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Introduction 

In September 1998, the Faculty of Technology Management of the Eindhoven 
University of Technology founded a new research institute, focusing on the 
scientific study of innovation, innovation management and innovation policy. 
The name chosen for this new institute was the Eindhoven Centre of Innovation 
Studies (EGIS). 

The reasons for setting up such an institute are manifold. First of all, the 
increasing social and economic importance of innovation creates a need for 
high quality scientific research in innovation sciences. In the second place, 
innovation is one of the core tasks of a university of technology. It was felt 
that one of the important potential contributions of the Faculty of Technology 
Management was the study of the innovation process itself. In the third place, 
in 1996, two faculties - the Faculty of Industrial Engineering and Manage
ment Science and the Faculty of Philosophy and the Social Sciences- merged 
to form the Faculty of Technology Management. This merger created exciting 
opportunities for new initiatives. Within the Faculty of Industrial Engineering 
and Management Science a group of researchers had been studying the 
management of innovation in organisations. Within the Faculty of Philosophy 
and Social Sciences researchers had been studying various aspects of the 
dynamics of technological development and innovation policy. These research 
groups had been working in isolation from each other. Even within each of the 
two former faculties research on innovation and technological change had 
been rather fragmented. EGIS offered a platform, where all these researchers 
could interact in a multi-disciplinary framework and could develop a common 
focus. Bringing together hitherto isolated groups of researchers created a 
critical mass for an ambitious research effort. 

The first year of EGIS has been an exciting one. We have started recruiting 
senior researchers from within the faculty and from without. We have started 
attracting Ph.D. students and Post-Docs. An intensive series of research 
seminars allowed us to exchange ideas and develop our common focus. The 
seminars also offered an opportunity to invite distinguished speakers from 
abroad. A working paper series was set up. The first steps were taken towards 
the development of an education programme for Ph.D. students. One of the 
most important tasks during the first year was the preparation of a coherent 
research programme. This was done in a series of intensive discussions with 
the EGIS researchers. These discussions have resulted in a draft research 
programme, which is included in this book. This programme describes the 
research focus and the research topics of EGIS. 

After a year of preparatory work, the time is ripe for a public launching of the 
Eindhoven Centre of Innovation Studies, as an internationally oriented re
search institute in the field of innovation sciences. To mark this event, an 
international conference has been organised on Innovation in Theory and 
Practice. At this conference, five keynote speakers will discuss important 
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aspects of innovation, innovation management and innovation policy. Their 
lectures are preceded by a presentation of the ECIS research programme. 
The conference concludes with a panel discussion on priorities in innovation 
research, by distinguished representatives from private enterprise and the 
Dutch government. 

This book contains the ECIS research programme, the conference programme 
and four of the papers of the keynote speakers. We are proud to offer this 
book to the participants of the conference and to other individuals interested 
in ECIS and in research on innovation. We sincerely hope that the confe
rence will stimulate a lively discussion about innovation, innovation research, 
and about research priorities, which will be fruitful for all participants. We also 
hope these discussions will contribute to the further development of the ECIS 
research programme and to the quality of ECIS research in coming years. 

Eddy Szirmai 
Scientific director EGIS 



The Netherlands, High-Tech or Low-Wage Country? 
"Raison d'etre" for a Centre of Innovation Studies 

Wim M.J. van Gelder, Dean of the Faculty Technology Management, 
Eindhoven University of Technology. 

Welcome 

Ladies and gentlemen, 
It is my pleasure to give you a warm welcome on behalf of the Eindhoven 
University of Technology, TUE, and especially the Faculty Technology Mana
gement, on the occasion of the launching of the Eindhoven Centre for 
Innovation Studies, ECIS. 

Introduction 

In this opening presentation I would like to mention some of the facts and 
ideas that inspired us in choosing Innovation Management & Innovation Policy 
as a spearhead for research in addition to our research schools of Operations 
Management & Logistics and of User System Interaction. 

I would like to start with a short story about a small economy; about a country 
that put up a tremendous performance in the past fifteen years, Finland. Fin
land can be set as an example to the Dutch Government. The Finnish 
Government believes in technological development, the Dutch Government 
seems to be addicted to low wages. 
In addition, I will present some facts and examples that explain why we want 
to strengthen our research activities in the field of innovation management 
and policy, and why this initiative perfectly fits in the region of Eindhoven. 

