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CHAPTER 1: EXPLOITING A TECHNOLOGICAL EDGE 

RESEARCH PROBLEM, OBJECfIVES, AND APPROACH

The International Dissemination of Technologyl

Technology has been disseminated from one place to another throughout history.

Important inventions like printing, gunpowder, and the compass originated in China,

although they were refined in Europe and further disseminated throughout the world.

This kind of borrowing of inventions and technology which originated in other cultures 

in addition to intra-European exchange of technology - contributed to the impressive

development of the occident'.

Even today, no one country or firm can hope to be self-sufficient in generating all

the scientific knowledge and technology necessary for its own technological innovations.

All firms in "open-system countries" benefit from scientific and technological advances

made in other countries through published literature, personal contacts and the mobility

of people, and through normal international commercial transactions'. As an illustration,

lDepending on which standpoint is adopted, the dissemination of technology can be considered to be
voluntary or involuntary. "Technology transfer" is defined as voluntary dissemination, while involuntary
dissemination is labelled "imitation". When "dissemination" is used in the following, both voluntary and
involuntary cases are meant.

2rrhe importance of technology dissemination for economic growth has been emphasized by several
authors. Building on research on entrepreneurship and productivity growth by Baumol (1986, 1988),
Schmitz (1989) focuses on the role of active imitation - the act of transferring and implementing a new
technology - in promoting growth. From his study of economic growth during the 19th and 20th centuries,
Rosenberg (1976, 1982) concludes that an important source of the phenomenal growth during this period
was the process of "technological convergence." By technological convergence Rosenberg means that:
"industrialization was characterized by the introduction of a relatively small number of broadly similar
productive processes to a large number of industries" (1976, p. 15).

3mat the phenomenon of "technology borrowing" is not new can be illustrated by a quote by David
Hume from "Of the Jealousy of Trade," published in 1758 (quoted in Lyons, 1987): "Compare the situation
of Great Britain at present, with what it was two centuries ago. All the arts, both of agriculture and
manufacturers, were extremely rude and imperfect. Every improvement, which we have since made, has
arisen from our imitation of foreigners; and we ought so far esteem it happy, that they had previously
made advances in arts and ingenuity... The commodity is first imported from abroad, to our great
discontent, while weimagine that it drainsus of our money: afterwards, the art itselfisgradually imported,
to our visible advantage...".
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one of total world research and development (R&D) is today carried out

in while Swedish firms still maintain leading positions in many product areas.

This "avid copying of models" displayed by Swedish firms, as reported by

Gustavson is not a new phenomenon. A foundation of knowledge for industrial

take-off was aspired by the Swedish kings in the mid-17th century through

~rIY'l~""'T"'\l-C" of industrial know-how and immigration of entrepreneurs and industrialists", The

invested both knowledge and money on the basis of a "privilege," or a

monopoly contract.

lLJ.<".ll"'~1l.<''--'.LJ. the international dissemination of technology has been going on for a

the scale and impact of such activities have vastly accelerated in the last two

centuries. The industrial revolution in the early 19th century brought the spread of

interrelated and mutually enforcing new technologies, involving new power sources, new

tecnmques of and machine making, and new modes of transportation and

communication to a large number of countries in a relatively short time. Although

organizational and institutional changes accompanied these innovations, firms

in this era remained small, were single-product and owner-managed, and supplied

local markets. Most international technology flows in those days were based on

innovations in the which until the early I820s was responsible for nearly

one-half of all inventions, discoveries, and innovations", International trade was

the traditional and dominating vehicle of the dissemination of technology. Technologies

were also disseminated to the rest of Europe and the U.S. by a good deal of migrant

individuals or firms - many of whom brought their own machinery, equipment drawings

and with them",

In the last before the First World War a new wave of technological

advances emanating largely in the U.S.A. started to disseminate, partly through new

4Heckscher (1935; 1941).

5Calculated from Streit (1949) in Dunning (1988). (The contrast between this view of the D.K. as a
provider of new technology to firms in other nations and Hume's view of Great Britain in the early 18th
century, as reported in Footnote 3, is interesting).

6Dunning (1988).
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mechanisms7. The introduction of electricity, internal combustion engines, the inter

changeability of parts, the introduction of continuous processing, and the introduction of

new organizational forms affected both the ability of firms to exploit foreign markets and

the form by which advantages were exploited",

The Role of Multinational Companies in the Creation and Dissemination of

The birth of the modern multinational company in the last of the

19th century was associated with the rapid industrialization of Western society" and

lubricated the wheels of international technology dissemination through the setting up of

foreign branches": Technological breakthroughs in transportation and communications

made movements of products, people, and information possible on a much scale

than before. Inventions and expertise could be disseminated across national borders more

rapidly and efficiently and it became easier for firms to grow overseas. By 1914, MNCs

had become firmly established as an arena in which resources flowed over frontiers and,

thereby, a prime vehicle for international dissemination of technology!'.

7Concerning the cross-fertilization between different industries, Cole (1959, p. 85) - discussing the U.S.
in the period after 1885 - writes: "In this period came also the institutions which could serve as vehicles
for the cross-industrial transmission of thought. ..the professional associations and the schools of business".

8Dunning (1988).

9Dunning (1990) claims that in the mid-19th century there were only a few multinational firms and
these were mainly in primary sectors or trade supporting. New generations of technological advances in
the late 19th century e.g. in electrical power, storage techniques and telecommunications made it possible
for firms to set up production units in foreign countries. He adds: "Of course, such international corporate
linkages did not begin at this point. They were forged between Hanseatic merchants and Italian banking
dynasties in the 14th century, by the giant trading companies in the 17th and 18th century, and by the
colonizing and land development companies of the 16th century and onwards. But, any widespread cross
border investment, with all its attending risks, had to wait until the advent of managerial capitalism and
the limited liability of investors."

lOrrhe type of foreign direct investment carried out by the MNCs should, according to Dunning (1988),
be separated from absentee equity investment by individuals or companies.

11According to Dunning (1983), there is little debate in the literature that the primary "agent" of
technology transfer from the home country is the MNC.
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Several European and American firms had substantial overseas manufacturing

investment, already in the early 20th century'f and the investment in production abroad

today continues at a record rate':', Many of the early MNCs had established strong

oligopolistic positions in their home markets based on technological innovations'", The

wish to exploit these technological innovations provided the impetus to start foreign

expansion. The original innovations were later followed by a stream of ensuing new

products and production processes to foreign countries.

Today, technology is at the heart of the MNC and the two are mutually dependent

- just as R&D induces growth through foreign investment, international expansion

promotes the development of new technology's, It is clear that MNCs today have a

dominating influence on both the creation and international dissemination of new

technology'", The large MNC must be seen not only as a source of innovation but also

as a source of technological entrepreneurship. Many small firms have been started, or

greatly assisted, by scientists and engineers with previous work experience in large

firms!", Also, the large firms are very often customers for the products of these small

firms and sometimes acquire their whole business.

t2By 1914, 31 American firms had built or purchased two or more manufacturing plants in Canada and
Europe. In addition, there were another 24 companies with one or more plants in Canada only and
another 9 companies with manufactories in Belgium, France, Germany, and Britain (Wilkins, 1970). At
the same time, 14 British firms had major manufacturing investments abroad (Stopford, 1974).Out of a
total of 17 Continental European multinational manufacturing companies existing in 1914,9 were German,
4 Swiss and the remainder were from France Holland, Belgium, and Sweden. These firms mainly placed
their foreign plants in other European countries and in the U.S. (Franko, 1974).

13Ferdows (1989).

14See Kenwood & Lougheed (1982).

15The strong relationship between research intensity and multinationality has been demonstrated in
numerous studies. See e.g. Parker (1974), Hawkins (1975), Soderstrom (1980), and United Nations Doc.
E/5500/Rev.1 (1978, p. 214).

16See e.g. Mansfield et al (1982).

17The process of ex-employees of the innovating firm becoming entrepreneurs by establishing new
enterprises which make and sell the innovation is termed "fissioning"by Ziegler (1985). See also Solvell,
Zander, & Porter (1991) for some Swedish examples.
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Technology in Swedish MNCs

The phenomenon of international dissemination of technology, especially through

MNCs, has been important also in the Swedish case. Historically, Swedish firms based

on revolutionary technological innovations have expanded rapidly outside Sweden,

continuing to innovate and disseminate technology internationally. In a study of the

entrepreneurial activity in Swedish industry in the period 1919-1939, Dahmen (1950)

found that the older Swedish enterprises, as a rule, were the seat of pioneering activities

leading to innovations, and this was so not only in industries where innovations in

productive methods were preeminent, but also in industries characterized by the intro

duction of new commodities. For the period 1945-1980, Wallmark & McQueen (1986)

found that two thirds of the ideas leading to major Swedish innovations originated in

large firrns'", According to Hakanson & Nobel (1990), Swedish MNCs were responsible

for an overwhelming share of Swedish R&D spending in the mid-1980s. In 1987,20 of

the largest Swedish MNCs in the engineering and chemical industries spent a total of

SEK 11.9 billion'? and employed some 24,000 persons in R&D in Sweden, thereby

accounting for between two thirds and three quarters of all R&D in Swedish industry",

Especially in firms from countries with small home markets - like Sweden - the

exploitation of new technology" and international markets are strongly interwoven. If

a Swedish firm selling industrial products or services intends to grow, the access to

international markets rapidly becomes very important. As an illustration, SKF AB had

manufacturing subsidiaries in seven countries within ten years of its 1907 invention of the

double-row, self-aligning ball-bearing. Firms like AGA, Alfa-Laval, Electrolux, Ericsson,

18Non-Swedish studies do not always come to the same conclusions. A study by Hamberg (1963), for
example, indicated that the main part of radical innovations originate outside the R&D-departments of
the large firms. Jewkes et al (1958) found that in a sample of 70 major inventions during the first half of
this century, not even half were made in corporate R&D laboratories. Peters (1987) also emphasizes the
innovativeness of small firms. For excellent surveys of the issues of market structure and innovation, see
Scherer (1980, chapter 15) or Kamien & Schwartz (1975).

19Approximately equivalent to usn 2 billion.

20See also Swedenborg et al (1988) for similar estimates.

2lttExpioitation of technology" used is in this study to denote the struggle of using and disseminating
technology within the firm in order to assure growth, without the technology inadvertently leaking to
competitors.
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Sandvik and Swedish Match were also active in exploiting innovations internationally

already by the beginning of the century. Today, in most Swedish MNCs, efficient transfer

of resources such as technology and information is essential not only for initial

international expansion but also for successful on-going activity in international markets.

The capacity to develop and transfer technology internationally is in itself a major

competitive weapon. Short product-life cycles and rapid imitation often make it

imperative to launch new products and new generations of old products almost

simultaneously in all major markets in order to harvest the profits from investments in

R&D.

Reasons to Conduct a Study on the Dissemination of Technology

Although there is wide recognition of the importance of international technology

dissemination, the current understanding of the processes and the managerial issues

involved in the international dissemination of technology is far from conlplete and often

highly speculative. Caves (1974, p. 37), when discussing areas of needed research, writes:

"Most of our knowledge about transfers of technology through the
multinational firm is anecdotal and incomplete. What has been the
experience of foreign subsidiaries of U.S. firms with the successful imitation
of their technologies by foreign competitors? .. How soon are new U.S.
technologies of the parent employed in production overseas by subsidiar
ies? Do the parents routinely consider alternative ways of capturing rents
from these technologies in foreign markets?".

It has also been freely admitted by other researchers that, at both the analytical

and the factual level, the actual knowledge about the international dissemination of

technology is still limitedf', Recent research on the phenomenon has shown that timing

and mode varydepending on a number offactors in the firm and its environment, and that

the consequences both for firms and society are important. However, on a number of

important issues regarding the drivers of transfer mode and timing further empirical and

theoretical work is needed.

22See e.g. Teece (1976), Behrman & Wallender (1976), and Mansfield (1982).
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A of the literature on the determinants of timing and mode of technology

dissemination leaves the reader with the impression that one of the main characters in

the is very often not on the effects of firm and environmen-

tal factors on dissemination are the nature and its

011 the intemational dissemination of technology through technology and

imitation have so not been taken into account properly. It is surprising that technology

dissemination have not been related to e.g. the of technology. The

researchers' relative silence on the technology-related variables probably reflects

of data rather than a belief that the characteristics of technology

do not matter dissemination The lack of focus on technology as a variable

n-r-r,O/V"'1t"'ln- the behavior and situation of international firms is and ?"'\\~·'l-01l"',-r1.."lhrT

many MNCs today, like in the early 20th century, are dependent on

the international of technological innovation.

In summary, the theoretical and empirical work on the important phenomenon of

international dissemination of technology is fragmentary and does not include a qualified

assessment of the of the nature of technology on the process. This study .......... 'V.I..I.llJJ .. .."

to introduce nature of technology as an explanation of the international dissemination

of and the internationalization of the firm.

The Research Problem

The study is based on the premise that the ways in which technology is

in firms are vital for understanding corporate survival and growth/", The

interest in and understanding the processes of economic change and the basic

Smith (1776/1957) was one of the first to examine manufacturing technology systematically.
In the early works of Marx (1890/1984) and Schumpeter (1928), technology was seen to be at the center
of growth. Early evidence of the impact of technical change on the economy was provided by Solow (1957).
The rich literature on technological change(see e.g.Rosenberg, 1986) has addressed technology's role in
productivity change and economic development.
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belief that those processes cannot be revealed by methods of analysis dealing with

economic aggregates, but that attention must be focused on the activities of and within

the individual enterprises, comes from the Austrian economist Joseph Schumpeter. The

fundamental problem in business administration addressed in this study is that of how

firms survive, grow, and prosper over long periods of time by (continuously) exploiting

new technology". The problems of technology exploitation are directly related to the

issues of the growth of the firm, since the firm's ability to replicate and transfer unique

resources like technology determines its growth potential'",

Voluntary technology dissemination is, from this perspective, the replication of

activities existing in one place or another in order to assure growth. On the other hand,

the firm is under constant threat that its unique resources will dissipate and that

competitors through imitation will acquire the capabilities to introduce products based

on the firm's technology. The goal of firm management in this context is to reduce the

costs of replicating successful technological activities within the firm while preserving the

quality and value of the technology to secure growth and long-term prosperity".

By bringing the two aspects, technology transfer (desirable for firm growth) and

imitation by competitors (undesirable) together under the one umbrella of technology

dissemination, this study constitutes a step towards a technology-related view of strategic

behavior in MNCs. The simultaneous treatment of concepts like technology transfer and

technology imitation is an attempt to clarify the relationships between the types of

technology and strategic issues related to firm growth'", and will make it possible to

24An assumption underlying the study is the absence of the rarely discussed possibility to repay the
owners and discontinue operations when cash-flow generated by a firm's "first hit" ceases.

25What Penrose (1959) calls the "primary meaning" of growth implies an increase in size or an
improvement in quality as a result of a process of development in which an interacting series of internal
changes leads to increases in size accompanied by changes in the characteristics of the growing object.
Growth in this sense often also has the connotation of "natural" or "normal" - a process that win occur
whenever conditions are favorable because of the nature of the organism. Penrose, however, stresses the
point that the growth of a firm is connected with attempts of a particular group of human beings to do
something.

26Nelson & Winter (1974) use the two categories "replication" and "imitation" to express a similar
point of view.

27Drawing on an analogy from communication theory, technology dissemination can be described by
a simple model involving a sender, a receiver and a linking mechanism (channel) for transmitting a
message. A successful transmittal of this message means that a recipient acquires new capabilities, which
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address strategies for the handling of different types of technology in MNCs. In this

respect, the research could be seen as an attempt to make a small contribution to the

field of business policy, since it is concerned with management's task of duplicating,

transferring, adjusting and renewing unique resourcesand relationships as time, competition,

and change erode their value'".

Objectives

The research investigates the exploitation patterns regarding technology related

to innovations of major commercial significance in already existing Swedish MNCs

between 1960 and 198029. It brings together the questions of how these firms grow by

replicating leading edge manufacturing technologies within an international network of

subsidiaries, licensees, and joint venture partners and how returns are limited by imitation

of the new technology by competitors.

First, the practices used by a number of Swedish MNCs when voluntarily dissemi

nating leading edge technologies will be described to give answers to the following

questions:

How often and how rapidly is the manufacturing of major innovations

developed by Swedish MNCs transferred overseas?

What is the frequency of manufacturing technology transfer once it has been

decided to transfer the technology overseas?

can be exploited economically (in markets) where the recipient is active. In the case of involuntary
dissemination (by imitation), the sender does not want the recipient to get the message, and here the
actions taken by the sender to impair the transmittal should be at least as important as the nature of the
message. Fundamentally, both voluntary and involuntary dissemination should be impaired by the difficulty
of acquiring certain types of knowledge. It is in this sense that Winter (1987) considers it appropriate to
look at imitability and transferability as somewhat of a mirror problem derived from the difficulty of
duplicating a firm's knowledge. The opposition between the two goals of duplicating technology to grow
and deter imitation is described as fundamental.

28Rumelt (1984).

29The study emphasizes a "traditional" pattern of technology exploitation: new technology being created
in the corporate R&D laboratories in the parent company and subsequently transferred to subsidiaries,
licensees, and other receivers in foreign countries. Technology exploitation is studied from a different angle
by Bartlett & Ghoshal (1986) and Nobel (1992), who emphasize the roles and communication patterns
of overseas R&D units in the technology development process.
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Which are the most 11n'4l,nr.1r·+n1r~+ n~CIDH~nt countries of the transferred

manutactunnz technologies?

What mode of technology transfer is used for the rnanutactunna

1rpf'hn,nln,fnT· wholly-owned or l'LJ'AJL111.~V""'J.lI1.UU.""',:P.

imuatton by new is also

studied to explicitly introduce erosion of the value of unique which is

undesirable from the innovating firm's perspective. When it comes to imitation by

competitors, the primary interest lies in the time to imitation and to the

type of firm that is capable of imitating the new size, industry,

geographical coverage, and relationship to the inventor firm will be investigated when it

comes to the imitating firms.

efforts are also made to identify the determinants of the dissemination

patterns, where special focus is placed on the effects of the nature of technology on the

way technology is disseminated. The aim of this part of the is to use variables

already introduced in the literature on technology transfer and technology imitation and

to take on the task of operationalization and measurement of the nature of technology.

These technology-related variables have so far been treated in empirical studies

of technology transfer, although many authors have emphasized their importance as

determinants of technology disserninatiorr'", The contribution by this study will be to

identify dimensions along which manufacturing technology can be described, use these

dimensions to describe the nature of important manufacturing technologies, and study its

influence on intra-firm transfer and imitation by competitors. on existing theory,

the challenge is to find a level of description for technologies that is general enough to

be effective across a number of different industries at the same time, specific enough

to give an interesting picture of the nature of a certain technology. The technology

dimensions are chosen so as to make it possible for non-specialist managers to

30See e.g. Baranson (1970), who claims that various characteristics of product design and the relative
sophistication of production techniques are one of the major factors influencing technology transfer (the
others being the transfer environments in donor and recipient countries, firm's characteristics,
and donor firm's characteristics).
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"understand" a and to use this understanding when making decisions about

how to it.

Delimitations

'To be able to focus the empirical it was decided to concentrate on the

nature and the pattems technology transfer and imitation regarding manufacturing

technology only. The detailed examination of characteristics, transfer, and imitation of

management, and finance skills is despite the recognition that all

of these areas of are also resources in a firm and thereby

important in the process of exploiting technology.

Manutactunnz is chosen for dimensions along which possibly other

types of firm-based can be characterized because of the function's

in most Swedish MNCs. These firms' overall investment in manufacturing activities

is considerable." and to the importance of manufacturing technology for competi-

tiveness of a firm and for from innovatiorr'r.

In addition, rr'I~lnl1"t<)If""tlI1rln(Y activities a central role in the literature on the

theory of foreign direct investment and international technology transfer. As is pointed

out in & (1985), Hymer's (1960/1976) great insight was in focusing

attention upon the MNC as the institution for intemationa1 production, rather than

international exchange. The feature of foreign direct investment as a mechanism

31Looking at the total wageand salarycosts of the 5 largest Swedish manufacturing in 1978,
Eliasson (198&) reports that (activities not referred to as "R&D" or and
Distribution") accounted 63% cost and 52% of the costs in foreign operations. The figures
for the 20 largest firms were 70% (all and 50% (foreign operations) respectively. When breaking
down total investment spendingamong the largest international industrial groups based in Sweden, "process"
investment in 1978 accounted for 45% of all group investments by the 5 most international manufacturing
firms - measured by employment abroad. The corresponding foreign-operations figure for the 5 firms was
41%. Looking instead at the 37 most international Swedish firms, the figure for all group spending on
"process" was 52% while this share was 42% in foreign operations.

3Zreece (1986).
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by which the MNC maintains control over productive activities outside its national

boundaries - foreign direct investment - is often defined as international productiorr".

The decision to focus on manufacturing technology leads to the exclusion of

internationaI trade with customersas a form of technology transferfrom investigation in this

study, although "technology" can be said to be exported embodied in the product, and is

indeed often needed to use the product. The modes of technology transfer investigated

will thus be foreign direct investment, joint ventures, and licensing agreements. A

particular advantage of using manufacturing technology, thereby excluding exports, when

identifying dimensions and dissemination of technology is that manufacturing technology

generally includes both the hardware and the "softer" technology (competence and know

how surrounding equipmenr'"),

Firm specific factors (international experience, size and geographical spread,

degree of diversification, R&D intensity, experience of overseas production and

technology transfer, organizational structure, etc.), as well as a host of environmental

considerations (the size and nature of the market, the competitive situation, etc.) are

according to literature important in influencing transfer and imitation patterns. In the

case of undesirable dissemination, the steps and measures taken by the innovating firms

to protect the new technology from imitation by competitors are also seen as determining

the outcome. In this area, a fairly straight-forward application of measures and operatio

nalizations used in previous studies is undertaken. The same goes for environmental

considerations - especially industry variables - partly motivated by the fact that the

sample in this study consists of innovations with a certain technological height When

introducing a new technology of this type, the immediate environment of the firm - the

industry - is often no longer easily described. Even the highly internationalized firm in an

oligopolistic industry is not necessarily locked in by the cost structure and competitive

situation, but in the spirit of creative destruction under which the old structure and action

33eaves (1982, p. 1), along the same lines, defines the multinational enterprise as "an enterprise that
controls and manages production establishments - plants - located in at least two countries". Egelhoff
(1988, p. 51) defines foreign subsidiaries are defined as having "...either resident marketing or
manufacturing operations," which de-emphasizes the importance of manufacturing for defining the MNC.

34Know-howis, according to von Hippel (1988), the accumulated practical skill or expertise that allows
one to do something smoothly and efficiently.
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patterns in the industry sometimes break down". Under these circumstances, a

temporary monopoly is created in a sense resulting in a new industry and this is the arena

where international exploitation of leading edge technology takes

In addition to focusing on manufacturing technology, the research focuses on the

exploitation of technology in firms where the initial internationalization period is over and

where an extensive international structure is already in place", It is, in other words, not

the intention to examine how a domestically active firm, having a

technology, goes international. The decision to study patterns of technology transfer in

already multinational companies is complicated by the suggestions several authors that

the traditional challenge of managing one-directional flows from the MNC's home to

each individual host country is becoming more complex. The main argument forward

by these authors is that a one-directional tlow of superior technology from headquarters

to foreign subsidiaries is no longer the case, but that a more balanced

between units seems to have evolved. The flows of products, information, and people are

increasingly reciprocal and horizontal". Although there is recognition that these trends

exist, the exploitation of new technology - at least among Swedish MNCs and in connec

tion with major innovations made between 1960 and 1980 - to a large extent still follows

the traditional patterrr". In addition, it should be pointed out that the geographical

aspect of where an innovation originates is not really the heart of the matter in this study;

it is the subsequent pattern of international technology transfer that is of focal interest.

It should be emphasized that the aim at this point is not primarily to devise a

formula for attaining a certain rate of return from the exploitation of a new technology. In

other words, there is considerable hesitation to use "performance" in a narrow sense as

a dependent variable. This reflects not only a reluctance to tackle the well known

35Schumpeter (1942).

36A number of studies where a behavioral approach is used have focused on "the internationalization
process of the firm," analyzing the process by which firms gradually extend their operations to an increasing
number of foreign markets (See e.g. Johanson & Vahlne (1977, 1990), Bilkey (1978), Wiedersheim-Paul
et al (1978), Cavusgil (1980), and Welch & Luostarinen (1988).) These studies are, however, less concerned
with the ongoing "internationalization" of certain activities in an already highly multinational company.

37Hakanson & Zander (1986; 1988), Hedlund (1986), Bartlett & Ghoshal (1986) and Hclkanson (1990)
have discussed the management of R&D and technology transfer in "integrated network" terms.

38See Salven, Zander, & Porter (1991) for a discussion of the importance of an MNCs home-base.
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problems of measuring performance and controlling for effects of other .I.J.ll'U~V~","".lJ.'U""'J.J.1.

variables but also a doubt that a general one-dimensional formula for success can

meaningfully be devised'", Moreover, it is also suspected that it is not fruitful to

out "snake-oil" into the market. The is modest when it comes to

normative conclusions. Instead of giving prescriptions of "medicine-show

an increased, empirically based knowledge about the exploitation and imitation processes

can highlight some important management issues and managers in MNCs

avoid at least some mistakes in exploiting new technology.

Research Approach

Underlying this study is a belief that the value of the win lie in

knowledge on the of an exciting field of research. This is very different from

approaching a research problem with the goal of trying to as much of "the

variance" as possible, i.e, find an all-encompassing for a Saint

Thomas Aquinas in his "Summa Theological! taught that "the slenderest that

may be obtained of the higher things is more desirable than the most certain ,,,,,,,,,wV''O,J'LI.='L..i

obtained of lesser things." Well aware of the risk of ending up with a slender

of lesser things, the study is carried out in the spirit of the quote.

In order to effectively address the fundamental question of what drives the

international dissemination of technology, both voluntary and dissemination

are examined in this study. The fact that technology imitation by is addressed

in the same context as technology transfer by the innovator firm also makes it jiJ"-',tJU'J.IU1........

to assess theoretical arguments as to whether or not and

dissemination are "catoptric'? ""'1!'"," ....II'OrlJ.","' .. -T.L

39It must be clear to most researchers that tests of corporate n,oll"tnrlt'll"li'JI"nrp are severely constrained by
difficulties in controlling the differences in, for example, resources, time frame,
and environmental conditions.

40f. G. katoptros (mirror).

type of investigation conducted in this study is very much in line with the recommendations of
Reed & DeFiUippi (1990) for a research program on the determinants of barriers to imitation.
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The present study is an attempt to test a number of assertions about the

relationship between a number of variables, particularly those related to technology

characteristics, and technology dissemination patterns. The identification of variables and

operationalization of technology characteristics have required integrating a large body of

literature, and combining it with insights from field work. The results from this effort

were subsequently applied to design a survey which was used to collect data on a larger

sample of firms. The conclusions of this study are based on these data.

Structure of the Study

Following this introductory chapter, Chapter 2 will discuss the major concepts

related to technology that are used throughout this study. Chapter 3 sets the stage for the

study by providing a theoretical frame of reference; theories concerning the voluntary and

involuntary dissemination of technology are reviewed. In Chapter 4, the literature on

voluntary technology dissemination, i.e. technology transfer, is reviewed. The focus in this

chapter is placed on empirical studies of the phenomenon of international technology

transfer. In a similar way, Chapter 5 examines the empirical investigations which have

been made on imitation. Chapter 6 presents the results from a pilot study in the form of

three case studies where the characteristics of manufacturing technology and the patterns

of voluntary and involuntary transfer concerning three major Swedish innovations are

reported. Chapter 7 contains a theoretical discussion of characteristics of technology. The

reasoning has been influenced by the results from the pilot study reported in Chapter 6,

but builds substantially on previous researchers' contributions. The concepts developed

in Chapter 7 to characterize technology are used throughout the empirical part of the

study. Chapter 8 gives an account of the methodology used in the empirical part of the

study, including a description of data collection and statistical methods to analyze the

data. Sample selection, response rate, and operationalization and measurement of

variables are other issues brought up in this chapter. Chapter 9 is devoted to the

construction of two simple conceptual models and the formulation of a number of

hypotheses regarding the determinants of technology dissemination patterns. In Chapter

10, the results of a survey study regarding voluntary dissemination of technology are
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analyzed. In a similar way, Chapter 11 analyses the empirical results regarding involuntary

technology dissemination. Finally, Chapter 12 is devoted to a summary of the results of

this study and their implications for research and theory on foreign direct investment and

business policy. The results regarding the relationship between international technology

transfer and imitation by competitors are also discussed, and some speculations on the

topic are allowed for.
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2: CONCEPTS IN THIS STUDY

For the sake of clarity and readability the most important concepts used in this

study and the way they are defined will be discussed in this chapter. Critical concepts that

are dealt with are "knowledge," "technology," "innovation," "technology dissemination,"

"technology transfer," and "imitation."

and Technology

It is necessary to confront the complexity and diversity of phenomena denoted by

terms such as "technology," "competence," "skill,""information," "know-how," "knowledge,"

"learning," etc. When such terms are used, it is hardly ever known exactly what is being

talked about and there is sometimes a nagging concern that the definitions are so unclear

as not to make sense at all. In this study, curiosity will gain over comfort and thus

attempts will be made to alleviate this situation to some extent.

Knowledge is a protean concept - similar to the Greek sea-god, it can at any

moment assume any form. There have been many attempts to define and classify it42
,

but whenever a specific example of knowledge is examined the standard definitions and

classifications do not quite seem to apply. In this study, the concern with knowledge is

not its exact definition or classification but its functioning as an umbrella for a number

of sub-categories. "Technology" is seen as one of the different sub-categories of knowledge

and will be further examined in this study.

The word "technology" is derived from the Greek words "techne" (art, craft) and

"logos" (knowledge). In academic literature, the term "technology" has been applied

widely to everything from manufacturing hardware (Woodward, 1965) to search

procedures (Perrow, 1967), and skills possessed by people (Rousseau & Cooke, 1984).

42 For a recent, in-depth attempt involving discussions about conceptual, semantic, and classification
problems related to types of knowledge and qualities of knowledge (including chapters on forbidden
knowledge, and even negative knowledge), see Machlup (1980). A broader discussion of the theory of
knowledge is found in Popper (1959/1968).
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Many of the definitions and descriptions of technology are very broad and sometimes

almost all-encompassing':', However, the common denominator seems to be an emphasis

on the instrumentality of technology for achieving goals, purposes, or useful results.

Accordingly, Merrill (1968) sees technology as bodies of knowledge, skills, and proce

dures, for making, using, and doing useful things. Also in this spirit, Galbraith (1967)

defines technology as the systematic application of scientific or other organized

knowledge to practical tasks.

Some definitions also explicitly point to the "soft" and "hard" side of technology.

Jantsch's (1967, p. 15) definition is an example:

"Technology denotes the broad area of purposeful application of the
contents of the physical, life, and behavioral sciences. It comprises the
entire notion of technics as well as the medical, agricultural, management,
and other fields with their total hardware and software contents."

Dosi (1984) sees technology as a set of segments of knowledge, containing directly

practical and theoretical know-how, methods, procedures, experiences of successes and

failures, and also, physical devices and equipment. Organization scientists like Scott

(1987) point out that technologies consist not only of hardware (machines and mechanical

equipment) but also comprise the technical knowledge and skills of participants of an

organization.

Technology is a form of knowledge that has generated a certain rate of economic

progress for thousands of years. The normal situation in the past, and to a degree also

in the present, is that technology has preceded scientific knowledge.". An extreme view

would be that the work of scientists often involves systematizing and restructuring the

knowledge and the workable, practical solutions and methods previously accumulated by

430ne example is Rogers (1983), basing his definition on Thompson (1967), who defines technology
as "a design for instrumental action that reduces the uncertainty in the cause-effect relationships involved
in achieving a desired outcome." Another wide definition (only excluding expertise in people's heads and
performance programs stored in individuals' memories) is Schon's (1967) definition: "any tool or technique,
any product or process, any physical equipment or method of doing or making, by which human capability
is extended." Still other examples are Dunning (1982), who considers technology in the broadest sense to
embrace all forms of knowledge which may affect the production functions of the user firm, and the
Oxford dictionary, where technology is defined as "the science of industrial arts."

44Rosenberg (1982), who also gives many fascinating examples of this fact.
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the engineers. It would thus be inappropriate to think about technology as the mere

application of prior scientific knowledge. Technology is a knowledge of techniques,

methods, and designs that work - in certain ways and with certain consequences - even

when one cannot explain exactly why. We, for example, routinely travel in aircraft, the

exact design of which have been achieved by fairly ad hoc trial-and-error processes

because there are no theories of turbulence and compressibility adequate to determine

optimal configurations in advance. In cases like this, technology can be seen as providing

data to scientists who attempt to explain or codify them at a more general level. The

engineers are the tryers, learners, and doers, while the scientists often function as the "ac

countants of technology."

Dahlman & Westphal (1983) argue that technology as a method of doing some

thing requires three elements: information about the method, the means of carrying it

out, and some understanding of it. The important point here is that both information and

physical means are worthless unless the user knows how to employ them, which involves

the knowledge of a technology's potential and the interpretation of instructions regarding

the use of the technology.

In this study technology is defined as knowledge of a particular technique - the art

of industrial production. In accordance with the prior reasoning in this section, technology

is seen as being instrumental in achieving useful things, although it is not always entirely

understood. It also usually contains two components: 1) a hardware aspect, consisting of

the tools that embody technology in the form of material or physical objects, and 2) a

software aspect, consisting of the information base for the tools, contained in manuals,

software, or people.

Of course, the abilities residing in a firm also apply to other techniques than

industrial production: the development and exploitation of constantly shifting markets,

the recruitment of managerial and technical personnel, the mobilization of large amounts

of capital for investments, and the creation and maintenance of an entrepreneurial spirit -

a corporate personality committed to efficiency and detached from national or regional

narrow-mindedness. Therefore, it should be stressed that the discussion and operationali

zation of technology in the firm will be focused on the knowledge which applies pre

dominantly to the art of industrial production.
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Invention and Innovation

"Innovation," following Nelson (1968), is defined as the process by which new

products and techniques are introduced into the economic system. Successful innovation

results in the capability of doing something that could not be done before, or at least not

so well, or so economically. Similarly, Holt (1977) defines "innovation" as a process which

covers the use of knowledge or relevant information for the creation and introduction of

something that is new and useful. Accordingly, an item classified as the outcome of an

innovation process might be intrinsically new or new to the setting in which it is found";

The innovative process itself can be divided into two stages: the invention stage

and the innovation stage. The invention stage includes the generation of some specific

concept that may lead to an innovation when applied to a product or a production

process. This stage often requires relatively small amounts of human and financial

resources'", Once the necessary invention has been made, the following innovation stage

covers the development, testing, and commercial introduction of concrete and

economically feasible products or production processes. It is largely a trial and error

process and usually requires considerably more resources than the invention stage.

Schumpeter (1939, p. 85) emphasizes that the making of an invention and the carrying

out of a corresponding innovation are economically and sociologically two entirely

different things:

"They may, and often have been, performed by the same person; but this
is merely a chance coincidence which does not affect the validity of the
distinction. Personal aptitudes - primarily intellectual in the case of the
inventor, primarily volitional in the case of the businessman who turns the
invention into an innovation - and the methods by which the one and the
other work, belong to different spheres."

45For a related discussion of processes of "market creating" and "market filling," see Dahmen (1950).

46Ar row (1962a) interprets "invention" broadly as the production of knowledge.
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Innovation is possible without anything identified as invention and invention does

not necessarily induce innovation. Of course, the successful introduction of a new product

or process requires other skills and assets than invention, for example skills in marketing,

distribution, and service'".

The term "innovation" may refer to a process as well as the outcome of a process -

it can encompass a new product, a new technique, or a new practice. In his description

of "the fundamental impulse that sets and keeps the capitalist engine in motion,"

Schumpeter (1942) focuses on new consumers' goods, new methods of production or

transportation, new markets, and new forms of industrial organization that capitalist

enterprise creates". Most other definitions of innovation are also broad, but seem to

have industrial products and production processes in mind most of the time"', To give

a few examples of how widely the non-process oriented definitions of innovation differ,

Teece (1986) uses a definition where innovation consists of certain technical knowledge

about how to do things better than the existing state of the art, Rogers (1983) defines an

"innovation" as an idea, practice, or object that is perceived as new by an individual or

another unit of adoption, while Nelson & Winter (1974) define innovation as a change

of existing decision rules. The different definitions, however, share a common view of an

innovation as presenting an individual or an organization with a new alternative or

alternatives, with new means of solving problems.

As hinted earlier in this section, innovation can be used to denote a new product

or a new production process. "Product innovation" can be understood as an innovation

which makes available a product not previously available. The term "process innovation"

refers to a set of technological improvements allowing a given product to be produced

47See Teece (1987).

48In his 1939 work (Volume I, p. 84), Schumpeter gives a number of examples: "By changes in the
methods of supplying commodities we mean a range of events much broader than the phrase covers in its
literal acceptance. We include the introduction of new commodities which may even serve as the standard
case. Technological change in the production of commodities already in use, the opening up of new
markets or of new sources of supply, Taylorization of work, improved handling of material, the setting up
of new business organizations such as department stores - in short, any 'doing things differently' in the
realm of economic life - all these are instances of what we shall refer to by the term Innovation".

490ranstrand (1982).
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at lower cosr", without changing its nature, or technological improvements that enhance

the features of existing products. However, as long as new production processes are

ernbodied in capital equipment, process innovations introduced by the firms which adopt

the innovative equipment correspond to product innovations introduced by the firms

which supply it. Also, the introduction of a new product often requires process innovation

which goes to exemplify the problematic distinction between product and process

innovation. The two types of innovation are linked by the simple fact that new products

must be manufactured and that a new product often requires changes in the production

process".

In this study, focus is placed on what Schumpeter (1939, p. 84) calls "the special

cases in which innovation and invention coincide." Innovation is primarily used to

describe a new economically feasible industrial product that has appeared in the market

place in the wake of invention. This differs from the definition of "technology" which is

used in this study, in that the latter refers to knowledge of industrial production. Often

the art of industrial production is radically changed with the introduction of an

innovation. Sometimes the new production method is mastered entirely by the firm

introducing the innovation, while it sometimes is in the hands of other firms, for example

subcontractors.

501n economics, this is to be understood as an inward shift of the graphical representation of the
production function. It may also involve a substitution of labor or capital in either direction.

51Rosenberg (1976) stresses the interactive links between capital goods producers and users that are
built into the infrastructure of all industrialized countries. Abernathy & Utterback (1975) argue that the
balance between product and process innovation shifts with the maturity of a particular productive unit.
The product innovations that characterize the early stages of a business give way to process innovations
and finally to a stage of close productivity orientation.
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Dissemination, Transfer, Imitation, and Diffusion

Dissemination

In this study, the term dissemination of technology is used to include both

voluntary and involuntary spread of technology. "Technology transfer" refers to the

mechanism behind desirable dissemination, while "imitation" is the mechanism behind

undesirable dissemination. When "dissemination" is used in this study, both desirable and

undesirable cases are meant and accordingly none of the mechanisms are excluded.

Technology Transfer

The commercial exploitation of the results of R&D activities frequently requires

the transfer of technology'r. In international business activities, the transfer of

technology is viewed as the transfer of specific know-how, which may either be patented

or non-patented, from one enterprise to another. Successful technology transfer results

in the receiving unit accumulating new techniques of industrial production which can be

utilized and economically exploited in the marketplace. The transferred technology can

reside in areas like design, testing, modification, fault correction, production, installation,

or operation and maintenance. In practice, the border between the process by which new

technology is created and the subsequent transfer is rarely clear-cur", Because of the

nature of technology, technology transfer is not as simple as the purchase of a product

or the acquisition of its blueprint. Recipients would normally be obliged to devote

52As for the differences between transferring technology domestically or on an international scale,
Baranson (1970) points out that transfer across national boundaries is perceived and valued differently by
transmitters of technology because of differences in legal systems, conflicts of political interests, and the
added uncertainties of changes in exchange rates. Teece (1976) points to the problems associated with the
acceptance of "imported" technology being accentuated by the need for technology adaptation of the
technology to local conditions, confrontation of large differences in infrastructure between home and host
locations, and distance and communication costs.

53As emphasized by e.g. Granstrand (1982) and Sahal (1981).
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substantial resources to assimilate, adapt, and improve upon technology.

Modifications and further development of the technology are thus very often an

integrated part of the transfer. Technology developed in a specific context can hardly

ever be introduced into a new environment without at least some degree of modification.

This often involves changing the scale of the production process and the adaptation of

products to local market characteristics'", Tyre (1991) points out that new process

introductions often involve considerable problem solving and even innovation at the plant

level. The degree of changes in the technology is affected by the attributes and business

environments of the units involved in the transfer'",

Mansfield (1975) and Teece (1976) find it useful to distinguish between two basic

types of technology transfer: vertical transfer and horizontal transfer. Vertical transfer

refers to the transfer of technical information within the various stages of a particular

innovative process, i.e. from basic research to applied research, from applied research

to development, and from development to production. Horizontal transfer occurs when

technology used in one place, organization, or context is transferred and used in another.

Thus, the transfer from one firm to another of the manufacturing technology relating to

a previously commercialized product or process would represent horizontal transfer'",

A distinction between three phases of horizontal technology transfer is made by

Hayami & Ruttan (1971); the phases of materials transfer, design transfer, and capacity

54Por an early discussion, see Solo (1966).

55Th ere is, however, also much case study evidence that very little adaptation actually goes on (see for
example Behrman & Wallender, 1976). Numerous other studies support the argument that MNCs actually
do very little to adapt their technology to conditions in less developed countries. The changes in technique
that are made are mainly to scale down plant and equipment to lower production volumes. Stewart (1974)
presented evidence from different sources that very little adaptation was made to basic production
technologies. Allen (1973a; 1973b) in his study of U.S. and Japanese firms in South-east Asia failed to find
any significant technological adaptation by MNCs to local conditions. Davies (1977), in a sample of 199
British-Indian collaboration agreements, showed that the majority of these had not involved adjusting the
technology, and even fewer companies in this sample had incurred expenditures in that direction.

56Regarding the extent of horizontal technology transfer, the Group of Eminent Persons of the United
Nations in 1974 stated: "The multinational corporations have become the most important sources of a
certain type of technology. Their affiliates can draw upon the knowledge of the entire organization of
which they are a part ... in practice, however, the full transfer of knowledge may not take place; partly
because it is not always suitable for use by the affiliate and partly because the parent company will not
always wish to make it available." (U.N. Department of Economic and Social Affairs (1974), Document
E/5500/Rev. 1, New York, p. 66).
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transfer", The first phase of the transfer is characterized by the importation of new

products or materials with no adaptation to the local environment. This trade with

customers is likely to be the least comprehensive and most commonly used method of

transfer. In this case, the transferred technology is embodied in the merchandise,

although sales people may perform an important task through educating customers and

carrying out service and maintenance activities. The second phase involves the transfer

of the capability to manufacture the product in the recipient country, which will involve the

transmittal and absorption of the requisite technical information and skills. Since any firm

that has had success in manufacturing is likely to have acquired certain general skills

(both technical and managerial) which are useful in new operations, some receiving units

may already be in command of production processes or have the capability to acquire

them easily, sometimes with the help of an R&D department. In most cases, however,

manufacturing in a new location is simplified by using the technology and experience of

the inventing unit. The third phase involves the transfer of scientific knowledge and the

capability to develop new technology. This also involves the ability to modify and further

develop imported technology - it involves learning how to learn as well as to use what

others have learned.", In this study the two latter degrees of technology transfer 

transfer of manufacturing technology and the ability to further develop technology - will

be investigated, while trade with customers will be excluded. The exclusion of trade is due

to the primary interest in the nature of manufacturing technology and its effects on

technology dissemination patterns.

According to Teece (1977), a further distinction must be made between two

different forms in which technology can be horizontally transferred. The first form

comprises physical items such as tooling, equipment, and blueprints (technology can be

embodied in these objects). The second form of technology is the information that must

be acquired if the physical equipment, or "hardware," is to be utilized effectively. This

information relates to methods of organization and operation, quality control, and other

57The three phases mirror different technological capabilities. An analogous typology of technological
capabilities is provided by Westphal, Kim & Dahlman (1985) who use a functional classification including
production, investment, and innovation. Baranson & Roark (1985) distinguish between operational,
duplicative, and innovative capabilities. Desai (1984) distinguished four types of technological capability:
capability in purchase of technology; plant operation; duplication and expansion; and innovation.

