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TRENDS IN THE DEVELOPMENT OF TECHNOLOGY AND THEIR EFFECTS

ON THE PRODUCTION STRUCTURE IN THE EUROPEAN COMMUNITY

ABSTRACT

In this paper, the two authors have made an attempt to build a scenario
of how technology can have an impact on the production structure in Europe,
and how these changes will effect the international division of labour.
The authors start from the premise that the application of new product
and process technologies are leading to stepwise changes in production
structures. They borrow from economic and managerial theories, present
a number of scenarios for two types of technologies (bio-technology and
information technology). From these scenarios, implications for the
international division of labour between Europe and Asia are proposed.
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1. INTRODUCTION

1.1 Overview

The most outstanding conclusion of this paper is that technology has

become a pervasive and increasingly important element in economics.

With the commencement of the information technology era, 	 its

influence can only grow.

In terms of the economy of a country or a region, a corollary

conclusion is that it is not the initial creation or development of a

new technology which leads to economic growth, but rather its

widespread	 diffusion and application. 	 And, the diffusion and

application of technology is only possible if a country and its

culture is adaptive and receptive to change.

Today, where they are being applied, new process and product

technologies	 are leading to substantial changes in production

structures. For the present, only the very initial steps have been

made; the ultimate potential of these technologies is huge and their

sphere of influence will include not only the production structure,

but the entire organisation of a company and of the economy. Yet,

here again, there is the importance of a company or culture's

receptiveness to change. Given the comprehensiveness of the changes

required, even the greatest degree of adaptiveness on the part of

government, managers and workers does not mean that the full

potentiality of the new technologies will be realised tomorrow, or

after tomorrow, but only, maybe, decades from tomorrow.

-3--
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Today, there is the likelihood that sacrificies are required.

Periods of readjustment, of simultaneous unemployment and labour

shortages,	 and	 of	 economic	 imbalances	 and	 technological

inefficiencies will prevail until a new "Schumpeterian" wave of

technologically-induced economic growth appears.

1.2 Methodology

This paper represents a synthesis of a number of economic and

managerial theories on the impact of technology on the production

structures in Europe and elsewhere in the developed world.	 The

authors have subjectively chosen a number of these theories and

applied them to the present economic and business environment with a

view to predicting future trends in Europe and the ASEAN region. The

results are neither absolute nor comprehensive, yet, if many of these

economic and managerial views remain valid, then it can be reasonably

assumed that most of the trends outlined in this paper will also hold

true and will have an impact on the world's economic future.
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2. ECONOMIC AND MANAGERIAL THEORIES ON THE IMPACT OF TECHNOLOGY

There are two possible approaches to examining the impact which

technology can have on production structures. 	 The first is a

managerial sciences approach in which analysis focuses on the role

technology has in building up sustainable competitive advantage.	 An

alternative approach is an economic one, used by economists and

described in most economic literature. 	 In .this last approach,

technology is seen as a factor of production, contributing to greater

efficiency or flexibility in production.	 Both approaches have

validity within certain parameters.	 What follows is a subjective

overview of some of the theories found in these two scientific

domaines, as they relate to technology.

2.1 Economic Thought 

Economic theory, as a whole, is not particularly rich in its

description of the influence of technology. A large body of economic

thought views technology as an exogenous parameter; it is shown as

having an effect on the cost of production, yet that effect cannot be

accurately measured by the tools provided in the models. Some

scholarly work has even considered technology to be a rest factor.

Another body of economists have looked Gloser at technology's role.

One group of studies attempted to measure the influence of technology

on the relative competitiveness of different regions or countries.

In this research, technology was categorized according to its inputs,

such as investment in research and development, investment in human

capital or in capital equipment. The researches then attempted to



measure the impact of these inputs on the competitiveness of the

industry in question. The results of these types of studies are

fairly straightforward.	 To some degree or another they show that

investments in the inputs of technological change leads to economic

growth and contributes to relative competitive advantage.	 The

success of the U.S. software industry can be partly attributed to its

investment in human capital; the continuous investment in production

technology in Japan has led to competitive advantage for a selected

group of Japanese industries in mass produced goods such as consumer

electronics.	 Thus, judging from the studies, it appears that

investment in technology has an undeniable impact on the

competitiveness of a particular industry in a particular region or

country.

Longitudinal studies on particular industries, such as those carried

out by the Science Policy Research Unit at Sussex (Freeman, 1982)

have shown that an existing strength in a particular technology, once

developed in a particular region or country, tends to be followed by

relatively greater investment in technological development in those

industries.	 Moreover,	 such investment will tend to be more

productive than similar investments of lesser 	 well	 developed

competitors.

These conclusions are in line with the "technological paradigm" or

"natural trajectory" theory, also developed by the Science Policy

Research Unit, and others (Rosenberg, 1972), Nelson and Winter

(1977), Dosi (1982) which suggests that a firm's behaviour is heavily

influenced, even bounded, by its historical experience. As long as

serious improvements can be made in a technology by a particular



-7-

industry, the accumulated historical experience will be an asset in

the search for new applications or innovations. There is something

like a learning curve effect in research and development. This same

asset will, however, become a major burden when the potential of a

particular technology is exhausted. Two cases which illustrate this

phenomenon in Europe are the German/Swiss chemicals industry and the

micro-electronic components industry. The chemicals industry with

estabiished strengths in certain areas, appears to regularly improve

its position over time. 	 The European micro-electronic components

industry, with no historical industrial strength, continues to lose

ground against competitors despite heavy investment. These two cases

tend to support the proposition that in technology "the rich get

richer, and the poor get poorer" - the major difference between this

example and other illustrations of the rich-richer, poor-poorer

syndrome is that with technology, the basis of wealth can be quite

suddenly swept away by a discovery in an alternative technology -

therefore, technological strength in a region or industry 	 is

dependent upon the historical experience with which the technology

has been accumulated in that region or industry. The most commonly

quoted example of this is the way micro-electronics swept away in a

few years a whole industry built upon vacum tubes technology (Foster,

1987).

