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Technology Clusters versus Industry
Clusters: Resources, Networks, and
Regional Advantages

CARON H. ST. JOHN AND RICHARD W. POUDER

ABSTRACT The tendency of firms to cluster within a region has been observed for quite some
time. However, it is only over the past two decades that business researchers have focused much
attention on clusters, particularly in terms of their entrepreneurial and innovative characteristics
and potential. At the same time, regional developers around the world have put much effort in
promoting the formation of clusters. A gap in such efforts is an understanding of the differences
among types of clusters. This article draws a distinction between two generic types of clusters:
technology-based and industry-focused. Using the resource-based view as the organizing frame-
work, we argue that the two generic cluster types create very different regional resource profiles
over time, accumulating resources in a different manner, cultivating different capabilities, and
deriving different sources of regional advantage. As concluded in the study, these differences are
likely to have implications for firms located in the regions as well as for economic developers and
public policy officials charged with developing cluster strategies.

Introduction

uring the last ten years, there has been increased interest in the role of regional
D clusters, or hot spots, in the creation of economic growth and wealth (Bresnahan,
Gambardella, and Saxenian 2001; Porter 1998; Porter and van Opstal 2000; Saxenian 1994).
Although economic geographers and regional scientists have observed the tendency of firms
to cluster for generations (Krugman 1995; Marshall 1920; Scott 1989; Storper 1993), the
new venture successes in Silicon Valley, Route 128 in Boston, and Austin, Texas, among
others (Saxenian 1994), have stimulated interest in the innovation and entrepreneurial poten-
tial of clustered industries. This increased interest paralleled the explosion of new ventures
in the United States in the 1990s, but has persisted through the ups and downs in the economy.
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These interests are worldwide in scope, with regional developers and academic researchers
throughout the world focusing on the lessons that can be learned from high-growth regions.

The business press has fueled the interest in cultivating regional hot spots, noting the
new wave of cities and regions that have been successful in creating new jobs and new
business ventures from technological discovery and invention (see The Economist 2002;
Ferguson 1999; Gold 2001). The value of these regions in producing new jobs and busi-
nesses and in stimulating innovation is recognized as an important keystone in a nation’s
innovation infrastructure. Indeed, it has been argued that in order for regional development
initiatives to stimulate new clusters, it should be an essential national priority, a key
element in the nation’s quest to maintain its national innovation infrastructure (Council on
Competitiveness 2001). Now, virtually every state in the U.S. has a cluster development
strategy as part of its economic development plan. For example, in a Brookings Institute
report issued in 2002, forty-one communities were pursuing a bio-technology cluster strat-
egy even though 75 percent of the nation’s largest bio-technology firms are concentrated
in just nine regions (Cortright and Mayer 2002).

As cities and regions work to cultivate the resources needed to initiate and grow a
cluster, they are often advised to look for existing clusters in their region that have passed
a market test and to build entrepreneurial networks needed to grow them (Rosenfeld 1997).
In the rush to develop cluster-based economic development strategies, there is often a lack
of clarity about what a cluster is and what efforts are required to grow one. As described
by Rosenfeld (1997: 6), “for the cluster to become a legitimate and useful subject of analy-
sis and policy, it must be defined more clearly than it has been.” Furthermore, most dis-
cussions of clusters do not address subtleties in how different types of clusters are
structured, the types of economic activity they perform (Feldman and Audretsch 1999), or
the factors that would influence survivability over time—all of which have bearing on the
long-range effectiveness of cluster development strategies.

After a review of the key underlying cluster concepts, two generic cluster types that
capture key differences in the forms of economic activity undertaken in most clusters are
proposed. Using the resource-based view as the organizing framework, two generic cluster
types that create very different regional resource profiles over time, accumulating resources
in a different manner, cultivating different capabilities, and deriving different sources of
regional advantage are described. As concluded in this study, these differences are likely
to have implications for firms located in the regions as well as for economic developers
and public policy officials charged with developing cluster strategies.

Foundation Concepts

In setting the stage for this discussion of clusters, resources, and regional advantages,
the article will first briefly highlight key foundation concepts: (1) cluster definitions and
structural dimensions, with an objective of proposing two generic cluster types that are
useful in explaining regional resource profiles and sources of regional advantages, and (2)
the underlying dynamics of industry and technology evolution, both of which influence
the relative role of innovation-seeking and efficiency-seeking in the evolution and sus-
tainability of clusters over time.



Cluster definition and structure. Much of the growing interest in clusters draws from
the work of Alfred Marshall (1920) who developed the notion of “industrial districts” as
agglomerations of firms operating in one industry sector in a well-defined and relatively
small geographic area. Further conceptual development of the Marshallian industrial dis-
trict incorporates the idea that such agglomerations are comprised of specialized labor,
subcontractors, and a common knowledge base supported by formal and informal socio-
cultural interaction. In other regional innovative models, such innovative milieu and tech-
nology districts have been offered as frameworks for discussing the pattern of industry
agglomeration that occurs across the world (Table 1). What distinguishes clusters from
these other models has not been clearly defined and continues as a source of confusion
among scholars and practitioners (Bergman and Feser 1999). Indeed, these concepts—clus-
ters, industrial districts, innovative milieu, and technology districts—are often used almost
interchangeably despite having origins in different conceptual contexts (Newlands 2003).
Like clusters, other “territorial innovation models” are regional agglomerations of
firms that provide a localized institutional dynamics that enhances innovation and growth
in the region (Moulaert and Sekia 2003). Because there is a lack of conceptual clarity
as to what constitutes a cluster, these other theories, which are antecedent to clustering
models per se, are valuable contributions to the conceptual underpinnings of clustering
models.

Enright (1996) defined a cluster as a group of business enterprises and nonbusiness
organizations whose membership within the group is an important element of each member
firm’s individual competitiveness. Binding the cluster together are “buyer—supplier rela-
tionships, or common technologies, common buyers or distribution channels, or common
labor pools” (Enright 1996: 191). Porter (1998: 15) defined a cluster as “an array of linked
industries and other entities important to competition.” Porter’s main point on what dif-
ferentiates clusters from historical intellectual antecedents and more recent theories of
agglomeration is that clusters comprise a multiorganizational form that play a key role in
competition and have a strong influence on market economies. As Porter notes,

Earlier studies have, nonetheless, contributed to our understanding of the influence of clusters on com-
petition. The literature on agglomeration economies stresses input cost minimization, input special-
ization made possible because of the extent of the local market, and the advantages of locating near
markets. The economic development literature focuses on induced demand and supply, certainly an
element of cluster formation. The normative implication of the concept of backward and forward link-
ages, however, emphasizes the need to build industries with linkages to many others. Cluster theory,
in contrast, advocates building on emerging concentrations of companies and encouraging the devel-
opment of those fields with strongest linkages to or spillovers within each cluster. [emphasis added]
(207)

The preceding definitions of clusters are general, with several types of potential relation-
ships among firms (e.g., buyer—supplier, direct competitor, indirect competitor, and affili-
ated firms), all of which contribute to some of the conceptual confusion with the cluster
construct. In an attempt to clarify the concept, some researchers have distinguished what
appear to be structural dimensions of agglomerated firms or clusters. Maskell (2001)



TABLE 1. TERRITORIAL INNOVATION MODELS.

Concepts

Description

Industrial
districts

Innovative

milieu

On a timeline, territorial agglomeration models have a common

ancestry in Alfred Marshall’s (1920) notion of industrial districts
as agglomerations of firms operating in one industry sector in a
well-defined and relatively small geographic area. The
Marshallian industrial district incorporates the idea that such
agglomerations are comprised of small, locally owned firms,
specialized labor, supporting industries that provide specialized
inputs and services, common knowledge base supported by
formal and informal sociocultural interaction, and strong
cooperative bonds between competitors. Proximity promotes
spatial externalities such as high degree of diffusion of
knowledge within the industrial district. Such external
economies are largely attributable to the social embedment of
industrial districts (Harrison 1992).

Drawing from work on industrial districts, scholars developed the

theory of the innovative milieu (Camagni 1991; Maillat 1991),
which similarly captures the importance of close spatial
proximity to innovation. This model views the “milieu” (i.e.,
collective context of competing firms and supporting
organizations) as the source of innovation. The work on
innovative milieu stresses the importance of cooperative
inter-firm learning as a dynamic process that promotes product
and process innovations rather than acknowledging the efforts
of distinct innovative agents as posited by theorists of industrial
districts (Keeble and Wilkinson 1999). In sum, rather than
through diversified economic structures, the milieu stimulates
cooperation and innovation through a regional culture and
identity.