Results of Finland's technological development 

In a joint effort of the Finnish Government and the private sector in the 
beginning of the eighties, research and technological development were set 
as priority areas. A planned and long-term growth of R&D expenses was 
targeted to the reinforcement of the Finnish industrial and knowledge base. 
Finland wanted to transform herself from a 'pulp and paper country' to an 
advanced industrialised country. 
R&D expenditure increased steadily from 1.5% of GDP in 1983 (far below the 
average of the OECD countries) to 2.7% in 1997. This brought Finland to the 
top together with the USA, Sweden and Japan . Finnish companies have 
increased their R&D expenditure over the past few years by almost 20% a 
year on average. The private sector now accounts for 65% of the total R&D 
expenditure . 
It might be hard to understand that this could be the result of an agreement 
between and a planned joint effort by the Finnish Government and the Finnish 
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private sector. But, this fact was clearly confirmed during a meeting that I 
attended in 1996 between a Finnish parliamentary delegation and a Dutch 
delegation. 
As a result, Finland 's industrial base is now much stronger and more diverse 
than it was 10 years ago. Relatively conservative industries and pillars of the 
Finnish economy, such as forest products and engineering, have modernised 
their product lines and businesses. The electronics and electrical industry 
has now become the third pillar of the Finnish economy and accounts for 
24% of total exports. 
The export of high-tech products has been steadily growing, from a low level 
of 4% of total exports in 1989, to over 16% only eight years later. Finland has 
passed countries such as France, Sweden, and Germany and is catching up 
with Great-Britain , Japan and the USA. 
The high-tech export-import ratio improved from 0.36 in 1988 to 1.42 in 1997. 
High-tech import has grown from 11 billion FIM in 1988 to 24 billion in 1997, 
whereas during this period high-tech export increased from 4 billion FIM to 
34 billion (quotes from and further details in Herring , 1999). 

The Netherlands are falling behind 

The Finnish situation sharply contrasts with the situation in the Netherlands. 
The Confederation of Netherlands Industry VNO-NCW reproaches the Dutch 
Government for neglecting science and technological development, while the 
Dutch economy will become increasingly dependent upon knowledge and 
innovation (Anonymous , 1999) . According to the OECD statistics on 
expenditure on science, technological development and education, VNO-NCW 
seems to be right . 
Thirty years ago the R&D expenditure in the Netherlands was among the 
highest in the world . In the eighties and the nineties, the period that brought 
Finland to the top, the Netherlands dropped to a second-rate position, even 
below the average of the OECD countries. Nowadays, Finland, the USA, 
Sweden and Japan spend 30-40% more on R&D than the Netherlands (as 
% of GDP) . 
The situation with respect to the Dutch expenditure for education is even 
more alarming. The total expenditure for education has dropped since 1975 
from 9% to 5,5% of GDP. Also in this respect the Netherlands have dropped 
from a leading to a mediocre position , below the average of the OECD 
countries. 

The need for studies of Innovation Policy 
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Since the time Finland started to stimulate her technological development, in 
the beginning of the eighties, the Dutch Government has put energy in wage 
cost control instead of firmly reinforcing the technological and knowledge base. 
The economist and innovation researcher Alfred Kleinknecht was first to warn 
the Dutch for the risks of a policy that is directed toward keeping the wage 
costs under control, but that neglects the strengthening of the technological 



base of the economy. And as mentioned above, the Dutch have also been 
informed about the innovation policy and the achievements of the Finnish . 
Apparently there were no strong arguments available to convince the Dutch 
Government or this Government is addicted to its low-wage policy. But let us 
not forget that during the time the Finnish export-import ratio increased by 
some 400%, this ratio in the Netherlands increased by only 20%. The question 
is now: can low-wages go together with the development of the high-tech 
industry or with developing a knowledge and technology intensive country on 
the longer term? Consequently, Innovation Studies is not a luxury for the 
Netherlands. 

The need for Innovation Management tools 

Over the past few years, the R&D expenditure of Dutch business has started 
to increase somewhat. The private sector in the Netherlands accounts for 
some 50% of the total R&D expenditure only (Finland 65%) . A recent report 
of KPMG and RaboBank reveals that although 80% of the companies studied 
realised the importance of spending sufficient money and time on innovation, 
30% of the companies seem to be unable to realise the necessary innovation. 
Questions here are : will these companies survive when they loose their low
wage advantage and how should companies manage to invest time and mo
ney in innovation? 

There are indications from several studies that increasing R&D expenses 
can be profitable for enterprises. The Economic Research Institute (EIM) 
recently carried out a study among 276 companies in the Netherlands including 
the big five : Philips, Shell , Akzo Nobel , Unilever and DSM. The 276 companies 
studied count for almost all business expenditure on R&D in the Netherlands. 
Based on this study, EIM claims amongst others the following positive effects 
of R&D. Were a company to increase its R&D expenses by 10%, this would 
lead to a growth of turnover by 2%, to a growth of employment by 2% and to 
a slight beneficial effect on exports. Were a company to only increase the 
proportion of product innovation in the total R&D efforts by 10% (the total 
R&D expenses stay the same) the turnover would grow by 0.7%, while the 
employment would grow by 0.8%. Investing in R&D and product innovation 
can be beneficial for the company and for the entire society as well. 

Of course it is of importance that the money for R&D is being spent well. 
However, the study of Van Beek (1996) among 50 companies, showed that a 
great deal of the expenses are wasted. Many companies take the wrong 
decisions with respect to starting or stopping R&D projects, or they take the -
in principal - right decision, but at the wrong time. Based on the study of Van 
Beek, a rough estimate can be made, showing that about 10% of the total 
R&D expenses of Dutch business is wasted. This means that in the 
Netherlands today, about 350 to 400 million US$ of scarce R&D money might 
be wasted yearly. 
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Further study in innovation management and innovation policy is therefore 
needed to assess the beneficial effects of R&D and to develop instruments to 
stimulate innovation. Tools are needed to manage the innovation process in 
order to achieve a maximum yield. 

