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The Internationalization of a High-tech Cluster: 

An Investigation from three Theoretical Perspectives

Abstract

In this paper, we investigate the applicability and usefulness of three international theory perspectives in investigating and understanding the internationalization process of a sample of companies drawn from a cluster of photonics companies, in Rochester, NY.  These perspectives are: the Uppsala/stages model of internationalization, the eclectic paradigm of international production, and the born global paradigm.  However, given that the issue addressed is the internationalization of firms within a particular cluster, we locate and supplement these three perspectives with insights from the cluster literature.  We conclude that all three perspectives have value in viewing different ‘parts’ or ‘processes’ of the internationalization journey of cluster firms.  
The Internationalization of a High-tech Cluster: An Exploratory Study from three Theoretical Perspectives

In this article, we investigate the applicability and usefulness of three international theory perspectives in investigating the internationalization process of a sample of companies drawn from a cluster
 of photonics
 companies, in and around Rochester, NY.  These perspectives are: the Uppsala/stages model of internationalization (Johanson and Vahlne, 1977, 1990), the eclectic paradigm of international production (Dunning, 2001), and the born global paradigm (Knight and Cavusgil, 1996).  However, given that the issue addressed is the internationalization of firms within a particular cluster, we locate and supplement these three perspectives with insights from the cluster literature (Enright, 1995; Hill and Brennan, 2000; Porter, 1998, 2000; Sternberg, 1991).  Although these three perspectives are not precisely competing, each one – with insights from the cluster literature – makes different predictions about how cluster firms will proceed along their internationalization process.  These predictions are contrasted with our actual findings and the strengths and weaknesses of each perspective are discussed.  
The cluster of firms we chose to investigate is the photonics cluster of companies located in and around the greater area of Rochester, NY.  This particular cluster is quite appropriate for the study of internationalization, given its significant level on international involvement, which is a well-kept secret outside of New York State.  According to the International Business Council, a division of the Rochester Business Alliance, some US$12.3 billion of exports originated from Greater Rochester in 2002 (International Business Council Preliminary results from IBC year 2002 International Business Survey May 2, 2003).  On this basis, despite its population of only 1.2 million, if Rochester, New York were a state, its export performance would rank above those of 40 states.  Much of this output flows from large imaging and optics companies such as, Eastman Kodak, Xerox, as well as Bausch and Lomb.  However, the region is now in transition as these large companies decline relative to other employers in the region and over 90 percent of the international business growth stems from newer and smaller companies.  A new cluster of smaller imaging and optics (known as photonics) firms has emerged within the greater Rochester region, but on which much hope for the future is vested; yet little is known about their economic performance and growth.  This study seeks to understand the internationalization process of these companies by examining it through the three, above mentioned, theoretical perspectives.

The data we use for our study come from face to face, in depth, interviews with the CEOs of twenty-two cluster companies engaged in photonics, as well as company documentation, and a limited number of interviews with executives of local industry associations.  Using the three theoretical perspectives (stages theory, eclectic paradigm, and born global paradigm) as lenses, we try to better understand and explain the internationalization process of the cluster firms.  We feel that this approach contributes to the internationalization literature in two ways.  First, it allows us to compare the explanatory power of three different perspectives on the internationalization process of firms within a particular cluster.  And, second, it enables us to better understand the dynamics of internationalization of firms within a high-tech cluster, something that can have significant implications for managerial practice.

In the remainder of the article, we proceed as follows.  First, we briefly present the three theoretical perspectives we draw on and supplement them with insights from the cluster literature.  Second, we describe the setting of the Rochester Regional Photonics Cluster, the methods we used in our data collection, as well as the major findings of our study.  Third, we discuss the extent to which each of our theoretical perspectives are supported by our data.  The paper concludes with a discussion of its implications for research and managerial practice.

Internationalization Theories and Clusters
 Numerous authors, exploring different questions and proposing theories, which diverge in their rationale and assumptions, have addressed the broader issue of the internationalization of business firms.  For example, some have viewed internationalization as a series of static rational decisions (Dunning, 1981, 1988; Teece, 1981), while others as an incremental process of increasing international involvement, as firms acquire more foreign market knowledge (Johanson and Vahlne, 1977, 1990; Kedia and Chokar, 1986).  And, still others have viewed the internationalization process of firms as guided by transaction cost considerations (Buckley and Casson, 1998; Taylor and Zou, 1998).  In this paper, we use the Uppsala/stages model of internationalization (Johanson and Vahlne, 1977, 1990), the eclectic paradigm of international production (Dunning, 2001), and the born global paradigm (Knight and Cavusgil, 1996) to address the issue of the internationalization of firms within a particular cluster.  Therefore, we draw on cluster literature (Enright, 1995; Hill and Brennan, 2000; Porter, 1998, 2000; Sternberg, 1991) to elaborate and refine these perspectives so that they more adequately address the issue of firm internationalization within a cluster.  But before we proceed a brief review of the notions from the cluster literature, which would be most relevant for our purposes, is in order.

According to Porter (2000: 15), “clusters are geographical concentrations of interconnected companies, specialized suppliers, service providers, firms in related industries, and associated institutions (e.g. universities, standards agencies, trade associations) in a particular field that compete but also cooperate”.  Building on this or similar notions of ‘cluster,’ the industrial clusters literature has identified a number of positive externalities that cluster membership can have on the international competitiveness of firms within a cluster (Porter, 1991, 1998, 2000) and consequently their internationalization.  Drawing on Porter (2000), the following four kinds of major externalities can be identified.

