizes
(and statistically weighted accordingly to give corrected overal

popul ation estimates). The overall effective response rate to the

conbi ned tel ephone and mail survey in 1987 was 89.3% For the 1991

survey, the effective response rate is 91%

The original survey was conpleted on a national sanple of plants engaged

in the machi ning production process.® Each of the 21 industries

> Wall Street Journal, Aug. 17, 1993, p. A3

® Machining involves the use of precision tools to cut and shape netal
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selected for inclusion in the sanpling frame accounts for at |east one
percent of all enploynent in machining occupations in all of the

manuf acturing sector. Mreover, for each industry, machining enpl oynment
constitutes at least ten percent of all production enploynent in the

i ndustry. We call this set of industries the machining-intensive
durabl e goods (MDG) sector.’ The manufacturing of high-tech military
hardware, in the formof aircraft, satellites, and mssiles, is
concentrated in this sector. Collectively, the 21 industries sel ected by
these criteria account for nore than half (51.3% of all durable goods
purchased for defense® and nore than one-fourth of all U S.

manuf act uri ng enpl oynent.

Because the survey’'s technol ogical focus (to enable conparing simlar
producti on processes across establishments) was on machining, the

sanmpling frame does not include a nunber of inportant defense

and includes grinding, drilling, mlling, planing, boring, and turning
operations. It is a process found in many manufacturing industries.
Based on the industry-occupational matrix for 1984 constructed by the
Bureau of Labor Statistics of the U S. Departnment of Labor, we
identified industries enploying workers in occupations requiring

speci alized skills in these tools.

" The industries are: nonferrous foundries (SIC 336), cutlery, hand
tool s and hardware (SIC 342), heating equi pnent and plunbing fixtures
(SIC 343), screw machi ne products (SIC 345), netal forgings and

stanpi ngs (SIC 346), ordnance and accessories, not el sewhere classified
(SIC 348), mscellaneous fabricated netal products (SIC 349), engines
and turbines (SIC 351), farmand garden machi nery and equi pnent (SIC
352), construction and rel ated machi nery (SIC 353), netal working

machi nery and equi prent (SIC 354), special industrial machinery,

excl udi ng nmet al working (SIC 355), general industrial machinery and

equi prent (SIC 356), m scellaneous machi nery, excluding electrical (SIC
359), electrical industrial apparatus (SIC 362), notor vehicles and
equi prent (SIC 371), aircraft and parts (SIC 372), guided mssiles and
space vehicles (SIC 376), engineering and scientific instruments (SIC
381), neasuring and controlling instrunents (SIC 382), jewelry,
silverware, and plateware (SIC 391).

8 This figure based on estimates of direct and indirect effects of

def ense spending in 1990 reported in: Industrial Qutput Effects of

Pl anned Def ense Spendi ng 1990-1994, Ofice of Policy Analysis, Econom cs
and Statistics Adm nistration, US Departnent of Commerce, Washi ngton

DC, February 1991
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i ndustries, notably comunications equi prment, electronics, conputers,
tanks and shi pbuil ding. Conversion and dual -use issues may differ in
t hese sectors, so our results for MDG manufacturers may not be
generalizable to the entire defense base. Tanks and shipbuilding are
anong the nost defense dependent of all industries, and technol ogi ca
change is notoriously rapid in conmunications, electronics and
conputers. Thus, we hesitate to specul ate about that half of the

def ense base.

Nonet hel ess, our sanple industries do represent a |large and i nportant
fraction of defense manufacturing. O the top 50 (4-digit) defense

i ndustries at the peak of the defense buildup in 1987, according to Alic
et al. (1992), our sanpling frame enconpasses 26, including 16 of the
top 20 as ranked by defense share of total industry sales. As a result,
def ense dependency in our sanple industries may be overstated conpared
to the average defense industry. This makes the degree of dual -use

manuf acturing we find already occurring all the nore remarkable.

The Departnent of Defense is the final customer (through prinme contracts
or subcontracts) for an enornous nunber of production facilities in the
United States. Fromour 1991 survey of a sanple of establishnments, we
estimate that 48.8 (+ 3.1) percent of all plants in the MDG sector were
defense contractors (Table 1). That anounts to nearly 40, 000
facilities.® Qur sanple estimate is consistent with Census Bureau data
on the extent of the defense industrial base in this sector. In 1988,

t he Census of Manufactures conducted a special survey on technol ogy and

0

def ense manufacturing. Wth data fromthe Census survey, ° we estinmate

® In 1989, there were a total of 81,506 establishments in this sector
(Source: County Business Patterns, 1989).

19 These statistics were cal cul ated by the authors based on unpublished
data supplied by the Bureau of the Census fromits 1988 special survey
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that 49.7 (+ 1.0) percent of establishments with 20 or nore enployees in
the MDG sector in 1988 were either defense prime contractors (selling
directly to one of the federal defense agencies) or were subcontractors
to defense prine contractors. Despite declines in defense spending in
real terns between 1988 and 1991, we find no statistical evidence of a
decline in the share of the overall manufacturing base in the MDG sector

that served the Departnent of Defense as of 1991

The conti nued defense drawdown since 1991 may have reduced the breadth
of the defense supplier base. However, a 1997 GAO study reported on a
random sanpl e of small California aerospace businesses that supplied
goods or services to large mlitary aircraft prograns. That survey
showed that between 1992 and 1995, 94 percent were still in business

while 3 percent had either nerged or been acquired (GAO 1997).

[ I NSERT TABLE 1 HERE]

Even if the base consolidated since our survey year, in US.

manuf acturing, there remains a vast hidden defense industrial base
consisting of a |large nunber of subcontractors with no direct dealings
with the Pentagon. AlliedSignal, for exanple, anmpbng the top 25 defense
prime contractors, had about 3000 direct suppliers in early 1997. As
Table 1 shows for the MDG sector, 64.1 percent of plants with any
defense-rel ated sales did not sell directly to DOD in 1990, but rather
served only as subcontractors or suppliers to defense prinme contractors.

Qur survey data indicate considerable pass-through fromprine

of approxi mately 10,000 plants belonging to the set of industries we
have designated as the MDG sector. For a description of the survey and
the data, see: U S. Departnment of Commerce, Bureau of the Census (1989).