South-east Netherlands, excellent bedding for Innovation Research 

Based on these and many other examples and indications, the Faculty of 
Technology Management is convinced of the importance of increasing re
search activities in innovation management and innovation policy. Beyond 
that, it is important that the research in this area is subject to innovation itself, 
as the business world is turbulent, economies are changing, and the pace of 
technological development is greater than ever before. 

Another reason for us to choose innovation as a spearhead for research is 
the quality of the region where the TUE is located, the south-east of the 
Netherlands. The companies in this region account for 50% of the total pri
vate R&D expenditure in our entire country. Many small high-tech companies 
are located here as well as large companies that operate at the leading edge 
of technological development, such as ASM Lithography, one of the world 
leaders in the production of wafer steppers, Oce, Rank Xerox, DSM, Maas 
Electronics , Neways, Simac and many others. In addition, Philips Research, 
Eindhoven, is expanding its technology campus, which will become (one of) 
the largest in the world, where 8000 people will be working. In addition, the 
TUE, TNO and Fontys are located here in this most technology intensive part 
of the Netherlands. 
The mechatronics cluster, located in the smaller region directly around Eind
hoven, appeared to be the number one in an international comparative study 
of many industrial clusters, by the European Institute for Comparative Urban 
Research (Van den Berg, Braun and Van Winden, 1999). The highly educated 
and well-skilled work force and excellent co-operation between private and 
public organisations and strategic networking appeared to be among the many 
competitive advantages of the mechatronics cluster in this region. 
As the business sector forms an important laboratory for ECIS, especially for 
the subprogrammes innovation management and networking, it is clear that 
ECIS feels privileged to be located in this area and to work together with 
these high-tech companies . 
ECIS and the Faculty of Technology Management feel obliged to contribute 
to the economic growth and prosperity of the region of south-east Netherlands. 

Acknowledgements 
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ECIS not only co-operates with companies but also with other research groups, 
in the Netherlands as well as abroad. We are grateful to Prof. Luc Soete, the 
chairman of our opening conference today, for his contribution to intensifying 
the relation between ECIS and the Maastricht Economic Research Institute 
on Innovation and Technology (MERIT). 



We would like to thank the Ministry of Economic Affairs for their moral and 
financial support for the MERIT-ECIS joint studies and also Philips, Shell , 
DSM, Oce Technologies and Syntens for their 'early commitments' to research 
projects on innovation - their participation in the Steering Committee. 
We also would like to thank the speakers of today for accepting our invitation: 
Prof. J . Bessant, Mr. S. Lall, Prof. K.L.R. Pavitt, Mr. G. Silverberg and 
Prof. X.M. Song. I am sure we may expect a conference with exciting and 
innovative views on technological development and innovation. We are 
delighted and grateful having an excellent panel today: 
Dr. A. Huijser, Chief Executive Officer Philips Research 
Prof . J. van Sinderen, Ministry of Economic Affairs, Director Policy Co
ordination 
Dr. G.J. Weijers, Vice-President of The Boston Consulting Group. 
Dr. J.A. Weststrate, Unilever Research 

We would like to thank the audience for attending this ECIS opening confe
rence. I have only one request: be critical, please do not spare ECIS criticism 
in commenting on the research programme. ECIS still has to make choices 
and the programme must still be brought into focus . A Dutch proverb says: 
"soft-hearted surgeons cause festering wounds" . As this is also true in the 
world of science and technology, this means that if we are too kind to each 
other in commenting or criticising our programmes and projects, we will never 
succeed in convincing our Governments or our partners from industry that 
the results of innovation research are worth being translated, applied or 
implemented. 

Finally, I would like to congratulate Eddy Szirmai and his ECIS colleagues. 
They did a tremendous job, starting almost from scratch. They not only worked 
very hard, but they were inspired and very enthusiastic. Eddy and all the 
ECIS members can count on the full support of the board and our entire 
Faculty. 
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Innovation Studies: An Integrated View 
Research Programme of The Eindhoven Centre for 
Innovation Studies 

The research programme of the Eindhoven Centre for Innovation Studies 
(ECIS) focuses on the analysis of the causes and the consequences of 
innovation and technological change in organisations, networks, regions, 
economic sectors, and national economies. The analysis of innovative 
performance and technological change is seen as a key to better organisation 
and management of innovation processes in organisations and networks and 
to better formulation of innovation policies at higher levels of analysis. 

The aims of ECIS are to promote basic scientific research in the field of 
innovation sciences; to establish itself as an internationally recognised re
search institute in the field of the study of innovation; to contribute to re
search on innovation management and innovation policy and to the 
dissemination of research-based insights to firms, organisations and policy 
makers; and to organise postgraduate education for Ph.D. students in the 
field of innovation sciences, innovation management and innovation policy. 

1. Introduction 

Innovation and technological change are among the prime determinants of 
growth in the world economy. They determine patterns of growth and 
stagnation, leadership and backwardness, and influence the competitiveness 
of nations, regions and sectors. At the level of firms and organisations, it is 
increasingly recognised that competitiveness and organisational survival to 
an important extent depend on continued innovation. The effective manage
ment of knowledge, human resources, learning, R&D, and innovation has 
become one of the central challenges in organisations. Strategic networks 
and partnerships appear to play an important role in innovation processes. 
The importance of innovation is also reflected in increasing attempts by 
governments to influence the volume and direction of innovative activity 
through science and technology policies. 