Porter (2000: 22) maintains that, first, location within a cluster provides the firm “with superior or lower costs access to specialized inputs such as components, machinery, business services, and personnel compared to vertical integration, formal alliances with outside entities, or “importing” inputs from distant locations”.  Second, location within a cluster can also provide a firm with superior access to all kinds of information (technical or/and marketing), which can assist its competitiveness and internationalization prospects.  Third, cluster location can provide a firm (or a group of firms) with a number of ‘marketing complementarities.’  Further, Porter (2000: 22) avers:
“The presence of a group of related firms and industries in a location offers efficiencies in joint marketing (e.g., firm referrals, trade fairs, trade magazines, marketing delegations).  It also can enhance the reputation of a location in a particular field and makes it more likely that buyers will consider a vendor or manufacturer based there.  Buyers can see multiple firms in one visit.  The presence of multiple sources for a product or service in a location also can reduce perceived buying risk by offering buyers the potential to multi-source or switch vendors if the need arises.” 

Fourth, (Porter, 2000: 22) declares that cluster location facilitates a firm’s access to institutions and public goods, which in turn helps the competitiveness and internationalization of the firm.  In other words, clusters often turn ‘inputs that otherwise would be costly into public or quasi-public goods”.

In the following three sections, we present the three theoretical perspectives of stages theory, eclectic paradigm, and born global paradigm and drawing on the above identified cluster externalities we refine these perspectives so that they more adequately address the issue of the internationalization of firms within a cluster.

The Stages Theory of Internationalization 

According to this ‘process’ view of internationalization, Johanson and Vahlne (1977, 1990) suggest that companies pass through a series of ‘stages’, through which they acquire knowledge of foreign markets and as their comfort with foreign markets increases, their international business involvement increases as well.  Clark, Pugh, and Malory (1999) describe the main idea behind this approach to internationalization, as follows.

“The Uppsala Model suggests that the process of internationalization is the consequence of the acquisition of experiential knowledge, in particular, market-specific knowledge.  It is the knowledge gained from operating within a particular market that enables a firm to increase its commitment to that market.  Market-specific knowledge therefore underpins the shifts between different modes of foreign servicing within a market.” (1999: 165) 

In other words, the authors related with this theoretical perspective describe a positive feedback mechanism, where increased international commitment leads to increased familiarity and comfort with foreign markets, which in turn leads to increased international commitment of the firm (Bilkey and Tesar 1977; Johanson and Vahlne 1977, 1990; Kedia and Chokar 1986).  In addition, Johanson and Vahlne (1977, 1990) identify a friction like element in the internationalization process of firms, which they refer to as ‘psychic distance.’ They define the notion of psychic distance between countries “as the sum of factors preventing the flow of information from and to the market…[such as]…differences in language, education, business practices, culture, and industrial development” (Johanson and Vahlne, 1977: 24).  And, continue by identifying ‘market knowledge’ as the most critical resource in the internationalization process of a firm, which they define as follows.

“By market knowledge we mean information about markets, and operations in those markets, which is somehow stored and reasonably retrievable – in the minds of individuals, in computer memories, and in written reports.” (1977: 26) 
According to this view of internationalization, market knowledge is the result of existing foreign market commitments and business activities.  And, in turn, market knowledge determines new foreign market commitment decisions, which generate new business activities, which in turn generate market knowledge and so on.  A process, which leads to an incremental internationalization involvement as market knowledge accumulates within the firm.  This gradual internationalization involvement is referred to as ‘establishment chain,’ and is seen as consisting of the stages of, no regular export, independent agent, sales subsidiary, and production subsidiary (Johanson and Vahlne, 1977, 1990; Clark, Pugh, Mallory, 1997).
In combining this notion of internationalization with elements of cluster literature, we can say that positive cluster externalities assist the firm in its internationalization by assisting its accumulation of foreign market knowledge.  And, by drawing on both literatures, the following supporting arguments can be identified.  First, drawing on information concerning foreign markets – available within the cluster – cluster firms can improve their foreign market knowledge, thus facilitating their internationalization process.  Second, firms within a cluster have access not only to technically trained personnel, but also to personnel with international experience.  Therefore, cluster firms would be increasing their market knowledge by hiring employees, who have such knowledge.  Third, firms within clusters would tend to be exposed to the success (or failure) stories of other cluster firms in specific foreign markets.  And, this exposure could act as a road map as to which countries are to be pursued and which to be avoided, thus decreasing the risk perception associated with internationalization, and making the firms more willing to commitments in foreign market that are perceived as lower risk of failure rate.  Proposition 1, following, sums up this discussion.

Proposition 1: The internationalization process of firms within a cluster will proceed as cluster externalities assist these firms in acquiring market knowledge of foreign markets and therefore help them to overcome some of the obstacles of psychic distance.