" M nahan, Tim “Purchasing rebuilds to battle poor quality,”
Pur chasi ng, 122(1), January 16, 1997, p. 53.
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contractors to this subcontracting base. Spending on subcontracts al one
accounted for forty-one percent of all defense-related sal es and
shipments in the MDG sector during 1990. Moreover, nore than half (54%
of the value of shipnents to prime contractors from subcontracts in the
sector cane fromlower tier suppliers, i.e., those that had no prine

contracts with a federal defense agency.

Concl usi ons about the uni queness of the defense industrial base that
rely solely on information about prine contractors mss the influence of
DOD on the tens of thousands of subcontractors that nake equi pnent for
the mlitary. Related policy prescriptions overl ook whether that
broader industrial base is flexible enough to support diversification

and undertake dual -use manufacturing.

V. The Extent of Commercial and Mlitary Integration in Production

Even the | argest defense contractors belong to conpani es that depend on
commercial sales for the greater part of their total revenues. At the
corporate level, Alic, et al. (1992) found that, anong the 100 | argest
defense prime contractors, even during the height of the 1980s defense
bui |l dup, the 67 publicly traded firnms derived only 9 percent of their
total sales fromdefense prime contracts over the five-year period
ending in 1988. Mreover, only 9 of those 67 firnms were highly defense-
dependent, with 50 percent or nore of their sales going to DOD during
those peak years of the build-up.® Yet, because many of these
conpani es have set up separate divisions for their defense business,

little or no interchange is assunmed to take place between the defense

2 McDonnel | Douglas, General Dynamics, Martin Marietta, G unman,
Loral, OGshkosh Truck, Avondal e Industries, Dyncorp, and the United
I ndustrial G oup.
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and comercial sides fromthe top to the bottomof the enterprise

A separate division within a corporation indicates a separate chain of
command for nmanagers responsi ble for defense production. However, such
an organi zational structure may not inply a physical separation between
t he peopl e and machines actually involved in defense and comerci al
manuf acturi ng operations. For exanple, corporations comonly enpl oy
what is called a matrix reporting structure, in which groups with the
same functional responsibilities have dual reporting responsibilities:
to a product division, and to the director of a functional area, such as
the chief of manufacturing operations. 1In such a matrix structure, the
al | eged segregation of defense work from conmercial work may sinply be
an artifact of reporting lines of authority. This does not inply that
the organi zation has literally constructed separate work groups or

facilities for the two divisions.

Even so, the segregation fromcomercial operations of facilities and
producti on equi prent used exclusively for the manufacture of mlitary
products is frequently described in the academ c and busi ness press as
if it were the established practice of nost defense contractors.®® This
separation is also thought to extend fromthe headquarters to the shop
floor. According to Markusen and Yudken (1992), special accounting

rul es, technical requirements, and the like are responsible for a "wall
of separation” that divides production for the mlitary from comerci al
manuf acturing. Such high profile exanples as Lockheed Martin's Skunk
Works (the incubator for the U-2 and SR-71 "Bl ackbird" spy pl anes and
|ater the F117A Stealth fighter), or General Dynam cs' Fort Wrth F- 16

% e.g., GAO 1997; Gansler, 1995; The Economist, Cctober 2, 1993;

Busi ness Week, Sept. 6, 1993; Lundquist, 1992; Markusen and Yudken,
1992; Wi denbaum 1992; Center for Strategic and International Studies,
1991, OTA, 1989; Mel man, 1974.
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manuf acturing facility (now al so Lockheed Martin's), have hel ped
perpetuate the view that defense production largely takes place in

facilities where no conmercial products are nmade

Drawi ng on our 1991 survey data of manufacturing establishnments, we
attenpt to neasure the extent of segregation between defense and non-

def ense production through an assessnent of the follow ng:

VWhat proportion of the defense industrial base in the MDG
sector operates specialized facilities dedicated to the
manuf acture of mlitary hardware?

VWhat proportion of total defense output in the sector is
produced in segregated facilities?

Do prime contractors [especially those that are part of |arge
conpani es] have a greater propensity to operate defense-
dedi cated production facilities than subcontractors?

Qur first indicator of segregation is the percent of total 1990

shi pments fromeach plant sent directly to a federal defense agency

(i ncluding any branch of the U S. Arned Forces, the Defense Logistics

Agency, depots of the services, and the Departnment of Energy) or to a

prime contractor of one of these agencies.

As Table 1 shows, nearly two-thirds of all the output generated from
def ense contractors in the MDG sector in 1990 went to conmmerci al
customers. Overall, defense shipnents contributed only 36.1 percent of
the total value of 1990 shipments fromplants that make nmilitary

equi prent in the U S. MG sector

We find that, contrary to the conventional w sdom the typical defense
contractor in this sector is not very defense dependent, even at the
establishment |evel at which we collected data. The nedi an defense
share was only 15 percent anong plants with any 1990 defense sales in

the MDG sector. The vast majority (80.4 percent) of establishnments
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integrated commercial and military production in the same facility,
selling nmore than half of their 1990 output to comrercial custonmers. As
Figure 1 shows, only 21.4 percent of plants with prinme contracts had
nore than 50 percent of their sales going to DOD in 1990. For the | ower
tier contractors, only 18.5 percent shipped nore than 50 percent of

their 1990 output to defense prine contractors.

Because a | arge nunber of these establishnents are small, we al so

i nvesti gated whether, despite the nunbers of integrated establishnents,
nost of the value of defense-rel ated manufacturing was done in defense
dependent facilities. 1In Figure 2 we cumul atively add 1990 shi pnents by
establ i shnents that reported any shipnments to defense agencies or prine
contractors to defense agencies at all, ordered by the degree of the

pl ant’ s dependency on sales to defense custoners. As Figure 2 shows, we
estimate that nore than half of the value of defense related work in
this sector cane fromplants that did the majority of their work for
non- def ense custonmers. Moreover, less than one-third (32.7% of the

val ue of total shipnments of military goods fromthe sector in 1990 cane
fromhighly segregated facilities (with 80% or nore of their output

goi ng to defense).