Other economic research has attempted to explain the relationship

between	 technological	 change	 and economic growth.	 For most

economists, technology and technological change is a given.	 The

question is then not how to influence technology, but rather how to

adapt to technological change. The exception to this approach is

provided	 by	 those	 economists who, in the tradition of the
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Schumpeterian school, put technology at the center of their analysis.

For this group technology is not a given nor does technological

change and innovation advance at a steady pace - instead, it coures in

waves.

Why is it that economic development in our sense does not

proceed evenly...; why does it display those characteristic ups

and downs? The answer cannot be short and precise enough:

exclusively because the new combinations (i.e. technological

change) are, not as one would expect according to general

principles	 of	 probability,	 evenly	 distributed	 through

time...but appear, if at all, discontinuously in groups or

swarms. (Schumpeter, 1939).

Microelectronics and computers are usually given as the most recent

examples of this process.	 Genetic engineering applied to agro-

chemicals or pharmaceuticals could be the next one.

A	 further	 trait	 of	 technological change, according to the

Schumpeterian school, is that it is initially concentrated in a

limited	 number of sectors.	 Starting from these few sectors,

technological change then spreads slowly and unevenly throughout the

rest of the economy.	 When, finally, the new technology begins to

diffuse effectively through the	 economy,	 growth	 takes	 off.

Eventually,	 so many	 firms are actively involved in various

applications of the technology that profit margins 	 are	 cut,

investment stagnates, growth and technical change are halted. The

economy is left to drift until the next "gale 	 of	 creative

destruction" moves it forward again.
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This theory has been thoroughly documented, and explains well the

relationship between innovation and the haphazard progress of the

economy. If accepted, the theory provides enough substantiation to

forward the assertion that once the new "triggering" technology is

discovered, heavy investments in these new technologies are required

to stimulate its diffusion and to avoid negative side-effects such as

temporary or structural unemployment from the transition from an old

to a new technology. The theory does not, however, give a cue as to

how to detect a new triggering and/or driving technology. 	 The

nuclear industry is probably a good example of a technology which was

mistaken for a driving technology, but in which, in the end,

investments proved to be abortive. Who would dare predict today that

superconductivity could trigger a next generation of technological

change?	 To conclude, while this economic theory supports the

proposition that it is technological investment and technological

change which drives business cycles, employment, and growth, it does

not provide a reasonable framework to predict the evolution of

production structures.

There is one subject on which economics literature abounds, that

being the relationship between technology and the labour market.

Most of the work in this field is based on the simplified assumption

that technology and labour are two mutually exchangeable factors of

production. At any time and place, there is an optimal combination.

Technology becomes cheaper over time, while labour becomes more

expensive. As a consequence, technology chases labour. 	 However,

most theories do not hypothesize that technology will, over a long

period of time, lead to structural unemployment. 	 Relying on these

somewhat	 optimistic	 views, and based on data about previous
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industrial revolutions, one can conclude that the replaced labour

will ultimately find an occupation in new industries which provide

the technology for the old industry.	 Still, temporary labour

friction will exist and can pose problems for the society as a whole.

The new industries will require different skills, which are not

necessarily	 available	 in the displaced labour pool.	 If the

technological changeover evolves too quickly, society will not be

able to keep up with the massive training effort which is required.

As a consequence, there will be a temporary 	 combination	 of

unemployment and labour shortage.

One additional inference which can be drawn from economic theories

about technology and the labour pool is that differences in the cost

of labour and technology will lead to different production structures

in different parts of the world. As there is friction in the labour

market and a difficulty in deploying technology where the necessary

infrastructure of know how is lacking, some regions viii have

temporary cost advantages leading to an international redistribution

of production and, in its more sophisticated applications, to semi-

managerial theories such as the international product life cycle.

Thus, if some regions are faster in applying new technologies than

others, then there can be a geographical relocation of crucial new

industries to take advantage of appropriate labour availability.

2.2 Managerial Science

The managerial literature about the influence of technology on the

production structure is best summarized in Michael Porter's book,

Competitive	 Advantage,	 1985.	 In essence, he maintains that



technology is one of the major tools used to create value in a

company. Technology can have an instrumental effect, such as when it

leads to continuous improvements in the production process, or when

it changes the value added structure drastically, through major

process innovations in supply, production or distribution.

If one assumes that the company in Porter's model can represent the

entire industry, then the model can be used to demonstrate the

creation	 and	 allocation	 of	 value	 throughout	 the	 entire

production/sales process, from the raw materials stage through to the

end-user.	 In the industry-avide model, value is created through the

intervention of a sequence of companies which are more or less linked

to each other. Technology represents a major source for new barriers

to enter into the industry or the tool for overcoming or annihilating

existing barriers to entry.

Take, for example, the production process which converts wool into a

business suit (see figure 1). Simplifying one can say that in the

fabrication of a single suit, there are five steps in the process

which can be performed by five separate companies (or by less than

five, should a single company control more than one step in the

process).	 Within each sector of activity, there can be, and

generally are, many competitive firms capable of performing that

process - such as spinning, in the wool suit example. In order to

gain an .upper hand over competitors, a firm can use any number of

pricing or marketing techniques which may allow the firm to be more

competitive for a short period of time. However, one of the best, if

not the best method of achieving a sustainable competitive advantage

is through the application of a new technology.
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Either a new technology will allow a company to drastically reduce

the cost at which it offers a particular value, eg. spinning, and

thereby pursue a fierce price competition with its competition, or

the technology will change the way the value is structured; in other

words, it will allow the company to take part or all of the services

offered by its supplier and/or customer - sheering or weaving -	 and

offer it, together with its own, at a lover overall price. These

changes will lead to a sustainable competitive advantage for the

company because the new market price at which the goods or services

are offered reflects true savings, made possible by the 	 new

technology, and not just a price adjustment which eventually cuts

into the producer's profit margins.
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Figure 1: Influence of Technology on Value Added Structure

Before introduction of new technology

Sheering Spinning	 Veaving	 Clothing	 Merchandizing

Wool
	

Designing

Alter introduction of new technology - Co. E, introduction of new

"no-waste"

spinning machine

Co. E offers product at lover price and gains sustainable

competitive advantage.
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Alter introduction of new technology - same company, Co. E; instead

of new spinning machine, it

has a new chain production

method which allows spinning

and weaving to be done at the

same time.