Technology Like industrial milieu, technology districts draw from ideas

districts

advanced in Marshallian industrial districts. As advanced by
Storper (1992), technology districts focus on production-based
technological learning that occurs among firms in technologically
dynamic industries situated in highly concentrated subnational
regions. Because vertical integration may inhibit the need to
respond to technological change, firms in technology districts
tend to organize in flexible networks. Networks are organized,
and thus learning takes place along the lines of conventional
territorial rules, based on established social, rather than
economic, conventions. Such networks build a foundation for
qualitative external economies. Later interpretations incorporate
the idea that technology districts are focused on a single product
and that firms in the district face an ongoing need to be
innovative and achieve economies of variety.




described the distinction between a cluster that is predominantly vertical, representing
stages along a supply chain, and one that is predominantly horizontal, consisting prima-
rily of rivals and competitors. Jacobs and de Man (1996), noting the broad general treat-
ment of the concept of a cluster, reviewed the research literature and distilled six
dimensions that underlie the structure and activity of geographic clusters of firms.

1. Horizontal—several direct competitors in the same or closely related industries

2. Vertical—firms in adjacent phases of the supply chain

3. Lateral—firms in different industries that share or draw from common capabilities or
resources

4. Technological—firms in a collection of industries that share a basic technology

5. Focal—firms are drawn to a central entity such as a dominant firm, research center, or
educational institution

6. Network quality—degree and processes of inter-firm cooperation.

Using the dimensions proposed by Jacobs and de Man (1996), a cluster may be charac-
terized by large numbers of direct competitors, by adjacent stages in the supply chain, or
by related industries that draw from a common resource or technology base, and, further-
more, may or may not be influenced by the presence of one focal organization. The dimen-
sions do not represent “types,” but rather underlying dimensions that can be used to
identify cluster types, which would be a first step in improving the conceptual clarity of
the cluster construct. The following section uses the terminology of Jacobs and de Man
(1996) in describing cluster origination, structure, focus, and use of networks.

Cluster formation and evolution. There is generally an element of chance in the
origin of a particular geographical cluster of firms (Rauch 1993). Clusters may originate
from one successful start-up, giving rise to a pattern of spin-offs (Maarten de Vet and Scott
1992), or as suppliers to a successful dominant firm, or in response to other opportunities
or initiatives. Although the incidence of cluster origination is inherently difficult to predict
(Scott 1992), once a cluster forms, it is possible to reconstruct the evolutionary path.

In some cases, the clustering of firms in a particular location is a function of proxim-
ity to an original large customer or large market, a focal entity (Jacobs and de Man 1996),
such as the tourist or entertainment cluster that has developed to serve Disney World
patrons near Orlando, Florida (Archer 1997), and financial services near the stock
exchanges in New York City (Porter 1998). In these examples, the clusters formed initially
to exploit a vertical (buyer—supplier) relationship (Jacobs and de Man 1996) with a cus-
tomer or market. Over time, as additional suppliers to the market formed or relocated to
the cluster, the clusters began to take on a horizontal structure (Jacobs and de Man 1996),
with companies in key supplying industries competing directly to serve the needs of the
customer or market. In some cases, the growth of the horizontal cluster of suppliers may
be constrained by the size of the local market opportunity. In other cases, this type of
cluster may evolve an even more pronounced vertical logic over time with tiers of sup-
pliers serving the final market, as when groups of tier 1, tier 2, and tier 3 automotive
suppliers of materials, parts, and services cluster around a large automobile manufactur-



ing facility. (See Example 1 with shading that illustrates direct industry competitors in
Figure 1).
In other cases, clusters form because of (1) a tie to a physical resource found in a par-

ticular region, such as coal fields and steel mills in Pennsylvania; (2) labor with a unique
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skill or experience set, as in the historical clustering of immigrant furniture craftsmen in
Grand Rapids, Michigan (Carron 1998); (3) abundant, low-cost labor and lumber resources
for furniture manufacturing in western North Carolina (Rosenfeld 1997); (4) favorable cli-
matic and soil conditions for grape growing in the Napa Valley region of California (Porter
1998); (5) telemarketing firms’ exploitation of preexisting fiber-optic telecommunications
cables used to support the Strategic Air Command in Omaha, Nebraska (Porter 1998); and,
(6) coastal Connecticut’s cluster of maritime firms in proximity to three deepwater ports
(Connecticut Maritime Coalition 2000). Clusters that form around a key geographically
restricted resource often result in several like-competitors grouping in the same region to
access the resource. As with the clusters that originate with a key customer or market,
these clusters exhibit a vertical logic initially because of the tie to the resource, but over
time they may exhibit a more horizontal structure represented by a concentration of direct
competitors. In these situations, cluster growth may be constrained by the capacity or avail-
ability of the key resource. (See Example 2 with shading that illustrates direct industry
competitors in Figure 1).

In all of the aforementioned examples, the cluster logic is verfical initially as geo-
graphical proximity is used to reduce the friction of transacting buyer—supplier arrange-
ments. Over time, however, the cluster may evolve horizontally, characterized by new
formations, spin-offs, or relocations leading to more firms seeking access to the market or
resources. The resulting concentration of direct competitors may give the cluster an indus-
try identity, as observed in the tourism, financial services, steel, wine, furniture, carpet,
and shipping clusters, among others.

In contrast, the clusters that are used as the most common examples for economic devel-
opment initiatives have evolved a technology identity rather than an industry identity, such
as the original “Silicon Valley,” the clustering of photonics firms in Tucson, Ottawa, and
Tampa-Orlando, and the clustering of bio-technology firms in proximity to Boston, San
Diego, and Seattle. In these clusters, new technologies, often developed with the participa-
tion of university researchers, provide radical new innovations that are often competence-
destroying, giving rise to whole new industries and allowing entry of new firms (Darby and
Zucker 2003). The products are varied and their market applications can range from con-
sumer to industrial, military to medical. In their initial formation, these technology clusters
appear as a special case of a resource-based cluster, in that knowledge and research from
universities and national laboratories are often essential resources that serve as the attrac-
tors to and anchors in the region. Although some vertical supply relationships may form
(particularly in the form of service and laboratory support), the discoveries often provide
opportunities that exploit similarities in core technology, but differences in application and
target market. For example, bio-technology clusters have exploited new combinations of
knowledge resources, creating a host of related technologies that have different applications
such as cell culture, genetic engineering, immunology systems, and protein engineering.
Bio-technology is not an industry, but rather an overarching technology that influences
several industries, including pharmaceuticals, analytical instrumentation, and agriculture,
just to name a few. Similarly, electronics technology (e.g., vacuum tubes, transistors, semi-



conductors) writ large in its various applications (communications, consumer electronics,
computers) is at the core of Silicon Valley growth and identity. As noted by Zhang (2003),
the strength of Silicon Valley lies in its ability to reinvent itself, as new technologies give
rise to completely new industries.

Over time, the growth in these technology clusters seems far less industry-focused with
a more diversified pool of firms pursuing early-stage opportunities across a variety of
related industry sectors. As Patrucco (2003) points out, the horizontal indivisibility of tech-
nical knowledge often complements and builds upon advances made in seemingly unre-
lated areas of inquiry. “In such a context, innovation results as the output of a diffused and
collective process where different knowledge bases are absorbed, recombined and shared
through diverse communication channels” (162). As noted by Antonelli (2000: 541),
“Proximity and co-localization within a local system favor both the intrasectoral and inter-
sectoral dissemination of technological knowledge both vertically and horizontally. . . .
New technological knowledge generated in one industry however often has considerable
potential for direct applications in other industries.” Using the cluster dimensions described
by Jacobs and de Man (1996), these clusters capture a /lateral dimension. Over time, it is
likely that the cluster will exhibit a lateral structure, analogous to a horizontally integrated
or related diversified portfolio of businesses rather than the single-industry focus described
earlier. (See Example 3 in Figure 1).