[ NSERT FI GURES 1 AND 2 HERE]

Anot her way we attenpted to account for the variation in size and
organi zati onal strategies of companies in the defense industrial was to
| ook at the differences between multi-plant firnms and single plant
firms. Milti-plant conpani es have the option to place all of their
defense orders in one facility and commercial work in another. |If

mul ti-plant corporations adopt such a segregation strategy, we should

find a higher incidence of dedicated facilities anong branch plants
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doi ng defense work than anong single-plant enterprises. In Figure 3, we
see that there is no statistical difference between these two types of
conpanies in the proportions of facilities which are highly specialized
in maki ng defense products. For large, multi-plant firms, and sl
single-plant enterprises alike, fewer than one in five of the plants
that do defense work sell nmore than 50 percent of their output to DOD or

a prime contractor.

[ I NSERT FI GURE 3 HERE]

Al though larger firnms are not nore defense dependent, on average, than
smaller firnms are, we do find that facilities dedicated to defense
producti on are somewhat nore conmon anong those branch plants of |arge
corporations that receive prime contracts. As we show in Figure 4,

whi ch | ooks only at branch plants of nmulti-plant firns, prine
contracting defense plants belonging to multi-unit firns are
significantly nore dependent on sales to DOD, on average, than branch

pl ants that only have subcontracting ties to DOD. For exanple, a |arger
fraction of prime contractors (22.3% than subcontractors (12.1% depend
on DOD (or other prine contractors) for 50 percent or nore of their

sales. These differences are statistically significant (p<.05). If

4 W performed several statistical tests (at p=.05) to exanine the

rel ati onshi p between the size of plant or size of firmand defense
dependence, neasured by the percent of total shipnments fromthe plant in
1990 that went directly to a defense agency or a prine contractor. W
find no significant correl ati on between the degree of dependence on

def ense purchases and either size of the parent conpany or plant size
(both as nmeasured either by sales or enploynment). Moreover, Chi-square
tests fail to show any significant differences in the distribution of

pl ants anmong (plant or firn enploynent size categories (1-49, 50-249,

$250) and the extent of the establishment's dependence on defense sal es,
grouped by categories (0, 1-9% 10-19% 20-29% etc.). W also
performed ANOVA F-tests, categorizing plants as single-plant enterprises
or branch plants of large multi-unit conpanies, to determine if there
were any statistical differences between large and small firns in the
sanmpl e plants' dependence on defense purchases. Again, we found no
significant rel ationship.
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branch plant prime contractors are nore |likely than subcontractors to do
assenbly work, then this finding is consistent with the view that
prospects for dual -use may be higher on the conponent |evel than the
system assenbly level. Regardless, facilities that serve both
commercial and mlitary custonmers are the overwhel mi ng norm across both

branch pl ant categories.

[ I NSERT FI GURE 4 HERE]

In short, at the level of the plant, we find considerable integration
between the commercial and mlitary industrial spheres in the MG
sector. Large multi-plant firnms that do defense prime contracting tend
to be slightly nore dependent on average than subcontractors. But
overall, we find that defense production in the MDG sector (whether
directly for DOD or indirectly through subcontracts) nore often than not
takes place in facilities in which the majority of production is for

comrerci al custoners.

In order to satisfy ourselves that the integration of production for
mlitary and conmerci al custonmers suggested by our statistical data
reflects practices on the shop floor, we undertook a nunber of nore
detail ed case studies. W selected cases fromrespondents to our
survey, froma review of previous research, and frominterviews wth
managers of major defense contractors. Qur case investigations were
designed to identify if separate equi pnent, production workers, or

engi neers are assigned to mlitary production in plants that are engaged

i n manufacturing for both DOD and conmerci al customners.

H gh Profile Cases of Cormercial-Mlitary Integration

Ceneral Electric has been anong the top 10 DOD prime contractors for
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nmore than 40 years.™ OTA (1992, p. 202) describes GE as the

qui ntessential case of a conpany that fully integrates its comerci al
and mlitary production: “GE Aircraft Engines is the | eadi ng exanpl e;
...[1t] conbines all aspects of its mlitary and commerci al busi ness
except for marketing, while still conplying with DOD requirenments.” The
two sides of the business share nanagenment, R&D facilities, and

manuf acturing. Despite a huge dollar volunme in defense sales, GE
Aircraft Engines derives nore than half of its revenues from conmerci al
engi nes. Sonetinmes GE even sells the sane engine to both defense and
non- def ense custonmers. In a joint venture with the French firm Snecma

t hey produce CFMb6-2 jet engines, the technical core of which powers the
B-1 bonber, for DC-8 conmercial airplanes as well as the Air Force s KC
135R tanker aircraft. Simlarly, Pratt & Wiitney sells the PW2037

engi ne for both comrercial and mlitary use.

Hughes Aircraft, which in 1997 Raytheon is planning to acquire from
Ceneral Mdtors, is a |leading supplier of conrercial satellites and al so
consi stently anong the top 10 defense prinme contractors. Not only does
Hughes produce comercial and military conponents in the sane
facilities, but it also integrates its design processes as well.
According to Al bert Wheel on, former CEO of Hughes, "The design and
fabrication of spacecraft subsystens is centered in the engi neering and
manufacturing divisions. 1In order to capture the benefits of scale and
retain the flexibility to interchange parts and manpower when needed,
these two divisions serve all prograns, regardl ess of the structure of
t he individual customer's contract. One inplication of this

organi zati onal design is that technical manpower in the engineering and

15 See OTA (1992) and the various years of: U S. Departnment of Defense,
100 Conpani es Receiving the Largest Dol lar Volune of Prime Contract
Awar ds—i scal Year 19XX, Washington, D.C., US Governnent Printing
Ofice.
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manuf acturing divisions is entirely interchangeabl e anong projects”

(quoted in Alic et al., p. 179).