The Eclectic paradigm of International Production (OLI) 

Additional insight into internationalization theory of cluster firms may also be derived from Dunning’s seminal eclectic or OLI paradigm of international production (Dunning 2001).  The eclectic paradigm differs from much of the internationalization theory in that it seeks to explain the pattern and extent of international production financed through MNE foreign direct investment.  The framework does not seek to predict or define the nature of international strategy, that is to say explain the degree to which a company pursues an orderly progressive or incremental path.  Instead strategy is viewed as an endogenous variable along with technological and/or organizational innovation (Dunning, 1993).  
The value of the framework rests on its ability to identify and explore the “factors, incentives, and configurations” that cause a MNE to pursue an FDI strategy within a particular region.  By integrating economic and organizational theory, Dunning elaborates three central benefits motivating firms to employ FDI strategies:  ownership, location, and internalization advantages.  Location advantages refer to the benefits that emerge from firms gaining access to location specific resource endowments.  Ownership advantages refer to the advantages that derive from a firm’s ownership of a foreign asset or its ability to coordinate assets across borders.  Internalization advantages refer to the returns that derive from firms internalizing production in imperfect markets.  Recently Dunning’s (2001) efforts have sought to integrate aspects of the eclectic paradigm with cluster theory, focusing specifically on the efforts and incentive of MNEs to gain entry into vibrant industrial clusters to harness location, ownership, and internalization advantages.

Combining the main notions of the eclectic paradigm with the cluster externalities, mentioned in the beginning of this section, we can argue that MNEs, by behaving as the OLI paradigm predicts, contribute to the internationalization of firms within a given cluster.  MNEs in trying to take advantage of the location specific advantages, which stem from a cluster’s externalities might invest in the cluster either by acquiring an already existing firm or by building a presence in that cluster.  And, this could contribute to the internationalization of the cluster firms in, at least, two ways.  First, by building or acquiring a firm within a cluster, MNEs link, through common ownership, this particular cluster firm with their international network of operations, something that most likely increase the cluster firm’s international exposure through imports of exports.  Second, MNEs might – purposefully or inadvertently – transfer some of its international experience to the cluster firm, in the form or routines and processes or of trained and experienced personnel.  And, this transfer of internationalization experience (what Dunning would consider to be part of the ownership advantage of an FDI) within the cluster would possibly increase the cluster resources that other firms could draw on in their internationalization efforts.  For example, executives with international experience might leave the MNE and start a new company and use their international experience to accelerate their company’s internationalization efforts.  Or, FDI executives might form informal or formal ties with local executives and provide them with international contacts on a tit for tat basis.  The main idea of how the eclectic paradigm of international production could apply to the internationalization of firm clusters can be summed up in the following proposition:  

Proposition 2: The internationalization process of firms within a cluster will proceed as MNEs invest in a particular cluster in trying to internalize the location specific advantages of the cluster, and simultaneously (voluntarily or not) transfer to the cluster some of their own ownership specific advantages.  
The Born Global Paradigm

According to the Born Global paradigm (Knight and Cavusgil, 1996), born global companies “are small, technology-oriented companies that operate in international markets from the earliest days of their establishment” (1996: 11).  In contrast to more traditional theories of internationalization, the managers of such companies ‘view the world as a single, borderless marketplace from the time of the firm’s founding’ (McKinsey & Co., 1993, cited in Knight and Cavusgil, 1996: 12).  
Drawing on prior work on the international activities of small, high-tech firms, Knight and Cavusgil (1996) identify six factors that seem to contribute to the emergence of Born Global firms.  These factors are, the increasing role of niche markets, recent advances in process technology, recent advances in communication technology, the inherent flexibility that small companies have, the internationalization of knowledge and technology, and the recent trend towards global networks.  Relating these issues of the Born Global paradigm to the externalities identified within the cluster literature, we can argue that clusters have a positive impact in the rate of creation of Born Global firms within the cluster, for the following two reasons.  First, given the specialized cluster resources, it is quite likely that local entrepreneurs will come up with very specialized companies, which can survive only by serving an international market, given the very limited nature of their business.  Second, the factors that have been identified as contributing to the emergence of Born Global firms are more likely to be found within highly technical clusters, where part of these factors exist in a semi-public good form.  Proposition 3 follows.  
Proposition 3: The internationalization process of firms within a cluster will proceed as the rate of creation of Born Global firms increases due to the favorable competitive conditions within the cluster, due to positive cluster externalities.  
The Rochester Photonics Cluster

Cluster Setting and Types of Companies

The setting of this study was the cluster of photonic and optics companies located in and around the greater area of Rochester, NY.  Given the export performance of the area, the companies in the cluster were considered most appropriate for the study of cluster internationalization.  As mentioned in the introduction, the region is in transition and its three large companies (Eastman Kodak, Xerox, and Bausch and Lomb) decline relative to other employers in the region.  As a result, over 90 percent of the international business growth stems from newer and smaller companies.  Our study focused on these smaller companies specializing in photonics and optics, which we grouped into four general categories with respect to their industrial activity.  
The first and second categories refer to companies involved in basic optics manufacturing, and in precision optics, respectively.  Optics may be either plastic or glass and come in a wide variety of shapes and sizes.  Many optical devices require external coatings be painted on the finished crystal to alter or enhance the transmission of light.  Companies producing the more common glass optics typically possess core competencies in grinding and polishing glass.  Companies producing plastic optics typically possess core competencies in injection molding technology.  Optical producers vary on their design/engineering expertise.  Those with only limited design/engineering capacities cater to markets with sophisticated end-users with existing optical design capacity.  Those with broad design/engineering capacities seek markets where they can assist end-users with optical design.  
The third grouping is precision optics and photonic value added producers.  These companies produce either sophisticated equipment for manufacturing or testing optical or photonic systems or complex value added stages for optical manufacturing.  Central in this grouping is the importance of metrology devices.  As optics become more and more precise, testing equipment becomes central to the manufacturing process.  An optics manufacturer explains:  ‘The most significant difference between manufacturing optics now and 10 years ago, is that customers will not do business with you unless you can prove through sophisticated testing devices that your products meet specifications.’ Optics and value added producers typically compete in small and concentrated industries.  
The fourth category is that of photonic subsystem producers.  These firms possess core competencies in optical design and engineering expertise.  While some have manufacturing expertise, they rely upon engineering expertise to develop entire light based systems required in a number of markets such as semiconductor, medical sensing, and communication (fiber optical) equipment.  The markets of these firms are less defined than the other two categories.  They produce solutions and attempt to locate customers with photonic-based problems.  
Some of these companies were start ups no more than two years in the making, whereas others had histories of 50 years or more.  One or two were spun off by the big three companies.  The majority of these companies had sales revenue less than $20 million, the percentage of their overseas business ranged from zero to 65 percent, and most (19 out of 22) of them where profitable, as can be seen in table 1, following.