58eompare Alange's (1987) interesting discussion of transfer of "dynamic capabilities."
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manufacturing procedures". According to the Teece, transfer of the first form of

technology is a relatively straightforward operation: it involves only the physical relocation

of objects. Transfer of the second kind of technology is a much more complex process.

It involves to a significant extent what people know and what they can do, not only what

can be contained in scientific papers, formulae, technical specifications, blueprints, and

hardware. Consultation between the involved parties, supervision of the plant installation

and design, demonstration of operating procedures by the transferor, on-the-job

training'", and learning on the part of the operatives is often required. Teece sees the

effective conveyance of this type of "peripheral" support as constituting the crux of the

process of technology transfer. This view leads to the belief that the transfer of

technology, in most cases, calls for a sustained relationship between two enterprises over

a period of time, so that the receiving enterprise can reproduce the product with the

desired level of quality standards and cost efficiency".

It has been emphasized by many researchers that much technology can only be

transferred successfully through person-to-person contacts and that technology transfer

generally requires the transfer of skilled personnel, even when the cultural and

infrastructural differences are not great. Allen (1969) found serious problems in

transferring information across the boundaries between different organizations unless key

individuals, "technological gate-keepers", were on hand to assist. Pavitt (1971) points out

that the tacit and specific nature of what he calls "unernbodied knowledge" often means

that effective technology transfer requires demonstrations and "on-the-job training." Teece

(1981a) also argues that only the broad outline of technology can be codified by non

personal means of intellectual communication or communication by teaching outside the

production process itself and emphasizes the importance of the migration of groups of

59Contractor (1985), when discussing ways of looking at licensing of technology, emphasizes that
technology transfer includes a) rights to the use of patented information and trademarks; b) information
that is proprietary but not patented, commonly called know-how (this may take the form of specifications,
models, drawings, manuals, forms, layouts, checklists, charts, computer programs etc.); and c) services such
as equipment installation, start-up, testing, training, recruitment, management development, etc ..

6OPor a discussion of the crucial importance of training, see Lasserre (1982).

61According to Reddy & Zhao (1990), this "relationship view" is also expressed in Contractor (198Gb)
and Robinson (1988).
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craftsmen, such as when the Huguenots were driven from France by the of the

Edict of Nantes under Louis XIV, for the international technology transfer. In the case

of international mobility of, and contacts between scientists and are

believed to play an important role in the transfer of technology'r. an

additional indication of the importance of these close personal contacts, Hirsch (1976)

has pointed out that, in the case of international transfers, travel and communication

costs involved in the initial establishment of a new technology acquired from abroad are

high'", Rosenberg (1970) is "impressed by the extent to which the transfer of

technological skills - even between two countries so apparently 'close as Britain

and the United States in the mid-19th century - is dependent upon the transfer of skilled

personnel?"."

As emphasized by Quinn & Mueller (1963), moving technology from one

to another within a firm, requires the transfer of both authority to use the and

enthusiasm about the technology in addition to information about the technology. This

kind of enthusiasm is to a great extent dependent on person-to-person contacts and

frequent interaction between engineers and workers. The receivers have to be convinced

that the new technology is superior to old ways of operating and that learning about it

therefore is worth-while. When it comes to how this task is performed, the resources

employed, or the costs and problems involved, very little is however known.

62Unfortunately there is very little empirical evidence on the scale, patterns and scope of these
international tlows of "person-embodied" technology. For a discussion of these flows in a historical Swedish
context, see Gustavson (1986).

6Yreece (1976) agrees that the costs of international technology transfer are high, but finds no
relationship between the organizational status (part of MNC, or not) of the receiving unit and technology
transfer costs.

64See also Arrow (1%2b) and Hall & Johnson (1970) for related arguments. For vivid illustrations of
the importance of exchange of people between Sweden and other countries for technological development
in Sweden, see Gustavson (1986).
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Transfer Mode

As already briefly touched upon, the dimensions of and mode

of transfer constitute what is called a transfer The international transfer of

technology can take place in many different foreign trade'", patent

transactions, licensing, joint ventures, and foreign direct investment. In the case of foreign

direct investment, a capital investment is made in a host country and the firm earns

dividends and other direct investment returns, while royalties and fees are collected when

licensing is used as the transfer mode. the 1960s, the establishment of a wholly-

owned foreign subsidiary or a foreign affiliate was the predominant

method of expansion and a source of transfer'",

Authors like Baranson (1978) and Marton (1986) argue that with the increased regulation

of foreign investments in several countries, joint ventures have become a far more

important form of operation for the MNC. As for U.S.-based

commercial transfers are still intra-finn?".

most

Von Hippel (1988) reports on yet another form of technology transfer when he

discusses conscious know-how trading between competitors among a number of case

study firms. Respondents in his study were able to go into considerable detail about the

types of firms they did and did not deal and with a firm would

or would not involve a two-way exchange of know-how'", Data in a by Allen et

ill (1983) appear consistent with von informal know-how trading. Of 102

65As mentioned in Chapter 1, the focus of the current research is on the transfer of manufacturing
technology, meaning that pure exports of products - which embody technology and might indeed need
additional "technology" to be used - will not be discussed as a mode of transfer during the rest of this
study.

66Reddy & Zhao (1990).

67See e.g. Kroner (1980) and Vickery (1986).

68Carter (1989) explains the advantages and disadvantages of know-how trading from an economic
perspective.
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significant in either or process, 23% came from some form

of personal contact with "apparent competitors" (firms in the same industryj'",

Imitation

One of the problems when trying to find a working definition of "imitation" is that

exact replication of an activity or a procedure is rare, which begs the question of what

successful imitation is. Nelson & Winter (1974) describe imitation as the process by which

an envious firm attempts to duplicate an imperfectly observed success. The key word is

"imperfectly;" when problems arise in the copy it is not possible to resolve them by closer

scrutiny of the original. According to the authors (p. 123):

"This that the copy is, at best, likely to constitute a substantial
mutation of the original, embodying different responses to a large number
of the specific challenges posed by the overall production problem.
However, the imitator is not directly concerned creating a good likeness,
but with achieving an economic success - preferably, an economic success
at least equal to that of the original. Differences of detail that are
economically of no great consequence are perfectly acceptable."

Based on a belief in the difference between "copying" which translates to exactly

duplicating and "imitating" having to do with creating an image or mimicking, imitation

in this study is very much in line with Nelson & Winter's argument. It implies the

successful effort of follower firms to achieve a level of technology which makes it possible

for them to economically the innovation in question by basing the manu-

facturing process on imitation of the finn's technology.

69Allen et al elaborate on the behavior observed: "In a typical scenario, the manager from one of these
firms might visit a trade show in another country, and be invited on a plant visit by representatives of a
foreign firm. While there he would encounter some new manufacturing technique that he would later
introduce into his own firm. In other cases managers approached apparently competing firms in other
countries directly and were provided with surprisingly free access to their technology."
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Diffusion

Diffusion of innovations, the study of which deals with "the process by which an

innovation is communicated through certain channels over time among the members of

a social system" (Rogers, 1983, p. 5), is a well-known model of technology transfer. The

importance of four main elements - innovation, communication channels, time, and the

social system - is stressed in almost every diffusion research study.

In the diffusion of innovations model, diffusion is a special type of communication

in that the messages are concerned with new ideas. The newness means that some degree

of uncertainty is involved. A key dimension distinguishing "diffusion of innovations" from

other types of technology transfer procedures is the number of individuals targeted as

users for a particular application of a technology. The fewer the users/receivers per

.. "'-''V J .. ~J 1 application, the closer the situation is to what Leonard-Barton (1990) calls

"point-ta-point transfer" - as opposed to "diffusion."

The process of diffusion of innovation has been a subject of voluminous literature.

There are now more than 3000 published studies on the various aspects (often spacial

or temporal) of diffusion of innovation70. Studies on the diffusion of innovation have

been performed in research traditions like anthropology, rural sociology, and on a

number of different innovations, social habits, producer and consumer goods, etc .. The

main corpus of diffusion research focuses mainly on material (technological) innovations

and how these are adoptedby users of the products. Diffusion researchers have thus been

oriented towards the dependent variable of adoption (a decision to use and implement

a new idea). Among the questions addressed by diffusion researchers are 1) how the

early adopters differ from the later adopters of an innovation, 2) how the perceived

attributes of an innovation affect its rate of adoption, and 3) why the S-shaped diffusion

curve "takes off' at about 10-25% adoption, when interpersonal networks become

activated. A body of research has focused on the theoretical arguments explaining "S

shaped" diffusion curves and on the determinants of the speed of diffusion71. Some

70See Rogers & Shoemaker (1971) for a comprehensive bibliography.

71For a survey of this literature, see Stoneman (1986).
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models have emphasized uncertainty, bounded rationality, and disequilibrium72.

Cainarca et al (1989), in a study of adoption patterns regarding flexible automation

innovations, confirm the importance of firm size and market structure to explain the

characteristics of the diffusion process. They also find that the technological and

organizational profile of firms turns out to playa role in affecting diffusion.

The literature on diffusion suggests that in general the early adopters of a novel

product or practice differ in significant ways from the bulk of the users who follow them.

In a paradigm of variables determining the rate of adoption of innovations, Rogers &

Shoemaker (1971) suggest that the rate of adoption is explained by the perceived

attributes of the innovation, the type of innovation-decision, the nature of communication

channels used to diffuse the innovation, the nature of the social system, and the extent

of change agents' promotion efforts in diffusing the innovation.

The diffusion of innovations model has been applied much more frequently to the

spread of innovations among individuals in the marketplace (outside of an organizational

setting), or within an industry (with each firm considered as a single adopter) than to the

spread of innovations within a company. The reason for this emphasis is that "diffusion

researchers" have been more oriented to the dependent variable of adoption (a decision

to use and implement a new idea), than to actual implementation itself'", Thus, the

term "diffusion" cannot be extensively used in the context of this study. The term is

primarily associated with the theories and models of "diffusion of innovation" which have

little bearing on this study, and is also frequently used to incorporate several of the

concepts used to describe the spread of technology 74.

72Seee.g. Abernathy & Utterback (1975), Rosenberg (1976), Nelson & Winter (1977), Metcalfe (1981),
and Dosi (1982).

73Rogers (1983, p. xvii).

74There are other uses of the term "diffusion" in the literature, which refer to what in this study is
called "imitation" or "dissemination." Wilkins (1974), for example, suggests that a technology transferred
across national boundaries by an MNC (whether to an affiliate or a licensee) is only diffused to other firms
if it "spills over" to suppliers or customers in the host country, or if it is imitated by other, indigenous
firms. Others, like Mansfield (1968) and Mansfield et al (1982), put the label "diffusion" on both
technology transfer and imitation, arguing that both inter- and intra-firm rates of diffusion vary widely.
Mansfield et al argue that the rate of inter-firm diffusion depends on the average profitability of the new
technology, the variations among firms as to the profitability of the technology, the number of firms in the
industry, their average size, the inequality of their sizes, and the amount they spend on R&D. Looking at
intra-flrm diffusion, differences in the profitability of the technology once again are important, together
with the firm's size and liquidity. The technology's requirements with respect to knowledge and
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A review of the diffusion and technology transfer literature by Havelock (1986)

suggests that they developed independently and maintained a tendency toward insularity.

Although not directly applicable to the research conducted in this study, the work on

diffusion of innovations contains some useful concepts and ideas that can be applied to

a study of technology exploitation75. Some studies of the diffusion of investment are

rather close to the work presented in this study, since they focus on manufacturing

technology as innovations. In Nabseth & Ray (1974), a wide variety of approaches were

used to generate results on the scope and extent of the diffusion of new industrial

processes in a number of countries. Six of the eight technologies in the 1974 study were

used to study the diffusion of mature technology (Ray, 1984), and technology having

reached saturation (Ray, 1989). In the context of the current study, the most interesting

research question addressed by diffusion researchers is how the perceived attributes of

an innovation affect its rate of adoption. Some of the attributes used to describe an inno

vation should be useful for describing manufacturing technologies and their "rate of

adoption". Rogers & Shoemaker (1971) state that when one scans the diffusion research

literature, it is notable how little effort has been devoted to analyzing "innovation"

differences. However, in the context of the present study, analogies can be made to corne

to grips with the operationalization of technology characteristics.

A more or less implicit basic assumption within the field of diffusion of innovation

is, according to Rogers (1983), the pro-innovation inclination. The prevalent view that all

innovations are to be spread fast and without alterations to all members of a system is

explained by the financing of diffusion studies by people interested in this type of

of innovations. In the context of the present study, it should be possible to apply ways

developed in the diffusion literature to describe the adopters of an innovation and to

characterize early imitators of manufacturing technology.

Finally, Rogers (1983) finds it useful to distinguish between centralized and de

centralized diffusion systems. In a centralized diffusion system, decisions about such

coordination are also emphasized. Shapiro (1985), describes three basic channels through which diffusion
of new technologies takes place: patent licensing, research joint ventures, and imitation.

75Reddy & Zhao (1990) find it ironic that the vast body of literature on "technology diffusion" has not
been tapped by "international transfer of technology theorists."
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matters as when to begin diffusing an innovation, who should evaluate it, and through

what channels it will be diffused, are made by a small number of officials and/or technical

at the head of a change agency. In a decentralized diffusion system, such

decisions are more shared by the clients and potential adopters. horizontal

networks among the clients are the main mechanism through which innovations spread.

In extremely decentralized diffusion systems there may not be a change agency and

potential adopters are responsible for the self-management of the diffusion of innovation.

In the current study technology transfer could, analogous to the reasoning above, be seen

as diffusion in a centralized diffusion system - the MNC. The second area of interest, the

imitation of new technology by competitors, could be seen as an extreme case of

decentralized diffusion.

In this study, "technology" is used to describe knowledge of the art of industrial

'\J"'-4Ul'VI• .I.'\J.Ii.l. Technology is considered to consist of a hardware and a software part and

is seen as instrumental in achieving useful things. "Innovation" is used to describe

a new economically feasible industrial product that has appeared in the market place in

the wake of invention. When studying technology transfer, this study focuses on

horizontal transfer of at least design transfer, i.e. transfer of the capability to manufacture

the The "transfer patterns" that will be examined contain three dimensions:

timing, destination, and mode.
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CHAPTER 3: VOLUNTARY AND INVOLUNTARY

DISSEMINATION - POINTS OF DEPARTURE

This chapter brings together and draws upon a number of researchers' work

related to the international dissemination of technology in order to build a frame of

reference within which the problem under study can be understood", In order to

highlight the MNC's struggle to transfer new technology within the organization without

it being imitated by competitors, the works of Schumpeter (1911/1934; 1939; 1942) are

extensively reviewed. In particular, his work on the nature and prospects of capitalism

constitutes the basis for coming to grips with the issue of involuntary dissemination of

technology.

Voluntary Technology Dissemination

Models of Technology Transfer in MNCs

Models that explicitly describe and explain how technology is transferred inter

nationally by MNCs are not very common in the literature. Vernon's (1966; 1979) very

influential product cycle model of international trade is one of the few exceptions.". The

model was originally intended to explain the expansion of U.S. exports and foreign direct

investment after World War II but provides a very useful tool in describing the flow of

technology across national borders.

761n this chapter, focus as regards voluntary technology dissemination is placed on the "macro-level."
The managerial and organizational aspects of international technology transfer are discussed mainly in
Chapters 2 and 4.

77A number of studies were carried out in the spirit of Vernon's during the 1970s. See e.g. Horst
(1972), Buckley & Casson (1976), Hirsch (1976), Krugman (1979), and Magee (1977).
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Vernon argues that throughout its lifetime a product will experience changes in

the geographical location of production. In order to explain this, less emphasis is put on

comparative costs and more on the timing of innovation, the effects of scale economies,

and the role of ignorance and uncertainty. New technology is likely to have special

characteristics associated with domestic market traits and demand conditions and initial

production is expected to take place in the country where the innovation is made. The

reasons for this have to do with "ease of communication between markets and

executives," and the "characteristics of the surrounding economy"." Also, since the

future dimensions of the market and the efforts of rivals is uncertain, the need for swift

and effective communications with customers and suppliers is apparent for producers?",

As price competition due to the temporary monopoly is relatively insignificant it is not

essential for producers to search for countries that provide the best location from a cost

point of view.

With the increasing standardization of the product, the need for flexibility declines,

offering technical possibilities for economies of scale. At this stage, reduced uncertainty

increases the attention devoted to cost. There is also pull from overseas demand and a

combination of economic and non-economic factors determines if foreign manufacturing

is initiated or not'", Early technology transfer is normally directed to countries with

similar demands, or to countries where specific segments within foreign economies can

be served'". It is suggested that at an advanced stage in the standardization of some

78There is, according to Vernon (1966), ordinarily a large gap between the knowledge of scientific
principles and the embodiment of these principles in a marketable product. An entrepreneur, whose
consciousness of and responsiveness to opportunities depends on the ease of communication (and thereby
geographical proximity), usually has to intervene to accept the risks involved in testing whether the gap
can be bridged.

79See also Abernathy and Utterback (1978) - discussing the emphasis on products in the beginning and
production processes in later stages of the development of a productive unit - and von Hippel (1976) for
a discussion of the role of users.

80Yernon's interpretation of empirical work on investment decisions is that a threat to the established
position of an enterprise in general is a more reliable stimulus to action than opportunity is likely to be.
The resistance to change is nicely expressed in an article by Gold (1989): "With their eyes firmly fixed upon
the past, they backed reluctantly into the future."

81Vernon offers an extended view of the phenomenon proposed by Burenstam Linder (1961) that trade
and, consequently, investment occur primarily between nations with similar tastes. Also in Burenstam
Linder's view, the development and design of new products are responsive to economic conditions in the
innovator's market.

36



products, developing countries may eventually function as a production location. This is

partly due to the vertically-integrated, self-sustaining nature of production of standardized

products.

In his 1979 work, Vernon argues that the power of his earlier hypotheses has been

eroded for two reasons. First, an increase in the geographical reach (number of foreign

subsidiaries) of technology-providing firms has tended to reduce the time interval

between the introduction of any new product in the U.S. and its first production in a

foreign location. Second, the homogenization of the markets of industrialized countries

endangers several of the assumptions underlying the 1966 model, in particular the

dominance of U.S. firms in providing the world with new technologies'S,

Of particular interest in Vernon's writings is not only the notion that manufactur

ing technology is transferred abroad but also that the timing and destination of transfer

varies as the innovation ages. As for the reasons behind this process, comparative costs

are de-emphasized while the nature of a product is believed to influence the transfer

patterns. The caveats added in Vernon's 1979 work point to an increasingly rapid transfer

of manufacturing technology abroad, and in addition imply that the 1966 model no longer

holds - especially in the case of internationally experienced firms.

The challenge of studying an important phenomenon described by an established,

fairly comprehensive model inspired this study to focus on the exploitation of technology

in firms that already have significant experience in international business. In addition to

the variables characterizing the environment and firms in Vernon's model, the current

study will assess the effects of the characteristics of the manufacturing technology itself

on international technology transfer patterns.

82As for the scope of application of the product cycle model, it is stated already in Vernon (1971) that
the paradigm: "may be an efficient way to look at enterprises that are on the threshold of developing a
foreign business, but the model is losing some of its relevance for enterprises that have long since acquired
a global economic capacity and a global habit of mind".
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Studies of the Internationalization Process

In addition to work on the product life cycle model, which discusses the timing and

destination of technology transfer, studies focusing on the internationalization process of

the firm are also of interest in the context of this study. Since most foreign direct

investment is closely associated with some form of technology transfer, studies of this kind

very often deal with the transfer of technology without explicitly stating it. Another

feature of the studies of the foreign direct investment process is that many of them focus

on the experience of small firms, "a few people and an idea," going international, which

might not apply to large MNCs with a network of foreign subsidiaries already in place.

On the other hand, they indirectly introduce some models describing timing and

destination of technology transfer that are of interest in this study.

Aharoni (1966), at least indirectly, makes some interesting general propositions

about technology transfer patterns. In his seminal work, he analyzed the way in which

U.S. manufacturing firms made their decisions about investment in Israel. The foreign

direct investment process was studied from a behavioral standpoint in a sample of 38

U.S. firms. It was found that investment overseas was rarely based on sophisticated and

well-structured decision-making processes. In most cases, coincidences and opportunities

triggered action and determined the destination and timing of investment (and thereby

technology transfer).

Studies during the 1970s of the internationalization behavior of Swedish firms,

often referred to as the "Uppsala School," suggest that firms reduce their business risks

by following a sequential process of internationalization'". Initially, relatively limited

investments are made in culturally and geographically close markets. Then, as the firm

gains experience, it gradually increases its engagement and starts penetrating more distant

markets". Johanson & Wiedersheim-Paul (1974) prepared a model based on the

establishment chain in four Swedish MNCs: Sandvik, Atlas Copco, Facit and Volvo. The

83Like Aharoni, the research at Uppsala University on "establishment chains" takes the bounded
rationality notions of Simon (1946/1975), March & Simon (1958), and Cyert & March (1963) as a
foundation for models of the historical evolution of MNCs.

84 Carlson (1975), Johanson & Vahlne (1977), Johanson & Wiedersheim-Paul (1974). The concept of
center-periphery expansion patterns has been broadly cited, see e.g. Perlmutter (1965), Vernon (1971), and
Quinn (1978).
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model focuses on the gradual acquisition, integration, and use of knowledge about foreign

markets and operations, and on the incrementally increasing commitments to foreign

markets. In particular, attention is given to the increasing involvement in individual

foreign countries. The choice of markets is considered to be guided by the concept of

"economic distance." The first factor making up the concept is "physical distance:' i.e.

barriers affecting product and cash-flow between the firm and the market. The second,

"psychic distance," refers to information barriers such as differences in language,

education, business practice, industrial development, etc. The greater the overall

"economic distance" to a country, the lower the propensity for firms to make their initial

establishments there. The authors also discuss the possible influence from factors like

personal resources of driving managers and organizational structure on the international

development. However, there is little said about determinants related to competition and

to the nature of technology".

Foreign Direct Investment Theory

Technology and its transfer modes play a central role in the theory of foreign

direct investment. In order to understand how technology enters into theory on MNCs

and foreign direct investment, some main points in these kinds of theories will be

recapitulated shortly. In particular, focus will be placed on unequal ability of firms and

imperfections in the market for technology, since it is an important presumption of this

study.

There are essentially three types of concepts (labelled differently by different

researchers) that have been used to explain the occurrence of foreign direct investment

and the existence of MNCs: ownership advantages, location advantages, and inter

nalization advantages'", Ownership-specific advantages are looked upon as necessary (but

850ne exception in the case of technology variables is Hornell & Vahlne (1973) who in a sample of
Swedish firms find that technological characteristics of a product line affect the choice of export channel.

86For a discussion, see Hood & Young (1979), and Casson (1987).
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not sufficient) conditions to explain the existence of . A common assertion is

that foreign direct investment can occur if the firm possesses \,..-VJl.lLJl 1--'''-' IL.JlII.l v"-' advantazes

which outweigh the additional costs associated with doing business in a distant foreign

market (costs of operating in an unknown social, legal, and governmental environment

or costs of operating at a distance); firms that achieve some kind of monopoly power in

the home market are in a favorable position to start foreign production'", that

the advantage can be transferred to foreign markets at reasonable costs. This very

general proposition, originating in the work of Hymer (1960/1976) and Kindleberger

(1969), has formed the basis for a variety of more specific hypotheses aimed at explaining

the pattern of foreign direct investment'". Typical ownership-specific or

advantages are associated with discriminatory access to technology?', brand names,

economies of scale, management skills, information, government support, input markets

for raw materials, or capital'", In many cases, the advantage resides in technical

87The concept of "ownership-specific advantage," along with "finn-specific advantage" and "monopolistic
advantage," originates from the works of Dunning (1958; 1981) and Hymer (1960/1976). As pointed out
by Horaguchi & Toyne (1990), "managerial resources" (Penrose, 1956; 1959), "advantages of a firm"
(Hymer, 1960/1976), "intangible assets" (Caves, 1982), and "ownership-specific advantages" (Dunning, 1979)
cover virtually the same concepts.

88See e.g. Davies (1977), who argued that it is monopolistic advantages that allow the transfer of
production into foreign markets, not technology or technical information per se.

89Magee (1977), in his theory of the appropriability of technology creation, suggested that market
imperfections are a likely result of conscious attempts by MNCs to create advantages for themselves. These
advantages are in the form of technology that is not easily duplicated.

90rhe belief that technology is at the heart of competitiveness is mirrored in e.g. Prahalad & Hamel
(1990), who use the concept "core competence" to describe the "roots of competitiveness." A core
competence is a harmonization/integration of individual technologies and production skills. Wrigley (1970)
(quoted in Killing, 1978) examined the firm in terms of skills it possessed, concentrating particularly on
a "core skill" which he defined as the ability to relate market knowledge and technical knowledge under
competitive conditions. For a related discussion of technology as a factor in international competitiveness,
see Porter (1990).

91There are as many kinds of advantages as there are functions in making and selling a product and
scholars differ greatly in their emphasis. Vernon (1966) focuses on the role of technology in international
investment, while Caves (1971) emphasizes the role of differentiated brand names and marketing strength.
Hirsch (1976) refers to the knowledge gained through past research and development. According to
Penrose (1959) and Caves (1982), the ownership-specific advantage may also simply rest on the special
skills and know-how shared by managers and employees. The ways of coordinating information possessed
by one working team may add up to a more effective firm than if other people with similar individual skills
would perform the same task.
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information and the use of that advantage involves the transfer of that information from

market to market.

Additional conditions are needed to explain why foreign investment is preferred

over exports or licensing in exploiting an ownership-specific advantage. Hymer's

(1960/1976) dissertation offers an early, insightful, and exhaustive treatment of the choice

between different modes of exploiting ownership-specific advantage abroad. In his

seminal work, he attacks the problem by asking why the market is sometimes an inferior

method of exploiting a technological advantage, i.e. why the MNC prefers foreign direct

investment over licensing. Hymer identified two major determinants of foreign direct

investment: the removal of competition and the advantages which some firms possess in

a particular Hymer's approach is based on structural market imperfections and

deals with the phenomenon of horizontal integration of i.e. the merging of firms

in the same industry. The horizontally expanding MNC internalizes markets for intangible

assets (whereas the vertically integrating firm internalizes the market for intermediate

products). Control over assets in foreign countries is seen as a way of achieving

monopolistic power92 and minimizing risk due to market impurity'". If the number

of potential buyers of the technology is small or its evaluation is difficult, it may be

difficult to achieve a satisfactory licensing contract. In this case, a more flexible type of

arrangement may be advantageous - for example, a partnership with sharing of profits.

The reluctance to license may also arise from the inherent danger of losing the advantage

and getting a new competitor'". The MNC would thus use horizontal integration of

foreign operations to ensure monopoly returns, to avoid bargaining with licensees in the

92nle benefits from horizontal integration are that quality of service can be assured (and reputation
thereby kept), and that sales of foreign subsidiaries can be coordinated when maximization of monopoly
returns calls for coordination among producers and sales outlets in different locations. In this case, the
horizontally integrated firm is basically an alternative to arm's-length agreements or cartels. (For a
discussion of the situations in which each form is the most appropriate, see Casson, 1985; 1987.).
Alternative explanations for horizontal expansion include for example the increased possibility to benefit
from economies of scale.

93Hymer sees the firm as a practical institutional device which substitutes for the market. The firm,
in his words, "internalizes or supersedes the market" (p. 48), which can be interpreted as an anticipation
of later theories. Along with the rise and development of transaction cost economics, Hymer's works have
recently become a matter of some controversy. Horaguchi & Toyne (1990) suggest that the genesis of
transaction costs as applied to the MNC can be traced to Hymer (1968, 1970, and 1972).

94Buckley and Casson (1976) have proposed that the risk of imitation affects the choice of transfer
mode. Wilson (1977) summarizes empirical evidence on international licensing and its determinants.
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evaluation of technology, and to better protect technological advantages from mis

appropriationa

Pavitt (1971) claims that licensing and joint ventures are inferior choices because

they other firms legal rights and technology which can later be used in competition

against the licensor. (Also, the returns from foreign direct investment are often found to

be greater than from licensingf'.) In a later study, Pavitt (1988) emphasizes that the

technology-related explanations for choosing foreign direct investment need to go beyond

the extra (but temporary) protection for an innovation afforded by wholly-owned

subsidiaries in comparison to a licensing agreernent'",

More recent theory also emphasizes the market-failure aspect, often referring to

the market for technology'", Researchers such as Buckley and Casson (1976) and Caves

(1982) argue that the properties of technology are in themselves an incentive for firms

to undertake foreign direct investment. One reason is the difficulty to arrive at a fair

judgement of the true value of the technology - the nature of technology prevents the

firm from using the market to sell its technology. It is argued that firms invest abroad

because they cannot realize the highest returns on proprietary brand names, technology,

or knowledge through direct sale of such assets to foreign parties. As stated by Teece

(1981a), intra-firm transfer to a foreign subsidiary avoids the needs for repeated

negotiations and attenuates the hazards of opportunism. Better disclosure, easier

agreement, better governance, and more effective team organization and reconfiguration

in comparison to autonomous trading are the incentives for internalizing technology

transfer within the MNC.

Theories on market failure in the market for technology could be seen as parts

of the wider transaction-cost approach. The basic premise of transaction-cost economics

95See the evidence presented by Contractor (1980a; 1985), Telesio (1979), and Stobaugh (1988).

96His argument is that firms are well aware that the monopoly rent from any specific innovation is
inevitably temporary. Even if innovating firms extend their production activities internationally and refuse
all licensing agreements with other firms, the normal and widely practiced activities of imitation and
reverse engineering will ensure that their monopoly rents from specific innovations dissolve over time.

97Teece (1981a) claims that properties of markets for technology lead to difficulties of recognition,
disclosure, and team organization. In the market for technology, it is hard to discover potential trading
partners and acceptable terms of trade. In addition, difficulties arise during the negotiations leading up
to the bargain, during the drawing up of the contract, and when undertaking the inspection needed to
make sure that the terms of the contract are being observed.
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holds that intra-firm and market exchange mechanisms exhibit different levels of

efficiency in executing different types of transactions, and that the choice of mode

depends upon efficiency considerations. According to the transaction-cost many

intermediate product markets, particularly those for knowledge and are costly

to use or difficult to organize. Some of the costs are associated with the establishment

of property rights, negotiating, and monitoring and enforcement of contracts. These

inefficiencies in markets for proprietary inputs are said to stimulate internal ~1l.J~IUU. .!.!L..IU.r...!.'-JJl..!

or, in this context, foreign direct investment'", The costs of transactions are seen as exo

genous to the making the firm respond by internalizing related activities. Rather

than taking advantage of and creating market imperfections, the MNC is believed to

improve overall market efficiency?'.

In addition to reasons for control and market failure, political factors also can

create situations where the MNC will find itself at a considerable disadvantage if it wants

to engage in foreign direct investment. In the most extreme case, governments may

require local partnership with sharing of control and profits for the MNC to be able to

operate in a foreign country.

In summary, the models of internationalization and international technology

transfer stress that production moves out of the home country of an MNC with the aging

of a technology - first to countries "similar" to the home country in different .I. .....,"'IlJ'V'vl."'.

Other theories attempting to explain the appearance and scope of direct

investment emphasize the importance of technology-related advantages as the impetus

behind foreign direct investment. The choice of different modes of transfer in these

theories is explained by wishes to ensure monopoly returns, to control proprietary

knowledge, and to avoid the risks of failure in the market for technology.

98Theory developed in Williamson (1975) holds that uncertainty, bounded rationality, present or
prospective small-number exchange relationships, and opportunism among partners of a contractual
relationship are key concepts to understand why internal organization facilitates adaptive, sequential
decision making.

99Building on Coase's (1937) theory of the firm, theories of markets and hierarchies are mostly linked
to Williamson (1975; 1985). In the field of international business, contributions have been made by
Buckley and Casson (1976; 1985), Casson (1979), Caves (1982), Dunning (1981), Hennart (1982), Magee
(1977), Rugman (1981), and Teece (1981b) who have developed their own extensions of Coase's theory
to provide an economic rationale for the existence of MNCs.
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One aspect of the applicability of the results of most models of internationalization

is the lack of focus on old, large MNCs introducing new product lines into an already

existing international structure for producing and it is common

that internationalization (or the process of international is studied

at the firm level, which could be inappropriate in the context of firms if

different products and technologies follow different internationalization ..., ..,..

In addition, the treatment of "technology" in the literature on direct

investment is not very sophisticated, partly because it is not in the center of analysis and

partly for reasons of data availability.

Innovation and Imitation

Schumpeter's vision of competition is based on the view of firm behavior as profit

seeking through ongoing entrepreneurshipl'" rather than static In

his 1942 Schumpeter emphasizes the character

The evolutionary character of the capitalist process is not limited to the fact that the

social and natural environment changes, thereby economic action. The

fundamental impulse that sets and the capitalist in motion comes from the

the newnew consumers' goods, the new methods of production and

markets, and the new forms of industrial organization that caprtanst firms create.

In ",,,,I--.l11t..,...,1r\A't&:l:>1/""" terms, the process of creative destruction is essential fact about

the evolution of capitalism. Industrial mutations repeatedly revolutionize the economic

lOOSchumpeter (1939) reserves the term "enterprise" for actions which consist in carrying out
innovations and "entrepreneur" for the individuals who carry them out. He sees little difficulty in
identifying entrepreneurship in times of competitive capitalism, although nobody is an entrepreneur
all the time, and nobody can ever be only an entrepreneur. The entrepreneurs win generally be found
among the heads of firms, mostly among the owners. The entrepreneur may, but need not, be the
"inventor" of the goods or process introduced or the person who furnishes the capital.
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structure from the old one, and creating a new. It must be understood

that it is:

"...the from the new IVV"i.J. .l..l..i..B.V'U.B.II.V~ the new the new
source of the new - competition which
commands decisive cost or and which strikes not at the
~nrN~1nC' of the and the the firms but at their
foundations and their very lives."

when in but also as an

."",,,..,-,,,,,...,.,,,.,,4- threat.

iC'irr'fJl1tan1f" behavior of

of constant change for

writes:

of business its true iC'lf'lr'1rllt'lr>r:I1rlr<'a

the of that process and within the situation created it. It
must be seen in its role in the of creative destruction; it
cannot be understood on the hypothesis that
there is a lull."

the process of continuous innovation and successful exploitation of new

Scnurrmeter stresses the need to utilize monopoly power and

maximize nreventmu imitation. The Schumpeterian model of economic change,

as o"(r'in,raiC'C'ori! in his 1939 and 1942 suggests that technology can be transformed

into power when it is embodied in or processes which command a

out that the

-nr~::l.Ir\1111111W"n because of some of uniqueness, given that it can be denied to competi-

tors, at least for a the nature of profit streams,

"...is the premium upon

successful innovation in roQ"lnll'tQ h,r:'i- and it is +a1t'''r'\1t''\r''i.1I"<Jl1l"'''l'!1 na ture: it will vanish in

the 13UILl13Il.... 'l..-!II".<l......Jllll. process of ...... "lJjl.lLIl~'...., ...Jl .. A'U'.lLli. and <UI. ..... ,U.II-J'...Il'OJA.Il.

the

comnetuors re-develop orcopy

If "1'1'"'\111t".,npt~l>r is right, and thenew tecnnotoevit is eroded

UIV1.B.U.IL.lLlll,J ...... II.\.;.llJlU.L.L world are thus under pressure to

tecnnoioncoi advance

lOlSee also Chamberlin (1933), who out that technological inventions that lead to new products
and processes are parameters curerennauon between firms, which in turn are associated with temporary
monopotv power.
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world indeed is full of firms which try to survive on ground that is constantly slipping

from under them, successful exploitation of new technology becomes a vital process to

study.

The important link between innovation and imitation is found in most of

'r>'-·d1Tt"'l1nA=.tpl'·'(, major works. In the "Theory of Economic Development" (1911/1934), he

describes the spurts of entrepreneurial, innovative energy, continually dogged by the

imitators and routine-huggers. A cluster of innovations is initiated by an entrepreneur and

innovator and it takes shape as subsequent entrepreneurs rush to establish new firms

based on replicating his innovation. The innovator's existence "smooths their path" in two

ways: by solving the unique and often difficult problems attendant upon the introduction

of something new, and by demonstrating if not the fact, the promise of profit102. The

success of an innovation introduced by an innovating firm thus ensures its imitation: at

first by other entrepreneurs and later by existing firms serving the same market who must

compete or go under.

In "Business Cycles" (1939), Schumpeter writes:

II •••whenever a new production function has been set up successfully and
the trade beholds the new thing done and its major problems solved, it
becomes much easier for other people to do the same thing and even to
improve upon it103. In fact, they are driven to copying it if they can, and
some people will do so forthwith......first some, and then most, firms follow
in the wake of successful innovation; ..." (Volume I, p. 100).

As for the reasons for this imitative behavior, Schumpeter does not think it is

necessary to "stress the psychological aspects beyond a few common-sense comments,"

and consequently does not appeal to "the psychology of imitation or to any other

psychology'?"."

102See also Nelson & Winter (1974), who argue that the knowledge that a problem has a solution
an incentive for persistence in efforts that might otherwise be abandoned.

103Schumpeter uses the concept "Induced Innovations" to denote the additional improvements which
present themselves in the process of copying the first innovators in a field and of adaption by existing firms
to their doings.

104As a plausible reason for imitation, risk reduction comes to mind, A story used by James March
at StanfordUniversity dealswithfollowing in the footsteps ofa fellow mountain-climber whohasmanaged
to safely cross a dangerous glacier.
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A number of author's have elaborated and specified Schumpeter's original

thoughts. In Kirzner's (1973) terms an entrepreneur is "temporarily immune from the

competitive activities of other entrepreneurs even after they have discovered and have

taken the steps necessary to duplicate this opportunity''"." This is because some time

must elapse once duplication has taken place before the effects of competitive measures

impinge on the market - the "true monopoly situation" arises since the entrepreneur is

the only producer capable of producing now. The time period of "immunity" described

by Kirzner can conceptually be called "response-time'?"." This is the time an imitator

needs to bring an imitative product to the market or to bring an imitative process to

commercial usefulness once he has access to trade secrets or patented knowledge in the

possession of the innovator. Stobaugh (1988) points out that a sequence of product and

process innovations can be recognized as new technology develops and that it is tightly

linked to the competition process. Product innovation is the primary event and makes

possible the build-up of a monopoly position. New competitors then enter the market

with process innovations which reduce production costs. Further competition takes place

among process innovators so that an array of process innovations is introduced after the

major product innovation. From this point of view, Stobaugh's conclusions largely confirm

the results of Abernathy & Utterback (1978) on the patterns of industrial innovation.

Response time exists because many barriers in addition to lack of knowledge must

be overcome in order to bring a product or process - even if imitated - to commercial

reality. Engineering tooling must be designed, materials and components ordered,

manufacturing plants made ready, marketing plans developed, and so on. Response time,

von Hippel (1988) argues, is an important innovation benefit-capture mechanism in

reality because would-be imitators are rarely aware of an innovator's knowledge at the

time he develops it. Typically, an imitator only becomes aware of a promising new

product when it is introduced to the marketplace. After that point, if the product is easily

105Although only a few entrepreneurs have the capability to set the ball rolling, there tend to be very
many who can mimic the pioneering attempts of the few. For Kirzner (1973), entrepreneurship is
manifested in short-run movements as much as in long-run developmental changes, and it is exercised by
the imitators (who move in to exploit the opportunities exposed by the activities of the innovators) as
much as by the innovators themselves. In this view, entrepreneurship ceases only when imitative activity
has succeeded in squeezing out all above normal profit opportunities.

lO6Von Hippel (1988).
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reverse and has weak patent protection, only the response-time mechanism

can provide the innovator with SOITle quasi-monopoly protection from imitators.

Veblen (1915) suggested that there can also be disadvantages in being the

first to a new technology due to in knowledge and the fact that invest

ment can be irreversible. Freeman (1974), when discussing open to firms

confronted with technical change, emphasizes the importance of "defensive" and

"imitative" strategies':", Companies pursuing these kinds of do not attempt

to actively lead the technological development of an industry. Instead, they attempt to

follow technological developments by acquiring new technology by means of licenses or

""'l..J"J\f ••• = competitors' products. The defensive firms, to avoid both the risks

involved in being first and in behind, do not normally aim to produce a "carbon

copy" imitation of the products introduced by early innovators. hope to take

of mistakes to improve on the design, and must have the technical

strength to do so. The imitative firm does not aspire to "leap-frogging" or even to

"keeping up with the game." The extent to which imitative firms are able to capitalize on

certain advantages in order to erode the position of an established innovating firm

"-'l"-"llJv.lJl"-'loJ on the continuing pace of technological change. The early innovators will try to

maintain a sufficient flow of improvements and new generations of equipment, so as to

lose imitators.

.IU. ...... "--' ...... ;;.... J. there is relatively little empirical evidence on the importance of imitation

and imitative strategies, the role of imitation must not be underemphasized in a strategic

context. Freeman argues that "defensive" R&D is probably typical of most oligopolistic

markets and is clos~ly linked to product differentiation. In addition, a defensive strategy

is more characteristic of firms in the smaller industrialized countries, European firms

since World War II mentioned as a case in point. In a study by Link & Neufeld (1986),

data from 76 U.S. manufacturing firms, it is shown that firm size and market share

increase the probability of a firm adopting an innovative R&D instead of an

imitative one, while industry concentration does not seem to affect the innova-

l07The other strategiesopen to a firmwhenconfrontedwith technical changementioned by Freeman
are "offensive," "dependent," "traditional," and "opportunist" strategies.
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tive/imitative strategy choice'". There was no statistical evidence of separate industry

effects on the strategy choice. Vernon (1971, p. 252) makes a prophecy about defensive

strategies:

"....it also seems likely that the rule of adoption of innovations by industrial
users and consumers will continue to accelerate, when compared with
historic norms. So will the role of appropriation and imitation on the part
of the producers that pursue a follow-the-leader strategy."

Mechanisms for Involuntary Technology Transfer

Proprietary technology has characteristics which, in some sense, resemble those

of physical assets. Like a piece of equipment, its ability to generate revenues is limited

in time. However, while equipment depreciates and must be replaced as it is physically

worn out, proprietary knowledge must be renewed because it is imitated by others. It

does not necessarily cease being useful, it ceases being proprietary.

There are a number of ways in which competitors may get in the know about a

firm's proprietary technology. First, the dissemination of information about a technology

may simply take place through sales brochures and instruction manuals; a vast amount

of technology of the "facts" type is available for the asking. It is disseminated internation

ally through a number of well-established channels. The more important of these are

technical books and journals and other printed matter containing descriptions of technical

and administrative procedures, drawings, diagrams, photographs, specifications of

technological processes and equipment (operating manuals, industrial films, patent

applications) and so forth.

Arrow (1962a) sees the embodiment of knowledge in products and the mobility

of personnel among firms as another reason for the inevitable leakage of technology. An

innovation may in itself embody sufficient information to permit its replication. It may

l08Interestingly, all of the R&D vice Presidents interviewed reported that although their firms operated
in several lines of business, one dominant strategy - innovative or imitative - characterized the overall
R&D effort. This strategy also had remained constant for a number of years. (The fact that a diversified
firm's R&D generally follows one designated thrust has also been shown by Wilson et aI, 1980, and Tassey,
1983).
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be easy to understand the manufacturing process by looking at and examining the

innovation through testing of the product. Absorption of "technical solution-embodied"

technology requires a deliberate effort of engineering activity through a detailed analysis

of a system or component ("working backwards") to generate the information needed

about methods of production, tolerances, materials, etc .. This type of activity is often

called "reverse engineering," and is a well-developed art in some industries. Reverse

engineering is especially effective if the production in question may be a novel

combination of highly standardized technological elements and does not involve so much

"idiosyncratic and 'impacted' tacit knowledge'?"."

Competing firms may also obtain technology by personnel mobility, i.e. individuals

who gain information while employed at the innovating firm are hired away competing

firms'I'', Preferably, the employees that the imitating firm would want to transfer to a

new plant in an attempt to replicate an existing technology would be sought after'!'.

Even if employees do not leave the firm, know-how can be disseminated within the

informal communications network among engineers and scientists working at various

firms, explaining it at professional meetings, conferences, etc ..

Finally, input suppliers and customers are also potential channels through which

technical information is spread. For instance, suppliers of tailor-made machines are

almost bound to pick up important facts about parts of a manufacturing process while

installing their equipment, the knowledge about the manufacturing possibly later being

dispersed among other clients of the supplier.

lO9Nelson & Winter (1974).

110nte degree of professional worker mobility varies among countries, underscoring that the transfer
of technology, or its imitation, is influenced by the institutional context. Kimberley (1987), however, points
out that theories of innovation and models of the diffusion process are typically silent on the influence
of contextual variables on outcomes.