Anot her exanple is Vought Aircraft. Vought produces major aircraft
structural subsections for both commercial and defense-rel ated
customers. e.g. tail sections for Boeing's 747, 757 and 767; engine
nacel l es for Canadair's CL-601RJ regional jet; wings for the new
QulfstreamV (G5) corporate jet; tail sections, aerial refueling
receptacl es, and engi ne nacell es for McDonnell Douglas' C 17 d obemaster
1l mlitary transport; and until recently, the conplex B-2 Stealth

i nternedi ate wi ng section, about 1/3 of the total B-2 airfrane structure
by weight. In August, 1994, Vought Aircraft was acquired by the

Nort hrop Grumman Corporation, itself created when Northrop acquired

G uman in March, 1994. Vought enpl oys approxi mately 5000 people in its
facilities near Dallas, Texas, and its annual revenues, according to
Nort hrop Grumman, near $600 million.'® Vought was made the home of
Northrop Grumman's Commercial Aircraft Division. As discussed in detai
in Watkins (1997), during our visits and dozens of interviews, managers
and shop-fl oor personnel there clearly denonstrated how cross-functiona
teans are the organizational normat Vought, nmaking it a truly dual -use
operation. Integrated, centralized functional groups such as

engi neering, machining and fabrication, quality assurance, supplier
managenent and so on, serve all progranms, both mlitary and comrerci al
with the sanme peopl e and procedures. Vought operates under an
"integrated product/process devel opnent”™ (1PPD) philosophy w th what
their human resource managers call a "strong matrix" organizationa
structure. 1In addition to reporting to a functional group, one axis of

the matrix, people also report to (and are co-located with) multi-

% Northrop Grumman press rel ease, quoted in S& Daily News, August 31
1994.
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functional product or process teanms, the other axis, that have ful
responsibility for integrating and managi ng all aspects and the whol e
life-cycle of each commercial or mlitary program from devel opnent

t hrough delivery and post-producti on support.

Alic et al (1992) report simlar integration at the Lord Corp., a

| eadi ng supplier of rubber-to-nmetal adhesives and conputerized

vi bration-control equipnment. Lord uses a single division and the sane
engi neering group to work on the Boeing 737, 757, and 767 aircraft as
wel | as the Black Hawk helicopter and the Gsprey tilt-wing transport.
The Castings and Forging Division of Wman Gordon Co. enploys the sane
peopl e, processes, and equi pnent in supplying special alloy castings to
CGE Aircraft Engines, Pratt & Whitney, Boeing, and MDonnel | Dougl as.
Hewl ett-Packard’ s M crowave sem conductor division integrates mlitary

and civilian production as well.

Commercial-Mlitary Integration in Subsystem & Conponent Manufacturers

W sel ected a nunber of smaller defense contractors that vary in their
degree of dependence on sales to DOD or prine contractors. |In every
case, we find that these subsystem and conponent manufacturers operate
conpletely integrated facilities, using the sane people and equi pnent
for both comercial and military products. W offer three exanples to
illustrate how these production sites handle differences in production

requirenents (if any) between their comercial and military custoners.

Tecknit. In our first exanple, we mght expect a high potential for
segregating mlitary work, because approximtely 50 to 60 percent of the
firms business is defense related. Tecknit, founded in 1958 as
Technical Wre Products, Inc., designs and produces materials and

conmponents for electromagnetic interference (EM) shielding, grounding,
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and static discharge. The firm enploys about 300 people in
manuf acturing and sales facilities in the U S and UK, the majority of
whomwork in the main plant in Cranford, New Jersey. W visited the

Cranford facility.

The conpany's original product |line was seanl ess knitted-w renesh rings
and gaskets, manufactured for both mlitary and comercial markets on
equi prent of their own proprietary design. Thus, the core capability of
the firmwas a process technol ogy designed and built in-house. However,
rather than remaining a wire knitting specialist, the conpany has re-
focused on technol ogi es that provide solutions to problens from

el ectromagnetic interference

Tecknit's product line now also includes a wide array of products with
simlar functions: patented conductive elastic polynmers (simlar to
rubber), conductive adhesives, paints, and greases, as well as shielding
screens, coated wi ndows, and air vent panels. Their products are used
in electrical equipnment or conmponents that either emt or suffer
interference fromel ectromagnetic radiation in the power, radio or

m crowave ranges of the spectrum (e.g., personal conputers, power
supplies, aircraft navigation equi pnent). Tecknit's |argest custoners
i ncl ude Westi nghouse, Rockwel |, Raytheon, Boei ng, Hughes, Magnavox, and
Texas Instrunments. |In addition, Tecknit sells to tel ecomunications
equi prent firms and conputer conpanies, including Apple, DEC, Dell

Si enens and | BM

Al t hough the conpany offers a standard range of EM products, Tecknit
operates primarily as a job shop. |Its production is |ow vol une and
| abor intensive. Mich of the assenbly work (for exanple, the tasks of

bondi ng el ast omer gaskets to machi ned al um num frames) is still done by
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hand.

We find no differences in the manufacturing process for defense and non-
def ense products. According to the manufacturing nmanager we

i ntervi ewed, and our own observations, there is no special |abeling on
products made for defense contractors that woul d distinguish themfrom
products made for commercial custoners. The technol ogy, nmanufacturing
equi prent, process flow, |abor, and engi neering are indistinguishable
fromone custoner to another. The only differences in requirenents
occur in the docunentation during final inspection. DOD has reporting
requirenents in tracking materials and in docunenting inspecting and

testing procedures that are not demanded by other customners.

Electroid. This case is nore typical of defense contractors in terns of
dependence on defense work. The share of sales going to defense prine
contractors has never exceeded 20 percent. Again, we find conplete

i ntegration between mlitary and non-mlitary manufacturing. The

El ectroid Conpany is a specialty manufacturer of high perfornmance
notion-control devices. Their core business is in electro-nechanica

cl utches, brakes, and solenoids. Wth current manufacturing facilities
in Springfield, New Jersey, Electroid is a privately owned divi sion of
Val cor Engi neering Corporation. Electroid enploys about 100 peopl e at

this facility.

When nost of us think about clutches and brakes, our autonobiles conme to
mnd. Yet Electroid has a clear corporate strategy that conpletely

avoi ds the autonobile industry, which nanagenent considers a | ow
performance, high-volume (and | owprofit margin) market. |nstead,

El ectroid supplies nmedium to high-perfornmance el ectro-nechanica

stop/start notion-control equiprment in |ow volunes. Their products are
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used in industrial machinery and a nunber of aerospace applications,
largely in notors or actuators for the purpose of engagi ng or

di sengagi ng nechani cal power, or stopping or |ocking noving parts. The
conpany supplies such devices for packagi ng machi nery, photocopiers,

i ndustrial robots, the Apache helicopter, and the turret on the ML tank
NASA' s Space Shuttles have Electroid' s fail-safe brakes to | ock the
doors in position. Sone of Electroid s major custoners include

Al li edSi gnal, Boeing, General Electric, Scientific Atlanta, and

West i nghouse.