The originating events and significant growth phases in the evolution of two clusters
that embody the differences noted in the discussion above—the technology cluster in what
is now known as Silicon Valley in California, and the carpet industry cluster in Dalton,
Georgia—are profiled in Table 2. The tufted carpet industry was founded in Dalton in
the early 1900s. Today, over 80 percent of all tufted carpet is produced in the same
geographical area.

Industry and technology effects. A cluster has both industrial and geographical
dimensions to it, therefore some of the localized economic effects are the result of indus-
try growth and profit characteristics, which tend to track an industry life cycle (Sternberg
1996). As industries evolve from early-growth phases to maturity, innovative activity tends
to shift from product innovations that fuel growth to process innovations that improve effi-
ciencies (Abernathy and Utterback 1978). The types of innovative activities that lead to
new firms and large numbers of new jobs tend to occur primarily during the early and
growth phases of the industry life cycle, ultimately dissipating during the maturity phase
(Audretsch and Feldman 1996). Consequently, by extension, a cluster of firms in the early
phase or in the growth phase of an industry life cycle is more likely to generate higher
levels of new job growth and new firm formation (e.g., regional economic development
benefit) than a cluster of firms in a mature industry.

The life cycles of technologies also underlie industry growth and competitive dynam-
ics and thus play a role in cluster-based economic development. When new technologies
are developed, they can be described as competence enhancing or competence destroying
(Tushman and Anderson 1986). A competence-enhancing innovation is one that relies
on the same scientific and engineering base as the existing technology of incumbent firms,



‘Alunod ay}
punoJe siojnqulsIp pue siajielas o} buljjes
‘sbns mouy) pue saqoJd payny Buipnjoul

sjeyJew Mau Jybnos siainjoenuel

"$8110}0B} 0] 8Injoejnuew
awoy woJj uonisuel) ayy pajendioald

yolym ‘sulyoew buiyny paziueyosw
1S4} 8y} 8)ealo 0] Jabulg |eloJaWwwod

B PalIpow UewW uojied e ‘SOE6L By} U

‘uoibal
3y} Ul JUBUIWOP OS|e Sem ydlym ‘Ansnpul
3|11X8) Y} WOy d|qe|leAe aiam pealy)
pue ‘Bunsays uonos ‘uleh jo saiddng
. PHom 8y jo |eyded pealdspaq ay},
payoddns siayn) abenod ease 0000l
‘spe6l AlJes ayy Ag "ease uoyeq ayy ul
uswiom Jayjo o0} pealds jesopuey Buiyny
ay) pue speaidspaq Jay Jo} maib puewaq
"0G°2$ Joj peaidspaq payny e p|os ays
‘0061 Ul "Bumyny jo yelopuey oy} peAIrl
JausllYM\ sueng sulisyied ‘sp6gl auy uj

'sbnu
pue sjadied payn}—iIaisn|o pasnooy-Alisnpu|

's}oyJew pue suoneoldde soluo109|8 Jaylo

pue ‘sagn} wnnoea ‘siayeads pno| ‘oipes sulew
‘suoyda|a} oIpel OJUI—SalISNPU| UORIT pUE ‘sge
yoleasay Jaysi4 ‘xoneubepy Buipnjoul ‘syo-uids

[eJones pajelaushb D1 4 ‘|MAM Jele pue alojeg

‘| J'eAA PHOA

Bulnp ymoub sajes onewelp paosualadxs 9] 4

’SoluoJ09|e
J0 aBe, ay) Buiyouney ‘o)y ojed ui ge| D14 8y}

Ul agn] WnNnoeA e peajosyad 1selo ap 887 ‘ZL6L Ul

"SJAWOISNOD 1sU1} 8y} alem AneN pue Auly 8y
‘Aiojeloqe] abeyjop ybiH plojuels ayl Aq pspiroid
sem aoue)sisse [ealuyoss] “(D14) Auedwod
ydelibo|a] |elopa4 paweu sem yoiym Auedwod

ay) ul pajsaAul sialoueul aleald [eoo] jo dnolb

v ABojouyos) ale ussined Buisn Auedwod saolnles
ydeiba|a) pue auoyds|a} ssajaliM Mau B adueul)

0] uepior piaeq juapisaid piojues payoeoidde

[1em|3 |LIAD eyenpelB piojue)s Jusdal ‘6061 Ul

“Jaulelu| 8y}
pue ‘sisINdWo9 ‘SUOIIBOIUNWIWOD ‘SOIU0J}OB|S ‘Olpel

uoddns 0} ssibojouyosy—leisnio pasnooj-ABojouyos]

ymoub
J81sn|o |eniul
Ul syuana Aey|

JUSAD
BuneuibuQ

uonduosaq

VO ‘uoleq

vO “sjlep uoaliis

'SYILSNTYD AYLSNAN| ANV ADOTONHO3 | 40 NOSIHVANOD "¢ 31avL



‘MO| 81am Aljus 0}
sJalieq pue—aAisuadxaul sem juswdinba
Buiyn| -eibios) ul pajeoo] }sow yum
‘s0/61 o1e| 8y} Aq 00F uey) alow 0} 8561
ul g8 woJj malb sioyadwod Jo Jaquinu ay |
Anunod ayy ul Aiisnpul Buimosb jsejsey
ypinoy ay) sem Assnpul jodied ay) ‘sQ96 L
8y} U] ‘puewap }adJeos 0} sninws buons
e papinoid wooq Buisnoy || Jepp PlIOAA-1SOd
'sbnJ pue jodieo ab.e| ayew o} Ajunyioddo
ue papinoid peaidspaq azis ||} e axew
0} ybnous apim auiyoew buyyny e jo ubisag
Ansnpul 9|1xa}
ay) ul padojanap juswdinba aAp mau pue
‘sa1bojouyoa} Bujuuids mau ‘siaqly mau
wlolj payyauaqg Aisnpul sjonpold payny syl
‘s|iw Buiyny ease-uoyeq sy} Aq psydope
8JOM UDIYM ‘SIaql} apew-uew paonpoJiul
Ansnpul s|yxa} 8y} ‘sOy6 L 93| 8y} U
‘Ansnpul ay} 1loddns 0} paw.io}
aJam sdoys auiyoew pazijeroads se
[loM Se s|jiw Yonp pue ‘Buneays ‘ulehk maN

‘(,so1u0N08)8
pajelBajul, JO UOIIOBIUOD) |S1U] JIE)S Y00y Nyl
1siieyded ainjuan ay} jo djay ayy yum pue sieah us)
Jaye pliyoie o] 99A0N }1eqoy pue 8I00|\ Uop.Ioo)
‘paonpoJiul
sem ‘OyINT 4eIndwod |eybip 1sdi S, plIom ay |
‘uolbal
3y} 0} pajeoo| 8oedg pue J|ISSI|N PaYX0T ‘9G6 | U]
A9ooys wouy 1o unds Auedwod Jeyndwon pjiyslie
J9)Je UOOS PAMOJ|0} SJBYJ0 pue ‘piexoed-lo|meH
‘paaYN00T ‘sjuswIniIsu| uewoag Jo Alojeloge]
Joysisuel| Aspooys ‘uonesodio) [eawpy
‘S}oNpoId dul pawL.Iojeld ‘Ou109|] [elausn)
‘lepoy] uewsed yied yoldeasal ayy ul Buipjing
1841} BY) OJUI POAOW SB)BID0SSY UBLIBA ‘€66 U]
‘JuswdojaAap 21Wou09d jo Joddns ul suoieAouul

ajelausb 0} ‘@}nyIsu| yoleassy pIojUe)S Amuspl

pue ‘seiuedwod ABojouyos) ybiy o) payiwi| seses) J8Isno Jo

UM “jJed Uyoleasay pIojUB)S paulio) SI0)SeAUl aousbiawiwi 8y}
aleAld pue Ayslanalun piojuels ‘sosel Alies ayy uj ul syuane Aay|

's10]e||10s0 olpne Bupjew abeieb
B Ul pJe)oed-}19|MaH payoune| ‘Uew.a] MYouapald
ueaq JO Sjusapnis Jawio} ‘sajenpelb piojuels om]