I11Nelson & Winter (1974), and Ziegler (1985).
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Protecting Proprietary Technology

In the continuous process of innovation and imitation, firms are not entirely

without means to protect proprietary technology. When discussing major struggles in a

firm (while downplaying the sharing of profits by shareholders, executives, and

employees), Schumpeter (1939, p. 107) focuses on the efforts to conserve the stream of

profit:

"Secrecy regarding processes, patents, judicious differentiation of products,
advertising, and the like, occasionally also aggression directed against actual
and would-be competitors, are instances of a familiar strategy..."

As pointed out by Levin et al (1987), firms have every incentive to advertise

widely to potential customers the advantages of their particular products, and to get those

products into their hands. This makes secrecy about the technology embodied in products

much more difficult to maintain. However, technology can be protected by being

secretive about production processes. This can for example be achieved by stopping

employees of competitor firms from visiting production facilities. Von Hippel (1988), in

his case studies of user-developed innovations, emphasizes that process innovation can

be effectively protected as know-how, while product innovation typically cannot be and

is quickly imitated.

Even if secrecy can be used to stop important technology from leaking to

competitors, the absence of slavery or a restriction on the mobility of skilled people

makes it impossible for firm management to entirely prevent the leakage of technology

through work-force tumover'V. Certain legal means to stop the spread of key techno

logy can still be attempted though, such as rules of confidentiality. 'These types of

employer-employee agreements incorporate one or more of three basic conditions:

112Attempts have however been made historically. In a fascinating discussion of the genesis, function,
and institutional characteristics of the medieval craft guilds in Germany, Kieser (1989) quoting Wissell
(1974) describes certain aspects of the guild's jurisdictional functions. The guilds were able to give
themselves rules, which, after the authorities had approved them, took on the form of legal norms. The
masters of a guild judged violations and inflicted penalties. The ultimate punishment was expulsion from
the guild, of which guilds in other towns were informed so that the outcast member was not accepted
anywhere else.
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restrictions on competition by deporting employees, definitions of what constitutes

property that the company can legally protect from the use by others, and requirements

that employees (in some instances even after they have left the company) are obligated

to cooperate with the employer in efforts to protect the ownership rights labelled

"intellectual property'P." The possibilities to enter agreements between employers and

employees depend on the institutional context and vary between countries.

Firms sometimes develop their own equipment used in the manufacturing process

in order to make it harder for competitors to imitate the product'I", According to

Hayes & Abernathy (1980), this alternative is more commonly used in Europe (at least

in West Germany) than in the U.S .. Another alternative is to let other firms tailor-make

hard- and software to be used in the manufacturing process especially for the firm's

needs.

In addition to secrecy and measures to retain key personnel, products can be

protected by mechanisms of disguise. To deter imitation, there are various practices

which affect the integrity of the technology. In the semiconductor industry, for example,

frequent practices include disguising the circuitry or encasing the wafer which, when

removed, damages the product.

A certain degree of protection can also be gained by rapidly making substantial

investment which acts as a barrier to imitation. In several electronics industries, gaining

lead time and exploiting learning curve advantages are primary methods of appropriation.

Complementary investments in marketing and service can also enhance the

appropriability of R&D. Teece (1986, 1988) argues that when innovating firms lose

technology to imitators, the reason is often the failure of the innovator to build or access

competitive capacity in activities such as manufacturing which are complementary to the

innovation'P, Except in unusual circumstances, Teece claims, innovating firms must

emphasize the development of cost competitive capabilities in the activities downstream

113Berenbeim (1989).

114A Swedish example is Lidkoping Machine Tools AB - an SKF subsidiary - where advanced machines
used in the manufacturing of bearings exclusively in the SKF group are developed and manufactured.

l1s"Complementary assets" are rather vaguely defined as assets needed to commercialize an innovation.
Examples given by Teece in addition to "competitive manufacturing" are "distribution," "service," and
"complementary technologies."
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are the

from R&D if they are to profit from investment in R&D. Especially ~1I"\"I1nrl."·i-n,,....i- to the

firm's ability to build requisite competitive capacities to capture the value from

innovations is the technological infrastructure - particularly education levels and

manufacturing.

If the actual involuntary transfer of technology cannot be a.)lI..V'IJIJ"'"''I..4~ .... 'U'~, ... J:Il--'....,~ ..... 'U'JL

firms can be stopped from using the technology. Of particular help in this

ownership rights connected to individual or corporate inventions which are used to

protect an innovation by labelling it "intellectual property." Whether or not such

technology is easily used by competitors is, of course, a question of the enforceability of

a firm's proprietary claim on its use. Arrow (1962a) and Johnson (1970) are represen

tatives of a stream of research on appropriability of private returns from investment in

information - i.e. the ability of private originators of ideas to obtain for themselves the

pecuniary value of the ideas to society'". Their writings illustrate the two principles

which dictate the use of intellectual property rights: to have the incentive to undertake

R&D, a firm must be able to appropriate returns sufficient to make the investment

worthwhile117
• On the other hand, if consumers are to benefit substantially from

innovation, sooner or later competitors must be able to imitate, respond to, or build upon

an innovator's initiative to assure erosion of the innovator's monopoly and wide

dissemination of the innovation on favorable terms.

Most countries recognize and grant varying degrees of protection to four basic

intellectual property rights: patents, trademarks, copyrights, and trade secrets. Patents are

grants traditionally issued a national government giving the right to exclude others

116Arrow (1962a) described the public-goods nature of technology - but only in the narrow sense that
once created by an individual or a firm, the use of the technology by other firms does not diminish its
availability to the first firm. However, the use of proprietary technology by other firms does diminish its
value to the firm that created the technology. Johnson (1970) noted the two ways in which society
historically has dealt with the problem of the "public-goods nature of information:" either the government
creates the "information" and provides it freely to private markets or the legal system permits private firms
to internalize the returns by either creating temporary monopolies through the patent system or allowing
restrictions on free trade in information through trade secrets.

117The argument advanced by Schumpeter (1942) that the justification for patents is to incite firms
to develop, market, and transfer technologies, is supported by e.g. Arrow (1962a), who observed that a
firm's incentive to invest in R&D is attenuated when the knowledge generated by the investment is
involuntary transmitted to competitors.
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from making, using, or selling the invention within the country (patents may be given for

new products or processes)!".

It has been long known that patents do not work in practice as they do in theory.

Patents rarely, if ever, confer perfect appropriability. Many can be "invented around,"

other patents provide little protection because legal requirements for upholding their

validity or for proving their infringement are stringent'!", A series of studies conducted

by several authors over a span of the last 30 years have asked whether inventors find

patents useful for excluding imitators. The answer almost uniformly found is that the

patent grant is not useful for this purpose in most industries. Results from a study by

Taylor & Silberston (1973) of 44 British and multinational firms suggest that the patent

system is not seen by innovators as very effective in general and, by implication, that it

is not seen as effective in protecting innovators' rights to knowledge they might wish to

license.

Based on a random sample of 100 firms from 12 industries in the U.S., Mansfield

(1986) showed that patent protection was judged to be essential for the development or

introduction of 30% or more of the inventions introduced between 1981 and 1983 in the

pharmaceutical and chemical industries. In another three industries - petroleum,

machinery, and fabricated metal products - patent protection was estimated to be

essential for about 10 to 20% of their inventions. In the remaining seven industries 

electrical equipment, office equipment, motor vehicles, instruments, primary metals,

rubber, and textiles - the importance of patent protection was estimated to be much

more limited. Around 60% of the patentable innovations in the latter group were

patented, as compared to a share of 80% in the two other groups.

118Systems for property rights were developed in the late Middle Ages, as a tool of monarchs to
stimulate invention, regulate trade, reward favorites, establish patronage, and control and censor the
dissemination of new ideas. The city-state of Venice, with its important role in world commerce and its
strong central government, became the first government to grant patents.

119Neither does public disclosure assure ultimate diffusion. Investments to establish brand names of
patented products often outlive the patent itself.
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It is important to remember that the effectiveness of patents varies by industry

and of technology'j", If focus is placed only on the effectiveness of patent

protection, and the patenting patterns in different industry environments are disregarded

for a moment, there seems to be agreement that products of "materials" type (pharma

ceuticals, chemicals, steel, explosives, etc.) are both well-suited for patenting and typically

need strong patent protection to prevent imitation. "System" products (telephone

switching, packaging machines, etc.), on the other hand, are often protected by the

inherent complexity and size of the system'?'. Though patents on manufacturing

processes are common, firm management tends to rate their effectiveness as lower than

patents on products122. There are two reasons for this. First, secrecy is often the best

means for protecting processes which are not sold outside of the firm123. Physical

access to a production process can be restricted and much process knowledge is tacit or

unarticulable'<'. Second, patents being accessible by anyone interested place in the

public domain what would otherwise be unknown and it is also difficult to determine

whether competitors are illegally imitating a process since access to their plants is not

automatically granted'F', An additional problem with patenting unarticulated technolo

gy is that some of it is very difficult to describe for the purposes of legal protection.

If imitation does indeed occur, there is still another response by which firms can

sustain a technology advantage over competing firms. By creating new applications for

12°LaU& Streeten (1977) point out that patents are crucial for only some industries, recognizing that
technology transfers are generally a mix of patented and unpatented technology. Contractor (1981)
confirmed empirically that, while patents occurred in more than half of his sample agreements, they were
deemed crucial in a much smaller percentage. However, in cases where patents occurred compensation was
substantially higher than otherwise.

121The definition of a system has to do with the usefulness of the components standing alone.
Components can be said to be useful by themselves if all the other elements of the "system" are readily
available.

122Levin et al (1987).

1231n fact, Levin et al (1987) found secrecy to be relatively more important for processes than for
products.

124Von Hippel (1988) argues that especially users of process equipment innovations can profit from
it while keeping it hidden behind factory walls as a trade secret. Free dissemination is however hard to
prevent if know-how is embodied in equipment visible in a plant tour, since suppliers of process equipment
and customers are hard to exclude from visits.

125Mansfield et al (1979).
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old and new technology, a steady stream of new or of can be

launched, never allowing irnitators to catch up. Alternatively, the process technology

employed to manufacture the product can be continuously changed and improved. In this

situation of technological imitation and its are not a main

concern of the firm. The deciding factor in the long run is, instead, whether the capability

to generate new products and processes in a firm exceeds the rate of dissemination of

its technology, and if competitors can be deterred from given the prospects of

continuous investments needed to stay competitive. Pavitt emphasizes that firms

are well aware that the monopoly rent from any specific innovation is inevitably

temporary. This is why innovating firms concern themselves not only with protecting rent

from their innovations, but also with a continuous stream of innovations

based on firm-specific technology that accumulates over time.

Summary

In this chapter an effort has been made to present a number of researchers'

thoughts on voluntary and involuntary dissemination of technology in order to create a

theoretical frame of reference for the remainder of this Among the writings

brought in to cast light on voluntary dissemination of technology, Vernon's work on the

product life cycle, studies of the internationalization process, and parts of foreign direct

investment theory provide the most useful frames of reference. Regarding the issue of

involuntary dissemination of technology (and the struggle for profits from innovation), the

works of Schumpeter and Kirzner figure prominently. In addition, mechanisms of

involuntary technology dissemination have been discussed, together with the literature on

ways to protect proprietary technology and strategies to deter imitation. In the next two

chapters, empirical studies of voluntary and involuntary dissemination will be presented

and discussed.
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This is an introduction to the accumulated knowledge on international

firm voluntary dissemination of technology - technology transfer'r", It

the empirical work of a number of prominent researchers related to the "how"

and "when" of the international technology transfer process'F'. Common variables to

observed transfer patterns, in combination with a number of issues related to

international technology transfer, will be discussed. Also, some of the rare empirical

studies of transfer costs and transfer content are reviewed. Throughout the chapter, an

effort is made to scrutinize and discuss the reviewed studies in terms of results and

operationalizations of variables. As a result of this critical literature review, it will be

possible to extract a number of determinants that have been shown to affect international

transfer These determinants will later be used as control variables to explain

the behavior of Swedish MNCs when transferring manufacturing technology abroad.

Tables summarizing the empirical results of earlier studies concerning technology transfer

mode and will also be provided in the chapter.

It deserves to be pointed out that the huge field of research relating to macro-

economic of technology transfer, such as and Third World development and the

transfer of "appropriate technology", is not reviewed in this study.

126According to Contractor & Sagafi-Nejad (1981), international technology transfer emerged as a field
of inquiry in the late 1960s.

127Fortwo excellent literature reviews using different organizing structures to synthesize what we know
about the vast field of international technology transfer, see Contractor & Sagafi-Nejad (1981)and Reddy
& Zhao (1990).
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Studies of Transfer Mode and its Determinants

The mode of international technology transfer and its determinants has been

relatively well researched during the last decades. In a study of technology transfers in

the GEeD area, Pavitt (1971) shows that international technology transfers through

licensing agreements between independent firms, or between parent firms and their

foreign subsidiaries, grew rapidly between 1955 and 1964. Data on the outflow of U.S.

technology to Western Europe showed that an increasingly larger share was transferred

through foreign direct investment than through licensing agreements. (The shift of

emphasis was, however, much less pronounced for U.S. technology outflows to Canada

and Japan.) Pavitt's data also suggest that in the nlid-1960s there were considerable

differences among firms of the major technology-producing countries in the choice

between foreign direct investment or licensing on the one hand, and trade with

producers' goods on the otherl 28
• On the industry level, Pavitt's data show that, to a

certain extent, the choice of transfer mode seems to be industry dependent. In the

pharmaceutical industry, foreign direct investment was important when technology was

transferred internationally, while in the plastics industry the main transfer mode was

licensing agreements and joint ventures. In the aircraft industry, there was virtually no

foreign direct investment, partly because of factors related to military security. According

to Pavitt, these differences among industries are dependent on the extent of the

technological lead enjoyed by innovating firms, the extent of competition in the industry,

and the extent of specialization of firms in different product areas129.

In a study employing R&D projects for which foreign returns were estimated to

be of substantial importance, Mansfield et a1 (1979) using a sample of 23 U.S. firms show

128'-fhe u.s. accounted for about 55% of international technology flows through licensing and foreign
direct investment. Germany at this time showed a vastly different pattern, with firms preferring to exploit
their technology on foreign markets predominantly through exports. It is also suggested that transatlantic
technology transfer has relied mainly on foreign direct investment, while intra-European technology
transfer has been dominated by trade in producers' goods.

1291n the case of petrochemicals, it has been shown by Stobaugh (1969; 1970) that when various
petrochemicals are relatively new, direct investment is the dominant form of technology transfer but as
they become mature, licensing becomes dominant. One reason for this pattern is proposed to be the
changes over time in relative bargaining position between the firm and the host government.
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that the principal channel through which new technologies are anticipated to be exploited

abroad during the first five years after their commercialization is foreign subsidiaries'i",

In about 70% of the R&D projects studied, it was anticipated that product innovations

would first be exploited abroad by foreign production (within the while exports

were the favorite channel for initial exploitation of process innovations. A quarter of the

products were licensed but there was almost no process licensing':". Although

subsidiaries remain the principal channel of technology transfer over licensing

becomes more important and exports become less important in the second five years

than in the first five years after introduction of the technology. These observations are

supported by Vernon & Davidson (1979) whose data on 32 large U.S-based MNCs show

that in establishing a source of foreign production for over 200 innovations, the subsidiary

route is selected far more frequently than licensing. However, the degree of preference

for this mode of transfer decreases as the innovation ages.

Looking at licensing of technology by 43 U.S., European, and Canadian

MNCS132, Telesio (1979) finds that for MNCs that license only to supplement their

foreign direct investment, the amount of licensing'P is greater for companies that spent

more of sales on R&D. These amount of licensing is also greater if firms are more

diversified, are among the smaller firms in their industry'i", and if the firms have

130Although addressing an important issue, the results from the Mansfield et al study should not be
overestimated due to methodological problems. The sampling procedure is, for example, doubtful since
the sub-samples were constructed "essentially at random", and a number of arbitrary cut-off points are used
to exclude certain R&D projects from the sample. Also the data used are rough estimates concerning what
managers see as likely future events.

131The data indicate that firms are more likely to license innovations that are only marginally
profitable than innovations that are very profitable, and that firms are more likely to transfer very
profitable innovations via subsidiaries than by licensing.

13Zrhe actual regressions performed to investigate the role of determinants feature a number of
observations that range between 33 and 36. For information on the extent, nature of, and reasons for
licensing activities of Swedish firms, see Granstrand (1981).

133nle dependent variables are 1) a licensed sales index, measuring the proportion of total foreign
manufacturing sales accounted for by licenses; 2) a royalty index, measuring the importance of foreign
licensing revenues in relation to a firm's controlled foreign subsidiary sales; and 3) a licensee index,
measuring the number of times certain product lines are manufactured abroad by licensees as opposed to
the number of times all product lines are manufactured by total foreign operations.

134See also Stopford & Wells (1972) for similar results regarding firm size and the propensity to enter
minority joint ventures.
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relatively less experience with foreign operations (as measured the of total

sales manufactured abroad by controlled subsidiaries). it appears in Telesio's

that competition increases the willingness of diversified to license as an

alternative to foreign direct investment. Generally, diversified did seem

to try to preserve their competitive position in certain products as matured and

competition increased.

Davidson (1980)135 examines the foreign manufacturing histories of 954 commer

cially and technically significant products introduced between 1945 and 1976 by 57 U.S.

firms. The analysis of transfer mode is based on 32 firms and the 580 have

introduced since 1945. In this sample, over 40% of all transfers are to J..LII.II..!"-'IJ' ...... .i.!'Ul"-'JI.J.l.

licensees and minority-owned affiliates, but the rate of relative to direct

investment declined from 47% for products introduced 1946-1955, to 23% of an transfers

1966-1975. When the dependent variable "transfer is tested various

measures of experience, the results support the proposition that - both

general and specific - encourages the use of direct investment. in

initiating foreign manufacturing correlates significantly with the firm's aggregate

number of prior transfers, the aggregate number of the firm's transfers in

a country, the number of prior transfers the and the

number of earlier transfers of a given product. In less diversified firms use

licensing significantly less than highly diversified firms.

Licensing activity is also influenced by the licensor firm's structure.

Firms organized by domestic product divisions exhibit the rate of while

functionally organized firms exhibit a significantly lower rate of The

addition of an international division is connected with a in ucensmz

activity. Global product firms make extensive use of J.J.i .....a'iVJJv.li'U'iVJ.H 11~CeI1Sees, while global

matrix firms almost exclusively use foreign subsidiaries.

135Seealso the preceding research in Davidson & Harrigan (1977).

136Davidson used a "mean recipient value" which was calculated for each country. All transfers were
valued as 1 for an independent licensee, 2 for a minority-, 3 for a majority-owned affiliate, and 4 for a
wholly owned subsidiary. These values were summed for all transfers to each country and divided the
number of observations. Each transfer observation was then normalized by subtracting the mean
value for the host country and the period of transfer to arrive at an variable.
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Davidson also on the effects of a firm's technological lead on the choice

of transfer mode. For activity is substantially higher for non-R&D-

intensive firms in the early years of a life, while R&D-intensive firms exhibit

rising rates of as a ages. Also, that are imitations exhibit

higher-than-average rates of in the first five years of their life, while the bulk

of licensing for innovations appears later in the product's life. Similar

patterns are found in an examination of radical and incremental innovations: radical

innovations exhibit greater activity in later stages of the product's life.

The Davidson study is a comprehensive piece of research on the three basic

decisions on the timing, and destination of manufacturing technology transfer.

When it comes to the emphasis is placed on the effects of different

types of firm The results of the Davidson study are confirmed other

studies of international some of which are presented below.

In an offshoot of the 1980 study, Davidson (1983) uses a sample of U.S.-based

multinational having expressed a clear commitment to continued international

expansion and operation. The introduction of a significant new product into a foreign

market (recorded when a foreign licensee or affiliate initiated manufacturing of the

product) is recorded as the unit of observation for the study. The nature of the mode of

transfer activity is "transfer recipient," which is measured as the percentage of transfers

to affiliates versus independent licensees. "Transfer recipient" is analyzed with

respect to the organizational structure of the parent firm, using Stopford & Wens' (1972)

taxonomy of seven broad categories of organizational structure. The findings on a general

level are that the ability of a "global product structure" to support the objectives of

international operations should be questioned since it appears to be inferior to other

organizational structures performing international resource transfer. Looking at the

propensity to use licensing when exploiting foreign markets, Davidson finds that higher

rates of licensing appeared for firms in "global product structures" than for firms using

a "global matrix structure':"."

Davidson's (1983) is in that it focuses on "organizational

structure" and its effects on the mode of international transfer of manufacturing

137These results are supported by Egelhoff (1981).
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technology. Variables which operationalize the way the MNC is organized are rarely used

in studies of international technology transfer and Davidson's results are not intuitively

obvious. Looking at his choice of dependent variable, he uses the one most often chosen

by other authors in the field - a binary variable describing the choice between

owned subsidiaries (foreign direct investment) on the one hand, and different types of

licensing agreements on the other.

Although stressing the difficulties of leaping from corporate-level theorizing to

tests based on aggregate data, Contractor (1984) studies the country or industry ratio of

arm's-length licensing income of U.S. companies over direct investment income or its

equivalents. The results show that the propensity to use licensing increases with the

technology-receiving country's indigenous technical capabilities and decreases with the

level of economic development and with the level of industrialization. Support is found

for the ideas that the proportion of licensing increases with the ratio of managerial

employees in an industry's total employment (a proxy of a firms's expertise and possibility

to earn economic rents) and that licensing decreases with the amount of concessions and

incentives offered on direct investment.

Davidson & McFetridge (1985) examine the impact of recipient country, firm, and

technology characteristics on the choice between licensing and direct investment as a

vehicle for international technology transfer':". Using data on 1,226 intra-firm and

market technology transactions carried out by 32 U.S.-based MNCs during the period

1945-1978, strong statistical support is received for a number of variables hypothesized

to affect the transfer mode. The probability of using wholly-owned subsidiaries instead

of licensing was greater: a) for newer technologies, b) for technologies with fewer

previous transfers, c) for technologies closely related to the transferor's principal line of

business, d) the more R&D intensive the transferor was, e) if the transferor had an

affiliate in the receiving country prior to the transfer, and f) for transferors with more

prior technology transfers. Insofar as the characteristics of the receiving country were

concerned, the probability of using wholly-owned subsidiaries was greater: a) if the

138See also Davidson & McFetridge (1984), where roughly the same data are used to analyze the
determinants of technology transfer mode. In this study, a sample of 1,376 internal and arm's-length
(market) transactions involving high-technology products carried out by32 U.S.-based MNCs between 1945
and 1975 is used, and the discussion of the results is an attempt to contribute to the theory of the firm.
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receiving country bordered on the U.S., b) if the receiving country was predominantly

English-speaking, and, c) if the receiving country's religion was Protestant or Roman

Catholic (Sic). The relationships between transfer mode and selected public policies of

receiving countries were weak, while no relationship between transfer mode and the

economic characteristics of receiving countries was found.

In a detailed study of nine products in the petrochemicals area, Stobaugh (1988)

presents data on 586 transfers of manufacturing technology. He finds that somewhat

more than half of the transfers were made through licensing to unrelated parties. In

transfers that involved ownership of the recipient unit, wholly-owned subsidiaries heavily

outnumbered joint ventures. Results from a sub-sample of 447 transfers by petrochemical

manufacturers indicated that the decision to license or invest depended on the

competitive situation facing the technology-owning firm, the size of the technology-owning

firm, whether the transfer was international or domestic, and the characteristics of the

country in which the manufacturing facility was to be located. The tendency of the

technology owner to use licensing instead of investing in an own facility increased as

competition in technology and product markets increased'r'" and the smaller the firm

was. This tendency was further reinforced in the case of international transfers, in case

of transfers to developed countriesl'", and in the case of transfers to large mar-

139A company manufacturing a product with its own technology typically waited to make its first sale
to a licensee of the technology until competition based on an alternative technology was well established.
The initial sale in Stobaugh's sample occurred a median average of 22 years after the original
commercialization. It is suggested by Stobaugh's data that increased competition by one type of
competitors (manufacturers) had a greater impact on a firm in its home market than it did in its foreign
markets. For another type of competitor (engineering contractors) the impact was the same on both
domestic and international transfers.

140rrhis result is consistent with what is found in Contractor (1980b). Using aggregate data on 33
developed and developing recipient countries for U.S. technology supplier firms, Contractor (when
examining licensing) found that surrogate variables for a recipient nation's level of economic development,
industrialization, and indigenous technological capability influence the organizational mode of technology
transfer. Relatively more non-affiliate licensing was found in advanced nations. An important explanation
is thought to be the improved ability of firms in the recipient country to go-it-alone as independent
licensee as the economy develops, without the need for long-term equity relationship with the foreign
technology supplier.
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kets 141. Looking at the choice between wholly owned subsidiaries or joint ventures as

channels for technology transfer, the propensity to enter into a joint venture was

when a relatively small company was making the decision, when the transfer was an

international one, and when the technology was transferred to a

country.

In a study of 497 affiliates of Swedish MNCs, Blomstrom & reach

the conclusion that firms that have been in international business for a time seem

to become more experienced and interested in exploiting their technology in .Il. ............ p.J.ll ..... y

owned affiliates than in joint ventures. Firms with brief experience of

and with highly diversified product lines appeared to be the most to choose

minority ventures. Also, the authors claim that the size of the host country market turns

out to be an important determinant of the firm's choice of transfer mode. The likelihood

of equity-sharing increases with the size of the host market, provided it has reached a

certain size. Finally, the probability for joint ventures decreases with the level of

income/capita in the host country, which the authors believe to depend on the level

income measuring demand conditions in the host country.

Summary

There has been considerable interest in the transfer modes used by l\ANCs for

international technology transfer during the last decades. (For a summary of studies

described in terms of their variables, operationalizations, sample, and results, see Table

4:1142
.) The dependent variable used in the studies reviewed in this is most

often a dichotomous choice between wholly-owned subsidiaries and other modes

licensing and joint ventures). Very few studies, e.g. Stobaugh (1988) and Blomstrom &

Zejan (1989), include joint ventures as a distinctive category when the use

141However, Stobaugh found in interviews with managers of the technology-owning firms that they
preferred investment over licensing in large-market countries, for the simple reason that they wanted to
use available managerial resources in countries with the greatest economic potential.

142In Table 4:1, as well as in Table 4:2, (+) indicates a positive correlation between a variable and the
dependent variable in question, while (-) indicates a negative relationship.
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transfer modes. The unit of analysis is almost always the transfer of a new technology,

and the that emerges from these studies is fairly clear: MNCs prefer

owned subsidiaries when exploiting their technology internationally, although with the

of the other transfer modes such as licensing agreements and trade

seem to grow in importance.

As for the determinants of transfer modes, variables characterizing the firm, its

Vjl1.U.~"'-".LJLi., and the technology itself have been found to be useful in explaining the

action of the MNCs. The firm variables that affect the decision regarding transfer mode

relate to firm nationality, industry, size relative to competitors, degree of

R&D international experience, and experience of technology transfer. When

it comes to characterizing the firm's environment, focus is placed on different measures

of "distance" from the firm's home country to the recipient country, host market

and the presence in a country of the transferring firm. some studies

introduce the effects of the competitive situation on observed transfer

. Finally, looking at the technology itself, it is by its age and closeness to the

firm's principal line of business, and tends to be given relatively less attention.

143A number of researchers studying the international expansion of firms indirectly address the effects
of on technology transfer. Johanson & Mattsson (1985) believe that the findings of the

School are less valid in situations of highly internationalized firms. In these cases, they claim,
competitive forces create a heterogeneous pattern of entry opportunities affecting the firm's behavior. The
importance and effect of competitive factors are further underlined by Solvell (1987), where action patterns
of a firm are seen as dependent on the action-reaction pattern of the other incumbents of the
industry. Other writers pointing to the importance of competition in influencing international expansion
are Hymer and Pavitt (1971). According to these authors, firm action often has to do the
fear of leading edge technology to competitors, or the need to "defend" a foreign market more
effectively.
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Table 4:1: Variables Found to Affect Technology Transfer Mode

Varia ble Affecting Ooerationalization ~ Sample Dependent Variable
Mode and Result

Environment:

Distance between Recipient country Davidson & McFet- 1226 transfers by 32 Probability of transfer
recipient country and bordering on the U.S., ridge (1985) U.S. MNCs to wholly-owned
home country of the English speaking, subsidiary (+)
firm (also in terms of Protestant/Roman
language and religion) catholic

Recipient country Recipient country's Blomstrom & Zejan 497 affiliates of Swed- Probability of majori-
market size GNP; "Markets with (1989); Stobaugh ish MNCs; 447 trans- ty-owned recipient

relatively high popula- (1988) fers in the petrochem- (-); Propensity to li-
tions and incomes" ical industry cense (+)

Level of recipient Recipient country's Contractor (1984); Country-level data on Propensity to license
country development GOP/capita and per Blomstrom & Zejan licensing and direct (-); Probability of

cent of manufacturing (1989); Stobaugh foreign investment in- majority-owned affili-
in GOP; Recipient (1988) comes for U.S. firms; ate (+); Propensity
country's GNP/capita; 497 affiliates of Swed- to license (+)
"Developed country ish MNCs; 447 trans-
or not" fers in the petrochem-

ical industry

Level of recipient R&D expenditures Contractor (1984) Country-level data on Propensity to license
country indigenous and research person- licensing and direct (+)
technical capabilities nel normalized by investment incomes

population for U.S. firms

Competitive situation # of firms in control Stobaugh (1988) 447 transfers in the Propensity to license
of the technology petrochemical indus- (+)

try
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Table 4:1 (continued):

Variable Affecting Ooerationalization ~ Sample Dependent Variable

Mode and Result

Firm:

Level of firm's tech- R&D/sales ratio Telesio (1979); 43 U.S., European, Licensee sales index

nological activity Davidson (1980); and Canadian MNCs; ( +), Royalty index
Davidson & McFet- 1843 transfers of 580 ( +); Propensity to
ridge (1985) products by 32 U.S. license late in prod-

MNCs; 1226 transfers uct's life (+); Proba-
by 32 U.S. MNCs bility of transfer to

wholly-owned subsid-
iaries (+)

Level of systematic Ratio of managerial Contractor (1984) Country- and indus- Propensity to license
organization of infor- workers in total em- try-level data on Ii- (+)
rnalion ployment in U.S. censing and direct

industry investment incomes
for U.S. firms

Diversification 1 minus Herfindahl Telesio (1979); Blom- 43 U.S., European, Licensee sales index
index of distribution strom & Zejan (1989) and Canadian MNCs; (+), Royalty index
(over 6-digit indus- 497 affiliates of Swed- (+); Probability of
tries) of a firm's act iv- ish MNCs transfer to majority-

ities owned subsidiaries
(-)

Relative firm size Firm's total sales Telesio (1979) 43 U.S., European, Licensee sales index

relative to sales of the and Canadian MNCs (-), Royalty index (-),
industry'S largest Licensee index (-)
firms

Absolute firm size Annual sales Stobaugh (1988) 447 transfers in the Propensity to license
petrochemical indus- (-)
try

Firm's experience of Age of firm's oldest Telesio (1979); Blorn- 43 U.S., European, Licensee sales index

overseas production foreign manufacturing strom & Zejan (1989) and Canadian MNCs; (-), Royalty index (-),

affiliate (log) 497 affiliates of Swed- Licensee index (-);
ish MNCs Probability of majori-

ty-owned recipient
(+)

Firm's presence in Affiliate in recipient Davidson & McFet- 1226 transfers by 32 Probability of transfer

recipient country country or not in year ridge (1985) U.S. MNCs to wholly-owned
prior to transfer subsidiary

(+)

Firm's experience of # of foreign manufac- Davidson & McFet- 1226 transfers by 32 Probability of transfer

technology transfer turing locations be- ridge (1985) U.S. MNCs to wholly-owned

fore 1945 plus all subsidiary
transfers of individu- (-)
ally defined new prod-
uct technologies after
1945

Firm's experience of # of transfers of the Davidson & McFet- 1226 transfers by 32 Probability of transfer

technology transfer technology outside ridge (1985) U.S. MNCs to wholly-owned

the firm's home coun- subsidiary

try (-)
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Less than

Table 4:1 (continued):

Variable Nfecting Operationalization ~ Sample Dependent Variable
Mode and Result

Technology:

Technology age # of years since the Mansfield et.al. 23 U.S. MNCs; 200 Probability of transfer
technology's introduc- (1979); Vernon & innovations by 32 to wholly-owned
tion Davidson (1979); U.S. MNCs; 65 U.S. subsidiary (-)

Mansfield & Romeo technologies; 1226
(1980); Davidson & transfers by 32 U.S.
McFetridge (1985) MNCs

Importance of tech- Technology in the Davidson & McFet- 1226 transfers by 32 Probability of transfer
nology to firm same 3-digit SIC class ridge (1985) U.S. MNCs to wholly-owned
(technology's close- as the transferor's subsidiary (+)
ness to firm's princi- principal line of busi-
pal line of business) ness or not

Studies of Transfer Timing and its Determinants

A few empirical studies of technology transfer mode also feature analyses of the

timing of international technology transfer, that is if, when, and how often a technology

is transferred overseas. Three basic question are thus addressed: Is a ever

manufactured abroad? When is it first manufactured abroad? At what rate does

manufacturing spread abroad?

Davidson (1980), studying 954 commercially and technically significant new

products, confirms some of Vernon's product life cycle conclusions concerning the timing

of technology transfer. He shows that the "initial transfer lag," i.e. the time that passes

before the manufacturing technology is transferred the first time, has decreased

from 1945 to 1976. Products introduced in the early 1970s tend to be LJA,"J'~U.~\J~ abroad

much more quickly than those introduced in the immediate post-war

10% of the 174 products developed in the U.S. between 1945 and 1949 were produced

abroad within one year. By comparison, over 32% of the products introduced between

1970 and 1975 had been produced abroad within one year of their U.S. introduction. As

for the average annual "transfer rate," i.e. the average number of foreign subsidiaries

initiating manufacture of the product in each year following the first transfer of the
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the rate was higher for products introduced more recently during the post-

war

Davidson demonstrates that measures of the firm's experience emerge as generally

and consistently significant in explaining transfer timing patterns. Uncertainty levels

decline as the firm becomes more familiar with international operations in general and

with individual markets in particular. Both the parent firm's aggregate prior transfers and

its transfers in the industry positively affect transfer ratio and transfer rate, while initial

transfer lags are shortened when the measures of experience increase. Product diversity

also exhibits a significant relationship with transfer timing patterns. Firms active in five

industries or less initiate foreign manufacturing of a new product significantly faster than

more diverse firms. Also, products within the firm's principal industry are manufactured

abroad more quickly than products in other industries, regardless of the level of diversity.

Transfer ratios and transfer rates are also higher for products within the principal

When looking at organizational structure, Davidson (1980; 1983) finds that firms

with international divisions consistently are more able to realize experience effects in the

area of international technology transfer, i.e. manufacture new products more quickly and

extensively than firms in domestic functional and product structures. Firms organized

along global product lines are particularly conservative in initiating foreign manufacturing.

When distinguishing between innovations and imitations, it is found that transfer rates

and transfer ratios are higher for innovations than for imitations. Radical innovations also

exhibit slightly higher transfer ratios than incremental ones.

As for R&D activities in the transferor firm, firms spending more than the

average on R&D manufacture significantly more of their new products in foreign

subsidiaries. Also, firms spending more than the industry average on R&D initiate

\J"'-Jl.,'-4'Vi.-.I'JJ.( in subsidiaries more often than firms spending less than the industry average.

When studying the effect of firm size on transfer patterns, Davidson finds that small firms

144In addition to "initial transfer lag," and "transfer rate," Davidson uses "transfer ratio" to describe
transfer timing patterns. This ratio reflects the percentage of products that have been produced abroad
in at least one foreign subsidiary by the end of 1977.
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introduce products more rapidly abroad than large firms. Transfer ratios and three-year

transfer rates!" were also higher for small firms.

Mansfield & Romeo (1980) in a study of 65 U.S. technologies partly confirm

Baranson's (1976) case study-based suggestions that U.S.-based firms are becoming more

willing to transfer their newest technologies overseas. In the Mansfield & Romeo sample,

covering a wide range of industries, the authors found that the mean age of technologies

transferred to overseas subsidiaries in developed countries was six years. This was

significantly less than the mean age of technologies transferred to subsidiaries in

developing countries (about ten years). The mean age, but also the standard deviation,

of technologies transferred through licenses, joint ventures, and other channels than

subsidiaries was higher than the mean age of the technologies transferred to subsidiar

ies':". In the part of the sample where technologies were transferred to subsidiaries in

developed countries, the proportion of transfer of less than five-year-old technologies was

about 27% in 1960-1968, and increased to 75% in 1969-1975147.

Davidson (1983) uses three measures of the timing of transfer activity: "transfer

lag," "transfer rate," and "transfer ratio" (the percentage of all products introduced by the

firm in the U.S. which had been transferred to at least one foreign market by 1978). 

Patterns in each of these three dependent variables were analyzed with respect to the

organizational structure of the parent firm. It was found that the transfer lags were

longer, the transfer rate lower, and the transfer ratio lower in the firms organized along

the lines of "global product divisions" than in firms using other organizational structures.

For a summary of studies on the timing of technology transfer and its determi

nants, see Table 4:2.

145Th e average number of foreign subsidiaries initiating manufacturing in the three years following the
first international transfer of the technology.

146rrhisis consistent with the findings in Mansfield et al (1979) that firms tend to transfer their newest
technology overseas through subsidiaries rather than licensing or joint ventures but that the later channels
become more important as the technology gets older.

147Technologies licensed to or jointly exploited with non-U.S. firms were no newer at the time of
transfer in 1969-1978 than in 1960-1968.
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Table 4:2: Variables Found to Affect Technology Transfer Timing

Variable Affecting Operationalization Study Sample Dependent Variable
Timing and Result

Environment:

Level of recipient GNP/capita, manufac- Mansfield & Romeo 65 U.S. technologies Mean age of technol-
country development turing as a percentage (1980) ogy transferred to

of GDP, # of scien- overseas subsidiaries
tists and engineers (-)

Finn:

Relative finn size Size of finn relative Davidson (1980) 954 products intro- Transfer lag (+)
to industry leader duced by 57 U.S. Transfer rate (-)

MNCs Transfer ratio (-)

Finn's R&D activity Finn's R&D expendi- Davidson (1980) 954 products intro- Transfer ratio (+)
tures relative to aver- duced by 57 U.S.
age spending in the MNCs
industry

Finn's experience of Finn's # of prior Davidson (1980) 954 products intro- Initial transfer lag (-)
technology transfer transfers in all indus- duced by 57 U.S. Transfer rate (+)

tries at time of pro- MNCs Transfer ratio (+)
duct introduction

Firm's experience of Finn's # of prior Davidson (1980) 954 products intro- Initial transfer lag (-)
technology transfer transfers in the prod- duced by 57 U.S. Transfer rate (+)

uct's industry at time MNCs Transfer ratio (+)
of product introduc-
tion

Diversification # of SIC 3-digit in- Davidson (1980) 954 products intro- Transfer lag (+)
dustries in which the duced by 57 U.S.
finn manufactured at MNCs
the time of product
introduction

Finn's organizational Stopford & Well's 7 Davidson (1980, 954 products intro- Transfer lag
structure categories (domestic 1983) duced by 57 U.S. Transfer rate

functional, functional MNCs
with international
division, domestic
product, product with
international division,
global product, global
area, global matrix

Technology

Technology's close- Product in the same Davidson (1980) 954 products intro- Transfer lag (-)
ness to finn's princi- 3-digit SIC class as duced by 57 U.s. Transfer rate (+)
pal line of business the finn's principal MNCs Transfer ratio (+)

industry

Product type Innovation (as op- Davidson (1980) 954 products intro- Transfer rate (+)
posed to imitation) duced by 57 U.S. Transfer ratio (+)

MNCs
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To conclude the review of studies on international ih:::,,,,.h1l""1>rt.lr.. rv.r, transter, one the

fairly unique studies that add empirical data to our about the process

costs':" of international technology transfer will be Teece

argues that the transfer costs depend on the characteristics of the the

receiver, the technology being transferred, and the institutional mode chosen for transfer.

He provides evidence on the costs (excluding royalties) of and de

bugging in 26 cases of technology transfer U.S. MNCs. The author focuses on the

costs of transfer of technology in a number of international horizontal transfers

as

owneddesign stage. The transferees were

independent private enterprises, and government

the broad categories "chemicals and refining" and

The main point Teece makes is that it is inappropriate to

something that, once acquired by one firm, can be made available to others at zero cost.

Teece argues that it is plausible that a dominant consideration in the international

transfer of technology is the cost of transferv'" once attention is to both transmit-

with 't-rn7'lc"lhav costs

tal and absorption costs. For the sample as a whole, transfer costs "JI'lT<::::>rr:1 nra,r! 19% of total

project costs. There is, however, considerable variation in the

ranging from 2-59% of total project costs':",

148Mansfield (1975) distinguishes transfer cost as outlays for engineering consultation prior to building
a plant, costs of transferring engineering information concerning the process and/or and of
supervising the detailed engineering. In addition, he mentions R&D costs involved adapting
technology, and costs due to low labor productivity and poor product quality during the period when
workers are learning to utilize the new technology.

149rrechnology transfer costs are defined as the costs of transmitting and absorbing all of the relevant
unembodied knowledge. At the operational level they include: cost of pre-engineering technological
exchanges during which the basic characteristics of the technology are revealed to the transferee;
engineering costs associated with transferring the process or product design; R&D costs involved in
problem solving, adapting or modifying the technology; and pre-start-up training costs and "excess
manufacturing costs" (learning and debugging costs).

150For other studies indicating that international transfer costs are far from small, see Contractor
(1981), and Mansfield et al (1983). In the latter study, it is noted that transfer costs averaged
about 20% of the total cost of establishing an overseas plant.
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In line with the works of it is found that the key determinants of

transfer costs are with technology transfer and with the technology itself. Skills

in the units and a of technologies are also important in keeping

transfer costs down, i.e. "learning occurs in international technology transfer.

Based on econometric the number of manufacturing start-ups, the number of

firms the and the number of years of manufacturing experience of

the transferee turn out to have significant effects on transfer costs151. This

is generally not true about transferee size, the extent of its R&D activities, or the level

of GNP per in the country where the transferee is located.

The of Teece's are interesting in that behavior according to

Vernon's model is facilitated, since transfer costs are found to decline after

first and with the further dissemination of the technology. The results also

suggest that the of transfer costs varies across industries. Technology transfer

in chemicals and petroleum refining, for example, displays relatively low transfer costs as

a percentage of total project costs compared to machinery technologies. Presumably this

is the case because it is possible to embody sophisticated process technology in capital

equipment, which in turn facilitates the transfer process.

It is often that international technology transfer involves development and

production engineering activities and generally results in some modification and

improvement. In this context, Lyons (1987) points out that in Teece's (1976) study

managers considered international transfer to be more expensive than domestic transfer

only in half of all cases (with international transfer cheaper in half the remaining

cases). while the costs of technology transfer are high, the international dimension

does not further increase them, at least when channeled through MNCs to

advanced countries. the overall impression from Mansfield et al (1979) is that the

international element of the costs of transfer is not a great hurdle, provided

transfer occurs between similar countries and is carried out within an MNC.

151In the chemicals and petroleum refining industries, the second start-up could lower transfer costs
by about 34 % below the first start-up, and the third start-up could lower transfer costs by about 19 %.
In the machinery industry, the manufacturing experience of the transferee and the age of the technology
have very large effects on transfer costs.
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Teece's data also reveal an increase in transfer costs of 5% for transfers to joint

ventures, about 9% for transfers to non-government enterprises in which there is no

equity participation the transferor, and about 17% for transfers to government

in which there is no equity participation by the transferor, when compared

to costs of transfer to wholly-owned subsidiaries. These results are consistent with the

suggestions made by Casson (1979).

A very rare large-sample empirical study of what is actually transferred to a

recipient unit was conducted by Davies (1977), who examined 199 collaboration

agreements between British and Indian firms 152
• When looking at the frequency with

which 6 categories of tangibles and personnel'V were provided to the Indian firm by

the British transferor of technology, Davies found that each category was supplied more

frequently under joint ventures than under licensing. If the items were grouped as limited,

intermediate, or comprehensive packages, it was shown that a relatively small number of

the licensing agreements in the sample provided the most complete package (involving

both plant and personnel transfer) in comparison with joint venture agreements. It is

made clear that licensing agreements centered around engineering and production alone:

68 % of the purely technical agreements provided no assistance in areas like manage

ment, marketing information, and information on sources of supply, compared with 43%

of the joint ventures. Finally, Davies showed that licensing agreements provided less open

assistance than the joint ventures. In the case of licensing to an Indian partner, British

firms rarely revealed technologies other than those strictly relevant to a particular

product.