Co. E performs spinning and weaving at lover price than

competitors, picks up market share in weaving market and

gains sustainable competitive advantage in both markets.
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A final consideration, emphasized both in the macro-economic and

managerial sciences, is that the introduction of a new technology

viii not alone lead to substantial changes in either a single company

or in an economy if the necessary infrastructure is not already in

place and ready to support	 the	 technology's	 diffusion	 and

application.	 As an example, in France today, the widespread use of

computerised databases by individual consumers has only been possible

because of the earlier creation and successful development of the

"minitel" system.

Among the necessary elements, there should be a large body of

educated and trained technical personnel capable of developing ways

in which to use the new technology, a body of trained support

personnel prepared to operate and maintain the systems created, and a

body of young educated individuals ready to be trained in the new

technology and take over from their eiders.

From the economic stand point, there should be a large-scale demand

for the products and services related to the technology, an efficient

system of distribution and transportation, and easy access to several

suppliers of input materials, production machinery and maintenance

replacement service.	 This latter element is especially important.

An often emphasized part of the Japanese success story relates to the

efficacity of the relationship between user and supplier. Close

contacts and an insistance on high quality allow Japanese producers

to have confidence in both the adaptability and reliability of their

suppliers.
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Today, due to the greater complexity and interlinkability of new

technologies, infrastructures are even more crucial.	 It is now

imperative for a technologically aspiring company to operate in an

economy which aliows for the easy transportation and sale of its

products, and to have at its disposai a reliable network of suppliera

as well as a number of educated individuals trained in production and

operating technologies.

2.3. Summary

The foregoing review of the managerial and economic sciences aliows

us to summarize into six main points the principal impact of

technology on the production structure:

1. Research and Development investment in a particular

technology has in the long term a beneficial effect on the

sector or industry in which this technology is used.

2. Historical technological strengths tend to predict future

strengths, as long as the technology remains relevant.

3. Economic progress tends to be driven by the irregular

appearance of new base technologies, creating Schumpeterian

swarms of innovation.

4. In the long run, there viii not be in total a shrinking need

for labour resulting from the introduction of technology.

However, given the transitional friction in the labour

force,	 technological	 change	 might	 create	 temporary
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unemployment among that part of the labour force whose

skills are no longer adapted to technology's needs. In

addition, given the difference in speed of adaptation of

different countries and regions, technological change might

lead to a geographical relocation of industrial production.

5. Technology is one of the few if not the only tool which

allows a company to create a stepwise and sustainable change

in the way product value is created for the final customer.

6. Technologies only blossom in societies which have created an

infrastructure which allows them to be applied.



3. THE NEW "REVOLUTIONARY" TECHNOLOGIES

As far as one can judge today, three techologies will influence

production structures in the developed world (if not in ail of the

world's economies) up to the year 2000.	 They are information

technology, biotechnology and new materials. The age of information

technology made possible by micro-electronics has reached us. While

arguments differ as to whether we are vitnessing its arrivai, but

little of its impact, or whether we are already experiencing its main

impact, some conclusions can be drawn from what has been observed so

far and some predictions made about where the world shall go from

here.

This is more difficuit to do with biotechnology. Commercialisation

has scarcely begun with the introduction of 	 newly	 produced

pharmaceuticals and it is at its embryoic stage in the area of

agriculture.	 Biotechnology will probably impact the production

structure of agriculture more than that of

chemicals/pharmaceuticals, changing it from traditional farming to

hi-tech agribusiness.

The impact which "new materials" is likely to have on production

structures is almost impossible to predict today. 	 This group

encompasses fine ceramics and synthetic metals, high-performance

polymers and composite materials as well as many other areas or

materials which are simply too numerous and diversified to be judged

at the macro-economic level. Even should we be able to identify the

products which these technologies may yield, their impact 	 on

production technology is very difficuit to determine. It would be
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yet more difficult to determine their impact on production structures

as a whole.	 Today substitution takes place, as it has done for

centuries, however, at a greatly accelerating pace.	 Fibre-optics

replace copper, on a more general level plastics replace metals.

Traditional industries such as steel manufacturers and 	 copper

producers are threatened, but predictions of a general decline or

death of old materials are not catered to - car tyres are still made

of rubber!

The following parts shall concentrate on the changes brought about by

micro-electronics or information technology and then corne briefly

back to those involving biotechnology.



4. INFORMATION TECHNOLOGY

When in 1947 the transistor was developed, officially the information

age had begun; yet, it took almost two decades before the first

integrated circuit appeared and another twelve years until, in 1971,

the world saw the first microprocessor. We have recognized for only

a few years that the impact of these developments will not be limited

to what is vaguely defined as the information technology sector.

Today micro-electronics are everywhere; in computers, in cars, in

toys,	 in watches, in telephones, in smart cards etc.	 Their

applications seems to grow day by day.

Contrary to many former technical breakthroughs, micro-electronics in

combination with intelligence (software) leads to factor savings with

regard to labour, capital, energy and material, often simultaneously.

It	 is	 this	 element	 which	 makes	 information	 technology

'revolutionary'.

4.1 Changes in Product Technology

Micro-electronics is having an impact on both product and production

technologies. In product technology, two major changes are becoming

apparent. Firstly, in more and more products, the number of parts and

components is being significantly reduced through replacement by

highly	 integrated	 micro-electronics,	 which	 have	 additional

capabilities. Television set, telephone systems, or watches are

pertinent examples.

