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Abstract: Operaions management, internationd  management, public  policy and
economic geogrgphy are four scientific areas, which come together in the sudy of
international  techndogy transfer. This paper shows how each of these four areass has its
own centrd issues but adso have specific pats that ae reevant for research on
internationd technology trandfer. It is essentid for companies to thoroughly understand
the issues of productivity of production technologies employed by them, and for
internationd companies the rdationship of productivity of a specific production line and
the environment in which this production line operates. Smultaneoudy, it is essentid for
governments to underdand the productivity of its work force and therefore to understand
the rdaionship of its country characterisics and the productivity of specific indudries (or
production technologies). A recommendation is made to add a new focus to the research
on internationd technology trandfer caled: Technology Geogrephy. Its primary purpose is
to invedigate the linkages between technology and its location, and its consequences for
technology transfer and internationa production operations.

Keywords: Internationd technology trandfer, technology management, operaions
management, international management, public policy, economic geography.

Introduction

Businesses are faced with an international market place. It is gpparent that most companies
have to make ther decisions in the context of globa changes. One of the criticd decisons
for companies is to determine where is should locate its activities. Virtudly every
textbook on operaions management covers this topic, see eg. (Stevenson, 2002).
However, these typicdly cover locaion in a nationd context rather than an internationa
context and may therefore appear to be largely outdated in the current Situation.

The internationd location of activities is an important issue for companies because
there are misconceptions about the economics of internationa operations. Ferdows (1997)
showed tha there are three drategic reasons to manufacture goods abroad. These reasons
ae access to low-cogt production, access to skills and knowledge, and/or proximity to
market. It is therefore implicitly assumed that companies have rétiond drategic reasons to
operae in foreign countries. It turns out, however, tha the economic sde of having



foreign operations ae by no means cler cut. Some theories exig that clam tha,
especidly for mature products producing in low-cost countries is chegper and therefore
offers cogt benefits (Vernon, 1966), the generd gpplicability of this must be serioudy
questioned.

Baanson (1967, p. 83) showed that, despite low Indian wages, producing a
Cummins engine in India, with essentidly a copy of the US production line, cost about 4.1
times more than producing the same engine in the United States This difference is not
caud by changing the production technology, for eample by usng more labor intensve
techniques. Van Hasdt et d. (1977) compared the production of a metd test-piece in
machine shops in Indonesa and the Netherlands, using essentidly identical processes. The
comparison showed that producing in Indonesia cost between 1.6 and 1.8 times more than
in the Netherlands. Similar findings were dso reported more recently for example by
arcraft industry officids who saed that producing a MD90 arcraft in Ching, dso well
known as a low labor cost country, & the end of the 1990s cogt gpproximatdy $10 million
more than the corresponding aircraft built a Boeing's American plant (U.S. Internationa
Trade Committee, 1998, p. 512). This shows a hefty cost increese when moving
production towards alow labor cost country.

These examples illugrate that moving production to low labor cost countries does
not automaticaly reduce cost. Since this is the case, there is a need for companies to
understand the economic implications of carrying out operations in internationa locations,
i.e. regadiess of drategic motives, a sound economic basis should exis before companies
get engaged in internationa operations. The question to be raised is how much does it cogt
to produce in a foreign location? Or, even more importantly, why are there production cost
and/or productivity differences for internationa locations? And how can this knowledge
be applied to determine the best location for a companies operations?

Existing disciplines

A iientific base that deds with the previoudy posed questions and that supports
companies with internationd location issues is dill in its infancy. This is due to the
fragmented atention that has been given to internationad operations by scholars. Research
caried out in four exising disciplines, operations management, internationd management,
public policy, and economic geogrephy, contributes to our underganding of production
cod and productivity related to an internationa location. Operations management and
internationd management ae both concerned with management of companies, and
overlgp with regard to the development of companies internationd operations drategies.
Public policy and economic geography ae focused on govenments, i.e they ad
government decison making with regard to indudtrid policy. None of these disciplines
explictly focuses on the internationd comparison of production cost and/or productivity.
Most of the avalable research ether did not focus on the economic issues or it did not
provide a focus on the company levd, eg. actud production cod. In addition, the current
research is characterized by the different perspectives taken. As a consequence, not only
does each particular perspective chosen have severe drawbacks, but, most importantly, it
has impeded a full undedanding of internationd factors that influence cost and
productivity.