VO ‘uojeg

vO ‘Aejle uool|is

(d3NNILNOD) "z F1avl



'ssald Alslonlun plojuels
WD ‘plojueis ‘(Asuusy unuey :pa) uoibay jelinsusidaiug ue jo Awojeuy oy AsjjeA uoaliS buipuejsispun ul ‘ag 0} sawe)
A9|leA uo2I|IS MOH,, "000Z "U0abinis r 7L ‘wod bni-jadiedmmm//:dny ‘einjisu Bny pue 1adien ayy “Ansnpuj jadied ayy inoqy
sye4 :‘Bioreipadojohouselbioabmaummm/:dny ‘eipadojofoug eibioes) meN oyl ‘MBIAIBAQ :Asisnpu| jadie) :s82in0g

‘eI6J095) Ul pa}eoo| JNoy
[le yym—Ansnpui 19died apimpliom ayj Jo
uaolad Qg pajj0suod sajuedwod Inoy Ajuo
‘0002 Ag Ausnpul 8y} Jo uolepI|oSUOD
e pajeniul yoiym ‘saibarels uonisinboe
pue Jabiaw anissalibbe pansind
sJo}i3adwod |nyssaoons aiow ay] ‘|ie} o}
soluedwod Auew Buisned Assnpul 19died
8y} 1Ny sOg6| Ales 8y} Jo uoissadal 8yl
'9G°¢$ sem piek
alenbs Jad aoud abesane ay) ‘0261 U]
‘Bale uojeq ay) ui paonpoud Ajddns paom
ay) Jo solad 02 yum ‘payny atsam sbnu
pue sjad.ied ||e Jo jusalad o uey} aiow
‘s0/61 oyl Ag "$2'9$ sem piek aienbs

Jad aoud abeiane ay| ‘payn} alem sbnu ‘'swly [eydes ainjuaa
pue sjadied jo juaasad g Ajuo ‘0661 U] Jeuoibai woly djay yum pawlioy ase 9|6005) pue ooyex

'syueq 'swly [eydes ainjuaa [euolbal

jeuoibas yum sdiysuonelal buloyoey ojul woJ} Juswsanul Ajues saai@oal yoiym Jsindwon

paJajus sajuedwod jadied ‘ymoib puny o 9|ddy wJo} SqOr UsAd)S pue Meluzop) usydels


http://
http://

providing incumbent firms with an advantage in adopting and deploying these innovations.
Competence-enhancing innovations often extend the life cycle of the existing technologi-
cal base, reflected as progression along a technology “S curve” (Christensen and Rosen-
bloom 1995), or allow a straightforward migration path to a new technology S curve.
Examples of competence-enhancing innovations are those many new initiatives that have
led to the continuous miniaturization of silicon-based microprocessors.

In contrast, a competence-destroying technology is one that draws from different sci-
entific and engineering competences, thus eliminating any advantage that incumbent firms
might have in adopting and deploying the technology (Tushman and Anderson 1986). An
example of a competence-destroying innovation is digital photography as a replacement
for film photography. Competence-destroying innovations create opportunities for entry by
new firms and are often the source of wholly new industries (Darby and Zucker 2003). As
described by Darby and Zucker (2003: 2), “The key example of entry-generating break-
throughs are the entrepreneurial start-up phase in high-technology industries characterized
by a high valuation on ability to practice the new technology while any incumbent firms’
expertise in a previous technology becomes obsolete and, often, a barrier to adoption of
the new technology.”

Therefore, in studying clusters it is important to separate, conceptually at least, the eco-
nomic development effects that are a function of the stage of the industry and technology
life cycles and those that are the agglomeration and network benefits that may potentially
accrue to clustered firms.

Clusters and Resource Profiles

The previous section drew a distinction between two generic cluster types: one with an
industry identity and one with a technology identity. In the following sections, these
generic cluster types are used as a framework for discussing how different clusters may
evolve very different regional resource profiles over time, derive their growth from dif-
ferent industry and technology patterns, accumulate resources in a different manner,
cultivate different capabilities, and develop different sources of regional advantage. In
illustrating these expected differences in regional advantages, the resource-based view
(Barney 1991; Wernerfelt 1984) is employed, first at the level of individuals, then at the
level of firms and regions.

Individuals. The resource-based view proposes that a firm can achieve a competitive
advantage through idiosyncratic resources and capabilities that have value to the market,
but are not readily imitated by competitors (Barney 1991; Wernerfelt 1984). Clusters are
composed of firms and individuals within those firms. In driving economic development—
job growth, new firm formations, and wealth creation—three groups of individuals are par-
ticularly important as unique, difficult-to-imitate resources for a region: (1) researchers/
inventors, (2) entrepreneurs/managers, and (3) expert service providers including attor-
neys, financiers, and consultants.

Researchers and inventors. Several research studies have confirmed that new and
changing technologies provide opportunities for creation of the new innovations that are



the cornerstone of the Schumpeterian view (see Astley 1985; Brittain and Wholey 1988;
Cross 1981; Dean, Meyer, and DeCastro 1993; Gould and Keeble 1984; Romanelli 1989;
Tushman and Anderson 1986). Researchers and inventors that are working with new tech-
nologies operate in an environment of high uncertainty, with ambiguous choices and
unclear market applications (Baum 1996; Clark 1985). For individual researchers, there is
repetitive search and learning process that drives innovation and change (Brown and
Eisenhardt 1995; Clark 1985) and that is characterized by adaptive learning (Van de Ven
and Polley 1992). Over time, the accumulated learning, which is operating at the leading
edge of a new technology and follows a path that reflects the informed choices and
test—retest actions of the specific researcher, is largely unique to that researcher.

The unique scientific knowledge of the researchers coupled with their focus on early-
stage technologies that have yet to reach their market potential is more likely to give rise to
innovations that have the potential to create new product classes and whole new industry
sectors (Darby and Zucker 2003). For example, Zucker, Darby, and Armstrong (1998) have
shown that “star scientists” in bio-technology clusters contribute significantly to higher
levels of innovation. Similar localized expertise in medical researchers and bioengineers in
the Minneapolis medical equipment cluster have led to high rates of new medical devices
such as cardiopulmonary diagnostic equipment, heart valves, and interventionary vascular
devices (Lawson and Lorenz 1999). For technology clusters, then, researchers or inventors
conducting basic research in a new technology area are an important idiosyncratic resource,
with unique scientific knowledge that is not yet available elsewhere.

In contrast, an industry-focused cluster is more likely to track the life cycle of the indus-
try—exhibiting the innovation patterns associated with the various stages of the life cycle
(Abernathy and Utterback 1978). Although the initial start-up phase in the industry life
cycle may be associated with high levels of radical innovation, as technologies and markets
become more mature and better understood, research is more likely to be applied. The
focus is likely to be on product or process improvements to better serve the base of exist-
ing customers, rather than creation of new product classes for uncertain, early-stage
markets (Abernathy and Utterback 1978; Christensen and Rosenbloom 1995; Tushman and
Anderson 1986). Many of the product and process improvements would be initiated in
response to customer requests or competitor actions and would likely involve further
exploitation of known technology or pursuit of competence-enhancing innovations
(Tushman and Anderson 1986). Consequently, the knowledge required to develop these
innovations and efficiency improvements is less likely to be localized with specific indi-
viduals, but is more widely available among the researchers in the industry. Innovations
are more likely to be incremental rather than radical and in line with deep understanding
of market needs. Furthermore, innovations that exploit existing technologies for known
markets are more likely to exploit the existing resource base. The result is a pattern of
innovations that can be implemented by existing firms and their suppliers, rather than
radical innovations involving wholly new firms or new business units.

The above discussion of the proposed evolutionary paths of generic cluster types sug-
gests that the two types of clusters may cultivate different researcher capabilities. Tech-



nology clusters are more likely to exhibit high levels of early-stage, idiosyncratic, scien-
tific and technical knowledge that generates inventions leading to new product classes or
new industry sectors. This observation is consistent with the findings of Zhang (2003),
who reports that the technical workforce in Silicon Valley reflects changes consonant with
evolving core technologies. Such expertise has contributed to the region’s ability to rein-
vent itself as technologies or products mature (Zhang 2003). For example, declines in the
radio communications and consumer electronics industry were offset by growth in the
aerospace industry, which was then followed by rapid growth in the computer industry (see
Table 2).