By defining their technol ogical niche as notion control, Electroid
naturally serves a broad cross section of industries. Mst of their
orders cone from nakers of industrial machinery, but the conpany has
been a defense contractor since the beginning of the Reagan build-up in
1981. For its products, Electroid identifies mlitary requirenents to
be as stringent as those in comercial applications in aircraft and
nucl ear power plants. That group of customers is collectively known at
Electroid as "NAM' for "nucl ear, aerospace, and mlitary.” NAM accounts
for 15 to 20 percent of total sales. According to the vice president
for manufacturing, the designs, materials, tolerances, inspection and
reporting requirenments for Electroid s NAM work are nore exacting than

t he demands of their other custoners.

Nonet hel ess, this manufacturing facility remains conpletely integrated
bet ween def ense and non-defense work. The manufacturing process on the
shop floor uses the sane producti on workers, the sanme manufacturing

equi prent, and the sanme engi neers for both comercial and defense jobs.
A wor ker could spend one hour on a NAM job and then the next hour on an
i ndustrial machinery part. No equipnent or any enployee in the plant is

dedicated to mlitary (or NAM production. The only feature of the
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producti on process that identifies mlitary products is also used to

di stinguish all NAM work from products nmade for other custoners. Wrk
for NAM customers is placed in blue plastic tote bins and pieces for
non- NAM custoners in tan-colored bins. The main reason for this color-
coding is to alert the enployee at each work station to follow the
witten instructions that acconpany the NAMitem For NAM products,
whet her for mlitary or conmercial customers, detailed specifications
dictate the tasks to be perforned (and checked) at each stage in the

producti on process.

Del royd Worm Gear. This case is another exanple showi ng that the

process and standards for making some commercial and military products
are indistinguishable. Delroyd Wrm Gear manufactures | arge speed-
reduci ng worm gears for use in high torque applications. The conpany is
a division of MO Industries and enpl oys fewer than 100 people at the
facility we visited. Their products are used, for exanple, in
conveyors, printing presses, oil drilling punps, and cranes. They nake
gears for canal |ocks, including sone used on the Panama Canal, and for
aircraft hanger doors. Custoners can order products fromthe conpany's
cat al ogue, but customorders are al so accepted. Delroyd has been a

def ense contractor since World War 11. The DOD accounts for 5 to 10
percent of their business, |largely buying replacenent parts for Naval

shi ps.

There is absolutely no separation of manufacturing work for the Navy
fromother work. No machines or workers are specially set aside. Nor
are there any special testing or inspection requirenents associated with
defense contracts. The Navy sinply places an order, identifying the

repl acenent part it wants Delroyd to build.
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Wrm gears are a "mature" product. Technol ogi cal changes occur very
slowy. One production nmanager we interviewed said that new materials
are the only major product inprovenent in the past 40 years. Today,
worm gears are made with | ess expensive, nore durable materials than two
generations ago. The only defense-related peculiarity is that

government purchase orders for replacenent parts generally specify the
same materials as the original order. For replacenent parts on ol der
ships, this can nean the Navy purchases products nmade with inferior (and

nore expensive) materials than used in new gears.

V. Conparing Networking and Technol ogy I nvestnent Practices

In addition to finding that nost defense contractors are already

consi derably diversified into commercial markets, we also find evidence
that they may be better suited than their strictly conmercial brethren
for dealing with changi ng markets and dynam c conpetition

Organi zati onal and technological flexibility are inportant el enents of
any diversification strategy. By several key indicators, defense
contractors have adopted nore flexible manufacturing technol ogi es and

organi zati onal practices.

Qur findings lie in stark contrast to prevailing views on the defense

i ndustrial base. Appealing to econom c theory, Markusen and Yudken
(1992) argue that the normal conditions of exchange between buyers and
sellers do not operate in the defense industry. As a consequence,
defense contractors do not face the kinds of conpetitive pressures to

i nnovate or to mnimze costs that [at least in theory] affect conpanies
operating in strictly cormmercial markets. In a simlar vein, Denski and

Magee (1992) identify a nunmber of unusual features of mlitary product
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markets that can be expected to further distort firms' behavior
adm ni stered prices, uncertainty, and a single buyer (DOD) with

consi derabl e regul atory power over its suppliers. Rogerson (1992)
argues further that the cost-based pricing rules for defense contracts
actually provide a perverse incentive for suppliers to under-invest in
technol ogy and to subcontract out |ess, enploying nore direct |abor

t han woul d be expected of enterprises operating in conmercial product
markets. This is because standard accounting procedures usually

al | ocate overhead in proportion to direct |abor

Failure to invest to inprove productivity has |long been identified as a
possi bl e source of high costs anong defense contractors. |ndeed, as
early as 1976, a nmmjor Pentagon review of procurenent practices

concl uded that defense contractors used only 42 percent as nuch capita
equi prent and facilities per dollar of sales as durable goods

manuf acturers overall (U.S. Departnent of Defense, 1976). In 1980, the
House Arned Services Committee drew simlar conclusions about the |ack
of investnent in new manufacturing technol ogi es by defense contractors
(U. S. Congress, 1980). The Pentagon undertook a variety of initiatives,
such as the Industrial Modernization Incentives Program (begun in 1982)
and reforns of contract pricing practices introduced through the
Conpetitiveness in Contracting Act of 1984. These initiatives provided
i ncentives to keep costs down (with the awarding of nore fixed price
contracts) and assisted those contractors w shing to undertake

producti vity-enhancing i nvestnments in new technology. |If these reforns
have had any effect on defense contractors, in our 1991 data we shoul d
expect to see the gap narrowi ng between their propensity to invest in
new t echnol ogy conpared to their counterparts operating in strictly

comerci al markets.
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More recent refornms have al so been al ong the sane vein. The Federal
Acqui sition Stream ining Act of 1994 provides clear statutory
preferences for conmercial products and “best value” contracting, and
also raised the threshold for sinplified acquisition processes to $
100, 000 from $25,000. Simlarly, the Secretary of Defense in 1994

di rected DOD prograns where possible to use conmercial specifications.