-20-
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Secondly, less parts and components require less assembly work. And,

the production of integrated components is becoming increasingly

complex, thus the added value created in industry is shifting from

the assembly process to that of components production. Subassembly

and assembly are, today, generally done in production units separated

from the production of micro-electronics. Those firms which have

concentrated on the assembly alone are becoming irrelevant. 	 It is

either in the design and marketing of products or in the production

of the "technological" heart - the components - that the added value

element is found.	 This split is visible even in the semiconductor

industry itself. The assembly of the components is - at least in the

less integrated product ranges - separated from the production of the

key parts of the components.

4.2 Changes in Production Technology

Apart from changes in product technology, changes in production

technology have taken place. As in the former case, technological

improvements, as such, are not new and have been known long before

the	 transistor	 was	 even	 heard of.	 Mechanisation has been

systematically pursued resulting in successive industrial revolutions

triggered by a series of major technological innovations. Though one

can probably learn from these historical examples, there are major

differences	 between	 previous	 introductions	 of	 manufacturing

technologies and the latest wave of robots, computer aided tools,

flexible manufacturing systems, artificial intelligence or total

factory automation. Those differences can be summarised as follows:
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a. Automation of Basic Reasoning Versus the Mechanisation of Tasks:

Previous waves of automation, and to some extent, certain robots

today, were mainly aimed at replacing often tedious, but generally

simple and predictable tasks, carried out by unskilled or lowly

skilled labour. More recent forms of automation replace workers who

carry out less predictable tasks, requiring judgment and experience.

It is consequently a totally different group of workers which is

affected. Moreover, the speed with which these tasks can be carried

out by machines often allows a different approach in the way business

is conducted.

b. Integration Versus Division of Tasks: 	 In the past, most

successful	 mechanisation	 was	 founded	 upon	 standardisation,

simplification and systematisation. To be able to mechanise a task,

one had to reduce it to its most simple and standardised form.	 To

some	 extent this remains true for today's machines, yet the

intelligence built into some of the machines 	 alleviates	 the

standardisation requirement. 	 Moreover, the sharing of databases

between different flexible machines permits the further automation of

complicated sequences of tasks, and the utilization of a more

integrated approach to automation, rather than the splitting up of

tasks and action into their most simple components.

c. Efficiency Versus Flexibility: Extensive transfer lines represent

the extreme of mechanisation in manufacturing and have led to high

productivity improvements for long production runs. In such systems,

machines are dedicated to certain products and must be changed

whenever the demand for those products ceases or new models are

introduced.	 Traditional NC-machines represent the other extreme,
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providing flexibility for the manufacturing of one-off products or

very short production runs, while being costly per unit of output.

The new trend towards flexible manufacturing systems tries to combine

both advantages - high productivity and high flexibility - and will

eventually lead to "customised mass production" with unit costs

equivalent to those formerly achieved only on dedicated transfer

lines. (See also De Meyer et.al. (1988)).

d. Geographical (de)coupling of the decision process and the task

execution: Advances in electronic communication, and the computer

steering of production equipment can lead to a situation where there

is theoretically no need for a physical/geographical coupling of the

functions of production scheduling, production and aggregate capacity

decisions to the execution of the tasks. This is an important

departure from earlier senarios where the necessity for fast feed-

back from the execution site to the decision making center required

that production management and production equipment be united under

one roof.

e. Summary

Developments in information technology are leading to important

changes in product and production technology and thus in production

technology. In product technology, the added value is shifting from

assembly to components production. 	 As a major consequence, firms

concentrating on assembly are quickly becoming irrelevant.



-24-

In production technology, there is the automation rather than the

mechanization of tasks. Robots are replacing workers performing low-

judgment tasks while the greater integration of data systems between

flexible machines is leading to a more integrated approach to

automation.	 As a plus, future plant managers will be able to boast

of production systems which are both highly productive and highly

flexible and they can do so from their offices, possibly hundreds of

kilometres away from the factory.
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5.	 THE IMPACT OF INFORMATION TECHNOLOGY ON THE EUROPEAN PRODUCTION

STRUCTURE

5.1 The Competitiveness of Europe

Much has been said about Europe's loss of competitiveness.	 However,

since the term "competitiveness" is not clearly defined, views and

arguments vary considerably. The European Community is the largest

consumer	 market and remains the world's foremost exporter of

manufactured goods, but it has not concentrated, on a few sectors, as

has Japan, but has instead spread its efforts over a wide variety of

industrial products. Now, Europe seems to be losing ground in most

of the product markets thought to be the most promising sources of

growth for the future. In fact, apart from software and some pockets

of excellence in genetic engineering, experts never judge that

Europe's technological power ranks higher than those of Japan and the

United States. Most surveys rank Europe third in the hi-tech sector,

behind the United States and Japan. Although objective criteria for

what hi-Lech represents are missing (just as "competitiveness" cannot

be accurately measured), and although the complexity of Europe's

scientific and industrial activities has spread outside its borders

and is therefore difficult to evaluate, even a biased observer cannot

deny the relative weakening of Europe's technological position.

European industry has totally "missed the boat" in micro-electronics,

and to a large extent in the application of micro-electronic

components. It is lagging behind in computers and runs a serious

risk of losing out in telecommunications; nor has it proven to be an

impressive player in neo-ceramics industry and fibre-optics, apart
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from a few theoretical breakthroughs. On the other hand, European

industry has remained in the front line in the so-called traditional

industries such as chemical engineering, pharmaceuticals based on

chemistry, mechanical engineering, automotive design, food sciences,

etc.	 An	 analysis of the aggregate figures on Research and

Development investments and Research and Development manpower, as

provided	 by	 the	 Organization	 for Economic Co-operation and

Development, would not reject the hypothesis that European industry

is	 still	 heavily	 investing	 in	 these	 same	 technologies.