Table 1 Companies Interviewed Classification Data

	Company
	Revenue 

$ Mil.
	Local Revenue %
	International Revenue %
	Major Product Line
	Profitable

	A
	0.5
	5
	30
	Photonics Value Added
	Yes

	B
	NA
	10
	10
	Precision Optics
	Yes

	C
	50
	5
	50
	Precision Optics
	Yes

	D
	0.4
	50
	15
	Photonics Subsystems 
	Yes

	E
	20
	5
	40
	Photonics Value Added
	Yes

	F
	2
	5
	20
	Photonics Value Added
	No

	G
	NA
	10
	50
	Photonics Value Added
	Yes

	H
	4
	5
	5
	Precision Optics
	No

	I
	8
	10
	55
	Photonics Subsystems
	No

	J
	16
	5
	5
	Precision Optics
	Yes

	K
	200
	5
	30
	Photonics Value Added
	Yes

	L
	5
	5
	20
	Photonics Subsystems
	Yes

	M
	3
	5
	0
	Photonics Subsystems 
	Yes

	N
	3
	5
	10
	Photonics Subsystems 
	Yes

	O
	1
	5
	5
	Photonics Value Added
	Yes

	P
	20
	5
	10
	Precision Optics
	Yes

	Q
	0.5
	10
	5
	Photonics Value Added
	Yes

	R
	1
	10
	10
	Photonics Subsystems
	Yes

	S
	1.5
	5
	10
	Photonics Value Added
	Yes

	T
	2.2
	10
	10
	Precision Optics
	Yes

	U
	15
	5
	30
	Photonics Value Added
	Yes

	V
	35
	0
	30
	Photonics Value Added
	Yes


Perhaps more significantly the above companies can be represented by the dimensions suggested in Table 2:  manufacturing and design expertise and types of product.  This table lays out the data that forms the basis for Figure 1 Strategic Opportunity and vulnerability, which is presented later.  
Table 2  Classification of Categories of Activity

	Company
	Relocatablity
	Manufacturing & Design Expertise
	Type of Product
	Type of Product 2

	A
	Ease
	Design
	Photonics Value Added
	

	B
	Difficult
	Manufacturing
	Precision Optics
	

	C
	Difficult
	Manufacturing--limited design
	Precision Optics
	Photonics Subsystems

	D
	Ease
	Design
	Photonics Subsystems 
	

	E
	Difficult
	Both
	Photonics Value Added
	Precision Optics

	F
	Difficult
	Both
	Photonics Value Added
	Precision Optics

	G
	Difficult
	Both
	Photonics Value Added
	Precision Optics

	H
	Difficult
	Manufacturing--limited design
	Precision Optics
	Photonics Subsystems

	I
	Difficult
	Design--limited manufacturing
	Photonics Subsystems
	

	J
	Difficult
	Manufacturing
	Precision Optics
	Photonics Subsystems

	K
	Difficult
	Both
	Photonics Value Added
	Precision Optics

	L
	Ease
	Both
	Photonics Subsystems
	Optical Components

	M
	Difficult
	Design--plans for manufacturing
	Photonics Subsystems 
	Precision Optics

	N
	Ease
	Design
	Photonics Subsystems 
	

	O
	Difficult
	Service Value Added
	Photonics Value Added
	

	P
	Difficult
	Manufacturing
	Precision Optics
	

	Q
	Ease
	Design--crafts manufacturing
	Photonics Value Added
	

	R
	Difficult
	Design
	Photonics Subsystems
	

	S
	Ease
	Service Value Added
	Photonics Value Added
	

	T
	Difficult
	Manufacturing
	Precision Optics
	

	U
	Difficult
	Both
	Photonics Value Added
	

	V
	Difficult
	Both
	Photonics Value Added
	Precision Optics


Many of these companies had their roots in the optics field.  At its most basic that involves grinding and forming lenses.  But this is not, in today’s world, high-tech.  Therefore, much of this type of production is easily relocated and has migrated to emerging economies, primarily China.  The heirs to this kind of business have upgraded their skills and now occupy niches that require a higher degree of skill and engineering finesse.  That category, Precision Optics, is occupied by company A in the above Table.