In contrast, researchers in industry-focused clusters are more likely to exhibit high
levels of industry-specific technical knowledge that draws on deep understanding of evolv-
ing customer needs. This type of knowledge leads to competence-enhancing innovative
improvements in existing products and processes. For instance, tire manufacturers have
developed significant innovations in the materials and designs of automobile tires to reduce
the frequency of tire failure and improve wear life and handling. As described in Table 2,
the Dalton carpet industry has drawn on technical knowledge from the regional textile
industry and local equipment manufacturers to sustain improvements in tufted carpet
products.

Entrepreneurs and managers. In Schumpeter’s view, entrepreneurs play the pivotal
role in the exploitation of innovations because they, rather than managers in established
firms, recognize the opportunities presented by the new technologies (Schumpeter 1934).
In developing innovations, the entrepreneur “reforms or revolutionizes the pattern of pro-
duction by exploiting an invention or an untried technology for producing a new com-
modity or producing an old one in a new way, by opening up a new source of supply of
materials, or a new outlet for products, or by reorganizing an industry” (Schumpeter 1934:
132). For managers in existing firms, the new opportunities presented by radical new
technologies are so different from what they know and understand that they may fail to
recognize the opportunity (Schumpeter 1934) and, even if it is recognized, they may be
unwilling to reallocate resources away from existing customers into a less well-understood,
more risky opportunity that is inconsistent with current industry practices and current
customer needs (Christensen and Rosenbloom 1995).

Building on the ideas of Schumpeter (1934), Kirzner (1979) identified “entrepreneur-
ial alertness” as the ability to see opportunities for new products and services, and to see
new value in an existing resource. As described by Alvarez and Busenitz (2001), Kirzner
(1979) distinguishes between entrepreneurial alertness and the knowledge expert
(Schumpeter’s inventor) in that the knowledge expert does not fully recognize the value of
the knowledge or how to capitalize on it. Although the entrepreneur may not have the spe-
cialized knowledge of the technical expert, the entrepreneur’s critical intangible resource
is the ability to recognize an opportunity and organize a response (Alvarez and Busenitz
2001). An entrepreneur’s ability to frame situations in an opportunistic manner is an idio-
syncratic resource that can be difficult to imitate but that can be applied to other situations
(Alvarez and Busenitz 2001).



On the contrary, in industry-focused clusters, specialized knowledge about customers,
competitors, and existing products or technologies is highly prized because it can be used
to better the performance of a competitor and win share in existing markets. As noted by
Pouder and St. John (1996) in describing the competitive dynamics in clustered industries,
managers in clusters of competing firms are able to take advantage of close proximity to
observe the innovative actions of their competitors. For example, in response to the
demands of auto manufacturers and through interaction with suppliers and competitors,
new product designs and manufacturing processes diffused throughout the cluster of tire
manufacturers in Akron, Ohio (Sull, Tedlow, and Rosenbloom 1997). The tufted carpet
industry in Dalton provides several examples of imitation propelled by direct observation.
As described in Table 2, in the early 1900s, one woman’s successful new business pro-
ducing hand-crafted bedspreads was imitated by as many as 10,000 cottage crafters in the
Dalton area. Then, after a Dalton area inventor designed relatively inexpensive machine
tufting equipment, over 400 firms were formed in the same geographical area to produce
tufted carpet (New Georgia Encyclopedia 2005).

Given the heightened pressure to beat known, nearby competitors, managers in
industry-focused clusters may be more likely to respond to competitive cues rather than
to cultivate entrepreneurial alertness as a firm-level resource and to use industry-relevant
information to guide competitive choices rather than venturing into new competitive
arenas. For example, in the case of the tire cluster in Akron, Ohio, the need for manufac-
turers to begin making radial tires was driven by exogenous demand rather than by entre-
preneurial vision within the cluster (Sull, Tedlow, and Rosenbloom 1997). Even when
industries undergo shocks or declines causing existing firms to downsize or shut down,
the redeployed resources tend to be reallocated back to the same industry. Rosenfeld (1997)
described a declining hosiery industry cluster in the Catawba Valley of western North
Carolina, in which downsized employees opened small, new hosiery plants to serve
niche market segments.

Service providers. In industry-focused clusters, attorneys, bankers, and other service
providers develop deep knowledge about industry growth and competitive dynamics, pro-
viding a stock of expertise for firms in the industry. Through each stage of the life cycle, this
deep knowledge and experience serves as a resource for clustered firms—a local resource
not available in other regions. In the early stages, it helps to reduce the friction of start-up for
new firms; and, in the later stages of the life cycle, it is a cluster resource that helps sustain
the agglomeration economies and network effects for which clusters are known. For
example, in the growth stage of the Dalton area carpet cluster, a few regional banks special-
ized in factoring arrangements for the industry, thereby providing working capital at critical
times (New Georgia Encyclopedia 2005). In the 1990s, during an aggressive merger and
acquisition phase that resulted in substantial consolidation of the carpet industry, regional
service providers provided expertise in carpet industry firm valuation and negotiations.

In technology-focused clusters, attorneys, bankers, and other service providers also
develop deep knowledge—but in these clusters, knowledge and expertise are more likely
to be cultivated in particular technology categories. For example, venture capitalists in



technology clusters tend to specialize by technology, limiting their investments to firms
within particular technology categories, such as bio-technology, information technology,
or advanced materials (Powell et al. 2002). Furthermore, in technology clusters, with the
frequent formation of new firms and the creation of wholly new product categories and
industries, regional experts are more likely to develop a tolerance for risk and expertise in
new firm formation, which are needed to support the early stages of industry life cycles
that are replicated over and over again in technology clusters.

Firm-level resources. In start-up firms, it is usually the founders who possess much
of the technical and managerial expertise that create the knowledge resources of the firm
(Alvarez and Busenitz 2001). In many cases, it is these knowledge resources, rather than
strategic positioning, financial assets, or physical resources, that provide the advantages
needed to grow and survive in an entrepreneurial climate.

Fiol (2001) has argued that sustainable competitive advantages are virtually impossi-
ble to secure in highly competitive environments. Instead, firms must continually change
to create temporary advantages. In highly turbulent environments, such as those found in
technology clusters, the ability to destroy and rebuild specialized resources and routines
quickly and iteratively is more likely to create an advantage that provides a source of entre-
preneurial rents (Fiol 2001). In this type of environment, the entrepreneur’s idiosyncratic
insight and the firm’s ability to exploit that insight are the resources at the core of the
advantage (Alvarez and Busenitz 2001). Furthermore, as the idiosyncratic insight and
knowledge is inherently difficult for others to capture, it therefore contributes to the causal
ambiguity that blocks imitation and secures the advantage (Barney 1991).

Drawing on Cohen and Levinthal’s (1990) definition of absorptive capacity as “the
ability to recognize external information, assimilate this information, and apply it to com-
mercial ends” (128), Alvarez and Busenitz (2001) argued that an entrepreneurial firm’s
absorptive capacity will determine the degree to which the firm is able to appropriate entre-
preneurial rents, i.e., make a profit by recognizing an opportunity and responding more
quickly than competitors. Furthermore, in such dynamic environments, firms will be rela-
tively unconstrained by path dependencies that draw from a repertoire of well-established
routines (Teece, Pisano, and Shuen 1997).

In contrast, firms within an industry-focused cluster, over time, are likely to track the
industry life cycle, transitioning from a more outward-focused, innovation-seeking behav-
ior to more inward-focused, efficiency-seeking behavior (Abernathy and Utterback 1978),
as markets evolve from differentiated to commodity-like. They will be attentive to com-
petence-enhancing innovations that serve the needs of existing customers. Opportunity
recognition beyond industry boundaries, of competence-destroying or disruptive innova-
tions, will not be required for survival; therefore, these firms are less likely to cultivate
entrepreneurial recognition and destroy—rebuild capabilities.

As the previous discussion illustrates, the two generic cluster types are likely to develop
very different resource profiles, as summarized in Table 3. The next section discusses the
implications of these different resource profiles for regional resources, regional advan-
tages, and economic development priorities.



TABLE 3. DIFFERENCES IN CHARACTERISTICS OF GENERIC TECHNOLOGY AND
INDUSTRY CLUSTERS.