Operations management



Operations management is concerned with the management of processes or systems that
creste goods and/or provide services. It encompasses a range of decison aress which
includes locetion decisons and one of its man concerns is productivity, see eg.
(Stevenson, 2002). Roth e d. (1997) showed that the internationa aspect of operations is
poorly represented in the totd fidd of operations management. Internationa operaions
management is concerned with two categories (Chekravarty et d, 1997). The first category
is issues tha have implications for an internationd network of fadlities suppliers, and
makets configuration and flow of goods, people technology, and informetion. It deds
with the management of internationd operations. In this category a number of studies have
sufaced that examine in particular internationd manufacturing networks. Examples of
such dudies ae (Shi and Gregory, 1998) which looks a the configuration of internationd
manufacturing networks and (Nassmbeni, 1998) which looks a the coordination in
international  manufacturing networks. The second category is related to comparison of
production and opedions in different countries This one deds with internationa
comparisons of operaions practices. Examples of such dudies are given in (Whybark and
Vadag, 1992) in which a number of production planning and control techniques are
compared for different countries.

In the last number of years scientific awareness of the internaiond aspects of
operations management has increased which led to the establishment of a scientific forum
in the firg category, Internationd Manufacturing Network based a the Universty of
Cambridge, UK and a scientific forum in the second category, Globa Manufacturing
Research Group, currently based at Texas A&M University, USA.

The operations management academics redize that there are significant differences
in domedic versus internationa operations. Yet, despite the increadng dtention towards
internationa  operations issues, the internationd perspective in the operaions management
discipline faces a serious drawback: the economic consequences of involvement in
internationd  gperdtions ae hadly invesigaed. The indghts gained about managing
internationd manufacturing networks and how different cultures handle production tasks
diffarently ae indghtful and provide vauable cdues towards underganding cost
implicstions How ever, the actud economic implications of the internationd differences
on the ‘bottom-ling are by no means understood.

I nternational management

In contrast with the operaions management perspective, internationd management has
had a heavy emphass on the economic Sde of internationa involvement. Internationd
management is concerned with the organizationd and drategic response to  continued
differences across nations in mindset, in prices, cods regulaions, sandards, digtribution
methods, and vauation measures (Contractor, 2000). This involves invedtigatiing four
types of activities abitrage, foreign maket entry or the internationdization process,
working around or reducing the regulatory, economic or socid bariers to entry in the host
naion, and the transfer of firm-specific advantages to other locations  Internationa
management focuses on more than just operations issues aone.

In the context of operations, the atention of internationd management researchers
is oriented towards the internationdization process. This means that much atention is
given to export (and trade flows), see eg. (Ethier, 1982; Hummds and Levinsohn, 1995;
Marin and Schitzner, 1995; Noussar e d., 1995) and foreign direct investment drategies
(erd muitingtiond companies), see eg. (Teece, 1981, Dunning, 2000; Moon and Roehl,



2001). Although many of these dudies address economic issues the levd of deail of
economic andyss is limited. For example Eden and Miller's (2001) study on the cogt of
doing business abroad addresses many of the dready known dements of doing busness
abroad such as for example transportation costs. But the study neglects the findings from
the operations management discipline namey that operdions practices are different in
different countries. Another example includes severd atides on outsourcing by Kotabe
and others (Kotabe, 1989; Swamidass and Kotabe, 1993; Kotabe and Swan, 1994). These
dudies examine outsourcing drategies and benefits but neglect the different operaions
practices in different countries and hence do not give an adequate economic andyss of
outsourcing.

Internationd  management research has contributed much to our understanding of
differences in doing domedtic and internaiond business. In ingtances where internationd
management research focused on operations the contributions from this perspective have
been limited. Much of the internationd management literaiure deds with high levels of
agoregation, for example trade andyss, without looking a the essentids, i.e the
individua companies and their cogt figures and motives for internationdization.

Public policy
Public policy is concaned with decison meking in and about societies. It is a complex
area with complex decison meking (Paiton and Sawicki, 1993). One of the important
aess for public policy is technologicd deveopment and, coupled to this economic
devdopment. Governments are interested in knowing how to achieve economic growth
and to increese dandards of living for ther populations Technology development has
proven to be an important contributor towards economic growth (Rosenberg et d., 1992;
Mowery and Rosenberg, 1995), hence its importance for government officias.

Typicd dudies which address economic and technologicd development include
(Raz et d., 1983; Shaif, 1986a; Sharif 1986b; Technology Atlas Team, 1987; Shaif,
1988; Glass and Saggi, 1998, Kumar et d., 1999). Each of these dudies addresses
technologicd devdopment, in paticular for indudridly developing countries with an
emphads on economic development and cachrup with the indudridized nations. These
dudies are interesting in and of themsdves but they remain a a high level of aggregation,
i.e typicdly a an indudry levd. These dudies dso do not address productivity or cost
differences for dmilar technologies in different locations, eg. it is assumed, often
implicitly, thet if a technology is trandferred, smilar levels of productivity can be achieved
a the new location. This is often not the case. It would be beneficid for public policy
reseserch to add this new dimendon to its research because it has important implications
with regard to policy choices.