In spite of its manifest importance, much is still unknown about the driving 
forces in innovation and technological change at micro, mesa, and macro 
levels of analysis. The growing recognition of the importance of innovation 
and technological change for economic performance and societal change 
has led to a rapid increase in the attention devoted to the innovation process 
by various social sciences . Economics, organisation and management 
sciences, sociology, legal studies, and history now have innovation high on 
their research agenda. Both at national and international levels, the number 
of institutes specifically focusing on the study of innovation and technological 
change has grown dramatically. 
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As is to be expected in such a dynamic scientific process, the co-ordination of 
research efforts in various disciplines and at different levels of analysis leaves 
much to be desired. Scientific journals as well as research institutes are usually 
organised on the basis of monodisciplines (e.g., economics or sociology) or 
methodologies (e.g., statistics, mathematical modelling or historical descriptive 
research) . Though progress has been made in various subfields, the lack of 
co-ordination and synthesis hinders scientific progress and understanding in 
the field of innovation sciences. There is a lack of theoretical cross-fertilisation 
between different strands of work, insufficient integration between theoretical 
and empirical advances and insufficient communication between researchers 
studying innovation in organisations and researchers studying innovation at 
meso and macro levels of analysis. 

It is the ambition of the Eindhoven Centre for Innovation Studies to contribute 
to a better integration of the various strands of research (academic discipli
nes, methodological and theoretical frameworks, as well as levels of analysis) 
in the area of innovation sciences. ECIS also wishes to contribute to a better 
understanding of how innovation can be organised and managed and how 
policy interventions can influence the pace and direction of technological 
development. 

The next section discusses the main characteristics of the research pro
gramme. Section three covers some points related to the set-up of the re
search environment and the ways in which the research aims of ECIS can be 
achieved. Sections four and five provide an overview of research areas and 
research themes. 

2. Main Characteristics of the ECIS Research Programme 

10 

The ECIS research programme focuses on the study of innovation processes 
and innovative performance. The aim of the ECIS research programme is to 
advance our knowledge and understanding of innovation processes and 
innovative performance, and to make significant scientific contributions to the 
field of innovation sciences. Innovation is a broad concept with many 
dimensions. A comprehensive approach to innovation comprises the 
generation of new knowledge, the diffusion, adoption, adaptation and 
implementation of new technologies and the impact of innovations, both on 
the performance and competitiveness of the unit of analysis and on wider 
society. Within this very wide field, ECIS research defines itself by the following 
characteristics. 

Focus on Technological Product and Process Innovations 
Innovation obviously involves much more than just 'hard technology'. In some 
innovations, new technology is not even at the core of the process. This is, 
for example, the case when existing products are marketed in a new way, 
thereby enlarging their market, or when design plays a large role in consumer 
satisfaction. While ECIS recognises the importance of such innovations, it 



also holds that the technology factor adds interest ing dimensions. The 
development and application of new technological knowledge , because of its 
links to scientific developments and the high degree of uncertainty involved, 
adds to the complexity of innovation processes and poses a special challenge 
to research . In addition , ECIS wants to capitalise on its location at a University 
of Technology, where science based development of new technology is the 
central activity. Therefore, ECIS chooses to focus on process and product 
innovations in which technology plays a key role. 

Multi-Level Analysis of Innovation 
The levels of analysis at which innovation is studied can include task groups, 
departments, organisations, networks of organisations, sectors, regions or 
national economies. In the ECIS research programme, a distinction is made 
between three main levels: 

The micro level (organisation and management of innovation processes 
within firms and organisations). 
The meso level (processes involving multiple actors where the 
interaction between those actors adds an additional dimension to the 
problems studied , e.g., a technological system, a network of 
organisations , an economic sector) . 
The macro level (national and supra-national systems of innovation). 

Besides technological novelty, innovation involves complex interactions be
tween agents acting at different levels of organisation . The aims of these 
agents can differ widely in nature and scope. For example, at the micro level 
of the individual firm , the general management may be motivated by the profits 
or market shares that may be generated by the innovation. Production mana
gers 'closer' to the work floor may be interested in how to organise their dep
artment in such a way as to provide a favourable innovation 'climate' . 
Employees will care less about profitability or organisational structure. Instead 
they are interested in the consequences of innovation for their daily working 
environment (issues such as the challenge and variety of the jobs, work loads 
and remuneration) . Al a higher level of aggregation, government policy ma
kers will be interested in achieving macroeconomic goals such as reducing 
unemployment, keeping inflation low, and stimulating growth of productivity 
and per capita GDP. They will therefore ask whether innovation creates or 
destroys jobs, how much ii contributes to economic growth, and how they 
may influence innovation in order to achieve their various goals. 

Al the micro level of organisations, innovative behaviour is not only influenced 
by organisational characteristics, structures and management practices and 
strategies, but also by market structures, network characteristics, technological 
characteristics, sectoral dynamics, patterns of regulation and standardisation , 
public technology policies, national systems of innovation , globalisation of 
competition, macro economic trends and policies . Al the macro level , the 
aggregate dynamics of innovation depend on the behaviour of innovative actors 
and the ways in which they react to incentives and constraints. 
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Thus, the interactions between agents at different levels of organisation 
influence the outcomes of innovation processes. The study of innovation calls 
for a multi-level approach. The ECIS research programme aims at analysing 
problems at all three levels of aggregation, with a special focus on the 
interactions between the different levels. The ECIS research programme has 
a special interest in problems that arise from the interaction between levels of 
organisation, for example when processes taking place primarily at one level 
of analysis imply restrictions or emerging opportunities at other levels of 
analysis. 