Consequently, Europe has been caught in the economic trap described

earlier in this paper and is unable to break away from a vicious

circle of investment in those technologies in which it is strong, and

which are generally considered to be less promising. If, as one can

expect, the importance of wealth created by these traditional

technologies - as a proportion of the total world product - declines,

it is fairly obvious that Europe's weight in total world production

will also decline.

5.2 Europe's Preference for Process over Product Innovations

Though generalisations are very difficult to make, the large European

enterprises, particularly in Middle and Nordic Western European

industry	 are	 often considered to be excellent at production

innovation, as opposed to product innovation. Applying the economic

concept of the technological paradigm, one could argue that this will

lead to a suffocating strategy for European industry.	 New process

technologies	 created in Europe will open new possibilites of

production rationalisation, but Europe will produce products which

find fewer and fewer customers, due to a lack of product innovation.
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Some would argue that one of the main rationals behind the European

Community's technological programmes such as Brite, Race, Esprit,

Eureka, etc is the recognition of a need to shift the Research and

Development	 effort of large European manufacturers to product

innovation. If this is the case, then the results have been quite

unconvincing so far. It is, however, probably too early to evaluate

the outcome of these programmes,	 but the success or failure of

European industry will greatly depend on its capacity to shift its

Research and Development resources to the effective creation of

product innovations.

5.3 Communication Technology and the Decision Process

The application of more integrated and far-reaching production

systems raines the question of how these will affect the decision-

making process within plants, between plants and between companies

which are linked into a supplier-transformation-customer chain. The

core question is whether a more centralised or more decentralised

decision-making process will be the result.

In general terms it could be argued that efficient communication

networks increase the possibilities to decentralise production.	 An

automated production system can be set up in an area where no

specialised staff is on hand on a continuous basis. Such a system

could be run via the communications networks using databases in

computers centralised several hundred kilometers from the plant.

There are, however, arguments to be made in favour of a centralised

production process. The capital requirements necessary to create a
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technology-intensive production process might be of such a scale that

it would only be practical for a very large scale plant. Such a plant

would need and be able to support an expensive indirect on-hand staff

of	 design,	 maintenance,	 database	 management,	 communication

specialists and systems engineering.

In both cases, it seems to be clear that the database management,

and, as a consequence, the decision-making, will be centralised in a

smaller number of headquarters, probably concentrated in a few areas

located in business-friendly environments. Europe would be one of

the preferred sites with its political stability 	 and	 varied

historical traditions.

5.4 Trends Towards Specialisation

Among the potential impacts of the deployment of technology on

production structures, there are two which might lead to an increase

in the total number of companies. Some manufacturing specialists

argue that the adaptability of flexible manufacturing systems to a

vide range of products within the same product family will permit a

reduction in the minimum production scale. It is true that computer-

controlled production has swept away the old theory that 500,000

vehicles is the minimum scale of efficient production in the

automobile	 industry.	 The	 spectacular	 drop in profitability

thresholds, brought about by robots and flexible manufacturing

systems, might result in a proliferation of styles and types of

products which could be specifically adapted to the varying needs and

budget constraints of local clients. 	 Such a trend might provide

smaller producers with a reasonable chance of survival.	 Their
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ultimate success will, however, largely depend on their design

capabilities. The crucial success factor will have shifted from

economies of scale in production to economies of scale and efficiency

in design. The trend toward more sophisticated designs will itself

trigger a need for more specialisation. 	 The lowering of scale

economies in production and the increasing specialisation in design

could present a window of opportunity to a whole range of mid-size

companies, willing to pursue a strategy focussed on a particular

technology.

5.5 The Need for Collaboration

Using a focussed approach, many firms may be relieved from the

pressures of being swallowed up by the very large corporations, but

they will need to have easy access to new technologies. This access

can be assured either through their own Research and Development

efforts or through collaborative efforts with other firms. In some

industries today even the largest corporations find it difficult to

fund their research budgets.	 The combination of growing R & D

requirements and shorter product life cycles makes investments in new

technologies and in product innovations, in particular, increasingly

difficult for a single firm. The trend towards the convergence of

certain technologies, together with the difficulties facing single

companies, explains to a great degree the need for joint research and

the exchange of technologies.

Worldwide we witness the emergence of "strategic alliances" between

firms across borders. They encompass more Chan the simple transfer

of technology as occurs through licensing agreements, and are
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concerned with the long-term international success of the partners.

Many of these firms do a juggling act between their need to

cooperate, and their desire to retain their own identity. The

majority of the rapidly growing number of such alliances are agreed

upon between American and European partners. There are, so far,

fewer collaboration agreements involving Japanese firms, as many of

the past agreements have turned out to be problematic for the

European or American partners.	 Pan-European ventures have shown

mixed results in the past. The more recent efforts of the European

Community to bring together European firms in research programmes

such as Brite, Race and Eureka may turn out to be good test grounds

for the designing and managing of collaborative ventures.

5.6 The Changing Role of Labour

The introduction of new manufacturing technologies reduces the role

of direct touch labour. Our own research (De Meyer, et.al, 1988)

on large manufacturing companies in Europe, Japan and North America

indicates that direct labour, on average, now amounts to less than

15% of the total manufacturing cost, or to less than 10% of total

sales.	 In extreme cases, such as in the assembly of microcomputers,

the percentage is reduced to less than 1% of total sales. There is,

thus, an irreversible trend away from direct labour towards indirect

labor. Two consequences can be found.

The first involves the question as to whether the present high

unemployment rate is a temporary phenomenon induced by the structural

adjustment process in the economies or whether it is an indication of

a permanent structural change in the demand for	 factors	 of
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production.	 While the unemployment aspects of the present trends

will not be addressed here, this paper will note that in conjunction

with the reduced role of direct touch labour, certain changes are

occurring with regards to the balance between labour and capital in

Europe.