152As pointed out by Baranson (1970) and Contractor (1980b), the idea that the composition and
organizational mode of a technology transfer is a function of the recipient company's "technical absorptive
capacity" and of the recipient nation's level of development has appeared in the literature without
articulation or testing. For case study-based evidence, see Hall & Johnson (1970) and Behrman &
Wallender (1976). The latter authors claim that the flows of technology are quite different in the case of
wholly-owned subsidiaries, minority-owned ventures, and independent licensing. In a number of case
studies, the authors discuss types of manufacturing technologies and mechanisms of transfer in the case
of MNC transfer to wholly-owned subsidiaries.

15Yrhe six categories are: design, specifications and drawings; examples of the product; components,
intermediates; plant; managers; and plant-level personnel.
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Discussion

In the following, the principal findings and the different (groups of) U.l,",lv~v.lJl\uv!H,

variables used to explain observed patterns of technology transfer will be identified and

examined. (The results in the reviewed body of research are summarized in Tables 4:1

and 4:2.) Attention will also be drawn to other related issues that are especiauv

for understanding international technology transfer patterns, although these issues to a

large extent (sometimes for good reasons) have been neglected by researchers.

What is known about voluntary transfer of manufacturing technology in MNCs is

limited to a fairly small number of variables, describing the mode and timing of transfer.

Reasonable consensus has been established among researchers regarding two

facts about international technology transfer patterns. First, a number of studies

emphasize the role of wholly- or majority-owned subsidiaries as the channel for

international transfer of manufacturing technology. Second, there is almost unanimous

agreement that the time lag between the introduction of a new product and the first

international transfer of manufacturing capabilities has decreased dramatically in recent

yearsl'".

Looking at the variables used to characterize the mode of transfer, most

researchers single out wholly-owned subsidiaries and pit the transfers to this category

against all other forms of transfer mode. Often, the only distinction made is the one

between foreign direct investment (transfer to wholly-owned subsidiaries) and licensing.

As for timing, the most commonly used variables are the proportion of transferred

products or technologies, time to first transfer, and the number of transfers within a

certain time period.

A host of different variables have been employed to the international

technology transfer patterns. The determinants of transfer mode and fall

within three categories: variables characterizing the firm's environment related to

154The results of Mansfield et al (1979) suggest that Vernon's product life cycle may be less valid than
in the past, since the export stage has been truncated or eliminated by modern MNCs. The findings of
Davidson (1980), Mansfield & Romeo (1980) and Mansfield et al (1982) also seem to support the
reasoning in Vernon (1979) where it is argued that the increase in geographical reach of technology
providing firms has reduced the time to transfer of manufacturing technology. Interesting in this context
is the Hedlund & Kverneland (1984) finding that Swedish MNCs often omit the "sales subsidiary step"
when investing in Japan.
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the firm and the 'tpr'hnr\ir"o"" When it comes to characteriz-

"-A.....,1V'L.<" .. '~~. .....,'-" Western economy.

ing the environment, particular focus is

the firm's home a

on different measures of "Cl11"Y"l1!<r:llT'1,i"'lrT" with

host

", ....,-.-... .........", market size and 1"'~'l'YIIr.£:l>i-'.... l'\l::'= situation are shown to

variables that affect the MNC's transfer decisions have to do with firm size

relative to competitors), degree of R&D and different of

......fl>.IIJ ......L ..................... 'v. One group of researchers the firm's of international

activities as a factor influencing choice of transfer mode155 and destination. ~'<T,n=?'''="'l''''''''CA

of international is often related to the number of subsidiaries

established at the time of transfer and i-h r-« " ......h1'" to increase the use of subsidiaries as

oftransfer. Some studies alsofor

the sense of having affiliates in the

which leads to the choice of subsidiaries as recmients for 'tt:>r'lhnr.lr"l,nN;T tr<:l11t""i-IO>V"°.L..IV

find that transfer costsand MansfieldAuthors such as Teece

are influenced by the number of n1l'":::l>'II:11''""\1I1(' '=lr\·nll r»<:l1"lAl'1I" of a tpr'·hnn.lr'Hnr 1!,.'L§Ji;"....,"~.Jl......,A with the

understanding of it

than fixed assets or

the involved. In this accumulation of skins, rather

facilitates the process of 'tpr"lhnAHr"'f'n:1 transfer. The P'Vll"IO>1r"lCA"t''\1"'1O>

factor is believed to consist of scale economies and l=n'l'"~""111nl'"'il benefits

and This seems consonant with the of economic

studies where the characteristics and nature of

historians, such as .s..'ll.U'.,y ...... JlJ!L)",..IJ! &;;. (1970), who stresses that the process of 1l-"" ...... .lJlJlJl.'LIJI. ....Jj;;.,y transfer

-.n.r''""\1I''V'Ilr'l..rr':::llC' "1.l3<r:llrrll1141f'r to share Ban.1I"'n11i"'lr..... in the course of innovative

It is rare to find

disseminated 1"a,.-,.h1l4i,.....!r""'.....r are extensrvetv discussed and rrle~2..S1U1If''';(1~~ nll'll-h".... ll .. ,..,.1h researchers

like have claimed that "'it,ol"'hnr.IAl'lnr1 transfer

e,g. Telesio (1979), and Blomstrom & (1989).

number of researchers explicitly or implicitly bring up other forms of as
explanations for observed transfer When Pavitt (1971) for example discusses "German"
strategy of he points to importance of the firms' historical Most probably, the
fact that German lost all international assets twice during this century of when
explaining their somewhat unconventional choice of technology transfer mode.
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the of "information" transferred is 1C"1t""I>£:h", .. i· .. £:hril ....... '. While researchers have

JL"U"."UWl''V'Wl on variables that are ".-co I ni· .." T£:h II", easy to Ineasure, little attention has been

to ",r)"r1n.~",I,,;:;((" E,,!hn.·lrnE'·'ta1;"1iP7111"'lC'l1 i"£:l>F"Ir,n""lr'lllY'li:' The few variables used when to

have to do with type or AJU.liY."<ul.,"Jl~.LJ.

1C"1"......., .. I"-lr .. 'lt"'«, to the firm's core p:r()('1~11('."t'-"U'. The actual methods of transfer

the V!.U' ............ .Il"-'U of the reciments to assimilate the transferred technology are also rarely

of VIIJ'vJl.(Jta.~'U'Jl..I.UJ.J1.L.(..aIl...!.'\..J'.a.J!.>:) found within the 3 categories of determinants

unsophisticated the to

of the formidable cnauenze

and Mansfield et a1

of 1I,."'-''''''.LJl.JL.i.~J.'''Jp;., 'f are, even in the

lLl\!..Jl.Jl~'-'I""liJl both Teece

114r"11P,n1hIA'n the nature of 1I-aE'·h1Y\r~er,."n1r as one of the determinants of transfer costs,

h·.p'~t1iY1ltF"'-nt of t,:::J:.E'·!h"t"'\\rtlr'l\f1n(, characteristics is rather rucimentarv in the few studies where

of variable is used. What is measured is, for example, technology age, and the

relation to the MNC's principle line of business. In Teece's case, "chara-

-.. ....... p"'L ................ studies

of the transferred itself.

crude method of characterization of +aE'·!h;n""lr-.,,"IfY in .o.1n'""lT\1r1E"n

is 'LI1lJ.....,Jl.~.... I.~,J.Il.Jl~.4.1.~L• .....,"-'l as the "number of pre-transfer manufacturing

"'V,";.IlA"A~"''LIF.Y," and "the number of firms utilizing similar and

for the age, these variables seem to

of variables the firm and the environment more than

cteristics

,('>r\'lr."',;:;~rn~,Q>r~".,~ of economics domain where most of the studies reviewed in this

still not the "black box" of nrm-tecnnoiozv... ..JU

of MNCs the issue hypothesizes that J\JlNCs are
producnon of information that is less to through markets than within

of 'information' into five distinct types: information required for 1) discovery
cevetopment of the 3) development of their function, 4) creation

markets, and knowing degree to which creators of can appropriate to
tnemserves the returns on the new information.

crscipnne is still struggling what Nelson (1980) has called the of the
economic treatment of knowledge." On the one hand, knowledge is characterized by its public-goods

cost. On the other, evidence has shown that is, in fact,
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easy to reproduce and reuse, and that firms can produce and use innovations mainly by

taking freely from a general stock or pool of technology'j",

However, assuming that technology comes free is contradicted by the growing

literature on MNCs and international technology transfer. There are a number of

researchers currently developing a more differentiated view of technology. For example,

Pavitt (1985; 1988) stresses that technology is firm-specific, differentiated knowledge

about specific applications. It is tacit and often uncodified, and largely cumulative within

firms. In addition to costly production, technology is therefore costly to disseminate and

to teach, even within an organization. Indeed, it is known from multiple studies that the

costs of transfer (and for that matter of imitation) vary widely between cases. Given this

knowledge about technology, it is somewhat surprising that the characteristics of

technology that have been applied when studying transfer patterns have been so

disconnected from recent developments on the theoretical side. It should be obvious that

the prevailing waysto characterize technology couldpotentiallybe considerably refined.This

problem will be discussed in Chapter 7, and an attempt will be made to arrive at fruitful

operationalizations of characteristics of technology, which can be applied as determinants

of technology transfer patterns.

159See Arrow (1962a; 1969) and Johnson (1970) for examples of this view.
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CHAPTER 5: INVOLUNTARY DISSEMINATION OF

TECHNOLOGY

In the old days, the risks of international business included fraud, storms and

piracy. Today, goods are rarely stolen in large quantities, but technology is still "captured"

by pirates harrying in the sea of ideas and skills. Involuntary dissemination of technology

is often rapid, and new generations of technical and managerial knowledge can often be

found all around the world shortly after introductionl'", In some studies, the technolog

ical level and innovative activities of imitators are seen as even more important factors

in international dissemination of innovations than the voluntary technology transfer by

MNCS161.

Although imitation is a conspicuous process, its properties are not well under

stood''". It is known that firms copy other firms, but it has been difficult to specify the

details of the process. It is not easy to predict which firms will imitate innovations first,

which technologies will spread faster than others, and in what order and in which ways

different organizations will adopt a particular technology. This chapter presents the

relatively limited empirical evidence about involuntary dissemination of technology and

firms' efforts to stop the erosion of temporary monopolies.

1601n 1988, a joint statement on intellectual property protection was issued by the European, Japanese,
and U.S. business communities, where the problem of low imitation costs compared to development costs
was pointed out. For example, the group claimed that a new family of semiconductor integrated circuits
costs roughly USD 100 million to design, but could be copied for less than USD 1 million. For a
description of the spread of multi-divisional form of organizing the firm, see Chandler (1962). Five types
of explanations for the spread of this organizational form, including a "mimicking" hypothesis presented
by DiMaggio & Powell (1983), were tested in Fliegstein (1985).

161See for example Stoneman (1983).

162March (1981).
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Studies of Technology Imitation and Appropriation

Mansfield (1985), studying a sample of 100 U.S. firms in 13 manufacturing

industries, found that a firm's decision to develop a major new product or process is on

average known to its rivals within 12-18 months. For about one fifth of the firms,

information about new product development on average leaked out within six months.

Although the difference measured by the median was less than six months, process

development decisions tended to leak out more slowly than product development

decisions in practically all industries.

Information about the detailed nature and operation of a new product or process

generally leaked out within about a year after a new product was developed; rivals had

the information about how a product functions and how it is produced roughly within six

months in more than one third of the cases. For new production processes, the detailed

information leaked out more slowly, generally within 15 months. With the exception of

processes in a few industries like chemicals, there was little inter-industry difference in

the rate of dissemination of technical information in Mansfield's sample,

The Mansfield study points to the fact that innovating firms struggle to survive in

a system where the undesirable technology dissemination to potential rivals is rather

rapid in relation to the time it takes to develop an innovation. The data collected are

obviously rough approximations since they are solely based on estimates of managers

trying to assess when rivals had received information about new technologies. Of course,

it should also be remembered that the fact that information of the kind described leaks

out relatively quickly does not mean that imitation will occur equally fast.

The findings of Mansfield & Romeo (1980) provide some of the first empirical

evidence concerning the effects of technology transfer to an overseas subsidiary U.S.

firms'". The authors focused on how quickly after a transfer the technology became

known to non-U.S. competitors and how soon the first non-U.S. competitor introduced

163Although addressing an important issue, the results from Mansfield & Romeo's study should not
be overestimated due to methodological problems. As for the sampling procedure, 26 technologies were
chosen "essentially at random" from a sample of 65 technologies also chosen essentially at random from
a group of technologies which had been transferred overseas by 31 U.S.-based firms 1960-1978. The
underlying sample of firms was also selected "essentially at random." It is also unclear what a "technology"
means in the context of this study.
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a competing product or process. Estimates of this sort were obtained for 26 technologies

(used by 15 firms) chosen "essentially at random" from a larger sample of 65 technolo

gies. The mean lag between the technology transfer and the time when some non-U.S.

competitor got to know about the existence of the technology was about four years.

In about 25% of the cases, executives of the firms in the sample felt that the

international technology transfer probably hastened foreigners' access to the technologies

by at least two-and-a-half years. It was also indicated by the managers that the transfer

of process technology tended to hasten imitation more than did the transfer of product

technology. According to the managers, the most frequent channel by which the

technology "leaked out" was reverse engineering, i.e, competitors took apart and analyzed

the new or modified products to gain insight into the technology. Also, information

provided by patents and hiring away of personnel were judged to play significant roles

in the imitation process.

Directly addressing the question of imitation (as opposed to the spread of

knowledge about the technique), the authors estimate that in one-third of the cases the

product or process was imitated by a non-U.S. competitor at least 2.5 years earlier than

would have been expected without transfer. Again, there were indications that this effect

tended to be greater for process technology than for products.

In a study of imitation costs and time to imitation by Mansfield et al (1981), 48

product innovations in the chemical, drug, electronics, and machinery industries were

examined'?', About 70% of the innovations were patented and in all cases except one

the imitator received no help from the innovating firm. The average ratio of imitation

costs165 to innovation cost was about 0.65, and the average ratio of imitation time to

innovation time about 0.70. There was considerable variation around these averages: in

about half of the cases the ratio of imitation cost to innovation cost was either less than

164Theinnovations were again chosen "more or less at random" from among a (to the reader unknown)
number of firms (also chosen "more or less random"). Estimates of innovation and imitation costs were
collected from respondents in the innovating firms.

165By "imitation costs" Mansfield et al mean "all costs of developing and introducing the imitative
product, including applied research, product specification, pilot plant or prototype construction, investment
in plant and equipment, and manufacturing and marketing start-up."
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0.40 or more than 0.90166
• In about half the cases the ratio of imitation time relative to

innovation time was either less than 0.40 or more than 1.00. In about one seventh of the

cases the imitation cost was no smaller than the innovation cost. Based on interviews with

firm managers, the authors claim that this was due to these innovating

"'r'\1~T"lInon·Ia..l:" I['11T,a.r1r'\r know-how, i.e. better and more extensive technical information based

on experience with the development and production of related products

and processes.

As for the determinants of imitation costs, data were collected for 28 of the

innovations. The ratio of imitation cost to innovation cost seems to be inversely

related to the proportion of the innovation cost that is spent on research. The reason

behind this is that the existence of a product limits the imitator's needed efforts in the

area of research. It is also dependent on whether or not the imitator is forced to do

extensive of the product, as is often the case in ethical drugs. Also the ratio

between imitation to innovation cost tends to be small if the product involves a new use

for an material, where some firm other than the innovator has patented the

material, From an industrial organization point of view, it is noteworthy that the average

ratio of imitation cost to innovation cost in an industry seems to be positively correlated

with the concentration level.

Patent protection did not make it impossible to imitate products. Based on data

from 43 of the the authors found that within four years of their introduction,

60% of the innovations in the sample had been imitated. Patents, however,

tended to increase imitation costs, particularly in the pharmaceutical industry. In the

as a whole, patents on average were estimated to increase the ratio of imitation

costs to innovation costs around 11%, ranging from 7% for electronics to 30% for

ethical

based on a rather small sample and sometimes the use of rough

, the Mansfield et al is interesting in that it highlights the rather rapid

166Svensson's (1990) results regarding the extreme difficulties of measuring innovation costs should
lead to certain caution when interpreting these results.

example, in the 14 (out of 48) cases where imitation had not occurred, estimates of imitation
time and costs were given by the innovating firms.
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imitation of patented product innovations, and points to the importance of know-how

connected to the product and its manufacturing for deterring imitation.

Estimates of imitation costs consistent with the Mansfield et a1 (1981) results were

made by Levin et al (1987). Partly in order to investigate the of firms to

appropriate the returns from private investment in the authors conducted a survey

based on answers from 650 R&D executives in 130 different manufacturing industries.

In the Levin et al study, duplicating "major innovations" tends to cost more and take

longer than duplicating "typical innovations." Also, for a given category of innovation, the

costs and time required to duplicate are distributed very similarly for products and

processes. Finally, patents tend to raise imitation costs and time before imitation for each

category of innovation. Patents were estimated to raise imitation costs as a

percentage of the innovator's R&D cost) by about 40% for both major and new

drugs, by about 30% for major new chemical products, and by 25% for chemical

products. In electronics, the results for semiconductors, computers, and communications

equipment ranged between 7 and 15% for major products, and 7-10% for

products.

An interesting finding is that the number of rivals capable of imitation is

small. The median and modal number of firms capable of imitating a process or

product innovation is three to five, while six to ten competitors are capable of .1.1J..1J. .. IL-l. .. .1J..1J;;

a typical innovation.

When looking at the most effective ways of learning about rival

managers on the average rated independent R&D as the most effective means. .A..JJ. ... ,"-'.L •. oJJ..Lll~

was also, on average, rated as an important way of gaining access to a rival's new

technology, as was reverse engineering of products. The various mechanisms on

inter-personal communication (publications and technical meetings, informal conversa

tions, and hiring away employees) were strongly inter-correlated.

Finally, several of the questions in the Levin et al (1987) study opinions

about the effectiveness of patents as a means of capturing and protecting the compara

tive advantages of new and improved production processes and products. The results

were quite striking. For new processes, patents were on average rated the least effective
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mechanism of appropriation''", Specifically, only three industries rated process patents

above 5 on a 7 point scale of effectiveness in preventing imitation. Patents for products

were typically considered more effective than those for processes. Generally, lead time,

learning curves, and sales and service efforts were regarded as substantially more

effective than patents in protecting products. Only 20% of the sampled businesses rated

the effectiveness of products above 5 on a 7-point scale. Almost all fell into two groups:

chemical products or close relatives (inorganic chemicals, plastic materials, synthetic

fibers, synthetic rubber, and glass), and relatively uncomplicated mechanical equipment

(air and gas compressors, power-driven hand tools, oil-field machinery, etc.)169.

In their study, the authors also suggest that the mechanism of appropriation can

possibly be reduced to two dimensions: one associated with the use of patents, the other

related to secrecy, lead time, and learning curve advantages. For product innovations,

sales and service efforts may be involved in the second of these dimensions.

To understand why patent protection is sometimes weak, Levin et al asked

respondents to rate the importance of possible limitations on patent effectiveness. The

ability of competitors to legally "invent around" both product and process patents was

rated higher than 5 on a 7 point scale of importance by 60% of the responding industries.

Only one other constraint - the lack of ready patentability for new processes - was rated

this important by more than 20%170. Limitations on patents were generally considered

more severe for processes than for products. In particular, the lack of patentability was

more serious for processes than for products, and so was the disclosure of information

through patent documents.

According to a study by de Melto et al (1980) Canadian firms recognized

important innovations being developed elsewhere and used their resources to copy (and

possibly improve upon) these innovations, based on technology developed in-house for

168rrhe other mechanisms were secrecy, lead time, moving quickly down the learning curve, and
superior sales or service efforts.

169Products from steel rolling and finishing mills also belonged to the industries ranking product
patents as relatively effective.

170nte other limitations studied were "firms do not enforce patents," "patent documents disclose too
much information," "patents unlikely to be valid if challenged," "technology moving so fast that patents are
irrelevant," "firms participate in cross-licensing agreement with competitors," and "licensing required by
court decision."
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that purpose. In the sample of 280 significant innovations commercialized in Canada

between 1960 and 1979, half of the commercializations of products or processes

characterized as imitations resulted from "reverse engineering."

A study by Kim & Kim (1985), examining 42 Korean firms, presents data

suggesting that "the informal transfer" of technology by foreign machinery producers plays

an important role in local innovations. First, foreign firms might sell their products to

local users, from which local innovators can learn and creatively imitate. Second, foreign

suppliers sometimes release catalogs and other technical information hoping to be able

to sen their products. The data indicates that 87% of the studied firms collected catalogs

of related foreign products from local agents or directly from foreign producers. In this

group, 94% of the respondents replied that they had benefitted from them. Third, when

a related foreign product is not locally available, firms might send key technical personnel

to foreign producers to examine products and obtain catalogs and product specifications.

A quarter of the firms mentioned that they had benefitted to a great extent from such

visits to foreign suppliers.

Discussion

Empirical evidence regarding involuntary dissemination is rather fragmentary, and

studies often display serious methodological problems. A combination of small sample

size and doubtful sampling procedures makes the reliability of results questionable in

many of the studies. One exception is the Levin et al (1987) study, which seems to

present the most solid empirical results on issues like imitation costs, number of potential

imitators, and mechanisms of imitation.

and large, however, there is sparse evidence when it comes to involuntary

dissemination patterns. Time to imitation, characteristics of imitator firms, and their

determinants are not studied extensively. In fact, very few of the determinants suggested

to affect the time to imitation in the literature (discussed in Chapter 3) have been

applied in the empirical work presented in this chapter. The effects of variables like the

loss of key personnel, secrecy in connection with the manufacturing process, and the use

of wholly-owned subsidiaries (versus licensing) have not been tested. Neither have
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different characteristics of technology like the observability of products and processes, nor

the tacitness of technical know-how been applied as determinants of imitation patterns.

There is also a lack of focus on characteristics of the environment in a wider sense;

variables dealing with "societal" aspects like mobility of personnel, type of educational

system, effectiveness of patent laws, etc, have not figured prominently in empirical studies

of time to imitation.

In this study, an attempt will be made to examine the effects of a number of these

less studied determinants on the timing of imitation. In the context of innovations by

Swedish MNCs, data on the types of imitator firms will also be provided, as well as data

on the effectiveness of different means of protecting new technology from imitation.
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6: CASE

Introduction

The pilot studies consist of in-depth studies of two Swedish MNCs, Flakt and Atlas

Copco, together accounting for 3 products included in a list of major Swedish innovations

compiled by Wallmark & McQueen (1986)171. The companies have a high percentage of

sales and employees outside Sweden; they are large enough to have a significant number

of important foreign subsidiaries and substantial experience of international business and

technology transfer'F. Whereas both companies market their goods to industrial buyers,

they operate in different industries and sell products which differ considerably both when

it comes to design and function. Although selected much for reasons of convenience.'?',

the chosen innovations illustrate a number of important issues in the international

dissemination of technology and together give important insights into technology

characteristics and dissemination patterns.

The choice of Flakt as one of the companies in the pilot study created the

possibility of studying the characteristics and exploitation of two innovations within the

same business area and in the context of the same firm. The benefits of this design

include the possibility for the control of industry and firm variations when studying the

nature of technologies and their international dissemination. As it turned out, both

technology characteristics and the dissemination patterns for the different technologies

were very different within the same firm. The choice of Atlas Copco gave an understand-

171 Innovations from the same list are used to construct the sample used in the survey part of this
study. For details, see Chapter 8.

172Some characteristics of the two firms can be found in Appendix G.

173eertain inventors and managers - like Berndt Kaltin at Flakt (inventor of the flash dryer for pulp) 
were especially accommodating when contacted, and gave freely of their time and experience. The need

to obtain in-depth information made it convenient to study the innovations related to such complaisant
respondents in the case histories.
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ing of the nature and dissemination of a type of innovation which must be considered

rather typical, given what is known about Swedish MNCs in terms of the industries they

are active in, their customers, and their products.

The pilot cases offered an excellent opportunity to explore variations in technology

dissemination patterns and to examine the technology characteristics underlying such

differences. At the same time, it must be noted that the very small size and restricted

nature of the pilot sample make it inappropriate to generalize about this part of the

study. Instead, the information gained in the pilot study was used when designing the

questionnaire study (discussed in Chapter 8) and when operationalizing the technology

characteristics variables used as determinants in the analyses of dissemination patterns.

Methodology in the Pilot

The field work began with open-ended interviews of managers and technical staff

at the corporate and division levels. The principal informants were identified during early

field work; the preferred respondents were inventors/innovators who had gone on to

become responsible for commercializing and transferring the technology on an

international scale. An interview guide was used to check that all relevant issues were

covered during semi-structured interviews. Questions were thus not posed in a

predetermined order since a spontaneous discussion was preferred. Persons interviewed

were encouraged to speak about, and elaborate especially on, those issues they felt were

the most important. Preparatory collection of data before the interviews made it possible

to spend most of the time in the companies discussing main problem areas, and only

limited time on collecting general information about the innovations and the companies.

In addition to oral information, written documents describing interesting variables were

collected during the interviews. The reliability of the pilot case studies was increased by

the opportunity to pose the same questions to several managers in the companies.

Answers could be cross-checked and it was possible to analyze differences in responses.

Using the case method for pilot studies in the context of this study made it

possible to undertake a broad study without focusing in advance on a limited number of

variables or relationships. The pilot studies resulted in a first impression and understand-

88



ing of the effects of technology characteristics on the patterns of voluntary and

involuntary dissemination. In addition to increasing the understanding of the exploitation

process, the pilot studies also gave a comprehension of the dimensions of technology

relevant in the context of the study of technology dissemination and for the availability

of data, thus contributing in a major way to the design of the questionnaire used in the

survey part of the research.

Critics of qualitative analysis - and its implicit companion, the case study - have

pointed out some principal problems with the approach. Miles (1979) sees within-case

analysis as "essentially intuitive, primitive, and unmanageable," and cross-case analysis as

"even less well formulated than within-site analysis." He states that without renewed

efforts at methodological inquiry, "qualitative research on organizations cannot be

expected to transcend story-telling." In a reply, Yin (1981) reaffirms the role of the case

study as a systematic research tool. He argues that although major improvements in case

study research still have to be made, an acceptable craft has already emerged. Yin

concludes that case studies can indeed be conducted systematically, and that case study

practice can be dramatically improved by applying what is already knownl?". Concerned

with the study of mechanisms enabling an organization to deviate from the culture in

which it is embedded, Simon (1991, p. 128) writes:

"If we are concerned about the imprecision of case studies as research
data, we can console ourselves by noting that a man named Darwin was
able to write a very persuasive (perhaps even correct) book on the origin
of species on the basis of a study of the Galapagos Islands and a few other
cases. To the best of my recollection, there are no statistics in Darwin's
book."

Other supporters of the case study are Hagg & Hedlund (1978) and Valdelin

(1974). The criticism that a case study cannot provide any basis for generalization since

174A case study, according to Yin, does not imply the use of any particular kind of data; case studies
can be done using either qualitative or quantitative evidence. The evidence may come from fieldwork,
archival records, verbal reports, observation, or any combination of these. What the case study represents
is a research strategy, to be likened to an experiment, a history, or a simulation. As a strategy, the
distinguishing characteristic of a case study is that it attempts to examine a contemporary phenomenon
in its real-life context, especially if the boundaries between the phenomenon and context are not clearly
evident.
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it overemphasizes data and observations and building in the generation

of knowledge is refuted by Hagg & Hedlund. In addition, the authors argue that case

studies can have important roles in the "testing" of hypotheses. What is referred to is the

use of counter-factual case studies to disconfirm theories and support others.

Yin (1981) distinguishes between three types of case studies: exploratory,

descriptive, and explanatory. The pilot case studies in this study can be seen as both

exploratory and explanatory. They are important for an exploration of what variables

seem to affect international technology transfer and and at the same time for

constructing an explanation for what in each single case of technology

dissemination. An analogous situation to a case study can be found in doing

detective where the detective must construct an of a crime. Presented

with the scene of the crime, its description, and possible reports from the

detective must start making decisions regarding the relevance of various data. Some facts

of the case win turn out to be unrelated to the crime; other clues must be recognized as

such and be pursued vigorously. The adequate explanation for the crime then becomes

a plausible rendition of a motive, opportunity, and method that beats other explanations

in accounting for facts. Important is that an not a single variable or factor,

is tested.

Studies

Fliikt The Company

FHikt's Pulp & Paper

Flakt was founded as AB Svenska Flaktfabriken in Jonkoping, Sweden, in 1920.

Early products were fans, ducts, and drying systems for the and paper industry. Flakt

was internationally oriented from the very start, dryers to Swedish Match plants

"-,~ ...""y .... ",,,.., .. and pulp dryers and heat recovery equipment to mills in North America.

After a twenty-year period of gradual establishment overseas and modest expansion in

the 1940s, the period between 1950 and 1970 was characterized by rapid internationaliz

ation.
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Flakt is a highly innovative company. Since 1945 it has developed four products

characterized as major Swedish innovations and McQueen, 1986). The

company is among the world's leading in energy, and environmental

technology. Its fields include indoor climate control, air pollution ....,.<c;" LA "I'~

industrial and processes based on air technology, as well as energy conservation.

Equipment and are delivered, and installed through the Flakt companies

or through specialist

In 1987, total group sales amounted to USD 2 billion and earnings after financial

income and expenses were approximately USD 50 minion. Operations were concentrated

in four regions: The Nordic Countries (38%), Western Europe (21%), Asia

and North America (16%). The total share of sales generated in foreign markets

amounted to 80%.

the Flakt the parent company, Flakt AB of Stockholm,

and 1110re than 90 subsidiaries and associated companies in 33 countries. It is one of the

500 largest industrial organizations outside of the United States. Flakt has been a

subsidiary of ASEA AB since and in early 1988 it was acquired 100% by ASEA and

now belongs to the ABB group.

Industrial

When Flakt started its international expansion the company already had a main

product within the field of pulp the so-caned H-dryer. This product the

start of a continuous to new solutions to the of

drying pulp. Since 1929 Flakt has from 400 pulp dryer

installations.

Energy combined with the controlled transfer of heat and are

prerequisites for modern machines. Dryers with control equipment and tailor-made

turnkey installations equipment for materials handling, dust separation, heat

recovery, scrubbing, and incineration are some of the most important products and

lJVW""'VL..I.JLIJ. The drying varies with the type of product. For the pulp and paper

Flakt delivers primarily drying systems, heat recovery ;:')V~'lCIU~"
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controls, air pollution control equipment and vacuum cleaning systems. Today, more than

2/3 of the world's marketed pulp is dried with Flakt equipment.

Innovation I· The Fe Pulp Dryer With Airborne Pulp Web

Since the 1930s, web-type dryers have gradually replaced cylinder dryers (which

were the only available type of dryer before 1929), giving customers pulp with higher

brightness, increased capacity, lower energy consumption, and higher operational

reliability leading to less maintenance. In the web-type dryer manufactured the

web never touches any heated steel surfaces and the pulp-web temperature is low.

Also, in most cases, the web-type dryer is operated at a lower steam pressure than old

cylinder dryers, enabling customers to increase power production substantially in turbines.

In the first pulp dryers that Flakt built starting in the late 1920s, the web was

transported on mechanical conveyors (horizontal dryer type "H"), and on rolls (vertical

dryer type "W"). Heated air was circulated inside the dryer around the pulp web175. In

1956 Flakt introduced the first pulp dryer with an airborne pulp web (type "L"), This was

a pivotal breakthrough as the pulp drying machine speeds could now be increased

(currently up to 900 meters per minute) which was necessary for the new larger drying

machines.

Before Flakt's introduction of the Fe dryer, the innovation of primary interest

here, in 1966, the pulp web tension in dryers with airborne pulp web of the "L" type was

rather high due to the large spacing between the blow box decks. A minimum lowest web

tension therefore had to be maintained to avoid sheet flutter in the dryer, and mainly

craft pulp could be dried. S. Wallin and L.-G. Brandt, two engineers at Flakt, invented

a device featuring parallel blow boxes utilizing the Bernoulli principle to lift the web a

few millimeters clear of the drying deck and locate it at fixed height above the bottom

blow box, Air was impinged through "eye-lids" parallel with the paper web.

The innovation emerged as a solution to a problem given to Flakt by some

Swedish sack kraft producers who wanted "tension-less" drying of sack kraft paper, so

175The dryer were of high quality, which is emphasized by four machines built between 1930 and 1935
still being in production at Ostrands Bruk.
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that the paper could get stronger by shrinking freely and also dry evenly in the cross

machine direction. The new technology made it possible to achieve stable transportation

of pulp and light-paper webs on a weak fixing air stream. The distance between the blow

box nozzles and the pulp web is very short. Thus the impingement power of the air jets

win be fully utilized for efficient heat transfer to the pulp web.

Most important, the low web tensions relative to other air and cylinder dryers

makes it possible to handle pulp webs with lower tensile strength, i.e. short-fibered

cellulose. Birch, beech, eucalyptus and mixed tropical hardwood are a few of the low

tensile strength pulp webs that can be dried. Through tension-free and shrink-free drying

the ductibility of the paper was improved considerably, especially across the fibers.

Today's dryers are equipped with steam coils and fans specially designed and manufac

tured by Flakt for the pulp dryer application.

The principle has been further developed in so called compact dryers.

The bottom blow box deck for tension-less transport of the web is the same in both

generations of dryers. In the compact dryer, however, a patented moveable upper blow

box deck is added, resulting in a 50% increase of the drying efficiency in a corresponding

ly smaller dryer.

Technology: The manufacturing technology being rather complex, the Fe dryer

is extremely dependent on the manufacturing skills of the producer. The "eye-lids" in the

blow boxes require great precision - tolerances down to 1/10 of a millimeter. The edges

must not be sharp since dust otherwise will enter the system. Also, input material used

in the manufacturing process is important. Steel plates are specially ordered and designed

according to Flakt's specifications. As for steam batteries and fans, Flakt's Swedish

subsidiary Coiltech has especially designed these components to meet the requirements

of the dryer. Special tools and much experience on part of the work force is key for being

able to build a good Fe dryer. Very little information about actual manufacturing

activities is conveyed by blueprints, and manufacturing personnel must undergo on-the

job training, sometimes in a kind of apprentice role, to learn their jobs. Because of the

importance of experienced, well-trained workers with experience from working together,

90% of the dryers are manufactured in Jonkoping and Vaxjd, Sweden.

International Technology Dissemination: After an initial period of selling dryers

of the type described above for drying sack kraft paper in a relatively small and stagnant
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world market, the FC dryer was applied to various kinds of pulp drying and 75 machines

were rapidly sold in world markets between 1966 and 1980. A close cooperation between

Flakt Sweden and the Canadian subsidiary developed, and manufacturing .L"-.L.I.''-JV'1l1....- .....I:=:.....

was transferred to Canada in 1976. A primary reason for the transfer of the technology

was that transportation costs and custom duties made exports to expensive. Over the

years, the Canadian subsidiary has developed a slightly different way of manufacturing

the dryers because of high component prices and assembly costs.

Also, contacts between Flakt Sweden and subsidiaries in the forest-rich countries

of Finland and Brazil have been frequent and close for different reasons but core parts

of the manufacturing process have not been transferred. In the case of Brazil personnel

from local subcontractors have been invited to Sweden to study manufacturing in Vaxjo

and receive training, since this is the only way certain "tricks" regarding the manufacturing

of the Fe dryer can be conveyed. Tooling is also sent to and the design of the

dryers is sometimes altered slightly to conform to Brazilian manufacturing methods.

As to imitation, dryers of the Hand W types were not protected by patents and

were in time imitated by Canadian, East-German, Italian, and French competitors. The

L dryer was protected patents when it was introduced in 1956 but copied by Ross Inc.

in the 1960s. Flakt was not able to enforce patents rights in the ensuing legal procedures.

In the case of the Fe dryer the patenting of the blow boxes with eye-lids was very

successful and contributed to non-imitation.

The loss of key employees has been a problem throughout the history of Flakt's

web-type pulp In the 1950s and 1960s, Flakt in Italy educated personnel in the

area of dryers and two employees later left the company and built up what became

Flakt's main local competitor. Another example is a small family-run firm, Leckner,

where the H-dryer idea was brought along from Flakt by an ex-employee. In the case of

the Fe-dryer? however, the manufacturing and materials technologies are too complex

for anyone or even a few people to take to a competitor. Some key employees were

indeed lost in the 1970s, but this did not result in imitation of the FC
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Innovation II· The Flash Dryer

Since the first flash dryer was installed in the late 1950s, the drying method has

gained an increasingly large part of the pulp drying market because of its low investment

costs and facilitated operation'J", Today, approximately 10-15% of all pulp in the world

market are dried in flash dryers.

The first flash dryers were built by a Canadian company which licensed the

technology to the Norwegian company Nielsen. A Danish company, Niro, was also

building flash dryers at this time. Flakt was concentrating on the traditional web-type pulp

dryers but had started building flash dryers which in the 1960s were perceived as a

potential threat to the web-type dryers. A new type of Flash Dryer, the innovation of

interest here, was developed by Flakt in 1969. The patented system reduced energy

consumption and investment costs and provided gentle treatment of the pulp, unlike

some earlier dryers which could cause overheating and thus damage to the pulp.

Flakt's initial version of a co-current process dryer avoided too high temperatures

but the thermal heating efficiency was low. Efficiency was increased by introducing two

drying stages with recirculation and reheating of the drying air, and by using lower drying

air temperatures in the sensitive final stage. After the development work had passed the

laboratory stage, a full scale test of the new technology was made by rebuilding an old

Flakt Flash Dryer. The experiment was a success and Flakt started producing and selling

the new flash dryer.

Since 1974, Flakt has sold the majority of all flash dryers for mechanical pulp in

the world and all but one for chemical pUlp177. Before Flakt's innovation, Niro

cooperated with the Swedish company Sunds Defibrator, offering a complete package for

pulp drying. When the Flakt dryers started outselling Niro's all over the world, Sunds

dissolved the connection with Niro and started cooperating with Flakt, Today, Flakt sells

176In a flash drying system, pulp is de-watered, fluffed and dried in gases with much higher
temperatures than normally used in a conventional web-type dryer. Therefore, when designing a flash dryer
special attention must be paid to the factors which can cause over-heating of the pulp.

177In 1974, Flakt sold all but one of the flash dryers installed in the world that year. Niro, taking the
remaining order (a low priced contract) by "giving away a dryer for free," failed to meet the guaranteed
production capacity volume and closed their operations soon thereafter.
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systems where their dryer, accounting for about 1/3 of the total system cost, is matched

with the Sunds products surrounding the drying process?".

Technology: The flash drying process involves many technologies: pulp air

heating, fan technology and dust collecting, all in-house technologies within Flakt. This

has made it possible for Flakt to develop the components of the flash dryer with special

focus on the total system optimization. Knowledge about the properties of air in varying

conditions (about its uses in processes, how it behaves when it flows, and how gases and

dust can be removed from it) form the basis for Flakt's operations in the pulp dryer

market. There is also an important element of knowing or learning-by-doing which makes

it necessary to build new dryers frequently in order to be competitive. Design construc

tion engineers need constant exposure to the type of work required of them in order to

learn and improve on the product.

Scale economies are unimportant in the case of the flash dryer and the process

is rather flexible also in other respects. This is illustrated by the fact that changes in the

design of the dryer have been made without causing any manufacturing problems.

However, the quality of components used in manufacturing, often supplied by

subcontractors, has to be strictly controlled to guarantee the functioning of the

It is relatively easy to understand the mechanics of a flash dryer by looking at a

blueprint. Writing a manual describing the manufacturing technology causes no

and it is easy to produce the different parts. A slight exception is transport fans, which

are more complicated to understand and manufacture than the rest of the This

greater complexity is due to the fairly large mass and power of the pulp in the

creating an extra load on the fan wheels. The transport fans are also affected by a dust

problem such as dust clogs fans and burners in the dryer.

The pulp fibers cause similar problems as dust, which means that a high

of separation between pulp and gas is required in the so-called cyclones. To solve this

problem, FHikt has drawn upon its experience in the field of dust/material .... """ ..".................... ''W'Jl ...

The traditional competence was applied to the problem of collecting separating

fibers (which from the collection point of view are different from particle-shaped

material) from the air. After successful development efforts, the special

1781n a flash drying plant matching of the components is essential for the successful operation of the
system as the different parts of the system influence the performance of the subsequent components.
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""'........... "'JL.....,,,.... ,,y collecting fibrous material were designed. New applications had been generated

from knowledge already existing in the company.

The problematic part of building a flash dryer is the dimensioning of the dryer,

since the is more than the sum of the parts. As a result, a great number of

do not work. For example, the Canadian company Dunbar & Stangel, which was

LlU.UUll1.1l;;:. flash in the 1960s, was forced out of business because of law suits for not

A.l.1'"" ...... L.llJ.i~ guarantees. Because of the importance of reference projects, Flakt's policy has

always been to spend considerable effort to make sure that the an installations will work

as In some cases, extra dryers have been built in connection with the initial,

flawed installation at no cost to the customer just to dry the pulp.

Also increasing the importance of knowledge in the area of dimensioning is the

fact that it is almost impossible to make a flash dryer function properly if the initial

calculations are wrong. For example, the steam batteries used for preheating cannot be

adjusted, which means that the dimensioning of the different parts of the dryer to get the

appropriate drying times is absolutely crucial. Since the pulp is only in the dryer for

approximately 20 seconds, the tolerance for mistakes regarding drying time and

U.I..ll..L.JI. ......llL.:).1'U.JI.JillJilJ;;" is very low.

International Technology Dissemination: The percentage of flash sold

outside Sweden has been extremely high, almost 100% of the revenues have been

~"""".""""''U\.''''-'''''''' internationally ever since the product was introduced. Already in the early

1970s, manufacturing technology related to an earlier version of the drying system was

transferred to New Zealand, and Finland. In the latter half of the

related to the manufacturing of a new generation of flash was

transferred to subsidiaries in France and Canada.

When the technology was transferred internationally in the early Swedish

enzmeers were sent around the world to assist the installation of flash This form

of transfer was costly since the "task force" consisted of a small number of

needed in Sweden (and not always willing to travel). most of the

....,.. "'" carried by the experts in the task forces has been transferred to selected

~UlJ':).JI.,.. l.llU..!l..JI.,""lJl., with one vital exception. Knowledge in the area of dryer-dimensioning is

contained in a program developed by Flakt in Sweden. The program is

UII..J"~U\\.,""Uq using feed-back from the different installation sites around the world.
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If this feed-back does not function, Flakt fears that competence and development will

stagnate and competitors will move in. It is also believed that there are many other

advantages to having a central office where this type of knowledge is collected. If local

feed-back is used (people in subsidiaries dig out old documentation to look at what they

did last time), experience never enters the system at the Group level and no collective

learning takes place.

The contents of the computer program are applied when dimensioning sensitive

parts of the dryer. For example, the drying towers must be designed to give the required

drying time for the pulp. Factors influencing the evaporation capacity and drying time of

the pulp are pulp quality, freeness, fluffing, drying interval, air velocity, etc. To master

the process of dimensioning, taking all these factors into account, is of utmost importance

for a producer of flash dryers. Flakt's knowledge, now comprised largely of the computer

program, is based on many years of measurements carried out on many types of

installations over long time periods. To optimize data and design for new drying

applications, results from tests at bench- or pilot-plant scale performed at Flakt's R&D

center in Vaxjo, Sweden, are also taken into account. The data has been compiled and

analyzed and the computer program now can be used to dimension, calculate weights and

set prices leading to a standard offer to the customers.

If a potential imitator should acquire the blueprints and the computer program,

it would be feasible to build Flakt's flash dryers, since the patent expired in 1986.

Proprietary control of the knowledge today is exercised by restricted access to the

accumulated learning in the area of dimensioning the flash dryers. Secrecy has so far

been possible even though the knowledge has been codified and thereby potentially

obtainable to anyone getting access to the computer program. Over the years, Flakt has

also managed to keep its key employees working with the flash dryer from leaving the

company to the benefit of competitors.

FUikt in Canada: In Canada, Flakt employs a total of 200 people in three

companies (Flakt Canada Ltd., with head office in Ottawa, Ontario, Flakt Ross Inc., and

Flakt Quebec Inc., headquartered in Montreal, Ouebecj'?", Since Canada is the largest

producer of market pulp in the world, Flakt's Canadian subsidiary activities were in the

179Branchoffices are located in Toronto, Calgary, and Vancouver.
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beginning centered around pulp dryers, but today air pollution control equipment also

plays an important role.