Multi-Disciplinarity in Innovation Research 
The various discipl ines within the social sciences are all aimed at different 
aspects of the complex interaction between levels of organisation, individual 
and societal aims , and technological possibilities as implied by the frontier of 
current scientific knowledge. Therefore, multidisciplinary work is a fruitful ap
proach in innovation studies. 

Virtually all disciplines within the social sciences have an interest in innovation 
studies. In addition , technological knowledge from the natural and enginee
ring sciences is crucial for understanding innovation. It is obvious, however, 
that a research institute of the present size of ECIS cannot satisfactorily cover 
all disciplines. For ECIS, the disciplinary focal points are economics, history 
of technology, legal studies, organisation & management sciences, and 
sociology. Links to engineering studies are achieved through the incorporation 
of engineers with an interest in social sciences in the ECIS research teams, 
as well as via contacts with the engineering faculties of the Eindhoven 
University of Technology. 

Academic (sub)disciplines intersect with levels of analysis. Of the ECIS disci
plines, organisational and management sciences are primarily aimed at the 
micro level, but also extend to the meso level. Legal aspects of new 
technologies focus on the meso level (e.g., standardisation in given technology 
areas), or the macro level (national or international systems of intellectual 
property rights and competition) . Branches of economics, sociology and history 
typically cover all three levels of aggregation , though within these disciplines 
specialisations tend to focus on different levels. 

An example may serve to illustrate the fruitfulness of multidisciplinary and 
multi-level analysis. The processes of innovation resulting in technological 
change are characterised by strong uncertainty. Firms that are considering 
introducing a new product must form some expectations about the future 
demand for this product, the technical problems and financial outlays 
associated with producing the product, the speed and nature of reactions of 
competitors, etc. All of these factors are extremely hard to predict individually. 
The fact that these uncertainties occur together only makes matters worse. 
How will the firm tackle this problem? Mainstream economics tends to assume 
that the firm has rational expectations (i.e., expectations that on average turn 



out to be right), and that it uses these to optimise (in a mathematical sense) 
its discounted future profit stream. Organisational sciences and business 
economics tend to stress that unique optimal solutions do not exist. Instead, 
firms and decision-makers use a multitude of techniques to try to predict the 
consequences of their actions . The perception of the external environment 
used as input into these procedures is one that is incomplete and highly specific 
to the firm and the set of people working for it. Such a view of the decision
making process allows for different firms to respond to identical circumstances 
in different ways . This heterogeneity at the micro level implies certain 
restrictions for policy makers at the macro level. The measures and policies 
they implement cannot be expected to yield identical responses by the firms 
they are aimed at. Some firms may well respond in ways anticipated by the 
policy makers, and others may not. The latter may thus lead to adverse effects, 
and the outcomes of a policy measure may be other than intended. Thus, 
uncertainty leads to heterogeneity at the micro level, which implies uncertainty 
at the macro level. A multi-disciplinary approach that links business economics 
and organisational sciences at the micro level and economics at the macro 
level can provide an insightful analysis of these issues. 

ECIS seeks to promote multi-disciplinary interaction at the intersections be
tween disciplines and levels of analysis. This means that research problems 
identified at a certain level of analysis will be tackled by the set of disciplines 
that are most relevant for the given scientific problem and the level of analysis. 

Theoretical Cross-Fertilisation 
The multi-disciplinary composition of the ECIS research staff creates a potential 
for theoretical cross-fertilisation and synthesis. In a first stage, this involves 
the mapping of similarities and differences in concepts, assumptions and 
approaches within different disciplines, research traditions and levels of 
analysis. This mapping should result in better insight into potential overlaps 
between different strands of theory, but also in more understanding of the 
limitations and shortcomings of different approaches. A second stage involves 
the extension of given theories with the help of new insights from other fields. 
Also, it might involve the construction of new theoretical models focusing on 
specific problems or issues, which go beyond disciplinary models, but do not 
challenge them as such. A third stage could involve attempts at theoretical 
synthesis, aimed at the development of more comprehensive theories of 
innovation. An example of potential cross-fertilisation is provided by the 
analysis of risk in R&D projects at micro level in economics and organisation 
sciences and the incorporation of uncertainty in modelling of economic growth. 
The ECIS research programme will encourage attempts at theoretical cross
fertilisation and synthesis. 

Emphasis on the Relationships between Innovation and its Socio
economic Impact 
Innovation has wide-ranging social and economic consequences, all of which 
are legitimate subjects for scientific research . The ECIS research projects 
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have a special, though not exclusive, emphasis on the empirical measurement 
and analysis of relationships between innovative performance and dimensions 
of socio-economic performance , at the level of organisations, sectors, and 
national economies. In particular, there is a focus on the relations between 
innovative performance on the one hand and productivity, growth and 
competitiveness on the other. Careful operationalisation and empirical 
measurement in these areas will contribute to theoretical advances and 
theoretical synthesis in innovation sciences. Therefore, the ECIS research 
programme encourages research on the impact of innovation on socio
economic performance. 