As it is today, through the present system of labour representation,

labour practices, labour regulation, unions, etc., control over

labour as a production factor is quite evenly distributed in European

society.	 Moreover, the return on labour investments is distributed

within a reasonable span over the population. Control over capital,

as	 a	 production	 factor, is, on the other hand, much more

concentrated. Also, the returns on capital investment are more

concentrated.	 A	 rapid	 pace	 of	 technological change could

consequently lead to a reduced redistribution of wealth.	 To

compensate for a decreasing role of labour and in response to rising

tensions in the society, European governments might attempt to

redistribute control and the income from capital. Both capital gain

taxes and "popular capitalism" such as employee ownership, profit

sharing, and distribution of equity share among the public are

present attempts made by European governments to respond to this

challenge, yet the question remains as to how Europe is likely to

respond in the event of a rapid pace of technological diffusion.

The second consequence of a reduction in direct touch labour relates

to the international division of labour between Europe and the

developing countries, based on labour cost comparisons. As outlined

in the international product life cycle theory, production tends to

shift from high labour cost countries to lov labour cost countries
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when products mature and become standardised. Labour costs in this

context normally refer to direct labour and may not apply to the cost

of support staff. Even if they do, as a total, there will be an ever

shrinking percentage of labour cost in the total manufacturing cost.

Given these trends, the attractiveness of the classical offshore

production plant is likely to diminish. Decreasing advantages from

labour cost differentials will be eaten up by higher transportation

and communication costs, loss of or less control over quality

standards and increasing disadvantages resulting from reduced links

between production and marketing. 	 Presently, automation is not

possible or feasible in all industries. 	 Increasingly, however,

technology	 will provide European firms with a choice between

automation at home	 or	 labour-intensive	 production	 offshore.

Economics may accelerate this trend. The reductions in the price of

micro-electronics may drive down the investment costs for automation

per unit of output while, simultaneously, labour costs will continue

to increase or stay in line with productivity improvements, thus

remaining more or less constant per unit of output.

The choice between automated production onshore and the utilisation

of cheap labour offshore is stiil influenced by a number of other

criteria such as the cost of capital, investment incentives, currency

movements and marketing considerations, the latter ones becoming in

some industries more important than technical aspects. The fact that

a choice exists renders the labelling of certain industries as

labour-intensive and others as capital-intensive obsolete. 	 In the

future, production in a given industry will be carried out through

either labour- or capital-intensive processes. 	 In the meantime,
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"compromise solutions" will prevail; there will be combinations of

semi-automated manufacturing systems with rather cheap labour (such

as in Korea, Taiwan and Singapore) or the shift of certain labour-

intensive phases in the production process offshore, with other parts

remaining onshore (such as in the semiconductor industry).

5.7 The Changes in Industrial Strategy

Focusing on the role of new manufacturing technologies in the

strategy of a company, the promises of new technologies seem to be

unlimited.	 The manufacturing literature seems to suggest that they

will allow companies to reduce the lead time for new product

introductions, to respond faster to customers' requests, to quote an

order more rapidly, to réduce the delay between order and delivery,

to speed up product modifications, to reduce costs, to improve the

quality and, generally, to provide better products, to provide more

variety at the same cost, or to provide the same variety at reduced

cost. The realities of implementation lead us to understand that

most of there changes are not only linked to automation and new

manufacturing technologies, but require enormous adaptations and

changes in the systems and procedures of the company, in the

characteristics of the people and in the corporate culture.	 Changes

of this magnitude do not occur overnight but rather over decades if

at all.

Having	 said	 that, the proposed possibilities are not merely

theoretical.	 A number of	 large	 European	 manufacturers	 are

emphasizing investment in flexible manufacturing systems and their

use. In our own research (Tombak & De Meyer, 1988), however, it vas
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shown	 that	 presently	 those	 companies	 focusing on flexible

manufacturing systems do so mainly to increase 	 their	 action

flexibility, i.e. the speed of response to a customer's order within

the existing product portfolio. While design flexibility, i.e. the

possibility	 to adapt the product design to specific customer

requests, is not completely neglected as a goal, it is not the first

objective.	 Thus, it may be some time before European manufacturers

will be in a position to make full use of the potentials of the new

manufacturing technologies.

If present indications are correct, however, production costs will

soon become less dependent on labour costs. This implies that, in

the future, factory location will be much more influenced by the

requirement for action flexibility and product design flexibility (as

this begins to be implemented). That is to say, factory location will

probably be determined more by the need for close proximity to the

customer, than by the cost of production (assuming that capital cost

is	 the	 same everywhere).	 Indeed, proximity to the customer

guarantees a shorter delivery schedule, and a farter feedback from

the customer on quality and design specifications. This hypothesis

has been confirmed by data on the apparel industry in Europe and the

United States and on the semiconductor industry in Japan and the

United States. High Fashion apparel in Europe, an industry where

fast response is of the utmost importance and where companies claim

to introduce seven collections per year, has been increasing its

production within the European Community, one of the industry's

largest markets.



Summary

The impact of information technology on European production structure

can be summarized in the following 7 major points.

1. Europe's competitiveness vis-à-vis Japan and the United States

has declined and will continue to decline due to its lack of

concentration on the crucial "hi-tech" sectors of the economy.

2. In terms of production technology, one of Europe's principal

weaknesses is in the development of product technology (versus

process technology).

3. There is a trend toward the decoupling of the factory from the

decision-making center, made possible by new technologies. There

will be a smaller number of headquarters, probably centralised in

pleasant, business friendly cities, like many of those in Europe.

4. With the emergence of the possibility to reduce production scales

using flexible manufacturing systems, there is a potentiel for

the growth of a number of medium sized companies willing to

specialize in particular technologies.

5. The cost of financing Research and Development has led companies

to begin to pool resources in the form of strategic alliances.

This trend is likely to continue and may include small and medium

sized companies in the future.

-35-
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6. The role of direct labour is diminishing. Among the many

consequences of this trend, there is the likelihood of a decline

in the attractiveness of the classical offshore production plant.