Clusters and
characteristics

Technology clusters such as

Silicon Valley, Cambridge-

Boston, Austin, TX, Research

Triangle Park, NC

Industry clusters such as

Dalton, GA, carpet cluster;
Hickory, NC, furniture cluster;

Akron, OH, tire cluster;
Detroit, MI, auto cluster

Regional
resources

Source of
regional
competitive
advantage

Growth driver

Key regional
vulnerability

Strategic
analogy

— Inventors with idiosyncratic

technical knowledge

— Entrepreneurs with
idiosyncratic entrepreneurial

insight

Accumulated
entrepreneurial experience
available through support
services (knowledgeable
attorneys, investors, other
service providers)

Institutions such as research
universities, venture capital,

entrepreneurial networking

organizations, national labs or

large customers
Technology transfer
capability in the region,
diversified markets and

applications as an outgrowth
of the entrepreneurial search

New firm formations, spin-
offs from existing firms

Subject to the uncertainties

and risk of entrepreneurial

boom and bust. If tied to one

technology, then subject to

that cycle. Should experience

more diversified demand
pattern.

Related diversification, with
opportunities for synergy
created through shared
resources

— Suppliers, distributors,

skilled labor

— Industry-specific

specialists, consultants,
service providers

— Institutions such as

trade associations

— 1st and 2nd tier suppliers,

with related products and
services, reduced cost of
supply, reduced supply
uncertainty

— New suppliers, service

providers, relocating or
new competitor facilities
to access available supply
network

— Subject to the demand

uncertainty faced by the
downstream firm/market.
Region becomes highly
dependent upon the
economic health of one
industry.

Single industry concentration,

with some evidence of
vertical integration




Cluster Evolution and Regional Advantages

Lawson (1999) builds a compelling case for extending firm-based theories of compe-
tence to analysis of the region. He explains that “although firms and regions are not the
same things, both are ensembles of competences that emerge from social interaction and
so there appears to be no reason at all why the competence perspective should not be as
equally relevant to the study of the region as to the study of the firm” (157-58).

Drawing on an analogy of a diversified firm (Markides and Williamson 1996), the
region’s performance may be superior to other regions when the combination of businesses
in the region allows preferential access to the types of strategic assets that underpin the
region’s advantage. If a region can deploy its pool of experience, knowledge, and systems
from one type of business to another, such that the cost and time to create the business is
less than what it would be in other regions, the region will exhibit an advantage that is
analogous to a distinctive competence in a multi-business firm (Markides and Williamson
1996; St. John and Harrison 1999). An example is the recent growth of a nanotechnology
cluster in central Texas, which is exploiting the indigenous technical knowledge and
entrepreneurial talents in biosciences, materials, and electronics.

Accumulated entrepreneurial experience. As described in the previous two sections,
the ventures observed in technology clusters are likely to be built on idiosyncratic knowl-
edge and insight provided by researchers and entrepreneurs, which is then appropriated by
firms via high levels of absorptive capacity (a firm-level resource) and entrepreneurial rent-
seeking (destroy—rebuild strategies). Firms in technology clusters have access to other dif-
ficult-to-imitate resources, as well. Building on additional experience, entrepreneurs learn
to better adapt to changing conditions and to discover whether they have the “right stuff”
(Stephan 1996). Over time, entrepreneurial experience can be accumulated as a regional
resource that individuals and firms in the region may draw on (Shane 1996).

The accumulated entrepreneurial experience, embedded in the knowledge of local
entrepreneurs, venture capitalists, attorneys, and other service providers, creates a stock
of knowledge that has value to subsequent entrepreneurial ventures. A region’s accumu-
lated entrepreneurial experience serves as a stimulus to entrepreneurial activity in subse-
quent periods (Shane 1996). Entrepreneurial successes are associated with increased rates
of entrepreneurial activity because of the legitimacy that is created for entrepreneurship
and the opportunities for imitating successful entrepreneurs (see Aldrich and Fiol 1994;
Hannan and Freeman 1984; Romanelli and Schoonhoven 2001; Shane 1996). Accumu-
lated entrepreneurial experience can also increase the speed and success of new venture
launch. As with multibusiness firms, the experience gained in building one business can
be used to reduce the friction of building similar resources in other new businesses
(Markides and Williamson 1996), thereby reducing the cost and time to launch new ven-
tures and improving the likelihood of screening out weak venture concepts.

In contrast, for firms in industry-focused clusters, the attorneys, investment bankers,
and service providers are more likely to accumulate industry-relevant experiences that are
valuable in forming new industry-related ventures and enhancing productivity of industry
firms—rather than insight and comfort with the creation of new ventures to exploit uncer-



tain technologies and ill-defined markets. These experiences will frame mental models that
reinforce perspectives toward risk-taking and uncertainty (Porac, Thomas, and Baden-
Fuller 1989). Consequently, compared to industry-focused clusters, technology clusters are
more likely to accumulate entrepreneurial experience as a regional resource that stimu-
lates subsequent entrepreneurial activity, reduces the cost and time of launching new ven-
tures, reinforces attitudes toward risk, and serves to screen out weak venture concepts.
Industry-focused clusters, on the other hand, are more likely to cultivate industry-specific
experience and knowledge, which serve as the keystone of the cluster’s agglomeration
economies.

Regional networks. The pattern and content of interactions that take place between
groups, referred to as social networks, are an important characteristic of clusters. Deeds,
DecCarolis, and Coombs (2000) showed that proximity in bio-technology clusters promotes
enhanced transfer of knowledge as a consequence of more natural exchange of ideas
through formal and informal networks. As described by Gnyawali and Madhavan (2001),
a superior position in the network of cooperative relations translates into a resource advan-
tage and an increased likelihood of competitive action. McEvily and Zaheer (1999)
explored the social, professional, and economic networks of a geographical cluster and the
relationship of networks to firm-level competitive capabilities. They noted that firms within
a cluster are more likely to achieve face-to-face interaction and more frequent interaction,
both of which increase the value of the network tie.

As described by Granovetter (1973), strong network ties are created through a high
degree of closeness and reciprocal action. Weak ties connect individuals with others
outside the group, analogous to casual acquaintances (Granovetter 1973). Strong ties, such
as those exhibited in buyer—supplier relationships, are more likely to lead to sharing of
sensitive information, whereas weak ties, such as those exhibited among members of a
professional society or regional economic development group, are more likely to provide
access to a great amount and diversity of information. Strong ties are more likely to be
valuable in reducing perceived uncertainty and information asymmetry (Uzzi 1997) and
to establish links to critical resources during the early stages of new venture growth (Starr
and MacMillan 1990). However, the more weak ties an individual has in his or her network,
the more valuable the network is as a source of information (Podolny and Baron 1997).
Weak ties provide more diverse and richer links to the kinds of novel and unique infor-
mation that may be needed to generate innovative activity (Granovetter 1973; Johannessen,
Olsen, and Lumpkin 2001; O’Donnell et al. 2001). According to Patrucco (2003:162),
“...based on a network of communication channels, learning by interacting emerges as
the crucial mechanism to effectively build up the collective character of knowledge,
in turn ensuring innovation.”

Both industry clusters and technology clusters are likely to take advantage of the prox-
imate connectivity available through networks; however, they are likely to do so in differ-
ent ways. In promoting market-driven economic efficiency and effectiveness, clustered
firms within the same industry are likely to structure formal, tightly coupled, and well-
specified network relationships, including those with suppliers, attorneys, and bankers. In



contrast, the innovation processes in technology clusters are likely to be much less pre-
dictable, largely intangible, and drawn from a transitory pool of resources distributed
across a range of firms (and universities) within the cluster, with weak network ties serving
as a key mechanism for acquiring that information. Where multiple technological trajec-
tories coexist and move at different rates and in different directions, the sharing and/or
diffusion of knowledge will tend to be more spontaneous and serendipitous. Cross-
industry innovations can be better recognized and exploited in technology clusters that cut
across industry boundaries, such as emergence of biophotonics at the intersection of
photonics and bioscience technologies. Such innovations result from the fusion of
different technologies rather than the emergence of discrete breakthroughs in a single
technology (Kodama 1995).

In technology clusters, the region’s accumulated entrepreneurial experience and idio-
syncratic knowledge may be accessed through both strong ties (e.g., relationships with
bankers, attorneys) and weak ties (e.g., referrals to venture capital firms, entrepreneurial
networking events, information about resource availability or new technologies). Further-
more, in technology clusters, weak ties may allow firms access to informal social rela-
tionships (Camagni 1991), regionally mobile individuals, teams with knowledge that is
not easily codified (Keeble, et al. 1996), and sociocultural and socioeconomic webs of
common conventions and understanding (Storper 1995). Access to idiosyncratic technical
know-how “takes place through informal interchange of information between firms
signaling, for example, various successful decisions or reputation” (Lawson 1999: 159).