Interactions between Basic Research and the Implementation of Re
search Findings 
The ECIS research programme is characterised by interaction between basic 
scientific research aimed at advancing our understanding of innovation 
processes and research contributing to the implementation of newly developed 
insights , methods and instruments in innovation management and innovation 
policy. Scientific research can contribute to the development and validation 
of strategies, methods and techniques for improving the efficacy of innovative 
efforts. Attempts to validate new strategies, policies and techniques in practice 
can also provide new basic insights into processes of innovation. This requires 
systematic scientific research into the effects of interventions. Therefore, the 
ECIS research programme encourages research on the effectiveness of 
interventions at different levels of analysis. 

3. Realisation of Research Aims 
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The primary manner in which ECIS tries to realise its research aims and 
ambitions is by creating an enabling and stimulating research climate 
conducive to high quality research. This research climate is characterised by 
critical debate, an open attitude towards alternative approaches and 
contributions from different disciplines, and a strong international orientation . 
Ways in which ECIS tries to foster a dynamic research environment and to 
realise its research ambitions include the following: 

Organising frequent research seminars. 
Encouraging ECIS researchers to publish in high-ranking refereed 
international publication media. 
Recruiting first-rate researchers , focusing specifically on the analysis of 
innovation processes from the perspective their respective disciplines. 
Stimulating researchers already working in Eindhoven to focus or 
refocus their efforts on the study of innovation , in the context of the 
ECIS research programme. 
Disseminating results of ongoing research in a working paper series. 
Disseminating results of Ph.D. research in a Ph.D. thesis series. 
Strengthening the international orientation of ECIS, by regularly inviting 
guest researchers , visiting scholars and guest lecturers from abroad. 
Strengthening and establishing ties and exchanges with prominent 



national and international research institutes in the field of innovation 
sciences. 
Organising regular international conferences and seminars, focusing on 
themes derived from the ECIS research programme. 
Encouraging multi-disciplinarity grounded in mono-disciplinary exper
tise. The latter issue is elaborated on below. 

Multi-disciplinary research results need to be grounded in solid and qualitatively 
excellent mono-disciplinary expertise. Therefore, in trying to achieve its aims 
of high quality and multi-disciplinarity, ECIS deliberately opts for a combination 
of multi-disciplinary research expertise and types of interaction and mono
disciplinary work with a common focus on innovation. Multi-disciplinarity is 
stimulated in the following ways: 

Nurturing the multi-disciplinary composition of the total ECIS research 
staff. Relevant disciplines and levels of analysis should be represented 
within the institute. Within each of the disciplines, the emphasis is on 
the study of innovation and technological change, rather than on the 
discipline as a whole. This allows for communication across disciplinary 
boundaries. 
Defining joint research domain areas. These research areas are studied 
from the multiple disciplinary perspectives represented within ECIS. 
This will lead to complementary knowledge and through this to a deeper 
understanding of the mechanisms that play a determining role in the 
process of realising innovation performance and technological change. 
Encouraging research projects with a multi-level and multidisciplinary 
character, incorporating contributions from different disciplines. 
Joint supervision of Ph.D. projects by researchers from different 
disciplinary backgrounds, and exposure of Ph.D. students to more than 
one discipline, relevant to their project. 
Simulating exchange and debate between ECIS researchers in the 
ECIS seminar series, as well as workshops and conferences. Seminars 
are a way for researchers to obtain a broad disciplinary view with relatively 
little investment in terms of time and effort. The choice of speakers (both 
from within ECIS and external researchers) in the seminar series will be 
aimed at covering the five core ECIS disciplines, as well as, on occasion, 
other disciplinary perspectives. This implies that ECIS researchers are 
expected to regularly participate in the seminar discussions. Besides the 
main multidisciplinary ECIS seminars, more mono-disciplinary informal 
seminars and working groups can be organised, where disciplinary col
leagues can discuss more technical aspects of ongoing research, provide 
professional support to each other in the execution of their projects, and 
monitor the quality of research from a disciplinary perspective. 
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4. Research Areas 

The ECIS research programme consists of four main research areas: 

A. Technological Change, Competitiveness and Economic Growth 
B. Innovation in Networks and Strategic Alliances 
C. Organisation and Management of Innovation 
D. Technology Policy: Strategy, Regulation and Standardisation 

Each research area is subdivided into a number of research themes. The 
term research theme refers to a set of ongoing and developing strands of 
research, consisting of interrelated series of projects. The research areas are 
discussed in this section ; the research themes are discussed in more detail 
in section five. 