Initially, Flakt Sweden exported web-type dryers to Canada, which was expensive

because of transportation costs and custom duties. For the last 10 years, the Canadian

subsidiaries have manufactured and sold their own web-type dryers. In addition to

manufacturing web-type dryers, the Canadian subsidiaries handle the installation, start-up

process, and the breaking-in of the equipment. The use of Canadian subcontractors has

been used, which has lead to a certain adaptation to Canadian production techniques.

Flakt Canada also dominates the market for flash dryers, having secured ten flash

dryers installations in Canada during the last eight years. In 1979 the Canadian subsidiary

began to manufacture their first flash dryers. The transfer of technology was accom

plished with the help of Swedish engineers sent to Canada. The transfer of manufacturing

techniques went relatively smoothly since flash dryers in general are manufactured close

to the installation site and the engineers at Flakt Sweden thereby were experienced in

technology transfer.

Relatively quickly less and less assistance was required from headquarters in

Sweden. When the second flash dryer was installed in Canada, Sweden helped only with

the lay-out and the dimensioning of the dryer. Installations no. 3 and 4 were carried out

entirely by the Canadians, except that the mentioned computer program for dimensioning

the different parts of the dryer was used by the Swedes, and the results were sent back

to Canada for implementation.

Flakt wants the subsidiaries in the important Canadian market to grow and

develop expertise in the area of pulp drying. Because Flakt is trying to learn from its

operations of its subsidiaries, it has transferred certain skills to the Canadian operations

to enable them to develop their own capabilities. Some of this learning is then codified

and entered as data for centralized computer access. By codifying knowledge the costs

of transfer and learning are lowered, but at the same time the risk of imitation is

increased. Thus, the dimensioning-related knowledge codified in the computer program

is not shared with any subsidiaries but kept and guarded in Sweden.
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Atlas Copco's Hydraulic Rock Drill

Atlas Copco - The Company

The original firm in the Atlas Copco Group - named AB Atlas - was founded in

Stockholm in 1873 and engaged in the manufacturing of rolling stock for the railways,

heavy machinery, and machine tools. A special department for rock drills and tools was

formed already in 1901; production of rock drilling equipment started in 1905. Exports

to neighboring countries took place as early as the 1880s, but establishment of foreign

sales agents or subsidiaries had to wait until after the turn of the century. In the late

1940s a new light high-speed drilling machine was introduced, which became a key

component in the revolutionary rock-drilling technology dubbed "the Swedish method."

At this point it became increasingly important to build sales and technical service

networks in foreign markets. Wholly owned subsidiaries were the preferred way of

providing appropriate service to customers and 23 sales subsidiaries were established

within a short time,

Atlas Copco's traditional businesses are compressors, mining and construction

equipment, industrial automation and production equipment. Today, the company sells

approximately 3,000 products and services to 250,000 registered customers through sales

companies in more than 50 countries. In addition the group's products are sold through

independent distributors in another 85 countries. Manufacturing is conducted at 39

factories in 14 countries. In 1987, 91% of group sales were generated outside Sweden,

the largest markets being found in Europe (54% of group sales), North America (14%),

South America (9%) and Asia (8%). The number of employees was in the area of

19,000, of which 78% were employed outside Sweden.

One of the six divisions, Atlas Copeo MCT (Mining and Construction Technique),

develops, manufactures, and markets drilling rigs, rock drills, and breakers. Division

headquarters are in Nacka, Sweden, and products are manufactured in Sweden and seven

other countries. Invoiced sales of the MeT division in 1987 amounted to USD 560

million, and profits corresponded to 6% of sales. Europe has remained the most

important market for pneumatic and hydraulic drilling equipment sold by with

North America and South Africa in second and third place.
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Since the early 1970s, hydraulic rock drilling equipment has been a success story

for Atlas Copco. Between 1973 and 1983, the Swedish company earned USD 250 million

selling rock drilling equipment of this kind. Hydraulic drills have considerably increased

drilling efficiency and improved working conditions, in particular in underground mines.

Rock Drilling

There are many different ways to drill in rock, and the type of rock determines

the choice of drilling method. The hardness and mineral composition of the rock ate

critical factors in the wear on the drill-steel equipment and influence the choice of hard

metal pieces in the drilling bit. Percussive drilling is the most common method of rock

drilling and is used for most kinds of rock. In this process energy is transmitted to the

rock via a drill steel with cemented carbide inserts. The vital component of the rock drill

is the piston, which strikes the shank of the drill rod. The kinetic energy is then

transmitted to the rod in the form of a shock-wave.

Extensive mechanization of rock drilling has taken place during the last few

decades. The transition into mechanical drilling started with the introduction of machine-

rigs to carry the drilling tools. The rig supplies the drill with fuel, air, water, oil, and

lubricants, and is fully adapted to the drills it will carry. A whole system costs approxi

mately USD 400,000 of which the price of the drill is about USD 50,000. The normal life

time of a rock drill - the heart of the drilling machine - is 5-6 years, while a rig normally

functions for 10-15 years, thus creating a market for replacement drills. In addition to

rigs, drilling equipment includes hand-held and mechanical drilling machinery, as well as

transportable compressors.

The Hydraulic Rock Drill

In the early 1970s, a number of producers of pneumatic rock drilling equipment

started to develop the hydraulic technique which was demanded by customers interested
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in more efficient drilling machines. Today, 1/3 of all the rigs sold in the world are

equipped with hydraulic drills, while the rest are of the pneumatic kind. Due to the

difference in productivity, half of all drilling holes in the world are made by hydraulic

rock drills. Hydraulic equipment is considerably more expensive in terms of capital

investment than pneumatic equipment. The hydraulic technology has, however, doubled

drilling speed, reduced energy consumption to 1/3, as well as reduced noise levels and

environmental damage. Another effect of the introduction of hydraulic equipment is

increased life of drill steels. One estimate is that the hydraulic technique reduces drill

steel consumption by 50 %.

The first company to introduce the new type of equipment in the market was the

French company Montabert. Atlas Copco learned from the initial quality problems that

the French incurred. In 1973, Atlas introduced the first reliable hydraulic rock drill - the

COP 1038 HD. Superior penetration rate, operational reliability and low drilling costs

were fundamental reasons why the COP 1038 became the world's best selling hydraulic

rock drill.

Atlas Copco realized early that the use of hydraulic technology gave an

opportunity to use a more optimal type of piston. Accordingly, a decision was taken to

produce a drill with a so-called "long and slender rock drill piston." Using this design the

piston operated with a higher impact energy than a thicker piston at the same maximum

stress on the drill steel. Until very recently Atlas Copco has been the only producer using

this solution. The competitors have used hydraulics but not the "slim piston" design.

Atlas Copco also began to produce a patented hydraulic shock absorber which

until recently was unique in the industry. The shock absorber inside the drill protected

the feed and boom of the rig from destructive forces. Installing a hydraulic shock

absorber into the drill turned out to be very problematic, and Atlas Copco had some

trouble with reliability of their initial products. Eventually the problems were solved, and

the new feature could be used to motivate a higher price of the drill since wear was

decreased and the life of drill-steel increased. The latter aspect was extremely important,

since a large part of the costs in connection with rock drilling is the result of drill steel

consumption.

Atlas Copco's foremost competitor in the area of hydraulic drilling is the Finnish

company Tamrock. The two companies share roughly 1/3 of the world market. Unlike
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Tamrock, Atlas Copco emphasizes strong local subsidiaries with knowledge about the

products.A world-wide network of more than 400 fully equipped service centers in over

50 countries has been set up, and 2,000 service engineers and mechanics are employed

around the world. When new equipment is delivered, Atlas Copco's local units handle

the start-up and the supervision of machine operations during an initial period. On-site

training programs for operators and maintenance personnel are also carried out.

Knowledge concerning the manufacturing of hydraulic rock drills is, however, not diffused

since production is centralized to Sweden.

Technology: A key success factor in the rock drilling industry is know-how in the

area of production technology. The production techniques are universal and known to

all competitors in the industry, but the specific know-how in order how to produce a

certain product is firm-specific, if not plant-specific. This is one of the reasons for Atlas

Copco to train all construction engineers, marketing- and service-personnel in Sweden.

In theory, it should thus be easy to imitate a hydraulic rock drill since it in terms

of a blueprint is a fairly simple product. In practice, however, it is very difficult. As a

technical director at Atlas Copco puts it: "Any person with some technical background

can figure out the pneumatic drills, just like they can understand the principles of a

hydraulic drill. But to build a hydraulic drill is an entirely different story ...."

The materials used and the different parts of the drill are extremely difficult to

manufacture. "Reverse engineering" and other methods to get hold of the manufacturing

technology by observing and analyzing the final product or the manufacturing process are

therefore strongly impaired. The manufacturing of a piston, for example, is extremely

complicated since the hardening of the steel is a very sensitive process. The mix of

chemicals used in the hardening bath is difficult to duplicate and the cooling of the

finished part is highly complicated. The attitude at Atlas Copco summarizes the

difficulties in the manufacturing process: "If we subcontracted out the manufacture of

pistons, they would look like an S!" Also the finishing of the parts is important and

difficult. Tolerances are very small: certain diametrical plays, for example, must not

amount to more than 3-15/100 mm.

In the manufacturing of hydraulic rock drills, scale economies are important and

components from subcontractors have to be rigorously controlled.
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Due to the uninhibited use (often misuse) of the rock drilling equipment in the

field, after-sales service becomes a very important activity. To understand where the

problems lie and to be able to solve them when a rock drill stops takes extensive

experience, often of "hands-on-type." Therefore, Atlas Copco constantly educates

personnel to maintain service networks that cover all markets of any significance. Sales

agents with less technical experience are normally used only when markets are considered

relatively less important,

International Dissemination of Technology: Although manufactured in Sweden

already in the early 1970s and generating from 70-90% of sales outside Sweden, Atlas

Copco did not start the international manufacturing of hydraulic rock drills until the mid

1980s. After a transfer of key knowledge regarding the manufacturing technology to a

wholly-owned subsidiary in West-Germany in 1985, the technology was licensed to the

People's Republic of China in 1987.

In the late 1970s, four experienced, international competitors (Tamrock, BOART,

Furukawa, and Gardner-Denver) developed similar, competitive products based on the

same technology as Atlas Copco. In 1988 these four competitors together had a world

market share of 60%.

Atlas Copco in China: Insight into the characteristics of Atlas Copco's knowledge

and technology, and their implications for technology transfer, can be gained by looking

at how production know-how since 1985 has been transferred to the P.R.C. through a

ten-year licensing agreement.

Atlas Copco has only licensed its production technology to the Chinese. The

strategy behind the licensing of the technology is to keep competitors out of the Chinese

market. It is also believed that by the time the ten year period comes to an end, Atlas

will have new, superior products, thereby reducing the impact of potential imitation by

the licensee. Here, Atlas Copco enters a gamble in which they believe that their

to build on their combinative capability is in excess of the rate of diffusion of the initial

knowledge.

The Chinese had built early versions of pneumatic rock drills using an obsolete

production technology. This training facilitated the adoption of the production technology

of Atlas Copco's "1238" drill and rig. As an example, the Chinese did have experience

with the numerically controlled machinery which has to be used to produce Atlas Copco's
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products. The education of the Chinese engineers and production workers still takes

much time and effort, since production of hydraulic rock drills is a complex activity.

Swedish engineers and workers show blueprints and discuss them with the Chinese. The

know-how is transferred through an ongoing process of questions and answers, as well

as through hands-on instruction while producing. A large amount of time is spent on

especially crucial parts of the production process. An example is the filing of the holes

in the steel pistons.

The idea of the Chinese venture is to build a base of production-related know-how

in China, i.e. to replicate knowledge by building up well-functioning contract work.

Because of the low level of general knowledge about hydraulic rock-drills in China, Atlas

Copco had to transfer large amounts of rather basic technical knowledge.

What is not transferred is knowledge about developing rock drilling technologies. "Our

contractual obligation for the time being," as one engineer at Atlas Copco expresses it,

"is to teach the Chinese to manufacture rock drills of today, we do not discuss our future

strategies!" Atlas Copco thus trains the Chinese to use the technology in a prescribed

way. They have not been given the capabilities to create new uses of the technology by

developing or expanding it. In this way, Atlas Copco hopes to transfer its current

production techniques, while preserving the value of its future technological develop

ments.

Issues Raised Pilot Case Studies

The three innovations analyzed in the pilot study display very different

characteristics of technology and dissemination patterns, although developed in similar

firm environrnents'f". A comparison of the cases highlights a couple of central issues. Of

particular interest in the context of this study is how the differences in the nature of

180See appendix G for firm characteristics.
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technology led to variance in the two companies' international exploitation of the

innovations.

The extreme complexity of the manufacturing of Atlas Copco's hydraulic rock drill

and Flakt's Fe dryer has led to the manufacturing being kept centralized in Sweden as

far as possible, with some sales and after-sales service spread out to the subsidiaries. In

the case of hydraulic rock drills, transfer of the manufacturing technology was also

avoided as long as possible since economies of scale existed and qualified subcontractors

were needed to ensure product quality. The initial manufacturing problems experienced

in Atlas Copco, relating to the introduction of the shock absorber into the product, also

illustrate the relative inflexibility of the manufacturing process. The decision to license

the technology to the P.R.C. posed a major break in the centralized manufacturing

strategy followed for nearly a decade. Ultimately the agreement was motivated by the

belief that the ability for the licensee to expand on the transferred technology could be

curtailed.

As to the FC dryer, the unwillingness to transfer manufacturing was augmented

by the lack of information conveyed by blueprints and the difficulty to teach manufactur

ing employees by use of the spoken word. These factors relate to the dependence on

well-trained, experienced manufacturing teams which have spent long periods of time

working together. Eventually, the large number of web-type dryers volumes sold in the

North-American market, in combination with high transportation costs and custom duties,

forced a transfer of the key manufacturing technology to the Canadian operations.

In the case of Flakt's flash dryer, in contrast, the manufacturing technology was

transferred to five countries. The relative unimportance of scale economies and the

insensitivity of the manufacturing process to changes in the product design contributed

to the transfer decisions. In addition, the transfers were facilitated by the possibility to

write comprehensive manuals describing the manufacturing technology and the generally

relatively uncomplicated nature of manufacturing. The accumulated knowledge about

dimensioning, which is the more problematic part of building the flash dryer, was codified

in a computer program. The software was never transferred to foreign units but kept at

central level in Sweden.

Looking at involuntary dissemination of the technology through imitation of the

products by competitors, Flakt's two pulp dryer have not been imitated. As for the Fe
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dryer, a strong product patent for the blow boxes with "eye-lids" helped deter imitation,

in addition to the complexity of the manufacturing process. The dryer was also

continuously developed over the years, making it hard for competitors to catch up.

In the case of the flash dryer, imitation was stopped effectively by a process

and secrecy regarding the computer program used for dimensioning of sensitive parts of

the dryer. A related problem for competitors was also that Flakt over the years

accumulated experience from installations which helped improve the product and create

a reputation that made it hard for competitors to sell their products. No employees

in the area of flash drying were lost to competitors.

Turning to the hydraulic rock drill, the product was imitated by four strong

competitors, despite the complexity of the manufacturing process. Before imitation took

place, Atlas Copeo had lost several key employees to competitors.

In summary, the case studies suggest that there is a relationship between the

nature of manufacturing technology and the observed patterns of international technology

transfer. Some of the dimensions that seem relevant in characterizing manufacturing

technology for this purpose have to do with complexity of the manufacturing process, the

experience required in the work force, the ease with which the technology can be described

in manuals, blueprints, etc., and the robustness of the manufacturing process to to

changes in scale, input, or product design. These characteristics will be clarified in the

discussion in the following chapter, and operationalized in Chapter 8.

The relationship between technology characteristics and imitation by competitors

are hard to discern from the information provided by the pilot case studies. other

variables related to action taken by the firm to protect the technology in a wider sense

seem to affect imitation patterns. One such strategy is illustrated by Flakt in the FC

case, where the product was continuously developed after the introduction of the

innovation. Also, a wholly-owned subsidiary, Coiltech, supplied key inputs to

Flakt for use in the manufacturing of the dryers. In the flash dryer case, the centralization

of accumulated, codified knowledge to a computer program secret in Sweden seems

to have acted as an important barrier to imitation. There are indications in the hydraulic

rock drill case, but also when looking at Flakt's earlier generations of dryers, that the loss

of key employees can be detrimental to keeping the technology from the hands of
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competitors. The loss of this kind of people can also negatively affect the possibilities to

further refine the product or the manufacturing process in order to avoid imitation.

For a summary of critical variables identified in the pilot case studies, and their

hypothesized association with voluntary and involuntary dissemination of technology see

Table 6:1: Critical Variables and Relationships Identified in the Pilot Case Studies

Critical Variables Identi
fied in the Pilot Case
Studies

Nature of Manufacturing
Technology:

complexity of the manufac
turing process

experience in the work force

codification of the technology
in manuals, blueprints, etc

dependence on experienced
"manufacturing teams"

sensitivity of the manufacturing
process to changes in scale,
input, product design, etc

Actions Taken to Protect
the Technology:

patenting

continuous development of
product and process

secrecy regarding critical as
pects of technology

in-house development and
manufacturing of inputs

actions to avoid the loss of key
employees

Effect on Technology
Transfer Patterns
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7:

taxonomies rlA'~TA IIA1I""lAri

In

this

VLU.Jl.L)'\l............. diverse sources of literature are employed to identify a number

of V\JlI.A""'''''''VIl.IJ to describe the nature of a firm's technology. The purpose is to find a

"tanzuaae" to describe technology at a level of abstraction between very specialized,

detailed facts and the broad terminology often used.

The concepts that are expanded on are intended to constitute a basis for

the independent variables used as determinants of technology

dissemination In the empirical investigation of the nature of

disseminated will be studied and related to transfer patterns along the

dimensions of the case of dissemination) mode.

There have been many suggestions as to how technology might be classified

...... ....,"'-''U' ...............L;;;;.. to its some of which will be reviewed in this section. Although

lTI3ny authors contribute to an increased understanding of different technology

_ IL .. U .. 'LI ..,.~ the effort to find useful dimensions for the identification of technologies in

been especially influenced by (1962) and Winter (1987). The

these t\VO authors are the most suitable to use as a starting

because of their ~VI-JJl"'JIJJ..JllL-LI....... level of abstraction. The final choice of concepts has

also been affected from the pilot case studies which were reported in

"-./.AJlUlJlL.vJl 6.

traditional way to characterize technologies is according to the technical

'l..aJllJ'''''.!I--/.U..Ul~ that them. Scherer (1967) uses four technology classes - "chemical,"

JlJlJl.""""'-'''''L''-4Jl.~'''''''''Uu.,'' and "traditional" - to describe the nature of technology in order

to innovative effort or output.

Hall & Johnson distinguish not only between "product-embodied," "process-

...... .L.LALJ'L/ ...... Jl.' .......... '" and technology in a study of U.So aerospace technology

transfer to also define "general technology" as the body of knowledge
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available to all firms in an industry through such media as books, journals, conferences,

and patent filings. It thus refers to non-detailed information about design and

manufacturing principles, easily obtained by the people in the firm. What Hall & Johnson

call "system-specific technology" is knowledge peculiar to a process or a complex

manufacturing design, known to its makers but also known to other firms making that or

a similar product. This type of technology refers to specialized capabilities that may have

been developed over time in a firm in such areas as welding techniques or casting

techniques. "Firm-specific technology" is not necessarily associated with any product, but

is inherent to a firm and is based on its entire past experience. It thus refers to the tried

and tested "practical knowledge" of techniques that has been developed in a firm over

time to produce a particular product - with all the bits and pieces fitting together and

functioning well enough to generate output.

in the firm has been broken down into two additional categories:

knowledge about developing technical solutions (or product designs) and knowledge about

designing and running manufacturing processes'": This distinction reflects the old and

often used dichotomy between product- and process-technology. The product technology

determines what type of production process can be used, while the process technology

determines what can be achieved in the manufacturing process. In practice there are

strong links between technical solutions and manufacturing processes, since a functioning

manufacturing process is needed to manifest the technical solution in a product. Similarly

a new technical solution also requires at least some changes to take place in the

manufacturing process.

Mansfield (1975) provides a classification as to where technology "resides" by using

the terms "embodied" versus " disembodied," while Madeuf (1984) elaborated this

classification to include "capital embodied," "human embodied," and "disembodied"

technology.

Hayes & Wheelwright (1984) break down process technology even further,

classifying manufacturing processes into five groups: processes for altering physical

characteristics (for example chemical reactions, refinement, heat treatment); processes for

altering the shape of materials (casting, pressing, rolling, bending); processes giving

e.g. Robeck (1980), and Chudson (1971), who separate "product designs," "production
techniques, tt and "managerial functions."
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materials certain dimensions (turning, milling, drilling, sawing); processes giving materials

a certain surface (grinding, polishing); and processes to assemble different parts to a whole

(welding, soldering, gluing, screwing). In contrast to other classifications, the Hayes &

Wheelwright taxonomy is very much a practical, "nuts and bolts-type" level classification.

Although useful as a down-to-earth description of manufacturing technologies, it is on a

slightly too-Iowa level of abstraction for being useful for research concerning the

exploitation of technologies.

Researchers of industrial and organizational sociology have studied the impact of

technical and production features on worker behavior and work group structureV which

has led some of them to engage in the characterization of technology. Scott (1987)

believes that it is possible to identify three dimensions that encompass most of the many

specific measures of technology. The three dimensions needed to predict structural

features of organizations are complexity (or diversity), uncertainty (or unpredictability),

and interdependence. "Complexity" refers to the number of different items or elements

that must be dealt with simultaneously by the organization. Specific measures like

customization of outputs and variety of inputs tap this dimension. "Uncertainty" refers to

the variability of the items or elements upon which work is performed. Specific measures

include uniformity or variability of inputs, the number of exceptions encountered in the

work process, and the number of major product changes experienced. "Interdependence"

refers to the extent to which the items or elements upon which work is performed or the

work processes themselves are interrelated so that changes in the state of one element

affects the state of the others.

In his major work on the diffusion of innovations, Rogers (1962) suggests a

taxonomy of five dimensions by which innovations can be described: relative advantage,

compatibility, complexity, divisibility, and communicability'S: "Relative advantage" is the

degree to which an innovation is perceived as being better than the idea it supersedes.

The degree of relative advantage is often expressed in economic profitability but can also

be measured in terms of lower initial cost, lower perceived risk, a decrease in discomfort,

182It was the work of Woodward (1958; 1965) and Thompson & Bates (1957), and Thompson (1967)
that called attention to technology as a general determinant of organizational structure.

183Important to note is that it is the receivers' perception of the attributes of innovation, not the
attributes as classified by experts or change agents, which affect their rate of adoption.
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savings in time and effort, and the immediacy of the reward. "Compatibility" is the degree

to which an innovation is perceived as consistent with the existing values, past

experiences, and needs of the receivers. "Complexity" is the degree to which an

innovation is perceived as relatively difficult to understand and use. "Divisibility" (or

"trialability" which is the label used in Rogers & Shoemaker, 1971; Rogers, 1983) is the

degree to which an innovation may be experimented with on a limited basis. "Communi

cability" (renamed "observability" in Rogers & Shoemaker, 1971; Rogers, 1983) is the

degree to which the results of an innovation are visible to othersl'", Regarding the

measurement of the dimensions, Rogers & Shoemaker (1971) recommend researchers

to use a scale composed of numerous questions about an innovation. Also, the use of

factor analysis is recommended to clarify how many attributes have to be conceptualized.

More recently, Winter (1987, p. 180) has suggested that:

"The problems of managing technological and organizational change surely
lie between these two extremes of low and high generality, and in that
range there seems to be a serious dearth of appropriate terminology and
conceptual schemes."

He sees a challenging problem in the task of characterization of what he calls

"knowledge and competence assets." Such assets are, according to Winter, extraordinarily

diverse, not only in their specific details but also in a number of identifiable dimensions

of strategic significance. Winter also suggests that these characteristics of competence

assets are directly related to voluntary and involuntary dissemination of the technologies.

Some assets are subject to major hazards of involuntary transfer, others may prove highly

resistant to affirmative efforts to transfer.

In his work, some distinctions are proposed to clarify the conceptual issues

surrounding knowledge and competence as strategic assets. In the taxonomic scheme

showed in Figure 7A, he suggests a number of dimensions along which assets of this kind

could be placed. Four continua are identified as the instrumental dimensions: tac

it/articulable, observable/not observable in use, complex/simple, and dependent/independent

of a system. The first continuum can be further broken down according to whether the

184The concept is interestingly related to Ogburn's (1922/1950) culture lag theory, where he claimed
that material innovations diffused more readily than nonmaterial ideas.
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knowledge is, in fact, articulated (e.g. whether records are kept) and whether it can be

taught. Even if knowledge is tacit (in Polanyi's, 1962 terms), it may be taught by

apprenticeship. Observability in use, the second continuum, involves the opportunities

that use of e.g. a product makes available to someone who wishes to discover the

underlying knowledge. The complexity/simplicity dimension has to do with the amount

of information required to characterize the item of knowledge in question. The final

dimension, although not described very clearly by Winter, seems to deal with the

possibility for a technology to be useful "standing alone."
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Figure 7A: Taxonomic Dimensions of Knowledge Assets

Tacit < > Articulable

not teachable <------ > teachable

not articulated < ---- > articulated

Not observable in use < -------- > Observable in use

Complex < --------------- > Simple

An element of a system < ------- > Independent

Source: Winter (1987, p. 170).

In general, a position near the left end of any of the continua identified in Figure

7A is, according to Winter, an indicator that the knowledge might be difficult to transfer

and to copy. A position near the right end is indicative of ease of voluntary and

involuntary dissemination.

Characteristics of Technology

Drawing heavily upon the taxonomies developed by Rogers (1962) and Winter

(1987), but also on evidence from the pilot case studies, this study identifies five

dimensions that can be used to characterize manufacturing technology: articulability
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(including codifiability and teachability), observability, complexity, team-dependence, and

process inflexibility. Writings of a wide variety of academics from different fields of

inquiry related to these dimensions are presented and discussed in the following.

Articulability and Codifica(ion

Codifiability denotes the degree to which useful descriptions of facts or procedures

(or a combination of both) can be produced - for instance in a manual. This dimension

is closely related to Winter's "tacit-articulable" and "not articulated - articulated"

dimensions.

Codification, according to Teece (1981a), is the transformation of experience and

information into symbolic form. He sees it as an exercise in abstraction that often

economizes on bounded rationality. Instead of having to respond to a hopelessly extensive

and varied range of phenomena, the mind can respond to a much more restricted set of

information. Codification thus refers to restructuring knowledge into a set of meaningful

rules and relationships.

Some types of technical knowledge are more easily restructured or codified than

othersl'". An example illustrates the relevant implications. A newspaper in a foreign

language can be translated only at cost of some loss in information and meaning. Yet,

it is likely that this loss is less than that incurred in the translation of a poem. To this

extent, the information in the newspaper is relatively less dependent on context and

semanticsl'", and thereby easier to codify into something useful.

Effective codification is hindered by the fact that abstracting from experience can

be accomplished in an almost infinite number of ways. In addition, the structuring and

codification of experience in one way can make it difficult to subsequently do it in

185The codification of how to do something is often difficult. Advances in know-how generally depend
on accumulation of hands-an-experience in the design and production of activities, making technology of
know-how type largely product- and plant specific. As pointed out by Sahal (1982), its transmission is
inherently uncertain and problematic.

186It is, of course, possible to speak of semantic information, but the rules of codification appear
almost certain to be less well structured. See the distinction by Berwick (1985, pp. 22-24) regarding the
acquisition of syntactic knowledge as opposed to "semantic bootstrapping."
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another way187. Codification may also lead to descriptions of how to do something. When

codified, much like a recipe, there need not be any meaningful content in any of the

steps, except for their capacity to produce a desired end. The characterization of codified

know-how as a recipe departs from the usual treatment of technology in a firm as a

blueprint, an analogy favored by a number of authors in diverse fieldsl 88
• Blueprints are

literal statements or isomorphic representations of the requisite output. Recipes, on the

other hand, are descriptions of how to do something.

Codified technology can be transmitted without loss of integrity once the syntac

tical rules required for deciphering the code are known. Whereas the competence for

deciphering may have to be acquired at a cost, there is sometimes freedom of access to

the requisite training. It is also important that recipients are familiar with the different

contexts in which the information is used. As pointed out by Teece (1981a), the greater

the similarities between the experiences of the transferring and receiving units, the easier

it is to transfer technology in codified form, such as blueprints, formulas, or computer

languages. A shared context seems necessary for the formulation of meaningful messages.

The assertion that codified technology is more economically transferred, according

to Teece (1981a), is a purely technical property that depends on the availability of

communication channels suitable for the transmission of well-codified information - for

example printing, radio, telegraph, and data networks.

A final reflection is that the embodiment of technology sometimes requires a

reduction in complexity and leads to a transformation in the nature of the technology.

Computer software packages, for example, reduce the complexity of the technology

required to use a computer's hardware; but knowing how to use software is, in fact,

substantively different from knowing how the computer works. The reason why software

has been successful is that it is codified so as to demand a lower fixed cost on the part

of the general user. Software cannot expand the capabilities of the hardware, except by

combining hardware units through networking, Rather, it can only increase hardware

accessibility.

187Teece (1981a).

188See Nelson & Winter (1982), Hannan & Freeman (1977), and March & Simon (1958).
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Tacitness and Teachability

Nelson & Winter (1982) define a skill as "a capability for a smooth sequence of

coordinated behavior that is ordinarily effective relative to its objectives, given the context

in which it normally occurs." The scientist-philosopher Polanyi (1962) claims that "the aim

of a skillful performance is achieved by the observance of a set of rules which are not

known as such to the person following them." "Not known as such" means that the person

could not give a useful explanation of the rules. To use one of Polanyi's examples, the

decisive factor by which a swimmer keeps himself afloat is the manner by which he

regulates his breathing; he keeps his ability to float at an increased level by refraining

from emptying his lungs when breathing out and by inflating them more than usual when

breathing in. Yet, this is not generally known to swimmers.

Skills have one feature particularly important for our reasoning about technology

and its dissemination: during a skillful performance the performer is not fully aware of

the details of the performance and finds it difficult or impossible to articulate a full

account of those details or why certain choices are made. The inability to articulate action

has led to the use of the term "tacitness" to describe this characteristic of a skill. The

simple observation that "we know more than we can tell" turns out to be of great

significance implying that the operation of technology does not necessarily require

understanding or codification. Great industries like the tanneries, the potteries, the

breweries or steel mills, and the whole range of textile manufacturers historically have

carried on their activities in the manner of an art without any clear knowledge of the

constituent detailed operations. When modern scientific research was applied to these

traditional industries it was first faced with the task of discovering what actually was going

on there and how it was that they produced the goods. This situation was described as

early as 1920 by Balls in a scientific study of cotton spinningl'", The practice of spinning,

Balls described as "a thing in itself, scarcely related to physical knowledge at all," so that

"most of the initial decade's work on the part of the scientist will have to be spent merely

in defining what the spinner knows." Indeed, even in modern industries the indefinable

knowledge is still an essential part of technology - "black magic" rules in many factories.

189Balls, W.L. (1920), quoted in Rosenberg (1982).
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It is important to realize that the tacitness of a skill is a matter of degree. When

it comes to the determinants of this degree, "tacitness" according to Polanyi, seems to

arise in three distinguishable ways. First, high speed and simultaneity of information

processing may force a learner of a skill to work out the details of the coordination for

himself. In this case, the actual performance cannot be slowed down and practicing

cannot be done slowly. (An example of this type of skill could be the serving of a tennis

ball.) Second, it is sometimes impossible to articulate all that is necessary to master a skill

since action is imbedded in a context. If one of the many context variables changes too

much there will be no performance, and all the "ifs" cannot be meaningfully expressed.

Third, the relationship between the details ofa complex skill, even if articulable one by one,

is sometimes lost in language, which - due to its serial nature - cannot simultaneously serve

to describe relationships and characterize the things related.

All this leads to our assertion that skills tend to be more articulable when the pace

of the required performance is slow and pace variations are tolerable, when a

standardized, controlled context for the performance is somehow assured, and when the

performance as a whole can truly be cut down to a set of simple parts that relate to one

another only in very simple ways. If these conditions do not hold, the degree of tacitness

increases dramatically. Luckily, the individual is not left to accumulate in his own person

the necessary experience for all kinds of activities or make all the trials and mistakes on

his own. He is heir to a social tradition and will be taught how to make and use

equipment in accordance with the experience gathered by people before him. And the

equipment he uses is in itself just a concrete expression of this social tradition.

Uncodified or tacit knowledge is slow and costly to transmit, Ambiguities flower

and can be overcome only when communication takes place in face-to-face situations and

errors of interpretation can be corrected by prompt use of personal feedback. There are

a range of possible ways by which technology can be taught in the labor force. It would

be possible, of course, to have a specific training program for each job. However, many

jobs in different activities will have a great deal in common. General education for

instance imparts general purpose skills, data, and language. In addition to these elemental

building blocks, there are certain sets of technologies and general understanding which

are useful in mastering certain complex jobs. Technical knowledge tends to become

associated with occupations andprofessions. As pointed out by Hall & Johnson (1970)
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general and vocational training must be supplemented by specific job training. Often

formal training and education provides enough knowledge to enable a person to perform

a job or manage an operation only crudely. Often experience from self-training and

education that comes from doing is also necessary.

Learning follows from instruction (explain in advance what to do) as well as by

example. Verbal instruction is mostly in the form of critique of errors made in trials. A

good instructor discovers introspectively and then articulates much of the skill that

ordinarily remains tacit. The articulable portion of a skill can be codified and com

municated from its possessor to another person in symbolic form. However, the

information in, for example, a "how-to-do-it" book at best provides only a starting point

for the acquisition of the skill. A further problem is that language can often communicate

a framework but a great deal of filling-in remains, often involving trial-and-error search.

Illustration by a teacher and (attempted) imitation by the learner is often

employed as an alternative mode to verbal instruction and critique. It involves teachers

providing model performances of often non-articulable skills, providing the pupil with an

opportunity for imitative learning. Very often a mixture of the "instruction" and "example"

methods is used. Whatever method is chosen, there is a great difficulty in the teaching

and learning of skills, and only a few aspects of particular interest in this study will be

pointed out'?", Difficulties may arise from the fact that the teacher is quite unaware of

the key principles of a skill. He serves less to instruct than to detect and reward randomly

occurring improvements in performance. Detailed teaching typically consists of a number

of sub-skills to be executed in sequence, and the instructions neither convey the ability

to perform the sub-skills with requisite efficiency nor assure the smooth integration of the

sub-skills into a main skill. Learning to ride a horse or landing an airplane with the help

of a teacher are good examples of this. Teaching a skill typically consists in large part of

the imposition of a discipline of practice, a portion of which is supervised by the

instructor.

190We will not involve ourselves with the often technical, and for our purposes less interesting
psychological theories on learning. The language of many models of skill learning in psychological theories
is phrased in terms of communication models involving 1) notions of information processing, with sub
categories of information translation, transmission, reduction, collation, and storage; 2) control-system
models emphasizing feedback systems; and3)adaptive-systems models, withprograms and memory systems
which allow changes in the characteristics of the model with experience. (From Bilodeau, 1968).
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To conclude, a type of technology which cannot be specified in detail cannot be

transmitted by codified prescription since no prescription for it exists. It can probably be

passed on only by example from master to apprentice. This restricts the mode of

dissemination to that of personal contacts, and it is accordingly found that craftsmanship

tends to survive in closely circumscribed local traditions. Indeed the diffusion of crafts

from one country or firm to another can often be traced to the migration of groups of

craftsmen'?'. It follows that a technology which has fallen into disuse for the period of

a generation is altogether lost. Polanyi (1962, p. 53) mentions how:

"...it is pathetic to watch the endless efforts - equipped with microscopy and
chemistry, with mathematics and electronics - to reproduce a single violin
of the kind the half-literate Stradivarius turned out as a matter of routine
more than 200 years ago."

To learn by example is to submit to authority. The apprentice follows the master

because of the trust in his manner of doing things, even when it is not possible to analyze

and account in detail for its effectiveness. By watching the master and imitating his efforts

in the presence of his example, the apprentice unconsciously picks up the rules of the art,

including the tacit ones - those which are not explicitly known to the master himself. The

hidden rules can be absorbed only by a person who surrenders himself uncritically to the

imitation of another. It seems that a society or a firm which wants to preserve a fund of

technology with large tacit parts must submit to tradition. Interestingly, the pupil's

eventual mastery of a craft or skill will never be a carbon copy of his master's. It is in fact

the scope provided for the development of a personal style that defines a craft as

something that goes beyond the routine and hence programmable application of a

skill192
•

191Teece (1981a).

19Zracitness is almost always discussed on an individual level. For discussions of tacitness at e.g. the
organizational level, see Kogut & Zander (1991a) and Hedlund & Nonaka (1991).
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Embodiment

In addition to codification through articulation in speech, writing or other symbols,

technology can be embodied in machines. The bulk of industrial (manufacturing) process

technologies in mainstream engineering industries is based on metal-shaping machine

tools, the principles and design of which took form some 150 years ago (Hicks, 1977).

Around these tools a formidable capital structure of hardware installations and human

skills has been builtl'",

Solow (1959) - who introduced the concept "embodiment" to economic theory 

focuses on the incorporation of technology in machinery. For each activity it is more and

more often possible to build a portion of the operations and even their control into

machines. In this type of activity, the technical design follows the rules of formal

rationality as closely as is humanly possible'?"; part of the technology in the minds of

men is in the design of machines.

To paraphrase Marx and Durkheim, there is an ongoing "division of labor," not

only between workers, but also between workers and machines. Thus, to run an activity

it is not necessary that every, or even any, person knows the entire process in detail. This,

however, does not necessarily mean that the individual worker is de-skilled. Of course,

the use of technology in a firm still requires a labor force which is taught through

193Wemay also put the increasing use of machines and control systems into a larger perspective. The
worker is more and more removed from direct manual operation, but this is nothing new - it has been
going on since prehistoric times. Childe (1942) relates the survival and multiplication of mankind to
improvements in artificial and detachable equipment that secured the adaptation of human societies to
their environments - and of their environments to them. As with animals, man has succeeded in surviving
and multiplying chiefly by improving his equipment for living. Man's equipment, however differs
significantly from that of other animals. These animals carry their whole equipment with them as part of
their bodies. Man has replaced this sort of equipment with tools that he makes, uses, and discards at will.
The detachable character of human equipment has obvious advantages. It can be adjusted to an almost
infinite number of operations in almost any environment. The drawback is of course that man has to learn
not only to use but also to make his equipment. Even the simplest tool made out of a broken bough or
a chipped stone is the fruit of long experience - of trials and errors, impressions noticed, remembered, and
compared. The skill to make it has been acquired by observation, by recollection, and by experiment. It
is true that any tool is an embodiment of technology, for it is a practical application of remembered,
compared, and collected experience of the same kind as are systematized and summarized in scientific
formulas, descriptions, and prescriptions.

194Joerges (1986).
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training, and experiencel'", The knowledge that the workers need is,

•• L' ...."~I" "-'A ft often of a different kind - for example "supervising" a chain of events instead

of being responsible for a single event and using a more powerful and complex set of

tools. The machine operator controls the process but also has to be able to change tools,

repair, measure, check that raw materials are available, etc. Together with upgraded tasks

of workers, the increased embodiment of technology into machines and control systems,

combined with ongoing reduction of the number of components to be assembled into a

product affect the share of labor to total manufacturing costs.

The introduction of robotics and automation requires complementary technology

to coordinate factory activity (a code or explicit program to run the process) that did not

exist in the "old" factory organizations'?". New materials in combination with new

machines and centralized process control are currently breaking industrial society loose

from a more than century-old way of organizing manufacturing and the associated worker

culture.

Embodied technology, as opposed to worker skills, can not be upgraded through

experience. When workers upgrade their skills, the actual manufacturing process or

product design differs from the symbolically recorded design or plan. Personnel turnover

or simple lapse of time may erase the "firm's memory" if the manufacturing routine is not

"remembered by doing." These problems do not apply to embodied technology, which is

not "forgotten." Instead, updating and adjusting firm equipment becomes an increasingly

important part of management of technology in the firm. The "formalized memory" of

the firm needs continuous maintenance - changes must be codified.

In relation to the earlier discussion about codification of technology, an increasing

proportion of human technology is stored in computer software used for control of

numerically controlled machines, robots and transportation devices in so called "assembly

1950 unn (1987), however, points out that the share of manufacturing costs attributed to labor may
drop in the future. According to the author, direct labor accounted for 20-25% of total production costs
in U.S. firms during the 19505 and 1960s, today they are down to 3-20% and expected to drop to 0-6%
in the future.

196The communication of the dispersed, precise knowledge about the production process to a central
production monitor is very costly. In most Swedish engineering factories, operations knowledge is still
"decentralized" and "tacit" (Eliasson, 1988b).
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cells" or "flexible manufacturing cells197." An interesting aspect of the embodiment of

technology into hardware or software connecting to our discussion about is

that for a long time tacit measurement and sensor technologies have been difficult to

embody in software, and thereby have constituted the deficient parts in automation.

Complexity

Most researchers would agree that technology can vary in complexity. There are,

however, many but often incomplete or too abstract ways to define comnlexitv

upon information theory, the biologist Pringle (1951) offers another definition of

complexity as the number of parameters required to define a system. Other U'.l'-J'J.'-JJ.;.h)l~.>Jl,

following Simon (1979), would consider the number of "hierarchical levels" to

encode "the knowledge'?"." Pagels (1988) elaborates on the idea that refers

to a state of affairs that has many interacting, different components. He discusses

"algorithmic complexity," "computational complexity," "information-based

"physical complexity," and "logical depth." "Algorithmic complexity" is defined as the

length of the minimal program required to compute a number but the author stresses

that this is a definition of "randomness" rather than "complexity'?"."

complexity" can be define it as the number of operations (or CPU time) required to solve

a specific problem. According to Pagels, the field of "computational complexity" has given

rise to the nascent field of "information-based complexity." This type of deals

with the time it takes to solve problems where information is partial, contaminated, and

priced. When it comes to a "physical definition of complexity," Pagels refers to and

Huberman's definition of the complexity of a system based on its diversity. They use the

notion of a hierarchy that can correspond to the structural layout of a system Of, more

197The extent to which this embodiment sometimes has been carried out is illustrated by Weick
(1969/1979, p. 260), who claims that "machines 'remember' an organization's routines."

198Dawkins (1976).

1991n an amusing example, Pagels points out that spoken or written language is clearly very complex
compared with the production of a monkey at a typewriter - a random string of letters. Yet the
"algorithmic definition of complexity" assigns a higher complexity to the monkey's production.
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more generally, to clustering the parts by the strength of interaction. Once one has

defined and established such a hierarchy, it is possible to assign a measure of its

complexity, taking into account diversity in interaction among the components. The

"logical depth" of an object - its complexity - is a measure of how hard it is to put

something together starting from elementary pieces. According to Winter (1987),

complexity has to do with the amount of information (interpreted in terms of "the

alternative possibilities from which a particular case must be distinguished") required to

characterize the item of knowledge in question. If the amount of information required

to characterize a technology is high, extensive education, training, and experience with

the technology should be required to do a good job. Close contacts between (different

types of) employees in the firm are probably also required if complexity, in the sense just

discussed, is high.

Team-Dependence

It is important to distinguish between individual skills and those of a group. Firms,

like any organization, can be characterized by aggregate forms of skills which are

embedded in social relations among individuals. group of people with experience in

working together acquire - in Selznick's (1957) expression "distinctive competence" (or

distinctive inadequacy). The group has its own way of doing things, its own accumulation

of inherited skills, and its own reflex actions to avoid trouble, in short, its own "esprit de

corps." Two terms frequently used to describe these firm-level regularities have been

"routines" and "standard operating procedures.Y" Both of these terms imply that the

behavioral interactions of employees have elements of regularity. It is in this regularity,

as opposed to random interaction, that one finds the "knowledge-base" in the firm. It

should be noted that skills at the firm-level may and often are, as tacit as individual

skills/?'. Teece (1981a) emphasizes the importance of for technology

200March & Simon (1958), and Nelson & Winter (1982).

201Wernerfelt (1989) emphasizes the importance of so called "team effects" as unique resources
differentiating the firmfromits competitors, and encourages management to tryandcloneefficient groups
by socializing apprentices.
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transfer, since the organization's total capabilities must be brought to bear upon the

transfer problem.

In the case of introducing new process technology, Tyre (1991) points to the

importance of relevant functions within the organization to create overlapping

subsystems or multi-functional teams. In the manufacturing environment, Tyre identifies

key functions as the plant technical and engineering activities and direct management of

production output.