More broadly, firms face a general problemof inperfect information fo
| ear ni ng about and effectively adopting new technol ogi es. Accunul at ed

know edge and expertise is inportant for assessing potential benefits

29
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from adopting a new technology. Differences anong firnms in their access

to such expertise explain, in part, why sone firns are nore likely than

others to adopt a new technol ogy or innovate thenselves (Arrow, 1962;
Cohen and Levinthal, 1990; Dosi, 1988; Kelley, 1993; Nelson and Wnter
1977, 1982; Rosenberg 1972, 1982; Watkins, 1991). Thus, to the extent
t hat these governnent policies provide a nore supportive and
information-rich environment for long-terminvestnents in new

t echnol ogi es than conpani es ordinarily have in strictly comrerci al
cust omer - buyer rel ations, we may even expect to find a higher |evel of

i nvest ment anong defense contractors.

The issue is not whether the product market and the conpetitive
conditions in which defense contractors operate differ fromsone

hypot heti cal ideal, but whether governnent policies through the defens
procurenent system have [positively or negatively] affected the
propensity of private manufacturers to invest in flexible and

producti vity-enhanci ng technologies. Flexibility may be particularly
important in the context of defense diversification. |In this section
we draw on our 1991 survey data once again to address the differences

i nvestrment in new flexible and productivity-enhanci ng manuf act uri ng

e

in
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t echnol ogi es between defense contractors and their counterparts in the

MDG sect or

Def ense Contractors' Leadership in Flexible Manufacturing Technol ogi es.

Programmabl e aut omat ed nmachine tools (PA) are a particularly inportant
and recent manufacturing innovation. PA, or conputer-integrated

manuf acturing, refers to information technol ogy applications in which
conput er software and m croel ectroni c-control devices are used to direct
and nonitor such ordinary production operations as nmachini ng, wel di ng,
testing, and inspecting. What distinguishes PA from previous
generations of productivity-enhancing technology is that the
instructions controlling the operation of machines are incorporated into
software rather than hardware. As a result, PAis a very flexible

i nnovation that can be used to reduce the costs of product

di versification and of both | arge-volune and small -batch production

even in the smallest conmpanies and in a wide variety of industries.

A large literature addresses the cost, performance and flexibility
advant ages of PA (e.g. Ayres and MIler, 1983; Dosi, 1988; Freeman and
Perez, 1986; Hirschhorn, 1984; Kaplinsky, 1984; Kelley and Brooks, 1991;
Pi ore and Sabel, 1984). PA blurs the distinction between the econom cs
of Fordi st mass production and of small batch production (Cohen and
Zysman, 1987). Batch production on conventional machine tools involves
gener al - pur pose machi nes hand operated by skilled workers. Unit
producti on costs tend to be hi gh because hand operations are tine
consum ng and set up costs are spread over small nunbers of units. Mass
production, on the other hand, involves high fixed costs for dedicated
machi nes. Unit costs are | ow because set up and equi pnent expenses can
be anortized over |arge output volunme. However, retooling for new

products can be tine consunmi ng and costly.
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In the diversification context, what is nost rel evant about PA is that
it added “econom es of scope” to the manufacturing | exicon. Cohen and
Zysman (1987) believe PA's potential for inproving both static and
dynamic flexibility is key to econom c grow h and conpetitiveness.
Static flexibility allows for sw tching production anong a nunber of

di fferent products. PA reduces the tine it takes to switch from one
product to another, and at the sane tine can increase utilization rates
by limting set up costs. Dynanmic flexibility provides the ability not
just to produce nore than one product on a single line, but to enable
production to evol ve quickly with changes in either product or
production technology. Dynamic flexibility, inthis view, is critica
for the tinely realization of new ideas. Hence, both static and dynamic

flexibility are relevant for diversification.

&oing further, Piore and Sable (1984) and nore recently Harrison (1994)
see the introduction of flexible specialization as having fundanental |y
altered the nature of conpetition in manufacturing industries. |If this
is true, defense contractors may be conparatively well situated for
conpetitive success in what Harrison (1994) calls “the age of

flexibility.”.

Qur survey results confirma statistically significant difference
(p<.0001) in PA adoption related to defense contracting: sixty-six
percent of plants with any defense prinme- or sub-contracts have PA
machi ne tools, conpared to 50 percent of plants serving exclusively non-
defense markets (i.e. with no sales or shipnents to defense agencies or
defense prime contractors). Moreover, defense contractors that adopt
this technol ogy enpl oy a much higher fraction of PAtools in their tota

machi ne tool stock than do establishnents engaged in the sane
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manuf acturing processes but with no contractual ties to DOD.

Def ense contractors have been nore innovative in their application of

i nformati on technol ogy to other production processes as well. For six
common uses of conputers in manufacturing, we conpared the adoption
rates of defense and strictly non-defense plants. In addition to PA

t he applications include conputer aided design (CAD), conputer-aided
manuf acturing process control systens (CAM-dsed to plan and nonitor

i nventory, work-in-process and materials flow), computer-aided materials
pl anni ng, and the use of progranmable automation in other production
processes. For every one of these technol ogies, we find higher adoption
rates (p<.0001) anong defense contractors than in plants serving

excl usi vely comerci al markets.

Figure 5 graphs the ratios of adoption rates of these technol ogi es
bet ween defense contractors conpared to strictly comrerci al

est abl i shnents, for various size firms. 1In the figure a ratio of 1.0

Figure 5. Ratio of Technology Use in Defense and Non
Defense Manufacturing Plants, by Firm Employment
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woul d nmean that the same proportion of defense and strictly non-defense
est abl i shnents adopted the technol ogy, while a 2.0 woul d nmean defense
est abl i shnents adopt at twice the rate of those operating strictly in
non- def ense markets. The adoption advantages are particularly inportant
(ranging fromabout 1.5 to nore than 2.5) for small firms, with fewer

than 50 enpl oyees.