Methodology

Twenty two companies belonging to the Rochester Regional Photonics Cluster were selected, and their senior management teams were invited to participate in the study.  All agreed, and 22 extended interviews were conducted with the CEOs of each of these companies.  Interviews were conducted in conversation mode but a list of topics, derived from our understanding of the issues in the internationalization and clusters literature, informed the conversation.  Each interview, about 1:00 – 1:30 hr length, was tape recorded and subsequently transcribed.  Altogether the study generated some 400 pages of text.  The analysis of the data was approached in a manner consistent with the recommendations of Glaser and Strauss (1967)(Richards, 1999).  They required us to read and re-read the interview transcripts many times until a mutually exclusive set of categories emerged that we believe represent these data.  These categories were validated through informal interviews with executive members of the Rochester Regional Photonics Cluster, and the information provided by the company CEOs compared for accuracy against company publications, when possible.  The process was enhanced by the use of NVivo, a software package designed for this purpose  and Miles and Huberman (1984).  
Internationalization of Cluster Companies – Findings

Our major findings concerning the internationalization of the cluster firms are categorized as follows:

· Orderly Progression ok

· Incremental ok

· Strategic Coherence ok

· Psychic distance ok

· Harnessing Cluster Externalities 

Orderly Progression 

Some companies, predominantly, followed an orderly progression approach in their internationalization process, in support of the stages theory of internationalization, discussed above.  But, in other companies incrementalism predominated, and was supplemented by other characteristic behavior.  These Behavioral Descriptors 1 and 2 are depicted in Table 3 following.  
Table 3 Predominant Style of Strategic Behavior

	Company
	Behavioral Descriptor 1
	Behavioral Descriptor 2
	Dominant Trait

	
	
	
	

	A
	Orderly Progression
	Incremental
	Cost Factors: limited resources for sales personnel

	B
	Incremental
	Orderly Progression
	Cost Factors: limited resources for sales personnel and production capacity

	C
	Incremental
	
	Followed US based customers overseas.  Importance of Localization

	D
	Incremental
	
	Word of Mouth Marketing to Sell Consulting Services

	E
	Orderly Progression
	Incremental
	Dominant Firm in Small Highly Technical Market.  All Actors Known.

	F
	Incremental
	
	Dominant Firm in Small Highly Technical Market.  All Actors Known.  Focus on Foreign Firms, not Foreign Markets

	G
	Incremental
	Orderly Progression
	FDI strategies.  Localization of Production is very important.  Customers prefer to purchase products locally made

	H
	Incremental
	
	Cost disadvantages overseas.  Primarily North American customers

	I
	Orderly Progression
	
	Compete in Small Highly Technical Market

	J
	Incremental
	
	Cost disadvantages overseas.  Primarily North American customers

	K
	Orderly Progression
	Incremental
	Large integrated and international marketing department

	L
	Incremental
	
	Compete in Small Highly Technical Market.  Seek new markets for existing technologies

	M
	Incremental
	
	Have not saturated North American Market.  Recently started business

	N
	Orderly Progression
	Incremental
	One minor product line is international.  Sell products through Medical Associations.

	O
	Incremental
	
	Word of Mouth Marketing to Sell Consulting Services

	P
	Incremental
	
	Provide Highly Technical Service.  Get international business through trade shows, word of mouth, or internet site.

	Q
	Incremental
	Orderly Progression
	Word of Mouth Marketing to Sell Consulting Services

	R
	Incremental
	
	Word of Mouth Marketing to Sell Consulting Services

	S
	Incremental
	
	Word of Mouth Marketing to Sell Consulting Services

	T
	Incremental
	
	Cost disadvantages overseas.  Primarily North American customers.

	U
	Orderly Progression
	
	Dominant Firm in Small Highly Technical Market.  All Actors Known.

	V
	Orderly Progression
	
	Dominant Firm in Small Highly Technical Market.  All Actors Known.


Less than half the firms interviewed adopted or approximated an Orderly progression approach to internationalization.  These more or less orderly or systemic approaches were the result of firm strategies influenced by industry structure, environmental, and/or cost factors.  For example, a number of firms competing in well defined international markets noted that their international paths were systematic from start to finish.  They knew (at least broadly) both their potential international customers and competitors.  As noted by one president:   

If [a company] decided that it needed [our product] it would probably go to a buyer’s guide and see maybe 2-dozen companies listed.  And then when it looked into them and figured out that perhaps 6 or 8 might have what they wanted.  Then when they get into the [exact] specifications they are down to 2 or 3.  We may or may not be on that list.  But if we’re on that list, no matter where you are in the world, it’s as if you need a brain surgeon, you want the best brain surgeon in the world.  You would immediately decide ‘I don’t care where the guy is located, Rochester or the Congo.  I don’t care’.  
There was widespread agreement among executives from firms competing in well defined and small market niches regarding the systematic nature of their companies’ approach.  Another president noted,  ‘We [as a company] recognized right away that if we’re going to be a big fish in a little pond, that pond is probably the whole world because it isn’t big enough just in the United States.’  The information and marketing costs associated with pursuing this approach were significantly reduced by well defined international networks, often reinforced by technical associations and trade groups.  
A number of firms described a systematic internationalization process focusing primarily upon limited resources.  These companies noted that their national markets were not yet saturated and it is best to employ their limited resources in North America before venturing abroad.  A photonics company president observed: 

We have been growing at a pace that we can control.  It has been steady.  We’re not incurring a lot of debt.  We have never gone worldwide, to speak of.  If customers from overseas come to us because they hear about us, we’ll service them.  But we have never really done any marketing overseas to speak of.  Once we saturate the U.S.  marketplace and continue to grow at this kind of steady slow pace our next step would be to take a country like England and focus on that for a little while, Germany and France and focus there and then go over to Japan and China and focus on those countries and Asia.  Then go to India and focus there.  So it would be a one step at a time thing.