A. Technological Change, Competitiveness and Economic Growth 
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This research area analyses the interrelationships between technological 
change, productivity, competitiveness and socio-economic dynamics . It 
provides the macro and meso framework for the study of innovation at the 
micro level. Innovation and technological change are not seen as an 
exogenous, independent variables. The research theme also analyses the 
economic, social and institutional sources of technological change and 
innovation, thus endogenising the concept of technological change. Such 
analysis requires an understanding of the micro behaviour of innovative actors 
(firms and organisations), their strategies, their relationships with each other 
and with their suppliers and customers. Within research area A, four research 
themes are distinguished: 

A. 1 Innovation, Productivity, Growth and Competitiveness 
A.2 Systems of innovation 
A.3 The History of Technology in the Netherlands 
A.4 Technological Change and Industrial Development in Developing 

Economies 

The first theme has a heavy focus on measurement, technometrics, statistical 
analysis, and modelling. The main disciplinary input is from economics. The 
second theme focuses more on the institutional sources of technological 
change and growth with inputs from sociology, economics, history, and legal 
sciences. The third theme focuses on the history of technology in the 
Netherlands, with major inputs from historical and engineering disciplines. 
The fourth theme focuses on the role of innovation and technological change 
in the context of the special characteristics of technologically less advanced 
developing economies. Disciplinary inputs are derived from development 
economics, sociology and engineering sciences. 



B. Innovation in Networks and Strategic Alliances 

Networks comprise the whole scale of relationships between suppliers of 
inputs , organisations, customers, and public research institutions. Network 
analysis focuses on the firm/organisation as an innovative actor and on the 
analysis of factors contributing to or impeding innovation at the level of the 
individual firm, or at the level of the network, sector, or region. Among these 
factors, the embeddedness of organisations in networks and the structure 
and organisation of networks receive special emphasis in relation to innovation . 
The network approach studies the structure of network relationships and the 
nature of exchanges between the directly or indirectly connected organisations. 

The network approach typically requires a multi-level approach. Networks 
are made up of actors, but evolve in relative autonomy with regard to their 
constituent parts. Network analysis allows for the study of organisations in 
the context of networks of organisations, operating in regions, sectors or 
technological domains. Networks serve as intermediaries for the micro level 
effects of variables studied at meso and macro levels. Networks are 
constrained by their wider technological and economic environments . In turn 
they provide constraints and incentives influencing the scope of choice for 
the network's actors. Network analysis also allows one to combine the analysis 
of intra-organisational networks (e.g. between departments , establishments 
or work groups), with the analysis of inter-organisational networks. It is typically 
requires inputs from several disciplines, including economics, sociology, man
agement sciences and marketing. Within research area B, three related re
search themes are distinguished: 

8 . 1 Innovative Performance and Technological Inertia in Networks and 
Clusters 

8 .2 Co-operation Strategies, Structures and Networking Skills 
8.3 Innovation in Supplier and Customer Networks 

The first theme focuses on the relationships between networks and innovative 
performance. The main disciplinary inputs are from economics and 
(organisational) sociology. The second theme focuses on the issue of how 
organisations in networks structure their mutual relationships to achieve 
innovative goals, choosing between mechanisms such as contracts, informal 
arrangements, strategic alliances, or mergers. The main disciplinary inputs 
are from organisation and management sciences. The third theme focuses 
on specific segments of networks, namely relationships between firms and 
their suppliers on the one hand and firms and their customers on the other. 
The main disciplinary inputs are from marketing and purchasing manage
ment. 
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C. Organisation and Management of Innovations 

This research area focuses on innovation processes and their management 
within organisations. This research spans the whole range running from small 
work groups and task groups to departments and organisations as a whole . 
On the one hand, research in this area aims at the scientific analysis of 
innovative behaviour of organisations, both with regard to product and process 
innovation. What determines the degree of innovativeness of an organisation? 
What are the factors influencing the success or failure of innovative activities? 
On the other hand , there is an explicit emphasis on the development of 
methodologies and approaches that result in more adequate decisions with 
regard to innovation , R&D and technology projects, and more adequate man
agement of the financial, informational and human resources involved in 
innovation. In the context of the ECIS research programme, research on 
innovation within organisations explicitly tries to take into account the diffe
rent environments of organisations, such as networks, technological domains, 
sectors, national and global economies, and the long-run trends affecting the 
organisations and shaping the challenges to which they have to respond . 
Within research area C, the following three research themes can be 
distinguished: 

C. 1 Management of Risk in Technology Intensive Organisations 
C.2 Knowledge Management 
C.3 Innovation in Small and Medium-Sized Enterprises 

The first research theme deals with the problems of risk and uncertainty 
surrounding the outcomes of research and development efforts and projects 
in organisations. Disciplinary inputs into this theme come from micro
economics, business economics and management sciences. The second 
research theme deals with the wider issue of knowledge management in 
organisations, focusing on the management of information and knowledge, 
and the professionals involved in the development and application of 
knowledge. The primary disciplinary input here is from organisation and man
agement sciences, with additional inputs from sociology, historical sciences 
and methodology. The third research theme focuses on the specific problems 
involved in the study of innovation in the category of small and medium-sized 
enterprises. 