Flexibility

Flexibility is, as pointed out by Evans (1991) when discussing flexibility of

organizations, a polymorphous concept. A nurnber of other concepts have either an

intuitive or stated "family" resemblance, they reflect different meanings of flexibility.

These meanings include "yielding to pressure," "capacity for new situations," and

"susceptibility of modification." The most interesting term in this context whose meaning

with flexibility is "adaptability." It differs from flexibility in that adaptability is a

permanent adjustment to a newly transformed environment, whereas flexibility according

to Stigler denotes a temporary approximation to this state of affairs.

"'-J"-'J.J.1VJ,UJ.J.V. a technology is not completely possible to describe by a unique recipe;

there are options in the program. These options permit some choice of inputs and

input and some flexibility with respect to operations. The operations may

be in different ways. For example, different degrees of mechanization may be

employed. Some variation in output specification and quantity may also be possible.

These variations in processes or output determine the degree to which the functioning

of the process can be maintained in the face of varying circumstances. The flexibility built

into a also provides scope for errors without devastating results .

................'~L ...... L ....... =. to & Zhao (1990), much of the general literature on capital-

labor substitutability in less developed countries has argued that technologies are fairly

flexible. However, doubts have been expressed by e.g, Stewart (1974) about the flexibility

of a technology once the products are specified.
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Conclusion

This chapter has expanded on five dimensions that can be used to characterize

manufacturing technology: articulability (including codifiability and teachability),

observability, complexity, team-dependence, and process inflexibility. Chapter 8 will

present hypotheses as to the relationships between these characteristics of manufacturing

technology and patterns of voluntary and involuntary technology dissemination. In

Chapter 9 the five dimensions will be operationalized, and the developed hypotheses will

be empirically tested in Chapters 10 and 11.
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CHAPTER 8: RESEARCH METHODOLOGY

Chapter 1 briefly accounted for the research approach used in this study. This

chapter delineates the research design, including data collection techniques and the

methods used when analyzing the data. Sample selection, response rates and non

responding parts of the sample are also presented. Finally, operationalization of the

dependent and independent variables used in the analyses is carried out, following a

discussion of reliability and validity. Focus is placed on certain aspects of measurement

theory and how it can be used to operationalize constructs for characterizing

manufacturing technology.

Data Collection

Sample

The study describes the nature of manufacturing associated with leading edge

technology''f developed in Swedish MNCs between 1960 and 1980, and relates it to

patterns of voluntary and involuntary transfer. The choice of innovations in the sample

was primarily based on a study by Wallmark & McQueen (1986) - listing 100 major

Swedish innovations that emerged between the end of World War II and 1980. As a

criterion for inclusion of an innovation, Wallmark & McQueen used the annual turnover

generated by the innovation. To be classified as a major innovation, the annual revenues

generated by the innovation had to be at least 20 million SEK203 annually in real terms.

Growth rates of revenues also had to be significant. In addition, the innovation had to

202According to Teece's (1976) definition, "leading edge technology" is characterized by very few
previous applications, a short elapsed time since development, and limited diffusion.

203Roughly USD 3.5 million.
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be patentable in accordance with Swedish Patenting Law, and at least one significant

patent had to exist204.

The Wallmark & McQueen list of innovations was modified slightly in four

respects. First, in order to observe the history of each innovation over a longer period

and to interview engineers familiar with the development process, the sample was

narrowed to those innovations occurring after 1960. The reason to screen out innovations

made between 1945 and 1960 thus had to do with data availability; it was hard to find

people in the firms still remembering the details regarding the exploitation of the pre

1960 innovations. This decision reduced the original 100 innovations on the Wallmark &

McQueen list to 64.

Second, only innovations developed by already internationally active firms

(measured as firms with manufacturing in a foreign country at the time of innovation)

were included in the sample. This procedure eliminated 20 of the 64 innovations on the

1960-1980 part of the Wallmark & McQueen list, making the sample size 44.

Third, two of the innovations from the Wallmark & McQueen list were eliminated

from the sample because they never became a commercial success. These eliminations

reduced the sample to 42 innovations.

Finally, two innovations were added to the sample through "snowball-sampling."

In connection with the initial contacts with engineers in the firms on Wallmark &

McQueen's list, they were asked if their firms had developed any new products between

1960 and 1980 that they considered to be of the same importance as the one(s) on the

1945-1980 list. If this was the case, the additional innovations were included in the

sample. In this fashion, the sample size was increased to 44 innovations.

The final sample consisted of 44 innovations made within 21 multinational

groups205. With 35 completed questionnaires out of a sample of 44 innovations, a

204This last screening criterion tends to exclude a very important category of innovations - the ones
leading to cost reductions related to an existing product or production process.

205See Appendices A and B,whereinnovations are listedbydeveloping firmand industry. Most of the
large Swedish MNCs are representedwith at least one innovation in the group of innovating firms, and
the respondent firms were mainly active in the powergeneration, transmission & distributionequipment,
pharmaceutical, mining equipment, specialty steels, telecommunications, pulp & paper machinery, food
processing, explosives, bearings, and transportation industries.

128



response rate of 80% was attainedf'", A cursory analysis of the non-responding part

of the sample revealed no discernable systematic differences between this group and the

responding part of the sample used in the study. The proportions of innovation types (as

described in the next section), main businesses of the innovating firms, and time periods

for introduction did not differ notably between the responding and non-responding parts

of the sample.

The original list of innovations used by Wallmark & McQueen is divided between

four, roughly equally-represented types of innovations: 1) materials (pharmaceuticals,

steel, explosives, rubber, plastics and concrete, etc.), 2) components (bearings, grinding

wheels, pressure indicators, tape punchers, pumps, etc.), 3) machines (high pressure

presses, textile machines, cranes, pulp machines, milk sterilizers, freezers, computer

displays, etc.), and 4) systems (telephone switching, packaging machines, etc. )207. In the

modified sample used in this study, machines are over-represented and systems clearly

under-represented in comparison to Wallmark & McQueen's original list of 100 innova

tions.

The overall impression concerning the questionnaire data is that the nature of the

sample in combination with the relatively high response rate (and the apparent lack of

systematic differences between the non-responding and responding parts of the sample)

should make it possible to relatively confidently draw conclusions regarding major

innovations in Swedish MNCs.

206Since the group of non-respondents can differ from the respondents in a systematic way, a list
describing the non-responding part of the sample is found in Appendix B. An admittedly rough
comparison of the innovations and firms in the respondent part of the sample and the non-respondent part
does not suggest that there are significant differences between the two groups that could introduce bias
in the results. However, it should be remembered that there is no entirely satisfactory method by which
the introduced error can be detected or corrected (Dalenius, 1953).

207Wallmark & McQueen point out that innovations of the systems-type are probably under
represented, and that innovations of military nature, like canons, guns, ammunition, and radar systems
have been excluded totally from their list.
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Techniques Used

The methodology applied in this study is a combination of a small number of in

depth pilot case studies208 and a larger empirical survey of manufacturing technology

and dissemination patterns related to major Swedish innovations. Data for the survey was

collected by means of a questionnaire and structured interviews.

There is a distinct tradition in the literature on social science research methods

that advocates the use of multiple methods. The notion is that qualitative and

quantitative methods should be viewed as complementary. This form of research strategy

is usually described as one of convergent methodology, multi-method/multi-trait

(Campbell & Fiske, 1959), or convergent validation or "triangulation" (Webb et aI, 1966).

The concept of "triangulation" - a metaphor from navigation and military strategy - is

broadly defined by Denzin (1978) as "the combination of methodologies in the study of

the same phenomenon."

lick (1979) notes that one basic assumption is buried in various triangulation

designs: the weaknesses of one single method will be compensated by the strength of

another. He sees qualitative data and analysis as the glue that cements the interpretation

of multi-method results. Thus enters "the artful researcher who uses the qualitative data

to enrich and brighten the portrair'?","

In the context of this study, the combination of pilot cases and a questionnaire

filled important functions and were necessary complements to each other for the project

to yield interesting results. However, the research strategy should not in a strict sense be

labelled "triangulation" since the pilot case studies primarily were designed to identify

critical variables influencing the dissemination of technology, and generate an

understanding for the relationships between those variables. In a second step, the results

and issues raised in the pilot cases were applied to the survey part of the research. Thus,

the two techniques were used to study the same phenomenon but were used sequentially

208Thesecase studies as well as a methodological discussion of field research are found in Chapter 6.

209nlere are, however, also some shortcomings of a triangulation strategy, like the high demands it
puts on the researcher and the exceeding difficulties in replicating the research.
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at different levels of precision and shared the same potential weaknesses since one

directly influenced the other.

Survey: The survey was used to collect data about a larger number of manu

facturing technologies related to major Swedish innovations and their dissemination,

making it possible to draw some general conclusions about the process of exploiting

leading edge technology in Swedish MNCs. More specifically, the collected data create

a basis for characterization of technologies and provided data on voluntary and

involuntary dissemination patterns. These data are used to describe technology transfer

and imitation patterns and to test hypotheses regarding determinants of technology

transfer mode and timing, and timing of imitation of an innovation by competitors. In

addition, data on the effectiveness of measures taken to protect an innovation from

imitation were collected. (See Appendix F).

The respondents were identified by calling the firms and asking for the primary

inventor and the manager responsible for the manufacturing of the product. A

questionnaire instrument, developed on the basis of the field research in the pilot study

and a literature review, was pretested on managers in two firms. After revision the

questionnaire was then mailed to the identified respondents in the sample firms. In many

of the cases, it was answered jointly by inventors and manufacturing managers. The

questionnaire was designed as a two-part test instrument. The first part simply asked for

factual data, e.g, the date of introduction of the innovation, the number, mode, and

timing of international technology transfers, the occurrence of the first imitation, etc. This

data provided the information for the descriptive part of this thesis. The second part

drew upon a design common in psychometric studies; a list of "easy-to-answer" questions

was developed. Technology characteristics were measured by 44 questions regarding the

nature of the firms' manufacturing of the innovations. Respondents marked on a 7-item
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scale in all cases, as recommended by Cox (1980)210. For a copy of the questionnaire,

see Appendix D.

The frame of reference on which the design of the questions was built was

acquired through the pilot case studies, and through literature related to technology

transfer and the internationalization process and management of the MNC. Further input

was received through pre-testing the questions while conducting the pilot case studies,

and through discussions with people experienced in the field of surveys and structured

interviewsf". When pre-testing the questionnaire, interviews were conducted with

senior executives who were knowledgeable about the manufacturing technology and the

exploitation of the innovation in question. Respondents' comments to all questions were

taken into account to offset the disadvantages of fixed-alternative items. Superficiality and

questions causing annoyance on part of respondents who found none of the alternatives

suitable were corrected. The reliability and validity in the survey part was improved by

pre-testing the measuring instrument during the pilot studies. Another helpful method

for improving validity was the occasional use of person-to-person interviews in connection

with personalized distribution of the questionnaire. This procedure was used in seven

cases where it was obvious from the telephone contacts with potential respondents that

no single person could answer all types of questions, and it therefore became hard to rely

on a mailed questionnaire only.

21°10 his review of the debate about the optimal number of response alternatives for a scale, Cox gives
some recommendations for the applied researcher. First, scales with two or three alternatives are generally
inadequate in that they are incapable of transmitting very much information and they tend to frustrate
respondents. Second, the marginal returns from using more than nine response alternatives are minimal
and efforts for improving the measurement instrument should be directed toward more productive areas.
Third, an odd rather than an even number of response alternatives is preferable under circumstances in
which the respondent can legitimately adopt a neutral position. Fourth, even a few response alternatives
may be too many for the respondent if comprehensible instructions and labeling of response alternatives
are not included. The magic number seven plus or minus two seems to be a reasonable range for the
optimal number of response alternatives. In the case of subject-centered scales, five alternatives seem
adequate for the individual items and energy is best spent on increasing the number of quality items
constituting the composite scale.

211 In this context, special thanks are due to Bruce Kogut, Lars Hakanson, Robert Nobel, and Bo
Sellstedt.
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Techniques for Analyzing Data

In order to statistically analyze the questionnaire data, a probit model was applied

to test the effects of various determinants on technology transfer mode. In order to

address the issue of timing and its determinants, in the case of both voluntary and

involuntary technology dissemination, a form of event history analysis was applied. This

section gives a short account for the statistical methods that were used212.

The Probit Model

Although there has been a tendency for many social scientists who analyze

dichotomous variables to simply proceed with ordinary regression analysis, Aldrich &

Nelson (1984) show that this is really not an appropriate strategy. Probit analysis, they

claim, is more suited to such problems, and in the general case of polytomous dependent

variables, logit ought to be the chosen method. Probit and logit parameters are typically

estimated by "maximum likelihood estimation" (MLE)213. MLE is concerned with

selecting parameter estimates that imply the highest probability or likelihood of having

obtained the observed dependent variable. The MLE exhibits the asymptotic (large

sample) properties of unbiasedness (the estimates are centered around the true values

on average), efficiency (no other unbiased estimator has lower sampling variance), and

normality.

The simplest interpretation of the output is obtained by noting which variables

have significant coefficients in the model, and identifying them as useful predictors of the

dependent variable. Reported coefficient estimates are, as mentioned, asymptotically

unbiased and efficient point estimates. Estimated standard errors provide the measure

212For a survey of qualitative response models, seeAmemiya (1981). A discussion focusing on theory
of estimation is found Maddala (1983). An excellent review of event history analysis can be found in
Allison (1984).

213Amemiya (1981), in a survey of qualitative response models, points out that the probit and logit
models usually give the same resultsand that it is difficult to distinguish them statistically.
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of the likely variation in the estimated coefficients that one might anticipate to arise from

sample to sample. The t-statistic is used for testing the null hypothesis that a coefficient

is 0 (or equivalently that the corresponding independent variable has no effect on the

dependent variable).

As a measure of "goodness of fit" a test based on the likelihood ratio principle is

used to test the joint hypothesis that all coefficients except the intercept are zero. The

method produces a statistic that approximately follows a chi-square distribution when the

null hypothesis is true. Aldrich & Nelson (1984) recommend extreme caution in using

summary measures (like R2 used in regression analysis) in those cases where they have

to be used at all.

Event History Analysis

When analyzing data on time to first transfer and time to imitation for a sample

like the one used in this study, one problem is that some technologies have been

developed rather recently and thereby perhaps have not been transferred or imitated at

the time of measurement although they perhaps will be in the future. In order to analyze

the effect of a number of covariates on the time to first transfer and first imitation of the

technologies in the sample, it was necessary to use a form of event history analysis.

Event history data in its simplest form consist of a longitudinal record of when

events 214 happen in a sample of individuals or collectivities. Although event histories

are ideal for studying causes of events, they typically possess two complicating features -

censoring and time-varying explanatory variables. Censoring is the more common

difficulty because often the explanatory variables are measured only once. The

application of statistical procedures such as multiple regression to data featuring

censoring and time-varying explanatory variables can lead to severe bias or loss of

information (Allison, 1984).

214An event consists of some qualitative change that occurs at a specific point in time. One would not
ordinarily use the term "event" to describe a gradual change in some quantitative variable. The change
must consist of a relatively sharp disjunction between what precedes and what follows.
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There is no single method of event history analysis but rather a collection of

related methods. Censored and truncated regression models have been developed in

disciplines like biometrics and engineering more or less independently of developments

in econometrics. Biometricians use the models to analyze the survival time of a patient.

Censoring or truncation occurs if a patient is still alive at the last observation date215.

Similarly, engineers use the models to analyze the time to failure of materials, machines,

or systems. The methods they developed go by the name of "reliability analysis" or

"failure time analysis." In recent years the two traditions have effectively merged into a

single stream of Iiterature/". Sociologists and economists have also used survival

models to analyze the duration of such phenomena as unemployment, residing in a

particular region, marriage, and the period of time between births217.

Allison (1984) suggests five major dimensions that distinguish different approaches

to analyzing event history data: 1) distributional versus regression methods; 2) repeated

versus non-repeated events; 3) single versus multiple kinds of events; 4) parametric

versus non-parametric methods; and 5) discrete versus continuous time. In this study, a

continuous-time method based on regression methods for non-repeatedf", single kinds

of events is used.

The data underlying the event history analysis in this study consist of measure

ments of the length of time to voluntary and involuntary dissemination of technology, and

a set of regressors (covariates). The dependent variable data are "right censored," i.e. the

time measured in some cases represents only the last observation of a technology which

has not yet been transferred or imitated. To study the time periods to transfer and

215For a bibliography of the efforts of biostatisticians on the most effective ways to analyze their data,
see Kalbfleisch & Prentice (1980).

216See Miller (1981), Cox & Oakes (1984), and Kiefer (1988).

217Sociologists will be most familiar with the works of Tuma and her colleagues: Tuma (1976); Tuma
& Hannan (1978); Tuma, Hannan & Groenveld (1979).

218Although we are dealing with, in principle, repeatable events, we define them as non-repeatable by
focusing our attention on the first voluntary or involuntary transfer.
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imitation, a test where it is not necessary to decide how the hazard rate219 depends on

time is preferred. Therefore, a partial likelihood model is used220.

Partial likelihood, as first proposed by the British statistician Cox (1972), estimates

the influence of explanatory variables (or covariates) on the hazard of transfer (or

imitation) without specifying a parametric form for the precise time to an event221. The

method used assumes that observations are homogeneous in the probability distribution

over duration times, and that censoring is unrelated to the duration values themselves.

The procedure relies on the fact that the likelihood function for data arising from the

proportional hazards model can be factored into two parts. One factor contains

information only about the coefficients, the other factor contains information only about

the coefficients and the function of time. Partial likelihood simply discards the second

factor and treats the first factor as though it were an ordinary likelihood function. This

first factor depends only on the order in which events occur.

In the analysis applied in this study, the method thus ranks technologies in terms

of the sequence of transfer (or imitation) and maximizes the partial likelihood that the

i.th technology should be transferred (or imitated) conditional on the characteristics of

the other technologies at risk at the time of transfer (or imitation). Based on this ordinal

ranking, a likelihood is given that the i.th event should occur as conditional on the

hazards of the other technologies at risk at this time:

Li=ho(t)exp(X/B)/ho(ti)(L exp(XJB))
j

(1)

219Thehazard rate is the probability that an event will occur at a particular time to a particular object
given that the object is at risk at that time. An object ceases to be "at risk" when an event has occurred
to it.

220An alternative is to specify how the hazard rate depends on time, i.e, a particular distribution for
the duration variable (or its logarithm). The application of a parametric Weibull model, which assumes
that the log of the hazard increases linearly with the log of time, to the data in this study yields virtually
identical results to the results arrived at by using the proportional hazard model using partial likelihood
estimation presented here.

221The proportional hazard model can thus be described as semi-parametric and constitutes a bridge
between parametric and non-parametric models. It is parametric in the sense that it specifies a regression
model with a specific functional form; and it is non-parametric insofar as it does not specify the exact form
of the distribution of event times.
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For simplicity, the coefficients and covariates are given as vectors B and X,

respectively, with i indexing the technology which was transferred (or imitated) at time

tb and j indexing the technologies at risk at time tie L, is the likelihood for the i:th event.

Since the baseline hazard, ho(t), is considered to be the same for all technologies, the

denominator can be factored into the baseline hazard multiplied by the weighted sum of

the covariates. Taking logs gives:

logLi=XiB-E XJB
j

(2)

where log L, is the log likelihood and the other expressions are as before. Note that the

baseline hazard rate has canceled out. Thus, the likelihood is equivalent to allowing only

the covariates to contribute directly to the statistical inferences. The overall likelihood

is then calculated as the sum of the individual log likelihoods. Estimation of the

coefficients is derived numerically by maximizing the value of the sum of the log

likelihoods given in equation (2). The log-likelihood is maximized using Newton's method.

There is no constant or error term. A positive coefficient indicates that increases in the

covariate tend to increase the likelihood of transfer (or imitation); a negative coefficient

indica tes the reverse.

Partial likelihood has been found to provide reasonable estimates even when

censorship is high. Estimates using partial likelihoods are asymptotically normally

distributed and consistent (Efron, 1977). The estimates are, however, not fully efficient

due to the loss of information on the exact times of events, but this loss has been shown

to be small (Kalbfleisch & Prentice, 1980). Specification error is avoided in the partial

likelihood estimations since only information on technologies for each interval during

which a technology was transferred (or imitated) is used. Partial likelihood is, therefore,

appropriate when the time to transfer (or imitation) per se is not of interest and there

is no theoretical guidance to the specification of the parametric function.

Though partial likelihood assumes continuous time, it has been found that

estimates are robust as long as the number of ties to those at risk is not high (Kalbfleisch
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& Prentice, 1980; Cox & Oakes, 1984). Allison (1984) gives the rule of thumb of less

than 50 percent events per the total at risk. The data fully satisfy this condition.

Measurement of Variables

The most popular definition of measurement is that provided by Stevens (1951,

p. 22) as "the assignment of numbers to objects or events according to rules:' Zeller &

Carmines (n.d.) view measurement as the "process of linking abstract concepts to

empirical indicants." This is more useful from the perspective of this study, since many

of the phenomena to be measured strictly speaking are too abstract to be characterized

as objects or events.

As pointed out by Anderson (1988), a social scientist from a field other than

economics would probably be struck by two features looking at textbooks and empirical

articles in economics. One would be the prevalence of sophisticated models for estimating

relationships between variables, and the other the relative simplicity of the economist's

way to measure those variables. Rarely are composite indices of a constructed variable

used as long as the phenomena measured are inherently countable.

While econometrics has largely been concerned with estimating relationships in

a given set of data, psychometrics has been more heavily concerned with how the set of

data is created. Because many phenomena addressed by psychometric research are not

readily countable, psychometrics has historically concentrated on developing measurement

rules. There now exists a recognized set of procedures for assessing construct variables

for which direct, objective measures are nonexistent or inadequate/P, This study makes

explicit use of the psychometric models developed in for example Nunnally (1978). In

particular, the independent variables designed to measure technology characteristics are

constructed using psychometric methodology.

In order to empirically explore the relationships between abstract concepts,

observable and measurable characteristics of the units or cases under study must be

222In Carmines & Zeller (1979) it is pointed out that, although previously limited to education and
psychology, the use of measurement theory is to an increasing extent given serious consideration by
sociologists, political scientists, journalists, and economists.
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specified, reflecting the nature of the concepts included. These measurable, empirically

grounded characteristics are referred to as indicators of the concepts'F',

The theory of measurement error is grounded in the assumption that multiple

measures exist with which to "encircle" a construct, and that error reduction is done by

creating composite measures. Measurement theory thus assumes that a composite index

introduces less measurement error than a single proxy. The actual measure development

process typically begins with the development of a working definition of a construct. Next,

variations of the definition are generated by the listing of manifestations of the construct.

Each variable is designed to capture one facet of an abstract construct which is to be

measured. Taken together as a scale, they form a composite indicator of the construct.

The procedure recommended by Nunnally (1978) to address the reliability problem is to

standardize all variables (removing differences in response scale) and compute

Cronbach's alphas to assess measurement reliability. For a simple illustration of the

procedure used to generate the constructs in this study, see Figure 8A.

Figure 8A: Procedure Used to Generate Constructs Characterizing Technology

STEP 1 STEP 2

Choice of indicators Standardization Construct
and measurement of and summation score
internal consistency of responses

Indicator 1 f==;> h>
Indicator 2

Indicator i

223Becauseof what Blalock (1968) calls "the measurement problem," a gap emerges between theoretical
concepts and empirical indicators of these concepts. Selecting an appropriate indicator for any particular
concept is far from a purely logical exercise. In fact a second, often implicit theory is needed to specify the
relationships between the theoretical and empirical worlds (abstract concepts and their indicators). Blalock
has termed this "auxiliary theory."
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Combining variables is typically done by either factor analysis (each factor

generates a factor score as the index) or simple summation to create a scale (which

generates a sum, or scale score )224. Sometimes, factor analysis is done prior to scale

construction to examine whether the items are indeed highly related among themselves

and hence likely to be tapping the same construct.

In this study, the constructs derived from 23 of the 44 questionnaire items

characterizing manufacturing technology were measured by forming "scales," which are

simple summations of standardized responses to questions tapping facets of the same

phenomenon. Each scale was created by standardizing every question (turning the

response into a standard normal deviate, with 0 mean and variance 1 by subtracting the

mean from the score and dividing by the standard deviation). Then the standard scores

were summed to form a scale score, which is the measure used in estimating the models

of technology transfer and imitation patterns225. Factor analysis was only applied after

the constructs had been derived (see Appendix E). The purpose of this exercise was to

examine the correspondence between the theoretically-based generation of constructs and

constructs derived statistically from the data material. A principal component analysis

with "varimax'' rotation of the 44 questionnaire items dealing with the nature of

manufacturing technology was carried out. An iterated principal axis factor analysis (so

called "common factor analysis") produced very similar results. The four technology

characteristics variables derived from the questionnaire items - "articulability,"

"observability," "team-dependence," and "process inflexibility" - corresponded well with

the statistically derived factors.

Reliability and Validity of Constructs

Numerous standards can be applied to assess the usefulness of a measurement

method, including (1) the extent to which data obtained from the method fit a

224Anderson (1988).

225Por a study of determinants of successful plant-level problem solving and adaptation around new
process technology where a very similar methodology is used, see Tyre (1991).
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mathematical model, (2) reliability of measurement, (3) validity in various senses, and (4)

the extent to which the measurement method produces interesting relationships with

other scientific measuresv",

Focusing on reliability and validity of measurement at the most general level, a

measuring instrument must fulfill both criteria to enable the research community to

accept the results 227. The two concepts deal with how well a particular empirical

indicator (or a set of empirical indicators) in practice and theory represents a given

theoretical concept. Reliability is the degree of accuracy of a measuring instrument, i.e.

it deals with the quality of the observed data, or the difference between reported values

or scores and the sample's true scores. A fully reliable measuring instrument is only

influenced stable qualities of the respondent, i.e. minimally affected by random

measurement error. If the measurement is repeated it will thus yield the same result on

repeated trials.

Validity is required to provide an accurate representation of some abstract

concept. In a general sense, a measuring device is valid if it does what it is intended to

do. Validity thus concerns the crucial relationship between concept and indicator. Strictly

speaking, one does not assess the validity of an indicator, but the use to which it is being

put. As Cronbach (1971, p. 447) puts it: "One validates, not a test, but an interpretation

of data arising from a specified procedure." Total reliability is a prerequisite for total

validity and it is important to remember that both reliability and validity are matters of

degree.

Assessment of Reliability: Reliability, as described, refers to how accurately, on

the average, an additive composite measure estimates the true score in a population of

objects to be measured. The observed score on any measuring instrument is made up of

two quantities: a true score and a certain amount of random error. The true score is the

average score that would be obtained if the variable in question would be rerneasured

an infinite number of times. When it comes to the random errors, "positive" errors would

be expected to occur just as frequently as "negative," and their magnitudes to be similar.

226Nunnally (1978).

227 Lindblad (1978), Lundahl & Skarvad (1982), Swedner (1978).
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The random errors are expected to cancel each other out in the long run - having a mean

of zero.

In order to assess random measurement error, classical test (score) theory is often

used 228• According to Carmines & Zeller (1979), there are four basic methods for

estimating the reliability of empirical measurements. These are the retest method, the

alternative-form method, the split-halves method, and the internal consistency method.

In this study, the internal consistency method is used since it requires only a single test

administration (our data collection procedure rules out the retest and alternative-form

method) and provides a unique estimate of reliability for the given test administration (in

the split-half method the reliability coefficients vary in different ways of subdividing the

total set of items)229.

The most popular by far coefficient to measure internal consistency is Cronbach's

alpha (Cronbach, 1951), which can be expressed as follows:

where N is equal to the number of items, La 2 (YJ is equal to the sum of item variances,

and a 2 x is equal to the variance of the total composite.

Cronbach's alpha is a robust, lower bound estimate of the reliability of a

composite measure which ranges from zero (no reliability, complete measurement error)

to 1 (complete reliability, no error)230. The value of alpha increases with the average

inter-item correlation and the number of items in the scale. The addition of more items

22&rhe discussion here will be elementary, but more extensive discussions can be found in Lord &
Novick (1968), Stanley (1971), Nunnally (1978), and Carmines & Zeller (1979).

229Carmines & Zeller (1979) do not recommend the retest method or the split-halves approach for
estimating reliability. The major defect of the retest method is that experience in the first testing usually
win influence responses in the second testing. The major problem with the split-halves method is that the
correlation between the halves is somewhat dependent on how the total number of items is divided into
halves.

230Novick & Lewis (1967) have proven that, in general, alpha is a lower bound to the reliability of an
unweighted scale of N items. It is equal to the reliability if the items are parallel; the reliability of a scale
can never be lower than alpha even if the items depart substantially from being parallel measurements.
In other words, in most situations, alpha provides a conservative estimate of a measures reliability.
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to a scale that do not result in a reduction in the average inter-item correlation will

increase the reliability of the measuring instrument. The adding of items indefinitely,

however, makes progressively less impact on the reliability.

What, then, is a satisfactory level of reliability? Nunnally (1967) indicates that an

alpha value of at least 0.5 is considered acceptable for basic research, but in apparent

reconsideration (1978) suggests 0.7 is more appropriate. For widely used scales, Carmines

& Zeller (1979) believe that, as a general rule, reliabilities (alphas) should not be below

0.8. At that level, they argue, correlations are attenuated very little by random

measurement error at the same time as it is costly in terms of time and money to obtain

higher correlation coefficients.

The internal consistency of the measures (or constructs) used in this study was

assessed by calculating coefficient alphas. Thereby, the reliability referring to freedom

from random measurement error was measured. This assessment was crucial, since low

reliability reduces estimates of correlation between the poorly measured variable and any

other variabler". A few items with very low item-to-total correlation which substantially

depressed coefficient alpha were deleted, although they theoretically were believed to

measure a certain construct. Reliabilities for the constructs measuring technology

characteristics ran from 0.71 to 0.89 (each particular measure is discussed below).

Assessment of Validity: In the previous section, the internal consistency with which

different items tend to supply the same information or characterize the same construct

was discussed. To the extent that the elements show consistency, it can be said that some

construct may be employed to label the data, but it is by no means sure that it is

legitimate to employ the construct name which is chosen. Strictly speaking, it can never

be established with any degree of certainty that a construct has been measured or that

a theory regarding the construct has been tested. A construct name is only a word

describing an interesting set of variables and there is no way to prove that any

combination of those variables actually "measures" the word.

While it is possible to express reliability in terms of the percent of random error

in the indicator, there is no corresponding way to quantify validity in practice. The

231This result is demonstrated by Johnston (1972).
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assessment of validity is a very subjective endeavor. A well-accepted way to validate a

classification procedure is to use a subset of the sample and validate the results against

a holdout sample. This maximum likelihood estimation, however, requires a large sample

relative to the number of variables. A second way to validate results is to see whether

they replicate under another method. Campbell & Fiske (1959) claim that by using a

"multitrait-multimethod matrix" the researcher can at least be more or less confident

depending upon some of the characteristics of the measures and how they relate to one

another.

In this study, the relatively small sample size did not allow for estimation on a

subset of the sample. However, the comparing of the construct scores with the

impressions and insights gained during the in-depth case studies of certain innovations

serve as a sort of "validity check." Factor analysis is one common way to come to grips

with validity, and it was used with caution in this study. The use of factor analysis in

assessing validity is, according to Carmines & Zeller (1979), much of a two-edged sword.

While factor analysis can be useful for this purpose, it does not always lead to

unambiguous conclusions concerning the underlying theoretical dimensions captured in

a set of items. Instead, naive and simplistic interpretation of factor structures can be

misleading. Taking these warnings seriously, factor analysis was not the primary way of

assessing validity in this study. However, a factor analysis of the 19 questionnaire items

used to characterize manufacturing technology can be found in Appendix E. As already

mentioned, the factors arrived at when using the statistical procedure correspond well

with the technology characteristics constructs derived on a theoretical basis.

Constructs and Variables

Operationalization and Measurement of the Dependent Variables

Starting with patterns of voluntary dissemination of manufacturing technology, the

dependent variables in this study reside in two dimensions: timing and mode. The first

dependent variable, "time to transfer," is measured as the time between initial
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manufacturing in Sweden and the first local manufacturing in a foreign country. The

second dependent variable, "transfer mode," is a binary variable which distinguishes

between "wholly-owned subsidiaries" and "other transfer modes" (including licensing and

joint ventures).

Looking at the dependent variable used to describe involuntary technology

transfer, "time to imitation" is used. The year the product was first manufactured in

Sweden is subtracted from the year when another firm has developed a similar,

competitive product based on the innovating firm's technology, to determine the time to

imitation.

Operationalizations and Measurements of Technology Characteristics

Simple indicators of technology have played an important role in the theory of

economic growth, in empirical research on R&D, studies on the determinants of

profitability, and other related topics. Although considerable insight has been derived

from these studies, theory, evidence, and, above all, measurement are generally at a too

aggregate level to be more than suggestive for the purposes of studying voluntary and

involuntary dissemination of technology. Dissemination patterns may be affected by

multiple, often subtle factors related to the technology. Understanding these factors

typically requires in-depth clinical analysis of individual cases. However, in order to

identify systematic patterns among dissemination patterns, the nature of technology must

be compressed into a few standardized measures. In order to achieve this, multiple-item

scaling and classical test theory were applied to the questionnaire data in this study to

increase the reliability of measurement of technology-related variables -as described

above.

In the following, the outcome of the operationalization of technology characteris

tics is described in more detail. The derivation of the constructs draws upon an extensive

literature search presented in Chapter 7, as well as on the pilot case studies. A main

source of inspiration throughout this task has been Winter's (1987) classification work;

a first attempt to operationalize the technology characteristics, where very similar

constructs were developed, can be found in Kogut & Zander (1991b).
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Articulability: Articulability measures the degree to which manufacturing

technology can be expressed and communicated in symbolic form, for example in

manuals and documents describing the manufacturing process. It also correlates with the

ease with which the technology can be taught, dependent on, e.g., whether the

information about the technology can be expressed in spoken words. The opposite of a

fully articulable technology is highly tacit technology, making the construct very similar

to Winter's (1987) "articulability/tacitness" dimension, which also includes "teachability"

in addition to "codification." As pointed out by Winter (1987), tacit skills may be

teachable even though not articulable. Successful teaching in this case presupposed that

a student takes the role of an "apprentice" and learns by imitating the model

performance of the teacher, which, however, is vastly different from one in which a

technology is fully conveyed by communication alone.

Normally codification and teachability correlate positively. By combining a number

of items related to the codifiability and the teachability232 of a manufacturing

technology, a scale can be constructed which positions a technology on a scale ranging

from "highly tacit" to "fully articulable." Table 8:1 presents a list of the 7 items constitut

ing the base for measuring the "articulability" dimension. Cronbach's alpha is 0.78, which

indicates an acceptable level of reliability.

232Attempts were initially made to construct individual scales for codifiability and teachability, but the
measures used to capture the two dimensions were always highly correlated, and the concept of
"articulablltty" was chosen to incorporate both codifiability and teachability. For a study where the two
dimensions are analyzed separately, see Kogut & Zander (1991b).
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Table 8:1: Perceived Articulability

1) A useful manual describing our manufacturing process can be written.

2) New manufacturing personnel can easily learn how to manufacture the
product by studying a complete set of blueprints.

3) New manufacturing personnel can easily learn how to manufacture the
product by talking to skilled manufacturing employees.

4) Educating and training new manufacturing personnel is a quick, easy job.

5) New manufacturing personnel know enough after a normal high school
education to manufacture our product.

6) New manufacturing personnel know enough after vocational training to
manufacture our product.

Reversed/P:

7) Within important areas the newly employed have to work with experienced
manufacturing personnel as "apprentices" for a long time to be able to learn
their job.

Coefficient alpha: 0.78

Observability: The measure of observability takes into account how easy it is to

understand the manufacturing process by looking at and examining different aspects of

the manufacturing process or the final product. It is almost identical to a measure of

"product observability" used in Kogut & Zander (1991b) and partly related to Winter's

233When a question is reversed, the wording is such that lower values (disagreement rather than
agreement) mean higher levels of the construct. In this case, disagreeing that personnel must work as
"apprentices" means higher codifiability. In constructing the scale, standardized answers are multiplied by
1 to "flip over" the question and make disagreeing with a negatively worded question equivalent to agreeing
with a positively worded statement. Then the reversed answers are added to the positively worded answers
to produce a scale score. (The same result can of course be obtained by recoding the original answers
before standardization so that 7 becomes 1, 6 becomes 2, 5 becomes 3, and 4, the neutral point, is
unchanged. )
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(1987) classification of knowledge or competence assets on a continuum ranging from

"not observable in use" to "observable in use." Winter's observability dimension involves

"the extent of disclosure of underlying knowledge that is necessitated by use of the

knowledge." He notes that the design of the product is a secret that is hard to keep if the

product is made available for purchase and inspection by all customers in an open

market.

In the measure of observability, the possibility to learn how to manufacture the

product through reverse engineering or by testing of the product in use leads to high

scores of observability. Turning to the manufacturing process, the possibilities to learn

from plant tours, observation of workers performing their tasks, and the examination of

machines increase the measure of observability. Cronbach's alpha for the observed

construct indicates a high level of reliability (0.89), and Table 8:2 describes the items

used.

Table 8:2: Perceived Observability

1) A competitor can easily learn how to manufacture our product by studying
our manufacturing employees at work.

2) A competitor can easily learn how to manufacture our product by taking a
tour of our plant.

3) A competitor can easily learn how to manufacture our product by examining
our machines.

4) A competitor can easily learn how we manufacture our product by taking it
apart and examining it carefully.

5) A competitor can easily learn how we manufacture our product by testing it
in use.

Coefficient alpha: 0.89
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Complexity: "Complexity" proved to be one of the more thorny scales to identify.

Simon (1979) refused to provide a formal definition, though his argument implies the

number of hierarchical nestings in a system and the dispersion of interactions across

departments. A complementary definition is the number of parameters required to

describe the function of a technology. Tyre (1991) measures "technical complexity" as the

number, novelty, and technological sophistication of new features and concepts in a

technology.

In this study, complexity is defined as a composite structure consisting of, or

embracing, many elements. Given that the knowledge which is dimensionalized concerns

manufacturing, a scale is built by using the importance of four types of processes, as

identified by Hayes & Wheelwright (1984). Table 8:3 lists the four items defining the

complexity of a manufacturing technology. The measure adds up the ranked importance

of each type of process, thereby generating a relatively high value of "complexity" for a

manufacturing technology where a number of processes are importanrP'. A complex

manufacturing process would, in this view, involve processes for changing the physical

characteristics of a material, changing the shape of materials, giving materials certain

dimensions, as well as some form of assembly.

Table 8:3: Complexity: Summing up the importance (measured on a 7-point scale) of
4 different types of manufacturing processes

1) Processes for changing physical characteristics of a material (for example
chemical reactions, refinement, heat treatment).

2) Processes for changing the shape of material (for example casting, pressing,
rolling, bending).

3) Processes for giving materials certain dimensions (for example turning,
milling, drilling, sawing).

4) Processes for assembling different parts to a whole (for example welding,
soldering, gluing, screwing).

234For an interesting and somewhat related measure, see Granstrand & Sjolander's (199Oa) measure
of width of the technology-base of a firm - the sample average of the number of engineering categories
represented in a firm.
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Team-Dependence: The measure of team-dependence captures the extent to

which the manufacturing process is dependent on a certain intra-firm environment where

teams of engineers and workers cooperate and experience cumulative on-site learning.

It also takes into account whether important parts of the technology reside with single

individuals or not. Team-dependence as measured in this study is related to Kogut &

Zander's (1991b) measure of "system dependence" and Tyre's (1991) measure of

"functional overlap," describing the number of lateral linkages between plant engineering

and production personnel. The five items used to capture the team-dependence construct

are presented in Table 8:4. Cronbach's alpha for the group of items (0.71) indicates an

acceptable level of reliability.

Table 8:4: Perceived Importance of Team-Dependence

1) We can achieve satisfactory product quality only because our firm's long
experience with the manufacturing technology.

2) To achieve high product quality it is very important that our manufacturing
personnel has long experience in the specific plant where they are working.

3) Workers in important parts of the manufacturing process have to be in
constant contact with engineers or product quality will go down.

Reversed:

4) A competitor can easily learn how we manufacture our product by hiring
one of our manufacturing engineers.

Coefficient alpha: 0.71

Process Inflexibility: The measure of process inflexibility describes the "robustness"

of the manufacturing process. The process is regarded as being flexible if: (1) the manu

factured quantities can be reduced without negative effects on cost; (2) if it is possible

to maintain product quality even if the quality of components entering the manufacturing

process are not strictly controlled; and if (3) minor modifications of the product design
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do not lead to serious manufacturing problems. Table 8:5 shows the items that underlying

the measurement of process inflexibility. A high level of reliability is indicated by a

Cronbach's alpha of 0.83.

Table 8:5: Perceived Process Inflexibility

1) Our costs per unit will increase significantly with a reduction in volume
produced in a plant.

2) It is very important that our subcontractors use tight quality control
procedures, or our product quality will drop.

3) Minor modifications of the product design can lead to serious manufacturing
problems

Coefficient alpha: 0.83

Technology Age: "Technology age" is a variable which has been frequently used

in the empirical literature on technology transfer mode (see Chapter 4: Table 4:1). In this

study, like elsewhere, it is measured by determining the time between the first

manufacturing of the product and the specific transfer that is being studied.

Operationalizations and Measurements of Firm Characteristics

International Experience: "International experience" of an MNC is measured as

the establishment year of the group's first manufacturing subsidiary outside the home

country.

Transfer Experience: "Transfer experience" is operationalized to capture the

number of international transfers of a certain technology already executed before the

specific transfer studied.
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Proprietary Equipment: This measure is used to pinpoint the degree to which

manufacturing technology is embodied in machines built in-house for exclusive use within

the firm, and the degree to which manufacturing control is embodied in exclusive

software developed within the firm (see Table 8:6). Cronbach's alpha for the group of

items (0.61) indicates a barely acceptable level of reliability, which should lead to certain

caution in interpreting results as to this variable in Chapters 10 and 11.

Table 8:6: Perceived Use of Proprietary Equipment

1) Large parts of our manufacturing technology are embodied in machines built
within our firm exclusively for our use.

2) Large parts of our manufacturing control are embodied in software
developed within our firm exclusively for our use.

Coefficient alpha: 0.61

Tailor-Made Equipment: This measure is used to assess the degree to which

manufacturing technology is embodied in machines tailor-made by other firms for the

firm's purposes, and the degree to which manufacturing control is embodied in software

tailor-made by other firms for the firm's purposes (see Table 8:7). This measure differs

from "proprietary equipment" in that the equipment is sourced from other firms, e.g.

subcontractors in the machine building industry. These supplier-firms often work

intimately with the innovator firm to tailor the equipment, but are also free to sell their

equipment to other firms than the one it was developed for. Cronbach's alpha for the

observed construct indicates a high level of reliability (0.97).
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Table 8:7: Perceived Use of Tailor-Made Equipment

1) Large parts of our manufacturing technology are embodied in machines that
are tailor-made by other firms for our purposes.

2) Large parts of our manufacturing control are embodied in software tailor
made by other firms for our purposes.

Coefficient alpha: 0.97

Continuous Development: A measure of the degree to which continuous

development of products and processes has taken place in the innovating firm is created

by taking the maximum value of how important these types of modifications are perceived

to be for preventing imitation of the product by the respondents. The way the question

was asked in the questionnaire led the respondents to rank the importance of continuous

development against other means of protecting the technology (like patents and secrecy),

rather than relating the effectiveness of continuous development to the actual time to

imitation experienced. For descriptive statistics on the importance of different means of

protecting the new technologies, see Appendix F.

Loss of Key Employees: The extent to which key manufacturing knowledge has

been lost by the innovating firm through departing employees is tapped by the question

if any of the firm's knowledgeable manufacturing employees had left the firm to the

benefit of competitors after the introduction of the new product (yes coded as 1, no as

0).

International Technology Transfer: "International technology transfer" is a variable

measuring the number of times the innovator firm has transferred the manufacturing

technology to a country outside Sweden before a competitor firm has developed a similar,

competitive product based on the same technology.
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Operationalizations and Measurements of Characteristicsof the Environment

Parallel Development: A proxy variable measuring the degree of technological

competition while the new product is developed was created by asking how many of the

innovating firm's competitors were engaged in developing products similar to the firm's

at the time of innovation.

Imitation: A competition-related variable which is recommended by Hill & Kim

(1988) for the study of the choice of governance mode (transfer mode) measures if the

product is subject to imitation or not before the transfer of manufacturing technology

takes place. In this study, the variable "imitation" is a dummy variable where 1 indicates

that pre-transfer imitation has taken place, and 0 that it has not.