Economic geography



De Blij and Muller (1985, p. 33) define economic geography as being concerned with the
various ways in which people earn a living and how the goods and services they produce
in order to earn that income are spatidly expressed and organized. Economic geography is
heavily concerned with the locationd andyds of productive activitiess Four magor sets
matybedeflned(deBllj and Muller, 1985, p. 207).

Primary activities: the extractive sector of the economy in which workers and ther

environment come into direct contact, especidly mining and agriculture.

Secondary ectivites the manufacturing sector, in which raw materids ae

transformed into finished industrid products.

Tetiay ectivities the sarvices sector, including a wide range of activities from

retailing to finance to education to routine office-based jobs.

Quaternary activities: the fas-growing sector involving the collection, processing,

and manipulation of information; a subset, sometimes referred to as quinary

adtivity, is managerid or control-function ectivity associated with  decison
meking in large orgenizetions.

In the context of internationd operatiions, economic geogrgphy provides many
vauable indghts. For the arcraft industry a sudy by Cunningham (1951) provides an
early example of the location and build up of the US arcraft industry. A more recent study
by Erikson (1995) shows the globd location of arcraft menufacturing activities By
taking a multiple-year time frame, trends in internationd manufacturing location can be
detected, s eg. (van Liemt, 1992). Economic geography adso shows how operations
activities tend to cuger together and how this may lead to competitive advantages of
regions or countries, see eg. (Porter, 1990).

Economic geography studies are very rlevant for governments because they show
the location of income and how this rlates to a populaion. This is a the same time the
weskness for the gpplication sought here economic geography is concerned with the
soatid divison of income of people without comparing the economics of spedific
operdions activities across locations. Economic geogrephy has a focus on people’s
incomes but for our purpose we need a focus on operations activities economics. Although
these two may be consdered to be connected, i.e if the activities can be more
economicaly peformed in another region, the jobs and hence activities will move to that
other region, this is not the case. It is vary wdl posshle that jobs and therefore activities,
are peformed in a region without offering cost advantages compared to other regions, as
was demondrated earlier. Economic geography can be used to identify trends in locating
operdions activities but in addition andyss amed a the economics of these activities
connected to the location are required to determine the cost efficency and productivity of
technologies in specific locations.



Technology Geography

Research in eech of the four exiging disciplines contributes to the knowledge base on
interngtional  operations However, none of the exiding disciplines explicitly or implicitly
sudies the rdaionship between on the one hand a production technology’s cost and/or
productivity and on the other hand, location characteridics Empirica findings have
shown that producing in low labor cost countries can be more codly than producing
gmilar goods in indudridly developed countries. It is important to get a better
underganding of this proposed rdationship because it leads to underdanding the
differences in cog and therefore ultimaidy ads companies and government’s decison
making. It is a new area, which we caled: Technology Geography. This area concerns the
study of the relationship between technologies and location. An example of thisis a study
to determine a paticular production technology’'s codt differences across different
locations. Another part of it is reseerch to determine a particular production technology’s
productivity differences in different locations. This research is important both for
companies and for governments. For companies, these type of studies ad with location
decison making Strategic decisons with regard to where to locate a company’s activities
can only be sensbly made once the tota cost for different locations can be assessed. For
governments, these dudies are important because they ad governments in indudrid
decison making. Strategic choices with regard to which indudtries to foder can only be
sensbly made once the total cost for different industries can be assessed.

In the context of production, technology geogrgphy ams a answering the
foIIovwng questions, for any A and B:

What is the productivity of a particular production linein location A?

Wheat isthe cogt of producing with this particular productivity in location A?

What is the productivity of an exact copy of this production line in location B?

What isthe cogt of producing with this particular productivity in location B?

Which location associated factors cause the differences in cost and/or productivity

between the production technology a A and B?

A and B can be regions within a country as well as locations within different countries.
The ultimate result of technology geogrgphy research should be a comprehensve mode
that shows how different location factors affect operation activiies cost and/or
productivity with the am of providing companies and governments with an assessment
indrument to ad their drategic decison making for respectively locations and indudtry
devel opment.