Sustaining advantage over time. Technology clusters may be regarded as drivers of
enhanced synergy and value creation. As with mergers and acquisitions among firms, value
creation and the ability to achieve a competitive advantage is greater in the union of firms
having different resources rather than similar resources because the synergistic relation-
ship is unique, potentially complementary, and not easily imitated (Barney 1986). This
suggests that the technology cluster may be considered as a unique accumulation of dif-
ferent value-creating resources whose union creates synergy and provides the technology
cluster with an advantage in the ability to give birth to new firms and completely new
industries.

As firm-level competences are associated with bundles of resources and capabilities,
so too are the “ensembles of competences” of regional production systems (Lawson 1999).
Drawing on the resource-based view of the firm, Foss (1996) proposes that geographically
bounded groups of firms are sources of rent-yielding, shared nonproprietary and intangi-
ble resources and capabilities. Furthermore, through interdependencies accessed through
networks, such as standards, shared research and development knowledge, and common
social norms, these groups are able to sustain the rent-yielding potential and thus the com-
petitive advantage of the region (Foss 1996).

A key point implicit in the ability to sustain competitive advantage is that it persists
over time. Because industry clusters and technology clusters have different stocks and
flows of resources and capabilities, they will likely differ in their ability to build a sus-
tained competitive advantage. In the case of industry clusters, the resources and capabil-



ities will likely be relatively predictable as the industry follows the trajectory of its indus-
try life cycle, manifesting the typical patterns of innovative behavior associated with each
stage (Abernathy and Utterback 1978). Industry clusters may be able to sustain a com-
petitive advantage over time because of having resources and capabilities that are unique
to the cluster and difficult for competitors outside the cluster to imitate, such as coal in
proximity to a steel cluster.

On the other hand, industry clusters may be more vulnerable to exogenous forces, such
as the emergence of completely new technologies that render an industry’s products or
resource advantage obsolete (e.g., mini-mills making coal unnecessary for steel produc-
tion) or the dominance of foreign competitors (e.g., American auto companies and Detroit).
Examples of the latter include the cluster of furniture manufacturers in western North
Carolina (Rosenfeld 1997) and the cluster of textile manufacturers in South Carolina
(Stone 2005). Being industry-focused and lacking the technical and entrepreneurial capa-
bilities that create recombinatorial opportunities for the region, these clusters are disap-
pearing in the wake of foreign competition.

Rather than focusing on a single industry, technology clusters have an opportunity to
sustain competitive advantage across a set of existing and emergent industries. The recom-
binatorial opportunities associated with its broad knowledge base and entrepreneurial alert-
ness provide technology clusters with capabilities that have an opportunity to persist over
time. As one technology matures or obsolesces, a new one emerges. From a resource-based
view, the cluster consists of dynamic flows of interconnected resource stocks from which
new resource stocks are accumulated over time (Dierickx and Cool 1989) and provide the
basis for technological breakthroughs. For example, Silicon Valley’s embedded technical
and entrepreneurial knowledge provided a basis for the development of vacuum tubes, fol-
lowed by transistors, and, later, semiconductors.

Given the capabilities that are nurtured in technology clusters, it is likely that they are
better equipped to endure and respond to exogenous shocks over time. Consider the high
technology cluster in the greater Boston area and the rapid rise and fall of minicomputer
technologies during the 1980s (Saxenian 1994). Many minicomputer firms in the cluster
disappeared as the microcomputer became the dominant technology. However, over time,
the region has developed a sustained competitive advantage in related technologies that
focus on networking gear and specialized peripheral computer equipment. In the presence
of rejuvenating combinations of resources not only in computers, but also in a wide array
of complementary technologies, the cluster will likely sustain its competitive advantage
well into the future.

Discussion and Implications

This article distinguishes between two generic types of clusters, those that evolve an
industry focus and those that are more closely associated with new technology develop-
ment. By viewing each cluster type through the theoretical lens of the resource-based view,
it is possible to offer several observations about key differences between cluster types and
the implications of those differences for the accumulated regional resources as well as the



types of economic activity conducted in the cluster. Table 4 summarizes these concepts
with an application to Silicon Valley and the Dalton, Georgia, carpet industry cluster.

In 2001, the Council on Competitiveness (2001) noted that the extraordinary growth
in the U.S. economy during the 1990s was the result of the national ability to develop inno-
vative new businesses from new technologies and inventions. Between 1990 and 2000, the
U.S. economy created 15 million new jobs, with over one-third of the new jobs created by
the roughly 6.4 million new firms formed during those same years (U.S. Small Business
Administration 2001). Overall, 75 percent of new jobs were created by new and expand-
ing small firms in the country. As pointed out by the Council on Competitiveness (2001),
however, the majority of those jobs were created in a select few entrepreneurial regions of
the country. Because of these observations, the council recommended that the nation
employ clustering strategies in other regions of the country, with the expectation that these
regional clusters would give rise to innovative new firms.

In this article, clusters have been described as of two generic types: (1) industry
focused, in which the cluster evolves over time in line with the industry life cycle, and (2)
technology focused, in which new technologies give rise to new product classes and whole
new industries. Industry-focused clusters, on the one hand, develop deep expertise in the
industry of interest. Key resources include skilled labor, technical and scientific person-
nel with industry-specific knowledge pertaining to technology and markets, specialized
business service providers (e.g., bankers, attorneys, accountants) with in-depth knowledge
of the industry, and strong network ties that bind together specific groups. These resources
provide the cluster with unique, synergistic advantages for those firms that choose to locate
there. It reduces the friction of doing business. Industry-based clusters tie the fortunes of
the region to the economic cycle of one industry and are analogous to a single business
or vertically integrated business—all assets concentrated on the demand provided by one
industry.

In contrast, technology clusters include key resources such as idiosyncratic technolog-
ical discovery, idiosyncratic entrepreneurial insight, accumulated entrepreneurial experi-
ence, and both strong network ties for accessing resources essential for survival and weak
network ties for accessing information that is critical to the innovative process. These idio-
syncratic technological and entrepreneurial resources are not as available or highly sought
in industry clusters because industry clusters do not need to build the skill sets to develop
and exploit strong recombinatorial capabilities. Technology clusters focus on early stage
technologies and emerging markets, and have an opportunity to continually generate and
reposition firms in the growth phase of various industry life cycles. Over time, these clus-
ters may evolve a lateral structure in which the number of industries represented in the
cluster increases. By analogy, technology clusters will be like a firm that participates in
related diversified businesses.

Because geographic clusters have recently received much scholarly attention and have
become the locus of much effort in economic development, substantial work lies ahead
for researchers and practitioners. By using the two types of clusters proposed in this article,
research could be conducted with less conceptual ambiguity and greater methodological



TABLE 4. REGIONAL RESOURCE PROFILES AND CLUSTER EVOLUTION.

Silicon Valley, CA Dalton, GA

Resources

Individuals Individual inventors and Specialized knowledge

researchers creating new
technologies that are the
foundation for emerging
electronics, computer, and
internet communications
industries. ldiosyncratic
knowledge leading to new
product classes and completely
new industries.

Individual investors that

recognize opportunities and
support new start-ups and
regional economic development
initiatives

Insightful academic administrators
who recognize opportunities
and see the value of
partnerships between the
university and high technology
companies in the region.

Spin-off firms take technology
into wholly new markets and
industries

Accumulated entrepreneurial

experience, comfort with the
risks and rewards of radical
innovation, rich availability of
risk capital, service providers
experienced in electronics and
computing technology markets.

Entrepreneurial networks.

derived largely from the
textile industry, including
knowledge about tufting
equipment, synthetic
fibers, dyeing
technology.

Most innovations focused
on extending product
lines within the tufted
carpet industry and
driving down costs.

Local bankers, most
notably Trust Company
of Georgia and C&S
Bank, provide capital to
the carpet companies,
through factoring
relationships.

In recent years, the
Dalton-area carpet
industry has relied on
Hispanic immigrants to
keep labor costs low.