In the preceding section constructs that will be used in the analyses of technology

transfer and imitation patterns in Chapters 10 and 11 have been operationalized. The

conceptual models presented in Chapter 9 indicate the hypothesized relationships

between the constructs and variables derived in this section and the different dimensions

of technology dissemination patterns. A summary of variables and hypothesized signs is

provided at the end of Chapter 9.
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CHAPTER 9: CONCEPTUAL MODELS AND HYPOTHESES

This chapter begins with a description of two conceptual models of voluntary and

involuntary dissemination of technology. Using these two models, hypotheses regarding

how technology characteristics and firm and environment variables affect transfer and

imitation patterns. These hypotheses are tested in Chapters 10 and 11.

The Conceptual Models

Drawing heavily upon empirical literature in the field of technology transfer (see

Chapter 4), a straightforward, non-controversial model can be outlined to describe the

determinants of voluntary dissemination of technology:

Figure 9A: Voluntary Dissemination of Technology

Technology
characteristics

Firm
cherecterts tics

Environment
characteristics

Technology Transfer Pattern:
- Tlrrling
- Mode
- Destination

Although variables in all three categories of independent variables have previously

been proven to affect technology transfer patterns, the effects of technology characteristics

variables on technology transfer patterns have not been extensively researched in the
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past. Therefore the hypotheses presented is this chapter to a large extent have to do with

the effects of characteristics of manufacturing technology on technology transfer

pauernsf".

Turning to involuntary dissemination through imitation, the design of a model is

not as straightforward a task as in the case of voluntary dissemination. Most empirical

studies have been descriptive in nature, and only rarely have they analyzed the effects of

independent variables on imitation time. Drawing mainly on the theoretical literature on

voluntary and involuntary dissemination of technology (see Chapter 3), some empirical

investigations into imitation patterns (see Chapter 5), and on indications from the pilot

case studies (see Chapter 6), a model for explaining time to imitation can be outlined as

follows:

Figure 9B: Involuntary Dissemination of Technology

Technology
characteris tics

Firm characteristics Environment
cherec tortstics

- strategic action
under taken by
innovator firm

- competence and
strategic action
under taken by
imi tator firm

The inclusion of technology characteristics in this model is based on Winter's

(1987) suggestion that technology characteristics affect the ease of transfer both when it

comes to voluntary and involuntary transfer - features that inhibit voluntary transfer tend

235Thearrows in Figure 9A, as well as in Figure 9B, indicate the main direction of influence between
the variables. Often relationships between variables are complex in the social sciences, and influences are
rarely one-directional. The main influence not indicated in Figure 9A is from "technology transfer pattern"
to "firm characteristics."
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to restrain involuntary transfer. The data in this study provides an opportunity to test this

assertion. As for firm characteristics, the pilot case studies indicate that an important part

of the decisions and actions undertaken in the innovating firm have to do with protecting

and further developing the new technology. In addition, it is suggested in the literature

that the innovating firm's decisions regarding voluntary technology transfer (frequency

and mode) affect the time to imitation. Of course, the competence and strategic action

of imitators should also influence the imitation pattern. Turning to environment

characteristics, interest is focused on the industry level. Variables such as the number of

competitors, and effectiveness of patent protection are expected to affect the speed with

which new technology is imitated.

Hypotheses Regarding the Effects of Technology Characteristics on Technology Transfer and

1mitalion Pattems

A high value on articulability should covary with the time to the first transfer in

a way that high articulability shortens the time to first transfer. It should, for example,

be easier to transfer a technology if it is documented and no "apprenticeship" is needed

to train workers in a new plant. If voluntary and involuntary dissemination of technology

are seen as catoptric problems, the same direction should prevail in the relationship

between articulability and time to imitation. However, highly articulable technology must

not necessarily shorten the time to imitation, since imitation among other things should

depend on the degree to which important documents and software can be kept secret

within the firm. Regarding effects on the choice between different transfer modes, a

highly tacit technology should be harder to transfer to recipient units other than wholly

owned subsidiaries, due to the changing context surrounding the transfer. However, it is

difficult to predict the choice of transfer mode in the case of a highly articulable

technology.
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High values on observability should increase the probability of early transfer and

the risk of early imitation of the product. If it is easy to learn about manufacturing the

product through, for example, reverse engineering or studying of the manufacturing

process, the probability for voluntary dissemination and the risk of involuntary

dissemination should increase. High values of observability should lead to the choice of

wholly-owned subsidiaries as transfer mode, where at least the access for outsiders to the

manufacturing process can be controlled, assuming that the innovating firm fears

imitation by competitors,

A complex manufacturing technology, as defined by the described measure, should

be costly to transfer and lead to a reduced probability of early transfer. In the case of

imitation, high levels of complexity should stall imitation efforts and thus decrease the

hazard of early imitation. There is no obvious reason to have an a priori opinion about

the direction of the relationship between complexity and technology transfer mode.

A high value of team-dependence should make transfer of the technology more

costly to the extent that skilled groups of personnel are scarce and probably must be sent

to the recipient unit in case of transfer. It can also be assumed to be costly to recreate

the appropriate environment for a team to start manufacturing in another location. Also,

the risk of early imitation should be lowered by high team-dependence due to the

difficulties for competitors to create the needed conditions for successful manufacturing.

High degrees of team-dependence should lead to the choice of wholly-owned subsidiaries

as transfer mode, since the normally more long-term, stable relationship with a subsidiary

provides the necessary level of stability, trust, and "patience" needed for the transfer of

this type of technology.

A high value on process inflexibility should decrease the probability of early

transfer since minimum quantities produced, competence of subcontractors, product

design, and degree of automation might well change when the technology is transferred

overseas (the number of transfers of "inflexible" manufacturing technology should be

especially low to developing host-countries due to differences in demand structure and

surrounding industrial environment). It is not obvious how process inflexibility should

influence the time to imitation or the transfer mode but it could be hypothesized that a

flexible technology might increase the risk of imitation since competitors, according to e.g.

Nelson & Winter (1974), at best succeed in producing a "rough copy" of the technology.
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Based on repeated results from studies of technology transfer activities of U.S.

MNCS236
, increased technology age is hypothesized to increase the probability of

transfer modes other than wholly-owned subsidiaries. Thus it is expected that firms use

licensing or joint ventures to an increasing extent as the technology becomes older.

Hypotheses Regarding the Effects of Firm Characteristics Variables on Technology Transfer

and Imitation Patterns

With increasing international experience, according to empirical studies of

European and Canadian MNCs (Telesio, 1979) and Swedish MNCs (Blomstrom & Zejan,

1989), the MNC should prefer the use of wholly-owned subsidiaries as a technology

transfer mode, partly because there is a network in place through which new technology

can be disseminated.

Based on evidence from U.S. MNCs reported in Davidson & McFetridge (1985),

increased transfer experience related to a technology should lead to an increasing

probability of the choice of transfer modes other than the use of wholly-owned

subsidiaries.

Extensive use of proprietary equipment in the manufacturing process should, in line

with the reasoning in Levin et al (1987), and von Hippel (1988) decrease the risk of early

imitation. If, for instance, the key technology is embodied in machinery produced by the

innovating firm and not sold to other firms, competitors may face a formidable task trying

to imitate the product.

Along the same lines, it can be hypothesized that substantial use of tailor-made

equipment in the manufacturing process, implyingworking closely with subcontractors that

come to understand the control of the manufacturing process extremely well (and also

sell to other firms), might increase the risk of rapid imitation.

A high value on continuous development should lower the risk of early imitation,

since competitors face the task of continuously having to catch up with the innovating

firm even if the first generation of the innovation has been successfully imitated.

236SeeMansfield, et al (1979), Vernon & Davidson (1979), Mansfield & Romeo (1980), and Davidson
& McFetridge (1985).
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The loss of key employees should increase the risk of rapid imitation, not only

because they might be hired by a competitor firm, but also because they can start their

own spin-off firms based on their accumulated knowledge.

Mansfield & Romeo (1980) report that managers in U.S. firms felt that technology

transfer speeded up the imitation by competitors, which is why the natural a priori

hypothesis is that the risk of early imitation should increase if international technology

transfer has taken place.

Hypotheses Regarding the Effects of Environment Characteristics on Technology Transfer

and Imitation Patterns

A high value on parallel development, measured as the number of competitors

engaged in developing similar technology at the time of introduction, should increase the

probability of early transfer. The fear of loosing market share to local competitors,

combined with the belief that a foreign market is best served by local presence, should

lead to early transfer of manufacturing. Production in a foreign market may also improve

the firm's credibility as a long term-supplier, hence giving it necessary good-will to

balance other disadvantages from operating in a foreign environment. A large number

of competitors engaged in parallel development should also increase the risk of early

imitation, since there is a higher probability that one of the firms will come up with a

similar product. There is, however, no clear reason to have an a priori opinion about how

parallel development affects the choice of transfer mode237.

If imitation has taken place, i.e, competitors have developed a similar, competitive

product based on the innovating firm's technology, the innovator firm could be more

inclined to use transfer modes other than wholly-owned subsidiaries when transferring the

manufacturing technology, assuming that subsidiaries are used to secure the protection

of a new technology'". On the other hand, the same assumption may lead to the

237The results in Stobaugh (1988) regarding the petrochemical industry showed that the propensity to
license increases with the number of firms in control of the technology, but this post-imitation argument
is slightly different from the one tested in this study.

238rrhis argument is congruous with the reasoning in Stobaugh (1988).
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opposite behavior given that the occurrence of the first imitation has alerted the

innovator firm managers to the need for protection of the technology. A third plausible

alternative is that a combination of transfer modes is used to rapidly penetrate as many

markets as possible once the technology has leaked to competitors. Therefore, it is

difficult to have a priori views on the direction of a relation between the event of

imitation and the choice of transfer mode.

Summary

The multiple-item constructs and proxy variables discussed in Chapter 8 and their

hypothesized effects on technology transfer and imitation patterns are summarized in

Tables 9:1 and 9:3, followed by the descriptive statistics for the constructs and variables

in Tables 9:2, 9:4, and 9:5. As can be seen, collinearity is low among most of the

constructs and variables. The only variable that showed any outliers was "parallel

development" where in one case 10 competitors were involved in the "technological race"

at the time of innovation. However, the elimination of this case did not significantly

influence the estimations.

Table 9:1: Technology Transfer Mode - Predicted Coefficient Signs of Independent
Variables

Variable Name Probability of Transfer to Wholly-owned Subsidiary

Articulability
Observability +
Complexity +l-
Team-Dependence +
Process Inflexibility +/-
Technology Age
Parallel Development +l-
Imitation +l-
Transfer Experience
International Experience +
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Table 9:2: Determinants of Transfer Mode - Descriptive Statistics-"

Variable Names Mean Standard Lowest Highest
Deviation

(1) ARTICULABILITY 0 3.67 -7.53 6.29

(2) OBSERVABILITY 0 4.08 -5.72 9.58

(3) COMPLEXITY 0 2.39 -5.17 3.58

(4) TEAM-DEPENDENCE 0 3.05 -5.51 5.45

(5) PROCESS IN- 0 2.82 -6.72 2.13
FLEXIBILITY

(6) TECHNOLOGY AGE 7.89 6.04 0 29

(7) PARALLEL 2.16 2.31 0 10
DEVELOPMENT

(8) IMITATION 0.37 0.49 0

(9) TRANSFER 2.15 2.54 0 11
EXPERIENCE

(10) INTERNATIONAL 1931 22.70 1910 1980
EXPERIENCE

239Sample: 82 international technology transfers. (See Appendix C).
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Table 9:2 (continued):

Pearson Correlation Matrix

2 3 4 5 6 7 8 9 10

Articulability (1)

Observability (2) 0.06

Complexity (3) 0.34 0.07

Team-
Dependence (4) -0.41 0.06 0.23

Process
Inflexibility (5) -0.65 -0.13 -0.40 0.48

Technology
Age (6) -0.02 -0.05 -0.01 0.01 0.12

Parallel
Development (7) 0.00 -0.31 0.16 0.39 0.37 -0.32

Imitation (8) -0.39 0.17 -0.13 0.02 0.30 0.53 -0.21

Transfer
Experience (9) 0.07 -0.14 0.05 0.05 -0.08 -0.01 0.19 -0.20

International
Experience (10) -0.35 -0.32 -0.30 -0.06 0.22 0.27 -0.01 0.51 -0.38 -
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Table 9:3: Time to Transfer and Imitation: Predicted Coefficient Signs of Independent
Variables

Predicted Sign

Variable Name

Articulability

Observability

Complexity

Team-Dependence

Process Inflexibility

Parallel Development

Proprietary Equipment

Tailor-Made Equipment

Continuous Development

Loss of Key Employees

International Technology
Transfer

Probability of
Early Transfer

+

+

+
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Risk of
Early Imitation

+

+

+

+/-

+

+



Table 9:4: Determinants of Transfer and Imitation Timing - Descriptive Statisticsr"

Variable Names Mean Standard Lowest Highest
Deviation

(1) ARTICULABILITY 0 4.62 -11.54 8.16

(2) OBSERVABILITY 0 4.15 -5.59 9.32

(3) COMPLEXITY 0 2.40 -4.52 3.82

(4) TEAM-DEPENDENCE 0 3.40 -10.87 5.23

(5) PROCESS IN- 0 2.60 -9.14 2.66
FLEXIBILITY

(6) PARALLEL 1.66 2.07 0 10
DEVELOPMENT

Pearson Correlation Matrix

2 3 4 5 6

Articulability (1)

Observability (2) 0.31

Complexity (3) 0.18 0.19

Team-
Dependence (4) -0.26 0.10 0.33

Process
Inflexibility (5) -0.14 -0.19 -0.33 0.13

Parallel
Development (6) -0.01 -0.17 0.26 0.18 0.19

240Sample: 35 major innovations. (See Appendix A).
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Table 9:5: Firm-Specific Determinants of Imitation Timing - Descriptive Statisticsf"

Variable Names Mean Standard Lowest Highest
Deviation

(1) PROPRIETARY 0 1.70 -2.68 2.97
EQUIPMENT

(2) TAILOR-MADE 0 1.74 -2.56 3.49
EQUIPMENT

(3) CONTINUOUS 4.91 1.40 7
DEVELOPMENT

(4) LOSS OF KEY 0.29 0.46 0
EMPLOYEES

Pearson Correlation Matrix

2 3 4

Proprietary
Equipment (1)

Tailor-Made
Equipment (2) 0.27

Continuous
Development (3) 0.20 0.08

Loss of Key
Employees (4) -0.12 0.11 0.09

241Sample: 35 major innovations. (See Appendix A). The variable "International Technology Transfer"
is omitted since it will not be analyzed together with the other firm-specific variables.
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CHAPTER 10: RESULTS ON VOLUNTARY DISSEMINATION

TECHNOLOGY - ANALYSIS OF THE QUESTIONNAIRE

This chapter starts with a presentation of the transfer patterns of manufacturing

technology related to major Swedish innovations developed by MNCs in the period 1960

1980. Further analyses concern the effects of a number of determinants on mode and

timing of transfer. The emphasis in these analyses is placed on determinants dealing with

the characteristics of technology, especially the constructs discussed in Chapter 7 and in

Chapter 8 - "articulability," "observability," "complexity," "team-dependence," and "process

inflexibility."

Description of the Data on Technology Transfer Patterns

The innovations in the original sample of 35 innovations have generally been

exploited very rapidly in international markets. On average, about 50 % of production

is sold overseas already one year after the introduction of a new product.

When it comes to transfer of manufacturing technology, 82 cases of international

technology transfer were identified which makes the average number of transfers per

innovation almost 3. In certain cases, the manufacturing technology has been transferred

to more than 10 foreign countries. Around 70% of the new products were manufactured

in at least one plant outside of Sweden by 1989. When the sample is split into innovations

developed 1960-70 and 1970-80, a pattern consistent with results for U.S. technologies

emerges242
• In the group of 21 innovations developed during the 1960s, the

manufacturing technology was transferred to countries outside Sweden within 5 years

from the start of manufacturing in Sweden in approximately 30% of the cases. The

corresponding figure for the 14 innovations developed during the 1970s is approximately

242See e.g. Davidson (1980).
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60%. These results indicate that the speed with which international transfer of

manufacturing technology is undertaken by Swedish MNCs is increasing.

The most important recipient countries are the U.S.A. (9 transfers), France (7),

Canada (7), Australia (6), Japan (6), England (4), and Norway (4)243. If only looking

at the very first transfer of manufacturing technology, it is often directed to the U.S.A.,

Canada, or Japan. Other early recipient countries are France, England, and Norway''".

The transfer patterns regarding the sequence for choice of country are depicted in Table

10:1.

243Theabsence of West Germany in this group, and the relative unimportance of England are striking
and surprising, given the trade and investment patterns of Swedish firms during the period.

244For two recent studies of internationalization patterns of Swedish firms see Nordstrom (1991), who
studied all Swedish manufacturing firms with onlysalessubsidiaries abroad and more than 50 employees
in Sweden, and Lindqvist (1991), who focused on small "high-technology" firms.
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Table 10:1: International Transfers of Manufacturing Technology - Country Sequence

Recipient Transfer Number
Country 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th Sum

USA 4 3 1 - 1 - - - - - - - 9

F 2 - 3 1 - - - - - - - 1 7

CAN 3 2 1 1 - - - - - - - - 7

ADS 1 - - 3 1 1 - - - - - - 6

J 3 1 - 1 1 - - - - - - - 6

GB 2 1 - - - - - - - - 1 - 4

N 2 1 - - 1 - - - - - - - 4

BRA 1 1 - - 1 - - - - - - - 3

D 1 2 - - - - - - - - - - 3

ESP 1 - 1 - - 1 - - - - - - 3

IND 1 1 1 - - - - - - - - - 3

KOR - 1 1 - - - - - 1 - - - 3

MEX 1 1 - - - - 1 - - - - - 3

CH 1 1 - - - - - - - - - - 2

I 1 - - 1 - - - - - - - - 2

MAL - - - - - - 1 - - 1 - - 2

NL - - - 1 - 1 - - - - - - 2

PRC - 1 1 - - - - - - - - - 2

SF - 2 - - - - - - - - - - 2

CHI - - 1 - - - - - - - - - 1

DK - - 1 - - - - - - - - - 1

HUN - - - 1 - - - - - - - - 1

IRE - - - - - - - - 1 - - - 1

ROM 1 - - - - - - - - - - - 1

SA - - 1 - - - - - - - - - 1

TWN 1 - - - - - - - - - - - 1

YEN - - - - - - - 1 - - - - 1

YUG - - - - - - - 1 - - - - 1

Sum 26 18 12 9 5 3 2 2 2 1 1 1 82

Legend: USA=USA, F=France, CAN = Canada, AUS=Australia, J=Japan, GB=England, N=Norway, BRA=Brazil, D=West
Germany, ESP=Spain, IND=India, KOR=South Korea, MEX=Mexico, CH=Switzerland, 1= Italy, MAL=Malaysia, NL=The
Netherlands, PRC=People's Republic of China, SF=Finland, CHI = Chile, DK=Denmark, HUN = Hungary, IRE=Ireland,
ROM=Romania, SA=South Africa, 1WN=Taiwan, VEN=Venezuela, YUG=Yugoslavia.
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There is an average time-lag of eight years between the introduction of a new

product and the first international transfer of manufacturing. The median time to the first

transfer within the group is five years. In half of the cases where manufacturing

technology has been transferred, the transfer mode has been wholly-owned subsidiaries.

The share of transfers to licensees and joint ventures are 32% and 15% respectively. (For

a full description of this pattern and the distribution among recipient countries see Tables

10:2 and 10:3.). The picture of rather high shares of early transfers where there was a use

of transfer modes other than wholly-owned subsidiaries is somewhat surprising - at least

when compared to studies of U.S. MNCs' transfer behavior and in the light of the sample

of large, internationally experienced firms and the importance of the innovations.

One exception from the pattern of using wholly-owned subsidiaries is the case of

Japan, where technology transfer to licensees dominates. This is in line with Hedlund &

Kverneland (1984), who see legal or trade barriers as of little importance to most

Swedish firms investing in Japan. Instead they point to the importance of rapid

manufacturing of products in Japan, using subcontractors for at least part of the

production due to the need for closeness to customers and the need for high quali ty245.

The data in Table 10:3, however, have to be interpreted with care, since the number of

observations in each category is small and the data in some cases reflect unique operating

conditions in host countries. In the case of India, for example, the results probably reflect

the Indian government's efforts to stimulate equity joint ventures, as reported by Young

et al (1989).

245Swedishfirms in general continue to control sales of their products in Japan, which is different from
using a strategy of licensing to a "full-fledged" Japanese firm.
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Table 10:2: International Transfer of Manufacturing Technology - Technology Transfer
Mode and Sequence

Transfer Transfer Number
Mode 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th Sum

SUB 14 10 7 4 1 2 1 - - 1 1 - 41
54% 55% 58% 44% 20% 67% 50% 100% 100%

IN 3 3 2 - 1 1 - - 1 - - 1 12
12% 17% 17% 20% 33% 50% 100%

7 5 3 4 3 - 1 2 1 - - -
LIC 27% 28% 25% 44% 60% 50% 100% 50% 26

2 - - 1 - - - - - - - -
OTH 7% 11% 3

Sum 26 18 12 9 5 3 2 2 2 1 1 1 82

Legend: SUB=Wholly-owned subsidiary, IN=Joint venture, LIC=Licensee, OTH=Other.
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'Table 10:3: International Transfers of Manufacturing Technology - Technology
Transfer Mode and Countries

Recipient Transfer Mode
Country SUB IN LIC OTH Sum

USA 5 (56%) - 3 (33%) 1 (11%) 9

F 5 (71%) 1 (14%) 1 (14%) - 7

CM-I 4 (57%) - 3 (43%) - 7

AUS 2 (33%) 1 (17%) 3 (50%) - 6

J 2 (33%) - 4 (67%) - 6

GB 4 (100%) - - - 4

N 1 (25%) 1 (25%) 1 (25%) 1 (25%) 4

BRA 1 (33%) 2 (67%) - - 3

D 2 (679f) - 1 (33%) - 3

ESP 2 (67%) - 1 (33%) - 3

IND - 3 (IOOfJfJ) - - 3

KOR 2 (67%) 1 (33%) - - 3

MEX 2 (67%) 1 (33%) - - 3

CH 1 (50%) 1 (50%) - - 2

I 2 (100%) - - - 2

MAL 1 (50%) - 1 (50%) - 2

NL 1 (50%) - - 1 (50%) 2

PRC - 1 (50%) 1 (50%) - 2

SF 2 (100%) - - - 2

CHI 1 (100%) - - - 1

DK - - 1 (100%) - 1

HUN - - 1 (100%) - 1

IRE - - 1 (100%) - 1

ROM - - 1 (100%) - 1

SA - - 1 (100%) - 1

TWN 1 (100%) - - - 1

VEN - - 1 (100%) - 1

YUG - - 1 (100%) - 1

Sum 41 (50%) 12 (15%) 26 (32%) 3 (4%) 82

Legend: USA=USA, F=France, CAN =Canada, AUS=Australia, J=Japan, GB=England, N=Norway, BRA=Brazil, D=West
Germany, ESP=Spain, IND=India, KOR=South Korea, MEX=Mexico, CH=Switzerland, I=Italy, MAL = Malaysia, NL=The
Netherlands, PRC=People's Republic of China, SF=Finland, CHI=Chile, DK=Denmark, HUN=Hungary, IRE=Ireland,
ROM=Romania, SA=South Africa, 1WN=Taiwan, VEN=Venezuela, YUG = Yugoslavia.
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Technology Transfer Mode

Hymer (1960/1976) offers important insights into the choice between different

modes of international expansion, focusing on the degree of market impurity and the

inherent danger of losing an advantage to a competitor as determinants. According to

Young et a1 (1989), using wholly-owned subsidiaries is the best way to defend market

share. According to the authors, the alternatives - such as licensing and joint ventures 

"do not allow on-the-spot, controlled reactions to competitor's moves, nor do they allow

the firm to gauge precisely the market's needs as an investment does." There is, however,

rather little evidence that decisions in MNCs are taken with these issues in mind and

several surveys of how managers actually make decisions about modes of doing

international business reveal that few use systematic "cost-benefit" analysis (Anderson &

Gatignon, 1986).

As has been shown in Chapter 4, the mode of international technology transfer

and its firm-specific and external determinants have been relatively well researched

during the last decades. The picture that emerges from these studies is fairly clear: MNCs

prefer wholly-owned subsidiaries when exploiting their technology internationally,

although with the ageing of the technology other transfer modes like licensing agreements

seem to grow in importancer". Through the 1960s, the establishment of a wholly

owned foreign subsidiary or a majority-owned foreign affiliate was the predominant

method of foreign expansion, and a prime source of technology transfers". In the case

of U.S.-based it seems like most commercial transfers are still intra-firmr'",

As for the determinants of transfer modes, variables characterizing the firm, its

environment. and the technology itself have been found useful in explaining the action of

the MNCS 249, but only in rare instances have researchers used sophisticated product

246See e.g. Pavitt (1971), Mansfield et al (1979), Vernon & Davidson (1979).

247Reddy & Zhao (1990).

248See e.g. Kroner (1980) and Vickery (1986).

249For the use of firm and environment variables, see e.g. Telesio (1979), Davidson (1980), Davidson
& McFetridge (1985), Stobaugh (1988), and Blomstrom & Zejan (1989). In addition to Davidson &
Mcfetridge (1985), Mansfield et al (1979), Vernon & Davidson (1979), and Mansfield & Romeo (1980)
have tried to apply variables characterizing technology.
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line-specific variables related to the nature of technology as determinants. The firm

variables that affect the decision regarding transfer mode relate to firm nationality,

industry, size relative to competitors, degree of diversification, R&D intensity,

international experience, and experience of technology transfer. When it comes to the

firm's environment, focus is placed on different measures of "distance" from the firm's

home country to the recipient country, host country market size, and the prior presence

of affiliates of the transferring firm in a country. Also, the competitive situation has been

shown to affect transfer mode. Technology, finally, is normally characterized by its age

and closeness to the firm's principal line of businessf", (For a summary of the

variables found in the empirical literature which affect transfer mode, see Chapter 4,

Table 4:1).

The following section empirically investigates how the characteristics of

manufacturing technology affect the choice of technology transfer mode in MNCs. It

deals with the horizontal transfere" of both the hardware and the "softer" part of

technology'V (i.e. accumulated practical skill or expertise, frequently not codified, of

engineers and workers operating the manufacturing processes). In particular, the effects

of the nature of technology on the choice between technology transfer to wholly-owned

subsidiaries versus licensing of the technology and the establishment of joint ventures is

examined.

250Hypotheses about a technology's closeness to the firm's principal business unfortunately cannot be
tested in this study, since the way innovations are defined as being "major" results in all technologies
becoming (one of) the firm's main businesstes),

I

25lttHorizontai transfer," according to Mansfield (1975) and Teece (1976), occurs when technology used
in one place, organization, or context is transferred or used in another. Horizontal transfer is distinguished
from "vertical transfer" which refers to the transfer of technology within the various stages of a particular
innovative process.

252nlese categories correspond to Teece's (1976) two forms of technology: physical items and
information, In physical items such as tooling, equipment, and blueprints, technology can be embodied.
The term "information" relates to methods of organization and operation, quality control, and other
manufacturing procedures.
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Sample and Statistical Method

The set of data used in this section includes 82 international transfers of manu

facturing technology related to 26 of the 35 innovationsf'" in the questionnaire study.

The innovations were developed in 15 Swedish MNCs, mainly active in the power

generation, transmission & distribution equipment, pharmaceutical, mining equipment,

specialty steels, telecommunications, pulp & paper machinery, food processing, explosives,

bearings, and transportation industries. For a list of the firms and innovations, see

Appendix C.

In order to investigate the effect of the nature of technology on the type of

transfer mode chosen by the MNC, a probit model was applied to the choice between

transferring technology to wholly-owned subsidiaries or using a different mode (including

licensingf'" and joint ventures). In spite of the loss of information suffered by grouping

the data this way, it is found appropriate to make the distinction between wholly-owned

subsidiaries and other types of recipients in order to increase comparability with earlier

studies on the topic.

Determinants of Technology Transfer Mode

Technology Characteristics: The constructs used throughout the analyses are

articulability, observability, complexity, team-dependence, and process inflexibility. The items

forming each construct have been discussed in Chapter 7 and empirically derived in

Chapter 8.

In addition to these five constructs, "technology age" - measured by determining the

time between the first manufacturing of the product and the specific transfer mode

decision that is studied - is applied to the data on transfer mode. The rationale for this

253In the remaining 9 cases, manufacturing technology related to the innovation was not transferred
internationally during the studied time period.

254ntis does not include licensing of the technology to wholly-owned subsidiaries.
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is the frequent use of the variable in earlier studies of transfer mode255. Previously used

variables related to technology'i" - having to do with the technology's importance to

the firm - are not used here because of the nature of the sample. The technologies

included in this study are all, almost by definition, important to the innovating firms due

to the annual turnover criterion applied when selecting the innovations.

Firm Specific and Environmental Variables: As has been shown in Chapter 4 (for

a summary see Table 4:1), previous studies on the transfer of technology have in some

detail examined the effects of environmental and firm-specific determinants on

technology transfer mode. In this study these types of independent variables are de

emphasized in favor of a more detailed examination of variables concerning technology

characteristicsr". However, a few variables measuring environmental and firm

characteristics are applied.

In the literature, it is argued that competition and the need to appropriate returns

affect the choice of mode in technology transfer situations. While not being able to

measure these competition variables directly, the number of competitors engaged in

parallel development at the time of innovation release is used to characterize the nature

of the "technological race" the innovating firm is facing. Another competition-related

variable, the use of which is recommended by Hill & Kim (1988), measures whether the

product is subject to imitation or not (coded 0, 1) before the transfer of manufacturing

technology takes place. A third variable often discussed in literature is the international

experience of the innovator firm. It is frequently argued that the use of wholly-owned

subsidiaries increases with increasing experience from international operations. The

255See Chapter 4: Table 1.

256See Davidson & McFetridge (1985).

257It could be argued that the relative homogeneity of the Swedish MNCs in the sample in
combination with the results displayed in Table 10:1, showing that some 10 highly developed industrialized
countries receive the bulk of manufacturing technology transfers, to some degree alleviates the relative lack
of analysis regarding environmental and firm specific determinants. Still, it is acknowledged that variables
characterizing the host country environment along dimensions such as market size, level of education and
training, customer demands, and local industry structure probably all are important in determining the
choice of transfer mode. Due to the concentration on technology characteristics and their effects, the
gathering of data of these types was omitted in the context of this study but will indeed be a very
interesting next step in the research process.
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variable is included in this study since it is widely used in the Iiteraturef". To measure

the international experience of the innovator firm, the establishment year of the group's

first manufacturing subsidiary outside Sweden was used as a proxy for the amount of

international experience.

Turning to other types of experience, the transfer experience related to the specific

technology - measured by counting the number of international transfers of the

manufacturing technology that have taken place before the specific transfer mode

decision under study - is applied to the data on transfer mode.

Table 9:2 gives the descriptive statistics for all the constructs and variables used,

and Table 9:1 the hypothesized direction in which the variables affect the choice of

transfer mode.

Empirical Results: A model of dichotomous choice was used to distinguish the

characteristics of manufacturing technology that is transferred to wholly-owned

subsidiaries from technology which is transferred to other kinds of recipient units (see

Table 10:4 for results). Since an a priori perception of the direction of relationships

between the determinants and the choice of transfer mode sometimes existed, one-tailed

tests were used to assess the levels of significance in those cases, while two-tailed tests

were used otherwise.

2581n Swedenborg's (1979) study of the multinational operations of Swedish firms, the length of time
during which firms have produced abroad emerges as one of the most important determinants of inter-firm
differences in both the relative and absolute volume of foreign production.
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Table 10:4: Regression Results for the Determinants of the Choice of Wholly-owned
Subsidiaries - Technology Characteristics Variables

Explanatory Variables 82 observations
probit

B

Intercept -0.09
(-0.52)

Articulability -0.06
(-0.97)

Observability 0.17
(3.73) ***

Complexity 0.02
(0.26)

Team-Dependence 0.18
(2.30) **

Process Inflexibility 0.06
(0.57)

*** p <0.01 (one-tailed test)
** P<0.05 (one-tailed test)
(t statistics in parentheses)

Goodness-of-Fit: Chi-squaredv" (5) 34.98
Level of significance: <0.005

25<frrest of the null hypothesis that all coefficients except the intercept are O.
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The results for two of the variables characterizing technology are strong.

Significantly higher levels of observability and team-dependence are found for transfers to

wholly-owned subsidiaries than for transfers to licensees or joint ventures. The coefficient

estimates to articulability, complexity,and processinflexibility are insignificant, although the

signs are in the expected directions. The goodness-of-fit measure indicates that the nu11

hypothesis of all coefficients except the intercept being zero can be refuted at the 0.5%

level.

When variables related to competition and firm experience are introduced, the

results of the technology related variables basically prevail, although the significance level

for "observability" changes (see Table 10:5). Also, "technology age" is weakly significant

(lO%-level). However, the choice of transfer mode does not seem to be strongly

dependent on variables trying to capture different types of experience. Although the signs

are all in the expected direction, the variables "international experience," and "transfer

experience" are insignificanrf", The result regarding international experience does not

confirm Telesio's (1979) and Blomstrom & Zejan's (1989) hypothesis that firms with

increasing international experience (measured roughly in the same way as in this study)

prefer to exploit their technology in majority-owned affiliates.

An essential question to ask in this context is at which level the relevant

experience of international operations in a large MNC resides. Although often used, the

establishment years of early foreign subsidiaries might not be a good "proxy" for

experience that is requested on the product-line or divisional level. Alternatively, country

experience could be the relevant variable to use in analyses like these. Another

explanation of the lack of results is put forward by Hakanson & Nobel (1990), who argue

that in a sample of Swedish MNCs (like the one used in this study) the variation in

international experience is small since almost all firms have very lengthy experience from

international operations, and that the "threshold" making a firm internationally

experienced thereby has been passed for most firms. The lack of results concerning

"international experience" seem to be in line with Granstrand (1982), who predicts a

variety of corporate behavior regarding internationalization in the later stages of a

product-innovation based firm's development.

260See Hedlund & Kverneland (1984) and Agren (1990) for similar results regarding the investments
of Swedish MNCs in Japan and the U.S..
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The dummy variable measuring whether the product had been subject to imitation

at the time of transfer does not significantly affect transfer mode, However, the extent

of parallel development by competitors at the time of innovation is weakly significant

(10% level). In line with Stobaugh's (1988) results concerning the petroleum industry, it

seems as if higher levels of "competition" (in this case lower levels of "uniqueness" in

product development) lead to a greater propensity to use other transfer modes than

wholly-owned subsidiaries. Once again, the goodness-of-fit measure leads to the rejection

of the null-hypothesis that all coefficients except the intercept are zero at the 0.5% level.
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Table 10:5: Regression Results for the Determinants of the Choice of Wholly-owned
Subsidiaries - Technology, Firm, and Environment Variables

**

Explanatory Variables

Intercept

Articulability

Observability

Complexity

Team-Dependence

Process Inflexibility

Technology Age

Parallel Development

Imitation

International Experience

Transfer Experience

P<0.05 (one-tailed test)
P<0.10 (one-tailed test)

(t statistics in parentheses)

82 observations
probit

B

-8.23
(-0.32)

0.10
(0.85)

0.11
(1.69) **

0.02
(0.17)

0.33
(2.27) **

0.18
(1.28)

-0.08
(-1.59) *

-0.35
(-1.45)

0.62
(0.99)

0.00
(0.36)

0.03
(0.30)

Goodness-of-Fit: Chi squared (10) 41.77
Level of significance: P< 0.005
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Technology Transfer Timing

Sample and Statistical Method

The set of data used in this section consists of 35 important innovations developed

1960-1980 by 21 Swedish MNCS261
• (For a list of the firms and innovations, see

Appendix A).

In order to investigate the effect of technology on the time to the first transfer,

the dependent variable is the likelihood of the event of transfer (conditional on the

occurrence of no previous events). Because of this, the regression specification is a

hazard model. Since the exact timing of the event is not interesting, the hazard model is

specified as a partial likelihood. As described in Chapter 8, the procedure relies on the

partition of the likelihood for events into a baseline hazard rate and an exponential term

incorporating the covariates. Partial likelihood simply discards the baseline hazard rate

and treats the coefficient term as depending only on the order in which the events occur.

In this case, the method ranks technologies in terms of sequence of transfer times, as

measured from when manufacturing first started. A positive sign of an estimated

coefficient means that an increase in the variable increases the hazard of transfer, a

negative sign indicates the converse.

Determinants of Time to First Transfer

Technology Characteristics: The technology constructs developed in Chapters 7

and 8, and the section on "transfer mode" earlier in this chapter - articulability,

observability, complexity, team-dependence, and process inflexibility - are in this section used

as determinants of time to transfer.

261Since the analyses in this section deal with the time to international technology transfer, all
returned, completely filled-out questionnaires could be used, irrespective of whether the manufacturing
technology related to the innovation had been transferred internationally or not at the time of data
collection.
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Firm Specific and Environmental Variables: Due to the small sample size in

combination with the primary interest in technology-related variables, variables

characterizing the transferring firm and the environment are omitted in the analysis of

time to transfer. The only exception is the number of competitors engaged in

parallel development efforts at the time of innovation release. This variable is included

since it characterizes the nature of the "technological race" the innovating firm is facing,

and thus relates intimately to the spirit of this study.

Empirical Results: The estimated regression coefficients for the technology-related

determinants are given in Table 10:6. A priori opinions about the direction of the

relationships between the determinants and the hazard of transfer (probability of early

transfer) were presented in Chapter 9, and subsequently a one-tailed test is reported for

the variables.
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Table 10:6: Partial Likelihood Estimates of Covariates to Log Hazard of Transfer

Variable Name Probability of Early Transfer

Articulability 0.21
(3.10) ***

Observability 0.05
(0.68)

Complexity -0.04
(-0.32)

Team-Dependence 0.14
(1.81) *

Process Inflexibility 0.07
(0.61)

Parallel Development 0.43
(3.31) ***

*** P<O.Ol (one-tailed test)
* p <0.1 (two-tailed test)
(t statistics in parentheses)

Chi squared (6) 20.29
Level of significance: P<0.0025

Log-rank test (6)
Chi squared = 19.57
Level of significance: P<0.005

The strong result regarding articulability is in the expected direction. Interestingly,

the number of competitors engaged in paralleldevelopment also has a highly significant
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effect on the hazard of transfer. This result suggests that the threat of imitation speeds

up the transfer of technology. The result concerning the variable team-dependence is

surprising in that it is only weakly significant, but the sign is in the opposite direction of

the predicted. The coefficient estimates of observability,

complexity, and process inflexibility are insignificant.

Discussion

The results regarding the determinants of transfer mode and time to first transfer

are interesting since they show that certain characteristics of the manufacturing

technology, measured in a more sophisticated way than in earlier studies of technology

transfer, can be used to explain variations in technology transfer patterns of MNCs.

When it comes to determinants of transfer mode, the strong results concerning measures

of observability and team-dependence prevail even when (admittedly rough) measures of

firm and environment characteristics are included in the regression. The results regarding

these latter types of variables are disappointing in light of earlier results from U.S.

studies.

In the case of transfer timing, the result regarding the measure of articulability is

strong, in addition to the measure of parallel development. It is interesting that a variable

related to competition emerges as a potent determinant of technology transfer timing,

given the relative neglect of these types of variables in earlier studies262. It seems as

if the fear of losing the technological edge to competitors influences the transfer behavior

in innovator firms. This is consistent with Vernon (1966) who believes that a threat to the

established position of a firm in general is a more reliable stimulus for action than

opportunity is likely to be. Early transfer activities can, in this light, be interpreted as a

way of signalling commitment to potential competitors and attempting preemptive market

coverage, given that it is not possible to compete effectively without manufacturing

presence in a foreign market.

262Por an exception, see the work of Stobaugh (1988).
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The result regarding team-dependence and transfer timing is surprising, although

this dimension of a technology should mainly affect mode and number of transfers. A

possible explanation for the result is that the decision to transfer the technology may be

affected by the knowledge of the existence of a task force which knows how to effect the

transfer, if asked for and sent out as a team. The lack of results for process inflexibility

may be an indication of prohibitive transportation costs and barriers to trade, making it

imperative to set up local production even if costs may go up and quality drop in some

plants. The apparent lack of influence of strong economic forces such as economies of

scale can also possibly be explained by the fact that in some industries the costs of

starting up a new facility are considerably lower than adding the corresponding capacity

to an old plant - thereby overruling problems of smaller scale. Alternatively, the need for

alteration of the manufacturing processes when transferring them internationally may be

very small in the used sample.
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CHAPTER 11: RESULTS ON INVOLUNTARY DISSEMINATION OF

TECHNOLOGY - ANALYSIS OF THE QUESTIONNAIRE

This chapter contains an analysis of imitation patterns and especially the time it

takes for other firms to imitate an innovation. A number of variables describing the

innovating firms' strategic actions, imitator firms' competence, and environmental

characteristics are used as covariates in addition to the developed technology constructs

to explain time to imitation.

Description of the Data on Imitation

Despite the fact that all innovations included in this study were protected by

patents, approximately 2/3 of the products have been imitated by competing firms. As can

be seen in Table 11:1, a majority of the imitating firms have been important international

competitors with long experience in the industry. In rare cases, local competitors have

imitated the new product, while newly established firms, licensees, joint venture partners,

subcontractors, or customers have almost never introduced a product based on the same

technology. In this context, it is important to point out that the data only gives a picture

of the characteristics of the imitator firm, not about the mechanisms underlying the

imitatiorrf", It would thus be inappropriate, without further analysis, to draw the

conclusion that licensing is without risk, since the firm eventually imitating the innovation

may learn extensively about the technology from a licensee without this showing in the

data.

For the innovations that have actually been imitated, the time to imitation has on

the average been about eight years, with a median time of five years.

263rrhe phrasing of the question related to "imitation" in the questionnaire "Has any other firm
developed a similar, competitive product based on your technology ?" should rule out certain mechanisms
like unrelated discoveries by other firms close in time to the innovation.

187



Table 11:1: Types of Imitators

Old firm, Old firm, not Newly estab- Sum
experienced previously lished firm
in the area perceived as a competitor

Important 11 4 0 15
international
competitor

Local 4 0 1 5
competitor

Licensee of 0 0 0 0
innovating
firm

Joint venture 0 1 0 1
partner

Supplier 0 0 a 0

Customer 0 0 0 0

Sum 15 5 1 21

Sample and Statistical Method

As in the case of studying time to voluntary technology dissemination, the set of

data used in this section includes 35 important innovations developed 1960-1980 by 21

Swedish MNCs. (For a list of the firms and innovations, see Appendix A).

In order to investigate the effect of the nature of technology on the time to the first

imitation, the dependent variable is the likelihood of the event of imitation (conditional

on the occurrence of no previous events). Because of this, the regression specification is

a hazard model. In this case, the method ranks technologies in terms of sequence of

imitation times, as measured from when manufacturing first started. A positive sign of

an estimated coefficient means that an increase in the variable increases the hazard of

imitation, a negative sign indicates the converse.
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Determinants of Time to Imitation

The same constructs that were applied to explain voluntary dissemination patterns -

articulability, observability, complexity, team-dependence, and process inflexibility - are used

in this section as determinants of time to imitation by a competitor. This is in line with

suggestions in Winter (1987) and Kogut & Zander (1991a), who see voluntary and

involuntary transfer as catoptric problems. For consistency and comparability with the

regression on time to voluntary transfer, the number of competitors engaged in parallel

development at the time of innovation release is included in the regression in this chapter.

Empirical Results

The estimated regression coefficients are given in Table 11:2. As in the case of time

to transfer, a one-tailed test is reported for the variables with predicted signs, and two

tailed tests are reported when no a priori opinion of the direction of the relationship

could be established.
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Table 11:2: Partial Likelihood Estimates of Covariates to Log Hazard of Imitation

Variable Name

Articulability

Observability

Complexity

Team-Dependence

Process Inflexibility

Parallel Development

* P<O.10 (one-tailed test)
(t statistics in parentheses)

Chi squaredr" (6) 8.63
Level of significance: P < 0.20

Log-rank test (6)
Chi squared = 8.22
Level of significance: P<0.25

Risk of Early Imitation

-0.08
(-1.12)

0.10
(1.34) *

0.17
(1.38)

0.01
(0.16)

0.19
(1.54)

-0.14
(-0.89)

264Test of the null hypothesis that all coefficients except the intercept are O.
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All coefficient estimates are insignificant, except the one for observability which is

weakly significant. The poor results suggest that there are differences in the logic behind

technology transfer and imitation of technology, thus indicating a need to refine the

statement that voluntary and voluntary dissemination are catoptric problems (at least

when it comes to the nature of manufacturing technology as a determinantjf". In this

context, it should be remembered that the importance of manufacturing varies by

innovation, a fact which was illustrated in the pilot case studies (see Chapter 6).