The fidd of technology geography is depicted in figure 1. Fgure 1 illudrates the
core areas for technology geogrgphy in the particular context of manufacturing activities,
as compared to other operations activities. It shows that the core reates to three research
aeas manufecturing location, manufacturing cost and productivity and (manufacturing)
technology transfer.
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Manufacturing location is important because it is necessary to determine which location
characteridics (or vaidbles) play a roe in influencing a technology's cost and
productivity. Examples of such variables can be the knowledge leved of the avaladle
workforce a a paticular location, the extend to which supplier indudries exis a a
paticular location, or, the ease with which supplier indudries dsewhere can be accessed
from a paticular location. Manufacturing cost and productivity are important because this
is what ultimately needs to be compared across locations. The absolute measurement of
cosd and productivity are important but dso the rddive messurement is sgnificant. This
was shown by Baranson (1967, p. 87) in which he compared production cogt for engines
in the US ($2100), UK ($2986) and India ($6022). Baranson subsequently adjusted for the
poor Indian qudity to come up with a more compaable Indian cost figure ($8600).
(Manufacturing) technology transfer has been indicated as another area of interest to
technology geography. The motivation for this agpproach is tha it coincides with
manufacturing cost/productivity and manufacturing location. Tednology trandfer sudies
in paticular have the potentid of explaning differences in cos and productivity for the
same technology in different locations. For example a study by Steenhuis and de Bruijn
(2002) showed that manufacturing learning curves are different in internationd locations.
This ultimately affects manufacturing cost and productivity.

The rdationships between the exising four disciplines and technology geography
ae dso depicted in figure 1. The redionship between operations management and
technology geography is bassd on undedanding operaions management in an
internationd context. Operations management scholars can provide many indghts about
differences that exig in opeaions prectices for intenatiiona locations. Technology
geography  contributes to the fidd of operations management because it provides the
economic andyds of differences that result as a consequence of different locations (or
practices in locations). This provides important information for managers for devebping
operations networks and operations srategy.

Internationa management  provides technology geography  with  patterns  of
internationd  activiies such as foregn direct invetment and other forms of
internationdization. These ae typicdly embedded within company or even industry
andyds, showing how paticular companies or indudries internationdize. Within the fidd
of internationd management many of these patterns are seen as a consequence of
internationd economic cogt differences. As has been down in this pgper, this is not
dways the case, sometimes other motives or being uninformed may be a cause of
internationdization  paterns.  Technology  geography  contributes  to  internationd
management because it provides internationd management with economic comparisons at
lower leves of aggregetion. This knowledge is helpful for managers in determining where
to locate ther activities and what type of international drategies they should follow. The
core contribution of technology geography to both operations management and
international  management is in the aea draegic choice of internationd operations
location.

From a country perspective public policy provides technology geography with
patterns of economic and technologica development. These are typicdly shown from a
country perspective rather than from a company perspective. It provides daa on how
countries achieve leves of indudrid devdopment and how this rdaes to economic
development and income leveds These paterns provide vauable input for technology
geography because they show where production is taking place, dthough it is questionable



whether the cause for these patterns is dways a puredy economic one. Technology
geogrgphy  contributes to  public  policy because it shows the rdationship between
technology productivity/cos and a location. It therefore highlights which location factors
affect productivity and cogt thereby providing vauable informatiion to governments to
determine technological development draiegies. For example, it may be crucid to devedop
upplier indudries, such as providing qudity maeids and machine tooling, before
atempting to develop indudtries which rey on these supplier industries.

Economic geogrgphy shows patterns of income and activities related to locations.
These are useful for technology geography because they provide the raw data of where
catan activities are being caried out as wdl as have some, dbet a a high levd of
aggregetion, economic indicators atached to it. In addition, economic geography sudies
provide indghts into important charecteridics of locetions, eg. being pat of a cetan
indugtrid cluster may be an important location variable that may influence production cost
and productivity. Technology geogrgphy contributes to economic geography by providing
a more detaled levd of andyds and rather than looking a populaion groups and ther
incomes, looking & other factors that may influence productivity and hence income levels
The core contribution of technology geography to both public policy ad economic
geography is in the area of drategic choice of technologicd development, i.e sdection of
coreindudtriesto develop.

Conclusions

Past and recent dudies, eg. Baranson (1967), van Hassdt e d. (1977) and (U.S
Inernationa Trade Committee, 1998), have demondrated that for an essentidly Smilar
technology, the production cost (and productivity) can be subgtantidly higher in low labor
cod countries compared to high labor cost countries These findings ae extrandy
rdevant for companies because they provide core information that is required for
internationa operations location decisons The findings are dso vaduable for governments
because it provides them with core information that is required for sdlecting technologica
devdopment drategies. Although there is a high practicd rdevance, the explanation of
these interndtiond differences are goparently not wdl understood. Four exigting
disciplines, operdions management, intenationd  management, public  podicy and
economic geography, esch research pat of this phenomena but an integrated perspective
is lacking. This paper proposes a new fidd of sudy: technology geography. The focus of
technology geography should be to andyze the reaionship between a technology and a
location, in paticular the differences for a technology’s cost and productivity levels for
different locations The exiging four disciplines each form an important input for
technology geography dudies and a the same time technology gearephy enhances
understanding in each of these four areas. With this developed framework, which requires
dill a certan amount of further operationdization, a base is provided for reseerch dudies
which am to improve decison making in the current location determination of enterprises
andindugtries.
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