Firms track the industry
life cycle through
growth stage to maturity
and consolidation

Textile industry
resources and supply
network, including fiber
producers, equipment
producers, specialized
machine shops, dyeing
experts—all available to
tufted carpet industry.

Strong industry trade
association.



TABLE 4. (CONTINUED)

Silicon Valley, CA Dalton, GA
Key When the economy is poor, Changes in customer
vulnerabilities investors may be more likely to preferences away from
invest in less risky ventures. tufted carpet.

Creation of a new
technology that
displaces tufting

technology.
Fit with Through significant radical One industry: tufted
strategy inventions (vacuum tube, carpet.
analogy transistor, semiconductor, Demand is tied to
mainframe computer, personal residential housing
computer, search engines, etc.) starts and commercial
the Silicon Valley region has sector growth.
participated in the growth phases At the mature phase,
of several new industries—(1) emphasis is on
radio, telephone, telegraph, (2) efficiency and cost
electronics, (3) semiconductors savings and, most
and computers, (4) personal recently, industry
computers, and (5) internet and consolidation.
communications. Companies tracking
Regional diversification. industry life cycle.

precision, while providing economic developers with a more precise framework for plan-
ning, establishing, and evaluating geographic clusters.

These ideas need to be tested empirically. For instance, researchers could conduct lon-
gitudinal studies of the recombinatorial characteristics of each cluster type. As proposed
in this article, do new product types or new industry types appear more frequently in tech-
nology clusters than in industry clusters? And, if so, are there differences in the breadth
of unique knowledge among researchers and entrepreneurs in each cluster type?
Researchers in entrepreneurship could investigate differences in the frequency of new firm
formation in the two types of clusters, and could determine the propensity of firms in tech-
nology clusters to form around unique technical knowledge. In addition, researchers could
investigate differences in the capabilities provided by entrepreneurs in the two clusters.
For instance, do entrepreneurial alertness and entrepreneurial responsiveness differ in
cluster types? Researchers in networks could extend ongoing work in the area of social
networks and examine the relative importance of strong and weak ties over time, and the



degree to which industry-focused and knowledge-based clusters differ in their reliance on
weak ties to stimulate innovation and entrepreneurial activity.

Researchers and practitioners could draw from various quantitative and qualitative
methods to conduct empirical tests. To date, most research identifying clusters has relied
on qualitative methods such as interviews and surveys targeted for individuals having
strong knowledge of the regional economy. For example, Hendry, Brown, and DeFillippi
(2000) conducted interviews with opto-electronics firms to determine the pattern, origin,
and value of network connections to other firms, research organizations, and development
agencies. In a study of British communications firms, Oakley, Kipling, and Wildgust
(2001) used surveys to identify clusters and the business linkages of clusters at regional
and local levels. Other qualitative sources that could be used in cluster identification
include information published in newspapers, regional and industry association newslet-
ters, and company documents and press releases.

Although often subject to limitations in quality and availability of data, quantitative
techniques may help identify clusters. For example, some researchers have used
input—output analysis. Following techniques prescribed by Feser and Bergman (2000),
information on national, interindustry, input-output production flow linkages can be used
to provide templates for detecting and describing clusters at the regional level. More
sophisticated methods of cluster analysis using regional input—output data were used
recently by Oosterhaven, Eding, and Stelder (2001) to identify clusters and their interre-
lationships in three Dutch regions. Input—output analysis based on survey-derived innova-
tion interactions is another technique that might be used to identify clusters (see DeBresson
1996). A related approach to identifying clusters would use input—output data or qualita-
tive data in a network analysis framework similar to techniques used to study social net-
works (Feser and Bergman 2000). Perhaps most fruitful in future efforts to identify clusters
will be those that combine qualitative and quantitative techniques. For instance,
input—output measures of clusters could be strengthened by survey, printed, and interview
information that provides insight into actual interorganizational linkages and perceptual
measures of their relative importance.

The formal and informal ties that cohere firms in clusters raise interesting ques-
tions that could be examined using nontraditional applications of management and
organization theory. For instance, Porter (1998) notes that “the geographically proximate
cluster of independent and informally linked firms and institutions represents a robust
organizational form in the continuum between markets and hierarchies—but one stil/
little explored in theory. Location can powerfully shape tradeoffs between markets
and hierarchies” (223). Researchers responding to this notion could invoke transaction
cost theory as a platform for investigating not only the tradeoffs between markets and
hierarchies, but also the degree to which such tradeoffs might differ according to
cluster type. For instance, in line with the notion of hybrid governance structures
(Hennart 1993; Williamson 1991), industry clusters may align more closely with a
hierarchical form whereas technology clusters may be more closely associated with a
market form. Other interesting studies could extend arguments for a resource-based view



of the region (Lawson 1999), but draw additional distinctions between technology and
industry cluster settings.

These ideas should have strong practical implications. In particular, policy makers may
be interested in the distinctions between technology and industry clusters, and may be even
more interested if these distinctions can be confirmed empirically. Certainly both types of
clusters offer regional economic development benefits—but the regional resources that are
cultivated over time differ substantially, with the economic development impacts evolving
from different modes of growth. As proposed in this article, industry-focused clusters
develop a form of specialization that improves efficiency and provides for agglomeration
economies, providing tangible benefits for locating in the clusters (Scott 1992). Over time,
however, that specialization concentrates the fortunes of the region on one industry life
cycle, as with the auto industry in the Detroit region, the furniture industry in North
Carolina, the carpet industry in Georgia, and the steel industry in Pennsylvania. An
industry cluster very effectively and efficiently evolves the capabilities needed at each stage
of the industry life cycle, moving from a focus on innovation to a focus on efficiency, anal-
ogous to the innovation behavior of firms as they track the industry life (Abernathy and
Utterback 1978). As long as the industry is stable, these efficiencies are a source of advan-
tage for firms in the cluster (Pouder and St. John 1996). When the industry moves to the
end of its life cycle or experiences a shock, firms in the cluster, having had no motivation
to develop the entrepreneurial infrastructure needed to participate in early-stage ventures
and therefore having no new leading-edge technological knowledge, lack the unique
resources and the recombinatorial ability needed to reorient.

Technology clusters are more closely tied to the early stages of industry life cycles—
and they cultivate resources, at both the firm and regional levels, that can support rapid
growth and innovation. Over time, however, technology clusters are less likely to be the
site of mature, more efficient industries. Silicon Valley is, after all, a net job exporter for
this reason (Zhang 2003). Large scale manufacturing, for example, may be incompatible
with the skills and cost structure afforded by a technology cluster.

What are the implications for public policy officials? As described by Bergman and Feser
(1999), “From a policy point of view, knowing what could become a cluster (perhaps with
proper policy stimulation) is frequently more critical than knowing what is a cluster. Indeed,
the latter may be obvious more often than not.” For regions that are interested in employment
for workers displaced by the off-shoring of traditional manufacturing jobs and declines in
farming employment, pursuit of what has here been called a “technology cluster” is unlikely
to be a successful mechanism for creating jobs in the region. The unique combination of idio-
syncratic technical knowledge, entrepreneurial mindset of individuals, and accumulated
entrepreneurial experience observed in the existing technology clusters does not exist in
most regions and could take decades to cultivate, if it can be deliberately cultivated at all.
Instead, these regions could attempt to seed an industry cluster through recruitment of a large
employer, particularly one that is likely to attract large numbers of suppliers and service
providers to the surrounding area. This “buffalo hunting” approach, which is often criticized
in the knowledge economy age, is a mechanism for catalyzing the formation of an industry



cluster. For example, recruitment of an auto assembly plant can stimulate relocation of auto
suppliers to the region. Over time, the region can benefit from the growth of an auto-supply
cluster. However, as noted, with concentration of same-industry suppliers, the region will be
vulnerable to the economic cycles of the industry, something policy officials would need to
plan for by actively diversifying the base of companies in the region.

For regions with one or more very strong research universities, where a high quality
of life encourages graduates and successful, imaginative business people to stay in the
region, an opportunity may exist to stimulate the formation of a technology cluster. In
these cases, the focus should be on cultivating social ties between exceptional faculty
researchers, creative graduate students, and active entrepreneurial business people—with
an understanding that inventiveness and entrepreneurial insight are characteristics of
individuals—not regions—and they are easy to recognize but hard to find.
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