The interesting but somewhat disheartening results above give a reason to test

other explanations for early or late imitation by competitorsr'". In trying to re-work the

model, it can be argued that the time from innovation to imitation should depend more

on a firm's strategic actions267 related to the exploitation of the new technology than to

characteristics inherent in the technology itself. Imitation should also depend on the

competence and actions of would-be imitators. In general, imitation should be quicker

in situations where access to technology, whether embodied in individuals or machines,

is more accessible.

In the following, a model containing covariates related to firms' active strategies

to exploit major innovations, and thus avoid imitation, will be constructed. The estimated

regression coefficients are given in Table 11:3. As in the earlier analyses, one-tailed tests

are reported for the variables with predicted signs.

265See Chapter 12 for a discussion regarding this issue.

266Ruist (1990), when discussing strategies for model construction, argues that it is possible to refute
a model based on statistical tests. This is, for instance, the case when the model predicts a positive
correlation between two variables but the empirical material shows a significant negative correlation.

267In the case of "loss of key employees," rather the lack of strategic action to have important
employees stay with the firm.
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Table 11:3: Partial Likelihood Estimates of Covariates to Log Hazard of Imitation

Variable Name

Proprietary Equipment

Tailor-made Equipment

Continuous Development

Loss of Key Employees

** P<O.05 (one-tailed test)
* P<O.10 (one-tailed test)
(t statistics in parentheses)

Chi squared (4) 11.81
Level of significance: P<0.02

Log-rank test (4)
Chi squared = 12.78
Level of significance: P<O.OI

Risk of Early Imitation

-0.25
(-1.56) *

0.19
(1.19)

-0.33
(-2.12) **

1.02
(1.90) **

Several variables related to strategic action taken by the innovator firm emerge

as explanations for differences in time to imitation. If the innovator firm uses proprietary

equipment, (i.e. machinery or software developed and exclusively used within the firm),

engages in continuous development of the product or the manufacturing process, or

nlanages to avoid the loss of key employees, the risk of early imitation decreases. The use

of tailor-made equipment, with its hypothesized risks of technology spilling over to
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competitors through specialized suppliers, has no significant influence on the hazard of

imitation.

Due to methodological problems, one variable related to the innovator firm's

strategy to exploit an innovation - the propensity to engage in international technology

transfer - was not included in the model underlying the results presented in Table

11:3268
• In order to get a rough estimate of the relationship between the number of

international transfers of the manufacturing technology and imitation a simple probit

model was estimated. The results of this analysis are presented in Table 11:4.

Table 11:4: Regression Result for International Technology Transfer as a Determinants
of Imitation

Explanatory Variable

Intercept

International Technology
Transfer

** P<0.05 (two-tailed test)
* P<O.10 (two-tailed test)
(t statistics in parentheses)

Goodness-of-Fit: Chi-squared (1) 3.60
Level of significance: <0.06

35 observations
probit

B

0.60
(2.25) **

-0.17
(-1.72) *

Although the statistical test is not corrected for the problem of censored data, it

shows that a significantly higher number of international technology transfers are found

268nte variable is "time-varying".
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CHAPTER 12: SUMMARY AND CONCLUSIONS

Summary of the Empirical Results and Implications for Theory

Major innovations developed in Swedish MNCs in the period 1960-1980 have

generally been rapidly exploited in international markets, On average, 50% of production

was sold overseas only one year after the introduction of a new product. A majority of

the new products was also eventually manufactured outside Sweden. By 1989,

approximately 70% of the products in the studied sample were manufactured in at least

one country outside Sweden. There is evidence that the time-lag from innovation to the

first international transfer of the manufacturing technology was reduced during the

studied time period. In about 30% of the cases of key manufacturing technologies

developed in the 1960s, transfer to foreign countries occurred within five years after

initial manufacturing in Sweden. The corresponding figure for technologies developed in

the 1970s is 60%. In half of the cases where manufacturing technology was transferred

internationally, the recipient unit was a wholly-owned subsidiary, while licensing and joint

ventures accounted respectively for approximately 30% and 15% of the international

technology transfers.

Despite the fact that all innovations were protected by patents, almost 70% of the

products had been imitated by competitor firms in 1989. A majority of the imitating firms

were important international competitors with extensive experience in the industry, and

only in rare cases had local competitors imitated the new product. In no case had

licensees, suppliers, or customers introduced a product based on the same

technology'?'. For the innovations that actually were imitated, the time to imitation was

on the average around eight years, with a median of five years.

271These results only give a picture of the characteristics of the firm actually introducing a competitive
product, without reference to the mechanisms underlying the event of imitation. For instance, an important
international competitor may well learn about the technology from licensees or suppliers.
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Transfer Mode

Looking at the determinants of transfer mode, some of the technology dimensions

that were developed and measured in this study are shown to affect the choice of transfer

mode when Swedish MNCs exploit a new technology internationally through foreign

production.

If a manufacturing process is observable, i.e. can easily be understood by looking

at and examining different aspects of the production process or the final product, the

probability of transfer of the technology to a wholly-owned subsidiary is shown to be

increase. A plausible interpretation of this result is that the firm fearing potential

imitation by competitors resorts to the use of wholly-owned subsidiaries, where control

can be exercised to a larger extent than in most joint ventures and licensing relationships.

Also, the extent to which the manufacturing process is team-dependent, (i.e.

dependent on an intra-firm environment where experienced teams of engineers and

workers cooperate and experience cumulative on-site learning), is shown to increase the

probability of using wholly-owned subsidiaries. One explanation relative to team

dependence is that the long-term relationship with a subsidiary provides the necessary

level of stability, trust, and "patience" needed for the transfer of this type of technology.

Increasing technology age is shown to lead to a greater propensity to use other

transfer modes than wholly-owned subsidiaries. This result is very much in line with

previous research in the field.

In contrast, variables measuring different types ofexperience related to international

operations and technology transfer (variables that have been widely used in the literature

on international technology transfer) have no significant influence on the choice of

transfer mode in the sample used in this study. The lack of significant results regarding

international experience may reflect the problems associated with measuring "experience"

at the corporate level. Although often used, the year of establishment for foreign

subsidiaries might not reflect the experience level at the product-line or divisional level.
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Transfer Timing

As to variables explaining international transfer timing, a large number of

competitors engaged in parallel development is shown to significantly increase the

probability ofearly international transfer of the manufacturing technology. The result could

be interpreted as an attempt by the transferor to quickly exploit the technology due to

the high risk of a similar product being introduced by a competitor.

In addition, if a manufacturing technology is articulable, (i.e. relatively easily

expressed and communicated in symbolic form or taught via spoken words), it

significantly increases the probability of early international transfer of the technology.

The probability of early international transfer also increases with the extent to

which the manufacturing process is team-dependent, (i.e, dependent on a firm environ

ment where experienced teams of engineers and workers cooperate and experience

cumulative on-site learning). A possible interpretation is that the team-dependent nature

of the manufacturing technology in itself provides "the very tool" by which international

transfer becomes an attractive option for exploiting the new technology; indeed task

forces are often used in international technology transfer.

Time to Imitation

Turning to the determinants of time to imitation, variables measuring different

characteristics of manufacturing technology in general do not significantly affect the time

to imitation. Instead, several variables related to strategic action (or lack thereof) by the

innovator firm emerge as explanations for differences in time to imitation.

If the innovator firm uses proprietary equipment, (i.e. machinery or software

developed and exclusively used within the firm), engages in continuous development of the

product or the manufacturing process, or manages to avoid the loss of key employees, the

time to imitation (and thereby probably the magnitude of the cash flow derived from the
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innovation) increases. On the other hand, the number of international technology transfers

cannot be shown to further the occurrence of irnitatiorr",

The Relationship Between Voluntary and Involuntary Dissemination of Technology

The study shows that certain characteristics of the manufacturing technology 

measured by using multiple-item constructs, as opposed to variables used in earlier

studies of international technology transfer - can be used to explain variations in the

timing and mode of international technology transfer in Swedish MNCS 273. However,

these technology-related determinants do not explain differences in the time to imitation.

As has been shown, several variables measuring strategic actions taken by the innovating

firm to protect a technology emerge as important in the explanation of differences in

time to imitation.

That the nature of manufacturing technology does not influence imitation

challenges the assertion that voluntary and involuntary dissemination of technology are

catoptric problems. It should be stressed, however, that the difference between, for

example, Winter's (1987) view and the results in this study can possibly be explained by

the deliberate focus on manufacturing technology throughout this volume. Winter

discusses "knowledge and competence assets", which is a much broader concept than

manufacturing technology. At the higher level of abstraction, features that restrain (or

promote) voluntary dissemination might well also inhibit (or support) involuntary

dissemination of technology since these features encompass all types of knowledge

related to a new technology.

On the more detailed level of this study, voluntary dissemination of technology can

target specific functions, and consequently be performed in isolation from other activities

which are necessary for the international exploitation of an innovation. In this study,

272Due to methodological problems, the effects of international technology transfer on imitation
should be interpreted with caution.

2730n a general, theoretical level, the significant effects of some of the technology-related constructs
on the time to first transfer are of interest, since they provide some statistical confirmation of Winter's
(1987) hypotheses, and which have not been tested empirically to date.

200



particular attention has been given to the transfer ofmanufacturing technology which does

not necessarily imply the transfer of complementary activities required to exploit the

technology in the market-place/". Successful imitation, on the other hand, is often not

possible without having access to, or assimilating, a broad range of skills (e.g, how to

design, test, modify, manufacture, market, and service the product).

By highlighting the difference between the drivers of voluntary and involuntary

dissemination of technology, this study modifies and refines the view of these phenomena

as mirror problems. An important step in the process has been the operationalization and

measurement of characteristics of manufacturing technology; without the help of those

characteristics it would not have been possible to analyze the relationships between the

nature of technologies and patterns of technology dissemination.

Implications for Further Research

This concluding section explores the implications of this study for further research

on foreign direct investment and the internationalization process. Some concluding

remarks on theory and research in the field of business policy are also made.

Implications for Foreign Direct Investment Theory

Studies of the exploitation of technology in MNCs often fall short of yielding

implications for theory in the field of internationalization and foreign direct investment.

The gap between detailed empirical studies in a Schumpeterian spirit of technology

related issues and modern theory of foreign direct investment is discomforting, and this

274Not to mention what Hayami & Ruttan (1971) label "capacity transfer," i.e the capability to develop
new technology.
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study could be seen as an illustration of how these two bodies of research can be

connected/P.

Since many MNCs are multi-product or multi-technology firms276, a strong case

could be made for studying choices of international technology transfer patterns, and in

a broader sense international investmenr", using product-line rather than firm-level

data. Results from this study underscore the differences in technology transfer patterns

between technologies developed within the same firm and strongly indicate that studies

of the internationalization of firms, and of foreign direct investment, should be carried

out on the product-line level in order to improve understanding of those

phenomenaf", The approach would complement, and possibly improve, theory based

on the firm as a single entity. If the whole firm is studied by recording the sequence of

established subsidiaries in different foreign countries, data will represent an of

several internationalization processes, viz. one for each type of product (or technology)

the firm has279. Consequently it can be argued that large and diversified firms display

patterns of internationalization which are different at the divisional, subsidiary, and

275Buckley (1990) in a recent article on the problems and developments in the core theory of
international business, concludes that Austrian strands of economic thought (exemplified by the works of
Schumpeter, Kirzner, and Mises) together with unorthodox classical and mercantilist theories are the most
relevant for future development of the field.

276For example, see Granstrand & Sjolander (l990a).

277According to Young et al (1989) all forms of international business may be regarded as different
methods of "technology transfer".

278Rumelt (1991), from a slightly different angle, supports the argument that the analysis should be
kept on a business-line level. The results imply that the most important sources of economic rents are
business-specific while corporate parentage is quite unimportant. (His results on the total variance in rate
of return among FfC Line of Business reporting units reveal negligible corporate effects, small stable
industry effects, and very large stable business-unit effects).

279As pointed out by Cantwell (1990), much of recent theorizing on the determinants of international
production has focused on the mode by which markets are serviced across national boundaries. A variety
of approaches have been taken when analyzing and explaining the alternative and complementary means
of doing business internationally. Contributions in economics stress the interrelationships between
ownership, locational, and internalization variables (see in particular the works of John Dunning). The
behavioral approach suggests an incremental, evolutionary entry into foreign markets. The business-strategy
approach focuses on the nature of decision-making in organizations and on the role of corporate planning.
If the various approaches are brought together, a balance between risk, control, and motivation emerges,
Typically, however, all three approaches have looked on the firm as a single entity, and the "international
ization of the firm" is a commonly used expression.
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product level; if the processes follow a logic of their own at different the use of

the firm as the basic unit of analysis produces results that are too composite to be useful.

when analyzing the aggregate of many processes related to the

""'.f"'!lJ"'~'''''''Ul.'''''~''''''' of technology within the "legal shell" of a firm, there is a distinct risk that

some of the forces cannot be detected or understood. As an four

innovations based on separate manufacturing technologies, all between

1968 and 1974 within the Swedish units of what is now the ABB group, show vastly

different when it came to location and to the conditions under which the final

products have been manufactured outside Sweden. In the case of the first

J. ..U.Ll.J..i.\...~JLU~......\..uJ. .i..lJl~ began in Japan after a licensing agreement had been concluded. The

second was manufactured in Romania under a license contract, a joint venture

in and wholly-owned subsidiaries in the U.S. and Australia. The third product

was never manufactured outside Sweden, while the fourth was produced

subsidiaries in Norway, Switzerland, France, Japan, Spain, and the U.S. Accordingly, a

of the internationalization of the aggregate ABB group during this time period

would not sensible data for understanding the complexity and multitude of separate

processes underlying the international configuration of the firm. In focusing on product-

characteristics of manufacturing technology, this could be seen as a step

towards a better understanding of firm growth over national borders; the described

situations are better explained at the level of analysis used in this study.

In it should be emphasized that firm-level studies are relevant in those

cases where a firm internationalizes with a product constituting a "first hit" in terms of

innovation. However, when the internationalized firm experiences its "second hit," the

of international activities at the firm level may blur the logic underlying the process,

since an international structure of assets related to the exploitation of the

innovation already exists and can "conceal" the exploitation related to the "second

In the international structure which is already in win probably

influence the transfer patterns observed on the product-line level. Although some studies

280See (1991) for an interesting illustration of technology life-cycles in a multi-product/multi-
tecnnotozvIviNC. His results underscore the importanceof longitudinal studies and multi-
dimensional drivers of organizational structures and processes.
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have addressed this problem, they have not extensively analyzed the interplay between

technology characteristics and properties of the MNC's international network (such as

the existence of subsidiaries and their capacity utilization) in determining patterns of

technology transfer.

Implications for the Field of Business Policy

The results of this study, illustrating the importance of how to exploit a new

technology and how to avoid imitation by competitors, indicate the usefulness of a

growing body of literature which deals with the generation, management, and protection

of firm-specific assets281
• In broad terms, the presented evidence shows that the

strategic actions of firms significantly affect the time to imitation by competitors when

exploiting a new technology and therefore the potential level of profits derived from an

innovation. In this context, some of the most interesting results of the study have to do

with what Rumelt (1984) labels "isolating mechanisms." Isolating mechanisms refer to

phenomena that limit the ex post uniformity of rents among different firms. Important

isolating mechanisms listed by Rumelt include causal ambiguity, specialized assets,

switching and search costs, consumer and producer learning, team-embodied skills,

unique resources, special information, patents and trademarks, reputation and image, and

legal restrictions on entry. Isolating mechanisms are important to business strategy; they

make competitive positions stable and defensible.

The empirical results in this study support the view of isolating mechanisms as

important determinants ensuring that profit flows are not disturbed by the erosion of

unique resources, viz. imitation of a new technologyf''', In particular, there seem to be

281In an outline of a "strategic" theory of the firm, Rumelt (1984) points out that the essence of the
concept "strategy" is that firms' competitive positions are defined by bundles of unique resources and
relationships, and that the task of general management is to adjust and renew these resources and
relationships as time, competition, and change erode their value. This theory is a part of an emerging
stream of literature in business policy building on Schumpeterian thought and connected to evolutionary
theories in economics. The chief concern of business policy researchers, Rumelt argues, should thus not
be static profit maximization, but profit-seeking through entrepreneurship, thereby associating entre
preneurship with the creation and adjustment of unique and idiosyncratic resources.

282See Chapter 11 and Appendix F.
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a number of strategic actions that firms can perform in order to hamper the speed of

erosion of a technological advantage. The usefulness of these actively created isolating

mechanisms is an area where further contributions can be made. Unfortunately, several

examples have been encountered during the course of this study where managers in large,

successful multinationals to a surprising extent have overlooked the importance of

actively trying to stop imitation of a new technology. For instance, key employees have

been lost to competitors for petty reasons, often related to inflexible, bureaucratic

management practices.

The development of a "strategic theory of the firm" requires further research into

how an erosion process actually unfolds. Although the concept of imitation has been

approached by different disciplinesr'", the dynamics and mechanisms have received

little attention. The empirical results in this study support the assertion that early

imitation seems to require a certain stability on the part of the technology. Since a new

technology which is continuously developed seems to be difficult to imitate, the issue to

be addressed in a business policy context becomes how continuous development of an

innovation can be achieved within a firm. Also, it would be interesting to investigate

further the psychological aspects of why and how continuous development of a product

or of a process influences the willingness of imitators to persist in following imitative

A related field of inquiry is how similar an imitator firm has to be to the innovator

firm for the imitation process to start. The results in this study suggest that imitation

takes place within a rather small group of similar actors. Interestingly, the findings are

not in line with what Schumpeter (1911/1934) suggested when discussing why entrepre

neurs appear in clusters. In the data presented in this study, entrepreneurs do not rush

to base new firms on a replication of an important innovation. The innovations are first

copied not by small entrepreneurs, but by large firms serving the same markets as the

innovator

Douglas (1986), Fleck (1935/1979), Westney (1987), and Durkheim (1893/1964).

284The inconsistency of the results in this study with Schumpeter's thoughts may be based on a
difference in the type firms and "innovations" discussed. The innovations in this study are, for instance, in
most cases less pivotal than Schumpeter's examples.
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In general, it seems important for business policy to address the way in which new

technology is exploited and how that affects firm survival and growth, since innovation

potentially creates opportunities for large streams of income and major strategic change

in the MNC. In some cases, an uninterrupted stream of income is ensured for a long

period of time, while in other cases the technology is rapidly imitated by competitors.

Due to the sensitive nature of the situations in which new technology is exploited,

understanding and managing important innovations in "proper ways" can substantially

improve the firm's long-term prosperity.
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APPENDICES

Appendix A: Innovations Listed by Industry and Firm

Innovation Year of Intro- Main Busi- Firm
duction ness(es) of

Innovating Firm

EXCHANGE- 1960 POWER ASEA
ABLE INDUC- GENERATION
TOR FOR AND DISTRI-
STEEL MEL- BUTION
TING

EMULSIFIED 1960 PHARMA- KABI VIT-
FATS FOR CEUTICALS RUM (STATS-
INTRA- FORETAG)
VENOUS
INJECTION:
INTRALIPID

RAIL-BOUND 1961 MARINE HAGGLUND
HAULING CRANES & & SONER
CAR FOR MINING
MINES EQUIPMENT

RUBBER DE- 1961 RUBBER SKEGA (IN-
TAILS FOR COMPO- CENTIVE)
ROTATING NENTS
DRUMS

MILK STERI- 1961 SEPARATORS SEPARATOR
LIZER (ALFA-LA-

VAL)

MACHINE 1961 FREEZING FRIGO
FOR FLUIDI- EQUIPMENT SCANDIA
ZED FREEZ- CONTRACT-
ING OF ING
FOODSTUFFS:
FLOFREEZE
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QUINTUS 1962 POWER ASEA
TYPE STEEL GENERATION
PRESS FOR AND DISTRI-
USE IN THE BUTION
ASEA-STORA
PROCESS

AIR CUSHIO- 1963 GARDENING FLYMO
NED LAWN EQUIPMENT (ELECTRO-
MOWER LUX)

CROSS 1963 TELE- ERICSSON
CABLE COMMUNICA-

TIONS

MATRIX 1964 OFFICE FACIT
PRINTER EQUIPMENT (ELECfRO-

LUX)

BETA- 1965 PHARMA- HAsSLE
BLOCKER: CEUTICALS (ASTRA)
APTIN

PULP DRYER 1966 ENVIRONME FLAKT
WITH AIR- NTAL CONT- (ASEA)
BORNE PULP ROL EQUIP-
WEB (TYPE MENT
Fe)

DRUG FOR 1966 PHARMA- DRACO
EXPANSION CEUTICALS (ASTRA)
OF BRONCHI:
BRICANYL

THYRISTOR- 1967 POWER ASEA
CONTROL- GENERATION
LED SPIN AND DISTRI-
CONTROL BUTION
SYSTEM FOR
LOCOMO-
TIVES

ISOSTATIC 1967 POWER ASEA
PRESS FOR GENERATION
STEEL AND DISTRI-
PROCESSING BUTION
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EXPLOSIVE: 1967 CHEMICALS NITRO
DYNAMEX NOBEL

GEL FOR 1967 PHARMA- PHARMACIA
FILTERING: CEUTICALS (FORTIA)
CNBr-
METHOD

HIGH RESO- 1968 PRINTING MISOMEX
LUTION EQUIPMENT (INCENTIVE)
COPYING
MACHINE:
MULTINEX

BALL BEAR- 1969 BALL- AND SKF
ING: HUB 3 ROLLER

BEARINGS

ORE TRANS- 1969 MARINE HAGGLUND
PORTER: CRANES & & SONER
HAGG- MINING (ASEA)
LOADER EQUIPMENT

FLASH 1969 ENVIRON- FLAKT
DRYER FOR MENTAL (ASEA)
PULP CONTROL

EQUIPMENT

SEMI-SYN- 1970 PHARMA- ASTRA
THETIC PENI- CEUTICALS
CILLIN: PEN-
GLOBE

SELECTIVE 1970 PHARMA- HAsSLE
BETA- CEUTICALS (ASTRA)
BLOCKER:
SELOKEN

ROLLER 1972 BALL- AND SKF
BEARING: CC ROLLER

BEARINGS

VENTILA- 1972 ENVIRON- FLAKT
TION MENTAL (ASEA)
SYSTEM: CONTROL
OPTIVENT EQUIPMENT
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IGNITION 1972 CHEMICALS NOBEL
MECHANISM
FOR EXPLO-
SIVES:
NONEL

MACI-IINE 1972 TRANSPOR- VOLVO
FOR FEED- TATION
ING METAL
SHEETS: DOP-
PIN-
FEEDER

INDUSTRIAL 1973 POWER ASEA
ROBOT GENERATION

AND DISTRI-
BUTION

VENTILA- 1974 ENVIRON- FLAKT
TION MENTAL (ASEA)
SYSTEM: CONTROL
DIRIVENT EQUIPMENT

HIGH-TEMPE- 1974 STEEL & AVESTA
RATURE METALS JERNVERK
STEEL: 153 (NORD-
MA& 253 MA STJERNAN)

CHEMICAL 1975 PHARMA- PHARMACIA
FOR WOUND CEUTICALS (FORTIA)
TREATMENT:
DEBRISAN

HYDRAULIC 1975 PNEUMATIC ATLAS
ROCK-DRILL AND copeo

HYDRAULIC
EQUIPMENT

TELEPHONE 1976 TELE- ELLEMTEL
SWITCHING COMMUNICA- (ERICSSON)
SYSTEM: AXE TrONS

STAINLESS 1976 STEEL & AVESTA
STEEL: 254 METALS
SMO
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SELF
EMPTYING
RAILWAY
CAR FOR
ORE

1978
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MINING LKAB





Appendix B: Non-responding Part of Sample

Innovation Year of Intro- Main Busi- Firm
duction ness(es) of

Innovating Firm

INFRA-RED 1961 INDUSTRIAL AGA
TELEVISION: GASES
THERMO-
VISION

LAMELL 1965 CONGLO- AXEL
SEPARATOR MERATE JOHNSON

INSTITUTE
(NORD-
STJERNAN)

GRINDING 1965 POWER ASEA
WHEEL WITH GENERATION
PLASTIC- AND DISTRI-
HELD BUTION
DIAMONDS

ALLERGY- 1966 PHARMA- PHARMACIA
TEST: RIST CEUTICALS (FORTIA)

ALLERGY- 1967 PHARMA- PHARMACIA
TEST: RAST CEUTICALS

MACHINE 1967 PULP KAMYR
FOR MACHINERY
BLEACHING
PULP

DISPLAY FOR 1967 ELECfRO- DATASAAB
COMPUTER: NICS (ERICSSON/
ALFASKOP NOKIA)

CONTROL 1970 PULP & MO&
SYSTEM FOR PAPER DOMSJO
PULP
BOILING
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CONTROL
SYSTEM FOR
TURBO
CHARGED
PRIVATE
CAR ENGINE

1976 TRANSPOR
TATION

SAAB-SCANIA

Note:
LKAB's SIFTING-MACHINE was never a commercial success.
LKAB's STEEL BELT FOR SINTERING was never a commercial success.
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List of Innovations and Firms Used for Analyzing Transfer
Mode

1) EXCHANGEABLE INDUCTOR FOR STEEL MELTING 1960 (ASEA)
1 transfer

2) EMULSIFIED FATS FOR INTRAVENOUS INJECfION: INTRALIPID
1960 (KABI VITRUM/STATSFORETAG)
3 transfers

3) RUBBER DETAILS FOR ROTATING DRUMS 1961
(SKEGA/INCENTIVE)
4 transfers

4) MACHINE FOR FLUIDIZED FREEZING OF FOODSTUFFS: FLO
FREEZE 1961 (FRIGOSCANDIA CONTRACTING)
5 transfers

5) AIR CUSHIOl\TED LAWN MOWER 1963 (FLYMO/ELECTROLUX)
2 transfers

6) CROSS CABLE 1963 (ERICSSON)
9 transfers

7) PULP & PAPER DRYER 1966 (FLAKT/ASEA)
1 transfer

8) DRUG FOR EXPANSION OF BRONCHI: BRICANYL 1966 (DRACO/
ASTRA)
2 transfers

9) THYRISTOR-CONTROLLED SPIN CONTROL SYSTEM FOR
LOCOMOTIVES 1967 (ASEA)
4 transfers

10) ISOSTATIC PRESS FOR STEEL PROCESSING 1962 (ASEA)
1 transfer

11) GEL FOR FILTERING: CNBr-METHOD 1967 (PHARMACINFORTIA)
1 transfer

12) HIGH RESOLUTION COPYING MACHINE: MULTINEX 1968
(MISOMEX/INCENTIVE)
1 transfer
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13) BALL BEARING: HUB 3 1969 (SKF)
3 transfers

14) FLASH DRYER FOR PULP 1969 (FLAKT/ASEA)
4 transfers

15) SEMI-SYNTHETIC PENICILLIN: PENGLOBE 1970 (ASTRA)
1 transfer

16) SELECTIVE BETA-BLOCKER: SELOKEN 1970 (HASSLE/ASTRA)
4 transfer

17) VENTILATION SYSTEM: OPTIVENT 1972 (FLAKT/ASEA)
2 transfers

18) IGNITION MECHANISM FOR EXPLOSIVES: NONEL 1972 (NOBEL)
5 transfers

19) MACHINE FOR SHAPING METAL SHEETS: DOPPIN-FEEDER 1973
(VOLVO)
1 transfer

20) INDUSTRIAL ROBOT 1973 (ASEA)
6 transfers

21) VENTILATION SYSTEM: DIRIVENT 1974 (FLAKT/ASEA)
3 transfers

22) HIGH TEMPERATURE STEEL 153 MA & 253 MA 1974 (AVESTA JERN
VERK/NORDSTJERNAN)
2 transfers

23) HYDRAULIC ROCK DRILL 1975 (ATLAS COPCO)
2 transfers

24) TELEPHONE SWITCHING SYSTEM: AXE 1976
(ELLEMTELIERICSSON)
12 transfers

25) STAINLESS S1TEEL254 SMO 1976 (AVESTA)
2 transfers

26) SELF-EMPTYING RAILWAY CAR FOR ORE 1978 (LKAB)
1 transfer

238



Appendix D: The Questionnaire

IMPORTANT SWEDISH INNOVATIONS: MANUFACTIJRING TECHNOLOGY AND DIFFUSION

STRICTLY CONFIDENTIAL284

Institute of International Business
Stockholm School of Economics
Box 6501
113 83 Stockholm

Tel: 08-736 95 13
Ref: Civilekonom Udo Zander

Fo~kBACKGROUNDINFORMATION

1) Name of Firm:

2) Name of Product:

3) Respondent:

Title:

Tel:

284Information provided by this questionnaire will be published in aggregate form only, and in such way that information provided
by individual companies will not be disclosed. The material will be kept confidential.
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Characteristics of the manufacturing technology

4) How would you characterize your manufacturing technology ?

Please encircle the number that best indicates the degree to
which each statement applies.

If several technologies are important in manufacturing, please
describe the area in which your key competence resides.

1234567

A useful manual describing our
manufacturing process can be
written.

totally
disagree

totally
agree

Q1

If we wanted to, we could
automate our manufacturing
process almost totally today.

New manufacturing personnel can
easily learn how to manufacture
the product by talking to
skilled manufacturing employees.

New manufacturing personnel can
easily learn how to manufacture
our product by studying a
complete set of blueprints.

We can presently describe
and explain what happens in all
steps of the manufacturing
process by using established
science.

Educating and training
new manufacturing personnel
is a quick, easy job.

New manufacturing personnel can
learn enough with a normal high
school education to manufacture
our product.

New manufacturing personnel can
easily learn enough through a
professional education to
manufacture our product.

It is critical that an
experienced "teacher" assists
manufacturing personnel while
they are trained.

Within important areas the newly
employed have to work with
experienced manufacturing
personnel as 'apprentices' for a
long time to be able to learn
their job.

1 234 5 6 7

1 234 5 6 7

1 234 5 6 7

1234567

1 234 5 6 7

1234567

1234567

1234567

1 234 5 6 7
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03

04

05

06

07

08

09

010



totally totally
disagree agree

Large parts of our
manufacturing technology are
embodied in standard type
machines that anyone can buy. 1 2 3 4 5 6 7 011

Large parts of our
manufacturing technology are
embodied in standard type
machines that we modified for
our needs. 1 2 3 4 5 6 7 012

Large parts of our
manufacturing technology are
embodied in machines that are
tailor-made by other firms for
our purposes. 1 2 3 4 5 6 7 013

Large parts of our
manufacturing technology are
embodied in machines built
within our firm exclusively
for us. 1 2 3 4 5 6 7 014

Large parts of our manufacturing
control are embodied in standard
type software that anyone can
buy. 1 2 3 4 5 6 7 015

Large parts of our manufacturing
control are embodied in standard
type software that we modified
for our needs. 1 2 3 4 5 6 7 016

Large parts of our manufacturing
control are embodied in software
tailor-made by other firms for
our purposes. 1 2 3 4 5 6 7 017

Large parts of our manufacturing
control are embodied in software
developed within our firm
exclusively for us. 1 2 3 4 5 6 7 018

Extensive documentation
describing critical parts of the
manufacturing process exist in
our firm. 1 2 3 4 5 6 7 019

The largest part of the critical
knowledge about the manu-
facturing process is held by
single employees. 1 2 3 4 5 6 7 Q20

A competitor can easily learn
how we manufacture our product
by watching our factory people
at work. 1 2 3 4 5 6 7 021

A competitor can easily learn
how we manufacture our product
by taking a tour of our plant. 1 2 3 4 5 6 7 Q22

A competitor can easily learn
how we manufacture our product
by examining our machines. 1 2 3 4 5 6 7 Q23
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totally totally
disagree agree

A competitor can easily learn
how we manufacture our product
by analyzing descriptions of our
product in product catalogues,
etc. 1 2 3 4 5 6 7 024

A competitor can easily learn
how we manufacture our product
by taking it apart and examining
it carefully. 1 2 3 4 5 6 7 025

A competitor can easily learn
how we manufacture our product
by testing it in use. 1 2 3 4 5 6 7 026

A competitor can easily learn
how we manufacture our product
by employing one of our manu-
facturing employees. 1 2 3 4 5 6 7 027

A competitor can easily learn
how we manufacture our product
by employing one of our manu-
facturing engineers. 1 2 3 4 5 6 7 028

Personnel working with
our manufacturing technology
need advanced technical
education. 1 2 3 4 5 6 7 029

Only technical personnel that
recently graduated have enough
knowledge to understand critical
parts of the manufacturing
technology. 1 2 3 4 5 6 7 030

We can achieve satisfactory
product quality only because of
our finn's long experience
with the manufacturing
technology. 1 2 3 4 5 6 7 031

It is impossible for anyone in
our firm to know everything
about the entire manufacturing
process. 1 2 3 4 5 6 7 032

It is very important to
have experienced, well-trained
workers to get satisfactory
product quality. 1 2 3 4 5 6 7 033

To get high product quality it
is very important that our
manufacturing personnel has long
experience from the specific
plant where they are working. 1 2 3 4 5 6 7 Q34

It is easy for us to get
competent outside consulting
help in case we run into serious
manufacturing problems. 1 2 3 4 5 6 7 035

We can easily subcontract all
our manufacturing without
experiencing any quality
problems at all. 1 2 3 4 5 6 7 036
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totally totally
disagree agree

It is very difficult to find
good suppliers for components
used in our manufacturing. 1 2 3 4 5 6 7 037

Workers in important parts of
the manufacturing process have
to be in constant contact with
engineers or product quality
will go down. 1 2 3 4 5 6 7 038

Our costs per unit will
increase significantly with a
reduction in volume produced in
a plant. 1 2 3 4 5 6 7 039

Our quality will go down
significantly with a reduction
in volume produced in a plant. 1 2 3 4 5 6 7 040

Our capital to manpower ratio in
manufacturing can go up or down
quite a bit without changing our
product quality. 1 2 3 4 5 6 7 041

It is very important that
our subcontractors use tight
quality control procedures, or
our product quality will drop. 1 2 3 4 5 6 7 042

Minor modifications of the
product design can lead to
serious manufacturing problems. 1 2 3 4 5 6 7 Q43

Our product can be manufactured
in a unit isolated from all
other production without quality
being influenced at all. 1 2 3 4 5 6 7 Q44
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5) How would you describe the importance of different processes
in your firm's manufacturing of the product?

Please encircle the number that best indicates the importance of
the different process types.

totally
unimportant

very
important

Processes for changing physical
characteristics of a material
(for example chemical reactions,
refinement, heat treatment).

Processes for changing the shape
of material (for example
casting, pressing, rolling,
bending).

Processes for giving materials
certain dimensions (for example
turning, milling, drilling,
sawing).

Processes for assembling
different parts to a whole (for
example welding, soldering,
gluing, screwing).

1234567

1 234 5 6 7

1234567

1234567
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Competition and imitation

6) How important have the following factors been in preventing
imitation of your product ?

Product patents

Process patents

Non-patented technical
knowledge that has been
kept secret

High development costs

High investment in
specialized manufacturing
equipment

Continuous modification of
the product

Continuous development of
the manufacturing process

Our firm's reputation
in the marketplace, brand
name, etc

Other (please specify)

totally very
unimportant important

2 3 4 6 7

2 3 4 6

2 3 4 6 7

2 3 4 6 7

1 234 5 6 7

1 234 5 6 7

1 234 5 6 7

1234567

1 2 3 4 5 6 7

7) How many competitors with similar or closely related products
did your firm face at the time of innovation ?

# of competitors: _

8) At the time of innovation, how would you describe your
leading competitor's capabilities compared to your own?

much much
worse better

R&D 2 3 4 6 7

Manufacturing 2 3 4 6

Marketing and sales 2 3 4 6

Technical service 2 3 4 6 7
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9) Were any of your competitors engaged in developing products
similar to yours at the time of your innovation?

n
U No

n
U Yes, # of competitors: _

10) Have any of your skilled manufacturing people left your
firm after the introduction of the product, to the
benefit of competitors ?

n
U No

n
U Yes, in the year(s): _

11) Has any other firm developed a similar, competitive
product based on your technology ?

n
LJ Yes, introduced in year: _

Name of the imitating firm: _

n
UNo

(If No, skip to page 11.)

12) How would you characterize the first imitating firm's
relationship to your firm ?

n
LJ Important international competitor

n
LJ Local competitor

n
LJ Licensee of our firm

n
U Joint-venture partner

n
U Supplier

n
U Customer

n
LJ Other (please specify)

13) How would you characterize the imitating firm's age and
experience ?

n
U Old firm, experienced in the area

n
LJ Old firm, not previously perceived as competitor

n
U Newly established firm

246



14) How would you rate the degree of competition in the
geographical market where the imitation of your product first appeared?

very
low

12345 6

very
high

15) How many competitors with similar, competitive products based
on your technology existed in 1988, and how large was the
combined world market share of these competitors ?

# of firms: _

combined world market share: %
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Manufacturing and foreign sales

16) When was the product first manufactured in Sweden?

Year: _

17) Please estimate current sales of the product outside Sweden
as a percentage of total product sales in 1988 and one year
after the introduction.

Foreign sales 1988: %

Foreign sales one year after introduction: %

18) Please fill out the questions below for each country to which
your group has transferred key manufacturing technology.
(If such transfer has been carried out to more than one
organizational unit in a country, please list an units).

Country:

Year local
production
was started:

Type of establishment:
Wholly-owned Joint
subsidiary venture

Licensing Other
agreement

n n n n
LJ LJ LJ LJ

n n n n
LJ LJ LJ LJ

n n n n
LJ U LJ LJ

n n n n
u LJ LJ LJ

n n n n
LJ LJ LJ LJ

n n n n
LJ LJ LJ LJ

n n n n
LJ LJ LJ LJ

n n n n
LJ LJ LJ LJ

TI-lANK YOU FOR YOUR TIME AND YOUR COOPERATION!
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Appendix E: Results from Factor Analysis on Items Describing the Man
ufacturing Technology

The list below presents a principal component analysis with "varimax" rotation of

the 19 questionnaire items used when characterizing the nature of manufacturing

technologyf". The labels in parentheses after the item names refer to the item label

in the questionnaire (see Appendix D). An iterated principal axis factor analysis (so

called "common factor analysis") produces very similar results.

The number of factors chosen in the analysis is 4286, but the results do not

change notably if more factors are included. As can be seen, the items used to derive the

measure of "observability" (Q21, Q22, Q23, Q25, Q26) are associated with factor 1, all

the items used to measure "articulability" except one (Ql, Q3, 06, Q7, 08, 010) with

factor 2, the items used to measure "team dependence" (Q28, Q31, Q34, 038) with factor

3, and the items used to measure "process inflexibility" (Q39, Q42, Q43) with factor 4.

Table E:1: Principal Component Analysis of Questionnaire Items Dealing With the
Nature of Manufacturing Technology

LATENT ROOTS (EIGENVALUES)
1 2 3 4 5
5.269 2.874 2.330 2.010 1.206

6 7 8 9 10
0.986 0.822 0.761 0.617 0.447

11 12 13 14 15
0.415 0.295 0.277 0.198 0.158

16 17 18 19
0.125 0.101 0.054 0.054

285Due to the limited number of observations, it was preferred to use only the 19 items eventually used
in the construction of variables, instead of all the items measured in the questionnaire. However, the
results of the principal component analysis are not altered significantly if all items are factor analyzed.

286The number of dimensions characterizing manufacturing technology throughout Chapters 7, 8, 9,
10, 11, and 12 are five, but "complexity" is measured in a different way than the other four constructs
"articulability," "observability," "team-dependence," and "process inflexibility" which are discussed in this
appendix.
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Table E:l (continued):

ROTATED LOADINGS
1 2 3 4

PLANT (Q22) 0.913 0.039 0.028 0.067
TAKEAPAR (Q25) 0.832 0.112 -0.115 0.185
TESTING (Q26) 0.801 -0.020 0.014 -0.023
WATCHEMP (Q21) 0.788 0.160 0.070 -0.203
BLUEPRIN (Q4) 0.779 0.356 -0.210 0.021
EXAMMACH (Q23) 0.745 -0.095 -0.368 0.291
SCHOOL (Q7) -0.055 0.787 0.145 0.220
APPRENTI (Q10) -0.223 -0.724 0.064 0.073
PROFED (Q8) 0.124 0.692 0.077 0.485
TRAIN (Q6) 0.136 0.650 -0.336 -0.181
EMPLEARN (Q3) 0.335 0.624 -0.151 0.180
MANUAL (Q1) -0.355 0.543 0.090 -0.021
SUBCONTQ (Q42) -0.018 0.032 0.934 -0.102
COSTSCAL (Q39) 0.050 -0.035 0.822 0.104
MODIFPRO (Q43) -0.231 -0.024 0.774 0.019
PLANTEXP (Q34) 0.097 -0.025 -0.075 - 0.882
CONTACT (Q38) 0.064 0.014 -0.175 -0.716
EXPERIEN (Q31) -0.182 -0.086 0.144 -0.653
ENGHIRE (Q28) 0.237 0.267 -0.207 0.429

VARIANCE EXPLAINED BY ROTATED COMPONENTS
123 4
4.435 2.987 2.619 2.442

PERCENT OF TOTAL VARIANCE EXPLAINED
123 4
23.341 15.722 13.785 12.851
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Appendix F: Results on Perceived Effectiveness of Alternative
Means of Protecting Innovations from Imitation

Table F:l: Effectiveness of Perceived Alternative Means of Protecting Innovations

Method of appropriation Sample Mean Median Standard
deviation

Product Patents 5.89 7 1.64

Process Patents 3.32 2 2.50

Non-patented technical
knowledge that has been
kept secret 4.77 5 1.73

High development costs 4.71 5 1.34

High investment in
specialized manu-
facturing equipment 3.74 4 1.88

Continuous modification
of the product 4.53 5 1.58

Continuous modification of
the manufacturing process 4.03 4 1.58

The firm's reputation in the
market place, brand name,
etc 5.62 6 1.30

Range: 1= Totally unimportant for preventing imitation; 7= Very important for preventing
imitation.

Table F:1 shows the patterns of responses, based on a seven-point scale, to

questions on the effectiveness of alternative means of protecting innovations from
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imitatiorrf". The columns report the mean response, the median, and the standard

deviation of each estimated mean for the sample of 35 innovationsf".

The results on patents as means of protecting innovations are of particular

interest. Product patents were ranked the most effective, while processpatents were ranked

the least effective of the mechanisms of appropriation. This finding is in line with Levin

et aI's (1987) results on U.S. data, where patents were generally rated the least effective

for new processes and considered more effective for products. Together with product

patents, the firm's reputation in the market place, brand names, etc, rank among the

highest in effectiveness. This is not surprising, since the sample consists of internationally

experienced, large MNCs. This type of firm by its mere presence in the market for a new

product can signal commitment, especially if the innovation is close to the firm's core

business. In the case of new products, reputation and long history in an industry are

particularly important, since customers take a gamble by changing to the new product,

therefore wanting to see stability on part of the innovating firm. Also ranked as important

in the prevention of imitation are non-patented technical knowledge that is kept secret, high

development costs, and continuous modification of the product and the manufacturing

process. Heavy investment in specialized manufacturing equipment, however, together

with process patents, was the only means that ranked lower than 4 on the seven-point

scale.

2871n addition to the alternatives presented in the table the questionnaire also featured an open-ended
question labelled "other" (please specify). Five respondents used the opportunity to fill in this item in
addition to the fixed alternatives. The answers were "scientific documentation," "licensing" (2 times),
"energy efficiency," and "standards and specifications prohibiting the use of the product in certain
countries," indicating the importance of firm action, product characteristics, and government interference.

288Inthe cases of "process patents" and "the firm's reputation, brand names, etc," the sample consisted
of 34 observations.
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Appendix G: Attributes of the Case Study Firms

FLAKT ATLAS coree

Founded 1920 1873

First foreign
subsidiary 1931 1915

International 90 subsidiaries Sales subsidiaries
activities 1987 in 33 countries in 50 countries,

manufacturing in 14
countries

Sales 1987 $ 2 billion $ 2 billion
Outside Sweden (75%) (92%)

Employees 17,000 19,000
Outside Sweden (60%) (73%)

Time of
innovation 1969 1973
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