Once these firms allocated sufficient resources for international expansion they began pursuing international markets systematically.  Accordingly, they developed clear ideas of their arenas of focus, understood changes in the economic and business environments and were able to utilize their competencies in order to address emerging opportunities.  They did not stray casually beyond their self defined business boundaries.  For example:  

‘Our core competency is in optical design, precision mechanics, optical engineering and the system engineering to pull all of these things together and test them as a system.’  

And an example from another senior executive informed:  

‘Our international strategy was to build up exports first and then build factories.’

Incremental

While a number of firms, notably those in small niche markets, described an orderly progression approach, the majority of firms portrayed a more incremental and pragmatic approach.  This incremental approach was strongly influenced by both the limited resources possessed by these small firms and also the broad nature of their potential markets.  Most of these firms possessed core competencies in optics/photonic manufacturing or design and continually sought to identify and/or locate new markets to employ their competencies.  A majority of firms reporting incremental approaches noted that much of their international presence was achieved through non-dedicated sales reps, word of mouth, Rochester-based local contacts, or at times happenstance.  As evidenced by a photonics CEO:  

‘We shipped a system to an Institute in Germany.  They called us because we were recommended by a company we do business with in New Jersey.  Most of our international business emerged in a similar fashion, where we were recommended by another US company.’ 

And an additional but similar example:  

‘We received the business because someone from [company X] went to this company in Australia and was given a project in optics.  They don’t have the staff to do the project so we got it.’

Like other firms reporting a more orderly approach, incremental firms reported locating potential international customers through trade shows and associations.  These contacts, however, were not typically systematic in product, service, or scope.  
Coherence of Internationalization Strategy

Most of the companies were using export as the route into foreign markets.  Mainly, they are using export representatives.  Two companies had factories in China one was also invested in Germany where, in the east, there has been a long term heritage of optics.  
Table 4  Stage of Internationalization

	Company
	Stage of Internationalizations:  FDI, Export

	A
	Export Agent

	B
	Export--No dedicated international marketing & sales program

	C
	FDI, Export

	D
	Export--No dedicated international marketing & sales program

	E
	Export & Thru Parent FDI

	F
	Export and Export Agent

	G
	FDI--dedicated marketing and sales program

	H
	Export Agent

	I
	Export--No dedicated international marketing & sales program

	J
	Import for Domestic Customers

	K
	FDI, Export--dedicated marketing and sales program

	L
	Export Agent

	M
	None

	N
	Export Agent

	O
	Export

	P
	Export--no dedicated international marketing & sales program

	Q
	Export--No dedicated international marketing & sales program

	R
	Export--No dedicated international marketing & sales program

	S
	Export--No dedicated international marketing & sales program

	T
	Export--No dedicated international marketing & sales program

	U
	Export--dedicated marketing and sales program

	V
	Export--dedicated marketing and sales program


As a very preliminary finding, clearly in need of further research, we might say that there is a link in the rationale behind firms’ initial strategy and their approach towards internationalization.  In other words, we noticed a tendency for firms with emergent initial strategies to have an opportunistic approach towards internationalization.  This may also mean that firms with more planned initial strategies might have a tendency for a more rational internationalization approaches.  However, given that only 22 companies were examined here, that a relative paucity of data emerged on this issue.  Further, some companies have been around for a while, while others have been founded recently, and some companies have a significant history.  Some companies are owned by other firms and their strategies influenced at a higher level, therefore no definite conclusions can be drawn.  Having said that, there seems to be a link, but all of these factors mentioned here should be controlled for, if a more valid conclusion is to be reached.  The general rationale for the link is that since most of these companies are in relatively small, specialized industries, it is only to be expected that their internationalization approach will be seen as an extension of their overall, initial strategy.

Psychic distance

The stages theory of internationalization refers to psychic distance in relation to a set of factors preventing or disturbing the information flows between firms and foreign markets.  These information flows, whether actual or potential, may include elements like information on needs in the foreign market flowing to the firm, and information on the product flowing from the firm to the market.  Examples of factors affecting psychic distance include differences in languages, culture, political system, level of education, and level of industrial development.  The phrase ‘a set of factors preventing or disturbing’ is rather broad.  Our finding from this research is that ‘technological immersion’ of people is a measure of psychic closeness or negative psychic distance that emerged as significant.  All the firms interviewed regularly attend optical and photonic conferences and most rely upon these conferences to locate new business and gain insight into new industry directions.  Such events enjoyed strong international participation.

The impact of technical conferences and the integrating language of science, however, does not reduce psychic barriers equally among firms in our sample.  Psychic distance appears to be strongly impacted by the characteristics of the market segments in which firms actively compete.  For example, those firms occupying space in the Precision Optics arena, particularly those with limited engineering/design expertise possess the widest psychic distance.  These firms define their strategies against lower cost price competition.  Each seeks to create niches that cannot easily be compared with cheaper competition overseas.  These niches are often based upon specialized, optical shapes, speed, and/or quality.  As explained by one president of a photonics company that purchased optics both locally and internationally:  ‘You can purchase high quality, specialized optics in Rochester but it will cost you a large premium over purchasing in Asia—some of the time it is worth it.’  And, by implication sometimes it is not so.