Although it is difficult to single out a particular cause for these

di fferences, we believe that governnent policy initiatives and prograns
directed at the defense industrial base are at |east partly responsible
for the |large technol ogi cal gap we find between defense contractors and
other U S. manufacturing establishnments in the MDG sector. From 1982 to
1992, the Industrial Mdernization and Incentives Program of the DOD
provi ded techni cal assistance to contractors in assessing the
applicability of advanced manufacturing technol ogi es to defense
contractors' operations. Through its manufacturing technol ogies
(ManTech) program DOD has supported the devel opnment of advanced
technol ogi es and i nprovenents in process technol ogi es anong def ense
suppliers. DOD spent between $150 to $200 nillion annually throughout
the 1980s on ManTech al one, exceeding the |evel of spending by all state
governnments on technical assistance prograns ainmed at manufacturing
firms during the sane period (Shapira, 1990; U S. Congress, Ofice of
Technol ogy Assessnent, 1990). Al though these prograns directly assisted
arelatively small nunber of defense contractors, DOD al so sponsors
annual conferences and wor kshops on new devel opnents i n nmanuf act uring
practices. These sessions highlight the | essons |earned fromthe

experi ences of early adopters of advanced manufacturing technol ogi es,
providing the kind of |earning opportunity for the |arger defense

i ndustrial community that Von Hi ppel (1988) and Kelley and Arora (1996)

identify as inportant institutional nechanisns for diffusing new
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t echnol ogi es.

Def ense Contractors’ Advantages in Coll aborative Networking Practices

I ndeed, as we discuss in the this section, we find considerably nore
col | aborative networks of information sharing and supportive

rel ati onshi ps surroundi ng defense contractors in the MDG sector than
surroundi ng establishments with no defense related sales or shipnments.
Drawi ng on theories of the econom c value of collaborative production
networ ks, in our survey we gathered 43 neasures about the history of
external relationships each establishment had. These econonic exchange
rel ati onships were with key external organi zations, including:

t echnol ogy vendors, subcontractors, conpetitors, custonmers and ot her
sources of technical information such as governnment agenci es and
col l eges and universities. For each of the 43 neasures we perfornmed
statistical tests to determine if the particular type of relationship,
such as “col | aborated in devel opi ng new products w th subcontractor” was
nore likely anong firms with or without defense ties. For continuous
vari abl es, such as “the nunber of years you have been doi ng busi ness
with this technol ogy vendor,” we tested whether one group of plants had
nore durable (longer) and nore intensive interchanges with their
external partners. Again, we spilt the sanple by whether or not the
est abl i shnents hand any sal es or shipnments to the defense agencies or

defense prinme contractors.

VWi ch group engaged in nore coll aborative networking relationships with
their custoners, suppliers, conpetitors and other externa

organi zati ons? Wether the conparison is of defense prine contractors
to plants with strictly non-defense work or between defense
subcontractors and other plants, the overall pattern is striking. For

defense prinme contractors, on 19 of the 43 separate nmeasures we find
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stronger or nore preval ent coll aborative external |inks than for plants
with no defense sales. Simlarly for defense subcontractors, 19 of the
43 neasures are statistically greater than for other plants. Anong both
defense prime and subcontractors, a higher proportion of plants have
close ties to their custoners, conpetitors, sub-tier contractors, or
technol ogy vendors. Mbreover, these relationships are nore durable and
i ntense, on average, for defense contractors than they are for other

pl ant s.

Figures 6 and 7 sunmarize these findings. These figures include only

t hose external connections that were nore prevalent or stronger in
plants tied to defense conpared to strictly non-defense plants. For
each measure shown, the differences between plants inside and those
out si de defense production are statistically significant at p<.05. The

arrows indicate the direction of the connection

In Figure 6, we see that the differences between defense prine
contractors and non-defense plants are particularly strong when
conparing each group’s vertical relationships to their subcontractors
and technol ogy vendors. Qut of ten different indicators of close ties
to machi ni ng subcontractors, seven are significantly nore coll aborative
for defense prime contractors than for plants in strictly non-defense
markets. Defense prinme contractors far nore frequently say they

provi ded techni cal assistance, |oaned equi pnment or machi nery, and

provi ded financing, and technical training to their subcontractors in

1989 or 1990 than did non-defense plants. |In addition, defense prines
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have a nuch nore intensive relationship with subcontractors, neeting
with the technical staff of their subs nore than 2 1/2 tinmes as
frequently in 1990 as managers from non-defense plants report about
contacts with their inmportant subcontractors. Wth respect to |inks
wi th technol ogy vendors, we find that four of the seven nmeasures are

significantly greater for defense prines than for non-defense plants.

Note also the relative stability of the relationships that defense
primes have to their key partners. Prine contractors have been doing
business with their |argest custoner, nost inportant subcontractor and
technol ogy vendor for a significantly | onger period of time than non-
defense plants. On average, defense prinme contractors have been
supplying their |argest custoner for nore than 16 years, which is in the
same range (15 to 20 years) recently reported to be typical of
subcontractors belonging to keiretsu in Japan's netal worki ng sector (OTA

1990, p. 135).

VWile prime contractors have rel atively stronger collaborative ties to
subcontractors and technol ogy vendors than do non-defense plants,

def ense subcontractors have conparatively closer relationships with
conpetitors. Figure 7 shows that a higher proportion of defense
subcontractors have |l ateral collaborative ties to conpetitors and are
better connected to sources of information and technical assistance

out side of their exchange rel ationships than plants that have no defense

contract work. For four out of six indicators of links with
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conpetitors, we find a significantly higher proportion of defense
subcontractors reported recent collaborative experiences than were
identified by strictly non-defense plants. Defense subcontractors are
nore apt to share information on nethods of using machining tools and to
share equi pnent with their conpetitors. Defense subcontractors are al so
nmore likely to engage in joint training activities and to collaborate

wi th one another on standards. Moreover, defense subs appear to be
better connected to external sources of information. They report using
five of eight outside sources of information about new devel opnents in
machi ni ng technol ogy significantly nore often than do strictly non-
defense plants. And defense subs are also at | east 60 percent nore
likely to have received technical assistance in 1989-90 fromtrade

associ ations, governnent prograns and institutions of higher education.