7. Major adaptations in company structures and strategies are

required before the new technologies can be fully implemented.

Once the adaptation process is complete, however, we predict that

factory location will be determined more by the need for market

proximity than by the cost of production factors.



6. BIOTECHNOLOGY

Biotechnology will bring major changes to agribusiness, primarily in

the areas of differentiated food products and increased productivity.

Sales of biotechnology derived products hardly existed in 1987, but

are expected to reach several billion dollars ten years from now.

This change means that technology will become a key element in

competition among farmers and among those firms that sell this

technology to them.

In terms of output, biotechnology will allow farmers to diversify

away from low-value commodity crops into higher-value custom crops.

As a result brand name produce and food products designed for

specific purposes with guaranteed uniform quality and textures,

flavors,	 special	 processing characteristics or specific novel

features will appear on the market.	 Improved animal health care,

animal feed, soil treatment, seed production, and crop protection

will provide the necessary backdrop for such development.

Despite	 major	 breakthroughs	 in	 the	 laboratories,	 so	 far

commercialisation has advanced	 slowly.	 The	 transition	 from

successful experiments to large-scale production turns out to be more

difficult than originally expected. Stiff restrictions imposed on

the release of geneticaliy altered organisms into the environment

have further slowed down the move from the laboratories into the

field.	 Market introduction of the first products based on cell

biology, recombinant DNA, monoclonal antibodies and immobilized

enzymes can, however, be expected within the next two to three years.

-37-
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Unlike earlier technological changes in agriculture, such as through

irrigation	 systems or mechanisation by tractor and harvesting

equipment, biotechnological products	 will	 not	 require	 major

investments.	 As such, larger farms will not have a huge advantage

over smaller production units.	 However, the adaption of new,

specific products and practices that increase productivity will

require more know how in administration, such as record keeping, and

at least rudimentary management skill.

The opportunity to tailor products to	 narrow	 food-processing

requirements will offer some farmers the chance to get out of the

volatile commodity markets. Those who stay in these markets will use

biotechnology to increase productivity, as this will represent the

principal way to remain competitive. Still, neither the potentiel

for added value creation in product development nor the potential for

cost reduction, will not shelter the agricultural sector from glutted

markets	 and low prices.	 It could be argued, in fact, that

biotechnology will lead agribusiness straight into an age 	 of

continuous oversupply.

At the same Cime, producers in Europe are striving to counterattack

the potential problem of continuous oversupply through a new emphasis

upon greater productivity as opposed to greater volume. In the past,

agricultural	 policy	 objectives surrounded around the general,

perceived need to increase the yield per hectar. The success of this

policy has now been adequately demonstrated consistently over the

past years through excess supply, dropping world agricultural prices

and eventually below-cost sales of European excess supply to the

Eastern European block or other countries.
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European governments are now attempting to switch the emphasis from

volume to productivity. Policies are now in the works which will

encourage the production of similar amounts of agriculturai products

at a lover cost. Biotechnology will have a large role to play in the

implementation	 of such policies.	 By applying biotechnological

methods farmers will be able to improve the characteristics of their

outputs as well as standardizing them by improving and standardizing

the inputs.

The implementation of such policies and the use of biotechnology viii

have a significant impact upon the situation in the international

market place.	 Products of non-biotechnological origins viii face

stiff competition from the new products which will simultaneously be

of	 better	 quality and price competitive.	 The present price

advantages which some lesser developed countries benefit from today

will no longer exist.	 These countries will be selling inferior

products into a now, product competitive, price competitive, glutted

market.	 Should such nations be in the unfortunate position of being

highly dependent upon agricultural exports, then, given the present

trends, they face a glum future.
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7. IMPLICATIONS FOR THE INTERNATIONAL DIVISION OF LABOUR

7.1 Technology as Driving Force 

Traditionally, some industries and companies were technology-driven,

while others were more oriented towards the market. Two trends are

becoming apparent in Europe in the eightes.	 Firstly, even market-

driven industries and	 companies tend to pay more attention to

product and production technology than before. Secondly, and perhaps

more importantly, both separate functions become more and more

closely linked with each other. Overall, there is today in Europe

greater awareness of technology being a decisive driving force for

the future of an industry or firm.

The emergence of Japan as a technological powerhouse will certainly

put further pressure on a continuing change of attitude. 	 Whether

this new emphasis on the diffusion and application of technology has

reached the United States is difficult to say. It seems that

acquisitions and mergers and stock market manipulations rather than

technological change still dominate the agenda of American chief

executives.

State-of-art development of technology takes place almost exclusively

in the leading developed countries. Very limited research in hi-tech

is done in developing countries; not much innovation can be observed

there.	 This, however, may not be important for the generation of

grovth. The UK for many years has been an active contributor to

progress in science and technology without reaping much economic

benefit from it. Not much original technology has in the past
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emerged	 from	 Japan	 or	 is	 produced today by Korea.	 This

notwithstanding, both countries have economically developed very

well.

It is the speed and degree of the transfer, diffusion and application

of new technologies which is most important, whether it is within the

developed countries or between developed and developing countries.

In the same way that technology becomes increasingly the driving

force of economic activity, the transfer of this technology from the

innovative country or firm to others becomes crucial to the lesser

advanced country/company's future. Without this transfer, the gap

between leaders and followers will widen.

Now, the speed of change is accelerating due to new technologies

available in Research and Development (such as supercomputers), and

thus, the risk that slow moving countries and firms fall behind is

increasing.	 Studies may show that overall, the pace of transfer of

technology in terms of sale or licensing has increased, but not

necessarily that the broad diffusion and application of those newly

acquired technologies has grown. It is this latter factor which

counts the most; thus, in the future, a country or firm's capacity

for change may develop into one of themost important aspects of

comparative advantage.