Precision optics manufacturers in the sample possessed the lowest percentage of foreign sales.  While most regularly attended international trade conferences—when they were located in North America—they did not perceive or consider overseas markets as lucrative as other firms in the sample.  Most had independent representatives marketing their products overseas, but knew little about existing or potential end-user markets.  
Those firms providing value added services to optics or photonic systems typically possess a narrower psychic distance.  Most of these firms deliver complex services or products, which require highly specialized expertise in narrowly defined markets.  These firms typically know all the players involved in their industry, many based in Europe and Asia.  Foreign customers are most often found through technical conferences and word of mouth.  Hence the psychic distance between photonic companies appears to be reduced by a common technical language and understanding.  Since these market segments are typically specialized and small, foreign customers could not source in their locations even if they prefer to do so.  
The photonic subsystem companies, particularly those with capabilities, primarily based on design engineering, possess somewhat wider psychic barriers and distance than those firms competing in optical value added services.  The nature of the services offered by these companies appears to increase psychic distance.  Most firms categorized in the photonic subsystem grouping did not offer specific products.  Instead they offered solutions to particular problems faced by companies wishing to integrate light based devices into existing equipment or products.  Firms within this category tended to rely upon personal networks and word of mouth to obtain business contacts.  Like most service industries, communications and familiarity play a more important role in developing customer-end user relationships.  One example forthcoming is of a sub-system supplier that preferred to pay a 3 percent commission, by value, on all items procured by a local US based procurement agent, rather than to meet a US$100,000 project fee to an ethnic Chinese consultant even though the commission would likely amount to a much greater sum over two years.  Most of the photonic subsystem companies describe geographic distance and travel as a barrier to internationalization.

Harnessing Cluster Externalities

Cluster externalities seemed to have had a positive impact on the internationalization process of the cluster firms, this was particularly the case with the reputation of the cluster, the availability of specialized labor force, the availability of scientific infrastructure, and the information available to the informal network of firms in the cluster.  The reputation of the area for quality in photonics assisted most cluster firms by serving as a substitute for company reputation.  This was particularly important in the servicing of distant markets.  According to one of our interviewees:  

“Rochester is seen to some degree throughout the photonics market in the world as being one of the centers of excellence of optics; a place where optics is done well.  You think of the Bay Area, you think of Boston you think of Germany.  Rochester is one of them.”

According to our findings, cluster reputation assisted the internationalization process of the cluster firms in three ways.  First, it did so by reducing the legitimating expenses required by new firms because foreign customers or potential collaborators in the field must be aware of the photonics arena in Rochester, if nothing else because of Xerox, Kodak, and Bausch & Lomb, whereas, it is highly unlikely that the same foreign parties will have heard of a newly founded firm in the area with 50-100 employees
.  Therefore, this familiarity with the area provides legitimacy for a firm located in that area  In other words, between two unknown firms, a foreign customer will feel ‘safer’ in working with a Rochester firm rather than working with a firm located in another area of the country.  In other words, in the absence of other information, location refers to credibility.  This means reduced legitimating costs for smaller medium sized companies.  
Second, cluster reputation enables cluster photonic firms to charge premium prices and position themselves on the higher end in their markets.  And, as the more labor intensive, low cost, standardized activities relocate to developing areas of the world, like China, U.S.  firms come under intense price pressures.  Therefore, the ability of US firms to move towards a higher value added position plays a significant role in their survival and competitiveness in a globalized economy.  Cluster reputation assists U.S.  photonic firms to move towards higher value added positions because in addition to attracting photonics related talent to the area, it allows firms to charge premium prices and follow a differentiation strategy.

Third, these photonics firms are not actively involved in locating and selling to foreign customers.  A great number of these companies ‘just wait to be discovered’ by prospective customers, or the extent of their active involvement is the participation to trade shows.  In such cases, cluster reputation can be seen as a ‘heuristic’ that facilitates the search by potential foreign customers and distributors for the ‘right’ firm to do business with.  Therefore, a positive cluster reputation assists in the making sense, by foreign customers and distributors of the numerous offerings available internationally.  
But, in addition to cluster reputation, the cluster firms we examined had access to a specialized labor force, a scientific infrastructure, and the information, available to the informal network of firms in the cluster.  And, all of these factors had a positive impact on their competitiveness and internationalization ability.  As an industry executive informed:  

“We can find good engineers in town, independent optical engineers very easily to bring onto a project very quickly.”  

Or, as another revealed, concerning his firm’s ability to have access to the area’s scientific infrastructure:

“I get University support here which you can't find another areas.  It is very easy, for example, for us to get into the Laser Energetics Lab if we need to have assistance in measuring things.  Or into the University Rochester Institute of optics if we wish to use a scalar electron microscope.  Those kind of resources are a phone call away… Usually it's gratis.”

And, an additional, concerning his ability to tap in the area’s informal information network:

“This was a small incestuous industry…everybody knew everybody else.  So when I got there in ’72, a lot of the relationships that I’ve had for going on 30 years were formed that first year….since I know a lot of the people locally because either they’ve worked here or I’ve worked with them somehow, I don’t try to force those things.  I try to keep tentacles going out there and when I need something here I know I can turn to them.”