Def ense subcontractors are not nore likely than strictly non-defense
plants to have long termcontracts with their customers. Nor do defense
subs have a longer history of a business relationship with their |argest
customer. However, conpared to other plants, the |argest custonmer of a
def ense subcontractor is nore likely to provide technical assistance and
to |l oan equi pment. On average, defense subcontractors also have nore

i ntensive (frequent) interactions with the technical staff of their

| argest custoner than typically occurs with the custonmers of strictly

non- def ense pl ants.

Finally, strictly non-defense plants have a hi gher incidence of
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col l aborative ties to their custoners, suppliers, conmpetitors and ot her
external organi zations than do plants inside the defense network in only
4 of the 86 statistical conparisons we made. This includes only one of
43 conparisons to defense subcontractors, and three of that same set of
43 conparisons to prime contractors. Conpared to prine contractors,
non- def ense plants are nore apt to depend on coll eges or universities
for informati on on new devel opnents in machi ning technol ogy, and to

col l aborate with conpetitors and technol ogy vendors in devel opi ng new
products. However, on these sane three indicators, a |arger proportion
of DOD subcontractors has these ties, but the differences are

statistically insignificant."’

VWi | e stronger coll aborative networking by defense contractors m ght be
seen as inhibiting diversification-hi ndering breaking out of the defense
i ndustrial network—note again that nost defense contractors already do
nor e non-defense than defense work. To the contrary, as we show

el sewhere (Kelley and Watkins, 1992, Kelley and Cook, 1997), this

col | aborative networking enabl es defense contractors to |earn nore

qui ckly about flexible information technol ogy applications than
enterprises outside the network. Moreover, |earning advantages are not

confined to transactions specific to the Pentagon, but benefit the non-

" Note here that if we would assume no differences between the
popul ati ons of defense contractors and non-defense plants, and that the
nmeasures tested are independent, then with a 95% confi dence | evel we
woul d expect about 1 in 20 tests on data fromrandom sanples to show a
statistical difference, even when there is no difference. That is we
woul d expect about 5% fal se positives -- type Il errors. The 4 of 86
cases where other plants have statistically higher incidence rates could
possi bly, then, be explained by random chance. The 19 of 43 cases where
primes have statistically stronger ties, and the 19 of 43 cases we find
for subs, though, are not within any reasonabl e real mof chance.
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mlitary operations of the networked enterprises as well.

VI . Concl usi ons

Def ense spendi ng reaches a broad segnent of nmanufacturing facilities in
the MDG sector, affecting one-half of all establishnents. Contrary to
conventional wi sdom comercial-mlitary integration is not only
feasible, but is largely the normal practice in this sector. Qur

anal yses indicate that the vast majority of defense contractors in the
MDG sector manufacture mlitary products in the sanme facilities in which
they produce itens for comrercial customers. Most of the output from
these facilities actually goes to commercial custoners. For these

al ready dual -use facilities, we see few technical or organizationa
barriers to converting these facilities to further serve non-defense
markets. Mre targeted policies should be ainmed at the small nunber of
defense prime contractors and subcontractors, by our count fewer than

one inten in this sector, that are heavily dependent on DOD funds.

Mor eover, the strictly comercial industrial base in the MDG sector |ags
behi nd the defense industrial base in using advanced flexible

manuf acturing technol ogies and in practicing collaborative production
networ ki ng. Qur research indicates that Defense Departnent policies and
progranms have supported the w despread adoption of these productivity-
enhanci ng technol ogi es. The DOD has supported a series of initiatives
designed to provide technical assistance and incentives for defense
contractors to inprove their (and their suppliers') manufacturing
processes. CQur findings suggest that these initiatives have positively

i nfl uenced the practices of a broad range of contractors.



Kel | ey and Wat ki ns 40

In the MDG sector, DOD has provided a nore supportive and information
rich environnment for long-terminvestnments and the transfer of
technol ogy than we find anmobng strictly comrercial customner-supplier
relations. The policy challenge is to preserve, within the constraints
of much reduced defense procurenment spending, the benefits of the

rel ati onshi ps that have devel oped within this defense-contracting

net wor k.



Table 1.

Distribution of Defense Contractors’ Sales in 1990 to Military and Commercial Customers

by Type of Contractor
(Sales in $ millions)

Bl

Defense Contractor All Sales 9% of All Sales Detense % of Detensa  Commercial % of Commercial
Type by Type of Sales Sales by Type Sales Sales by Type
Contractor of Contractor of Contractot

Only Prime Contracts $16,848.83 6.7% $765.61 0.8% $16,083.21 9.9%
Prime & Subcontracts $153,254.91 60.6% $70,336.89 77.0% $82,918.02 51.3%
Only Subcontracts $82,968.67 32.8% $20,200.09 22.1% $62,768.58 38.8%
All Defense Contractors  $253.072.41 $91,302.59 $161,769.82

% of All Sales 100.0% 36.1% 63.9%

DISTRIBUTION OF MDG SECTOR PLANTS
BY DEFENSE CONTRACTING STATUS

Only DoD Prime Contracts (4.7%)
DoD Prime & Sub Contracts (12.8%) i

- No Sales to DoD {51.2%)

Only DoD Subcontracts (31.3%)

Note: Due to sampling procedure, population sales levels in the table are underestimated. But all percentages are unbiased estimates.



Figure 1.
Defense Contractors' Dependency on Sales to DoD in 1990

by Contracting Tier: All Prime Contractors vs. Subcontractors

Percent of Defense Contractors
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Figure 2.

Cumulative Distributions of 1990 Sales by Defense Contractors
to Defense & Commercial Customers

Percent of Sales from All Defense Plants
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Figure 3. :

Defense Contractors' Dependency on Sales to DoD in 1990:
Single Plant Firms vs. Branch Plants

Percent of Defense Contractors

h
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Percent of Plant's Sales to Defense

-- Branch Plants —+ Single Plant Firms



Figure 4.
Defense Contractors' Dependency on Sales to DoD in 1990

Branch Plants of Multi-plant Firms:
Prime Contractors vs. Second Tier Subcontractors
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Figure 6.
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Figure 7.
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