7.2 Technology and Comparative Advantage

If it holds true that technology moves into the forefront, then it

follows that the traditional input factors, labour, raw materials,

energy	 and capital, will lose some of their significance in
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determining comparative advantages, or - at the firm level -

competitiveness.	 Without	 technology becoming so prominent in

comparision with other input factors in at least some industries,

Japan's development over the last twenty years would not have taken

place.

This means, on the other hand, that countries and firms whose

comparative advantage rested on the traditional input factors will

lose out, if they do not strengthen their technological capabilities.

Here again it must be stressed that it is the diffusion and

application rather than the innovation itself which is important.

Diffusion and application of technology, however, depends heavily on

resistance to change and on the capability to absorb change. In

biotechnology, innovative products and processes even for application

in the tropics will probably corne from multinationals located in the

United States, Europe or Japan. But this is of secondary importance.

What matters is the reaction of farmers in Indonesia or Thailand to

these new developments.

Resistance to change is determined mainly by the cultural and

political background of a country. At the political level, change

needs to be encouraged and directed. The capability to absorb change

depends on the existing technological skill level in a country.

Europe, with a high technological skill level, has fallen behind

because in the past, change, in particular the diffusion and

application of new technologies, was not sufficiently emphasized or

encouraged. The critical moment passed and the advantage was lost.

Now, Europe must struggle to recover its competitive position from

the present leaders, the Unted States and Japan.
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The ASEAN countries may be at a crucial stage today. In the past,

greatest attention was given to the exploitation of traditional input

factors.	 Such an approach is losing validity and as it stands, the

ASEAN nations, with the exception of Singapore, are not well placed

for an "age of technology".	 They have neither the technological

skill level nor, it appears, sufficient political encouragement to

galvanize	 the	 full	 scale	 diffusion and application of new

technologies. Any adjustment attempt will require a very determined

political will, competence in the management of change and a lot of

time. By comparison, and despite (or perhaps because of) their

resource poverty, Korea and Taiwan seem to be better placed for

mastering the challenges of the future.

7.3 International Industrial Cooperation

The limited economic activity which exists between the European

Community and ASEAN consists mainly of neo-colonial exchanges of raw

materials versus manufactured goods and of offshore production in

ASEAN for or on behalf of European buyers of light industrial

products. Transfer of technology from Europe to ASEAN takes place,

but is generally limited to intra-firm activities or specific

products and processes. Large-scale mutually rewarding cooperation

in technology rarely exists. 	 The idea of strategic alliances as

described above seem to be non-applicable.

In spite of what has been said about technological trends in Europe

and other parts of the developed world, it is difficult to see how

this situation can be changed. As it stands, one might even expect

less industrial cooperation in future. 	 This does not mean that
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Europe vill lose its interest in ASEAN as a market. The contrary may

happen, but it would have nothing to do 	 with	 technological

cooperation.	 The "multi-localisation" of the manufacturing	 process

(and chus the "multi-nationalisation" of products) will probably

continue for some time, with certain parts of the process still done

offshore and others onshore.	 Currency fluctuations and	 trade

protectionism will make it difficult to identify clear trends and

decision criteria.

The	 supply of cheap traditional factors such as labour, raw

materials, energy and capital alone will make ASEAN less and less

attractive for European firms as a production base. The provision of

an efficient infrastructure and bureaucracy will become increasingly

important for firms competing on the basis of speed and flexibility.

The availability of technological skill, however, will emerge as the

most	 crucial factor for production location decisions.	 Cheap

unskilled labour will lose its appeal - a commodity being substituted

and as such in oversupply everywhere.
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8. CONCLUSION: THE POTENTIAL FOR INDUSTRIAL COOPERATION BETWEEN

EUROPEAN AND ASEAN NATIONS

At the present time, economic activity or exhange between the

European Community and the ASEAN countries is rather limited. It

focusses primarily on the exhange of off shore production in ASEAN

for European buyers of light industrial products. The transfer of

technology from Europe to ASEAN takes place, or is generaly limited

to intra-firm activities or to specific products or processes.

Large-scale, mutually rewarding cooperation in technology rarely

exists. The idea of strategic alliances as described above, seems to

be non-applicable.

Given what has been said about technological trends in Europe and

other parts of the developed world, it is difficult to see how this

situation will improve; one might even expect less industrial

cooperation in the future.

This does not mean that Europe will lose interest in ASEAN. The

contary may happen, but it will have nothing to do with technological

or industrial cooperation and will surround around the commercial or

market potential of this group of developing countries. 	 Also, the

"multi-localisation" of the manufacturing process (and thus the

"multi-nationalisation" of products) will probably continue for some

time, with certain parts of the process still performed in offshore

manufacturing units.

Yet, the longterm trends outlined in this paper indicate that, as it

stands, true industrial cooperation in the form of technological
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transfers and strategic alliances, is not only likely to increase,

but will decrease. The fact that the ASEAN countries are suppliers

of cheap traditional factors, such as labour, raw materials, energy

and capital, alone will make ASEAN less and less attractive to

European firms as a production base. The need to be close to major

markets and major customers to allow for rapid feedback and customer

response will mean the eventual decliine of the offshore production

unit. Attractiveness of a country or region for buisness investment

will be determined by other factors.	 The easy access to new

technological developments and the provision of 	 an	 efficient

infrastructure and government will become increasingly important for

firms competing on the basic of speed and flexibility.	 And, the

availability of human technological skills, may emerge as the most

crucial factor for production location choice 	 and	 industrial

investment. Cheap unskilled labour will Jose its appeal - a

commodity being substituted overtime and, as such, in oversuppply

everywhere.

The future of European - ASEAN industrial cooperation is greatly

dependent upon the ASEAN countries' willingness to encourage and

support change. The importance of development of human technological

skills and the creation of a strong infrastucture and of efficient

government institutions, are widely recognised and have been outlined

in this paper.	 The biggest difficulty is their implementation.

Technological change is arriving quickly and only the clearest, most

determined policies of government and business can aid a nation to

adapt quickly and efficiently to the rapidiy changing international

economic situtation.
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