DISCUSSION AND IMPLICATIONS

From the empirical findings of this study, it seems that all three theoretical perspectives apply, to a certain extent, to the internationalization process of the photonic firms within the cluster.  In this section, we explore how these perspectives fit with our empirical results and identify the relative merits of the theories in this context.  In all three cases, we restate the propositions developed above and discuss the findings from our study, relating to them.

Proposition 1: The internationalization process of firms within a cluster will proceed as cluster externalities assist these firms in acquiring market knowledge of foreign markets and therefore help them to overcome some of the obstacles of psychic distance.

Given our findings it seems that the stages theory of internationalization has relevance in the internationalization process of cluster firms.  However, we found that the psychic distance obstacles of the firms we studied were influenced more by the technical conferences that firm managers attended and the characteristics of the market segments in which firms actively competed, rather than on their ability to draw on cluster externalities in overcoming these obstacles.  Of course cluster externalities did indirectly impact the overcoming of psychic distance as an obstacle to internationalization by attracting more talented (and internationally experienced personnel) to the area.

In addition, we found that most companies did, more or less,  comply to the ‘stages model of internationalization, but, we also found that while some were consciously planning their trajectory, others exhibited an opportunistic, incremental kind of behavior, perhaps more appropriate for the more dynamic segments of the overall photonic industry.  Therefore, our investigation would suggest that the stages model of internationalization has some applicability to the internationalization process of cluster firms, and that cluster externalities do have some positive impact on this process, but that a more interesting research issue is whether cluster firms are consciously planning or opportunistically reacting in their internationalization trajectory.

Proposition 2: The internationalization process of firms within a cluster will proceed as MNEs invest in a particular cluster in trying to internalize the location specific advantages of the cluster, and simultaneously (voluntarily or not) transfer to the cluster some of their own ownership specific advantages.  
This approach to internationalization locates the agency for the internationalization process with Multinationals, and in a sense ‘outside’ the cluster.  From our data, we found that it has some applicability, as there were a few companies in our sample, that were purchased by MNCs, outside the cluster, because of their expertise in a particular technical field.  In other words, we found more evidence that MNCs invested in the cluster as a way of taking advantage of the location specific advantage of the cluster, rather as a way of finding a location to transfer their own expertise.  Of course, there is no doubt that over the long term the second process will also take place, but as a starting point this was not the case.  We also witnessed the same behavior with cluster firms that invested in other areas of the world.  Some, which invested (or formed strategic alliances with firms) in China were very eager to take advantage of the low cost conditions there, but also very eager not to transfer any unnecessary expertise to their overseas operations.  
In some cases firms are being coerced into committing greater investments into China.  This process is being driven by the quest for lower costs by the end users.  They in turn impose draconian cost savings targets on their suppliers.  These suppliers are forced into deciding whether to forgo their market positions or to invest in China on a larger scale in order to reap greater economies in order to comply with the ever reducing cost targets.  These decisions are made with certain reservations regarding the social damage caused where jobs will be lost, not to mention the discomfort associated with over exposure of investment in China.  In a related mode, some firms took advantage of the liberalization of the former Eastern Germany to purchase companies with a high level of optic expertise – and a very low cost structure – in an optics cluster in that country.  In other words, what our data seem to indicate is that whereas both processes suggested by the eclectic theory paradigm do take place, the investing in a cluster as a way of exploiting its externalities is the driving, short-term, one, whereas the transferring of expertise to a local subsidiary is a process that takes place on a much longer time frame, and is proactively ‘delayed by management as much as possible.

Proposition 3: The internationalization process of firms within a cluster will proceed as the rate of creation of Born Global firms increases due to the favorable competitive conditions within the cluster, due to positive cluster externalities.  
Although this process of Born Globals applies, overall, to a limited number of firms, we did find significant support for its existence in our sample of firms.  Of course, the firms we investigated were essentially small and high-tech, the population on which the born global theory was intended to apply, but nevertheless we witnessed some very clear illustrations of the theory’s applicability.  Examples of company founders, who left an academic position in the area to establish a company that had to be international given its very narrow area of expertise, or of divisions of larger companies that became independent and kept their international links from their parent company indicated that the cluster conditions did play a significant and positive role in the creation of born-global firms.  Of course, not all firms in the cluster were born globals, therefore this theoretical perspective, also, has some applicability in the investigation of the internationalization process of cluster firms.  
Conclusions
In conclusion we can say that all three theoretical perspectives have value in investigating the internationalization process of cluster firms because they all highlight different internationalization processes that take place in parallel within the cluster firms.  
Building on the insights of this paper, further research could develop more elaborate typologies of internationalization processes within clusters, processes that can be investigated empirically through their application to different kinds of clusters.  Eventually, maybe some sort of a contingency theory relating cluster characteristics (i.e. age, high/low tech) to different internationalization processes may be conceivable.
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� According to Porter, “clusters are geographic concentrations of interconnected companies and institutions in a particular field” (Porter, 1998: 78).


� Photonics: The technology of generating and harnessing light and other forms of radiant energy whose quantum unit is the photon. The range of applications of photonics extends from energy generation to communications and information processing (http://www.photonics.com/).  


� Although, a number of relatively small but highly specialized firms of the area do have an international reputation of their own, something that only adds to the area’s reputation for photonics.  
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