D. Technology Policy: Strategy, Regulation and Standardisation 
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This research area analyses the functioning and impact of national and inter
national technology policies and regulatory frameworks. The research in this 
area aims at the development of frameworks for a better understanding of 
policy formulation and policy implementation , and their impact on innovation 
performance and technological capability building. It also tries to identify best 
practice in policy at national and international levels. Policy analysis requires 
more understanding of how actors in the private sector react to policy incentives 



and measures. Thus, research into technology policy should take into ac
count the innovative behaviour and strategies of firms and organisations (see 
area C) and characteristics of networks (B). It should also take the wider 
institutional context into account (theme A.2). The following three research 
themes are distinguished within research area D: 

0. 1 Standardisation of Technology 
0.2 Regulation of Technology and Protection of Intellectual Property Rights 
0.3 Analysis and Evaluation of Technology Policies 

The first research theme focuses on processes of technological standardisation 
and the role of public policy and organisational strategy in setting and 
maintaining standards. There is a strong disciplinary input from legal sciences. 
The study of standardisation also requires engineering expertise with regard 
to the fields being studied. The second theme studies systems of intellectual 
property rights and their impact on innovation processes. Important disciplinary 
inputs come from law and economics. The third theme focuses on technology 
policies themselves. While theme D.1 is based on past and ongoing research 
at ECIS, themes D.2 and D.3 represent promising avenues for future research 
within the institute. 

5. Research Themes 

This section provides a further elaboration of the research themes 
distinguished within each of the main research areas. The research themes 
build on existing expertise and past performance. Some of the projects within 
the themes are currently being executed, others are planned for the near 
future. The research themes also provide indications, guidelines and priorities 
for future research activities and research proposals. 

A. Technological Change, Competitiveness and Economic Growth 

A.1 Innovation, Productivity, Growth and Competitiveness 
This research theme focuses on measurement, analysis and modelling of 
technological change and economic performance. Important measurement 
issues include the construction of indices of inputs and outputs, embodied 
technological change, indicators of technological change, technometrics, spill
overs, patent statistics, input-output matrices, citation networks, bibliometrics, 
estimates of stocks of R&D and knowledge and the measurement of 
technological capabilities. The analysis and modelling of technological change 
and economic growth focuses on the relationships between technological 
change, technological capabilities, productivity, competitiveness and growth. 
It makes use of new insights from growth theory and evolutionary economics. 
Substantive issues include the modelling of technological change, the 
relationships between technological change and productivity and the 
determinants of international convergence, divergence, comparative 
stagnation or catch up. This research theme also includes the long-term 
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analysis of innovation processes in selected areas (energy, tele
communications and information technology). Among other things, this re
search tries to test hypotheses concerning the incremental or radical nature 
of innovation and the sources of technological breakthroughs. It also involves 
analysis of strategic technology choices, lock in, technological trajectories, 
path dependence and momentum. 

A.2 Systems of Innovation 
This research theme focuses on the impact of national and regional systems 
of innovation on innovative and economic performance. Characteristic 
variables of systems of innovation include schooling systems in national 
economies, market structures, levels and types of human capital, labour market 
relationships, degrees of regulation, traditionally developed patterns of 
technological expertise, systems of intellectual property rights, regional 
clustering of activities, public and private R&D investment patterns and trends, 
relationships between knowledge institutions and productive organisations, 
and technology policies (see also research area D). Dependent variables 
include firm strategies, patent statistics, scientific break-throughs, new 
products appearing on the market, market shares and productivity trends. 
Innovation systems can be studied at national levels, but also at regional 
levels or in economic sectors, taking into account the different technologies 
predominant in different sectors. 

Topics to be studied under the heading of innovation systems include 
characteristics of regional systems of innovation ; comparisons of such systems 
in different countries; the impact of national systems of innovation on innovation 
patterns in different countries ; and the relationships between different 
innovation regimes on the one hand and firm strategies, patterns of innovation, 
technological change and competitiveness on the other. Another strand of 
research is international comparative research on the role and function of 
research laboratories. The latter studies try to link insights derived from 
empirical historical research on research laboratories to insights derived from 
the literature on knowledge management. 

A.3 The History of Technology in the Netherlands 
Historians of technology of the Eindhoven University of Technology are 
involved in a major national research programme on the history of technology 
in the Netherlands, taking place in the context of the Posthumus research 
school. Several Eindhoven researchers are formal members of the Posthumus 
research school, while at the same time formally or informally participating in 
ECIS activities. The first phase of this national research programme has been 
completed, resulting in a six-volume encyclopaedia of the history of technology 
in the nineteenth century. The second phase of this programme is presently 
underway and focuses on the history of technology in the twentieth century. 

The history of technology research programme takes a system/actor approach 
to technological change, analysing the social embeddedness of technological 



change in wider social changes and focusing on the actors involved in 
processes of technological choice. It examines technological options and the 
influence of institutional conditions, technology policy and economic policy 
on the development of technology. 

In the context of the ECIS research programme the major challenge is to 
strengthen the interconnections between contemporary empirical and 
theoretical research on innovation and technological change, and the wealth 
of historical insight and analysis provided by the history of technology pro
gramme. There are a multitude of fruitful links between the history of technology 
programmes and the ECIS research programme, which we will attempt to 
strengthen in the next five years. These involve inter alia the international 
comparative study of technological development and technology policy; the 
relationships between long-run trends in technological change, productivity 
and economic growth (within the Posthumus Institute the relationship bet
ween technology and productivity is also being examined, together with 
researchers from the Groningen Growth and Development Centre, see also 
themes A.1 and A.4) ; the analysis of the role of research laboratories (see 
C.2); and the testing of hypotheses concerning the influence of national 
systems of innovation on technology development (A.2) . 

A.4 Technological Change and Industrial Development in Developing 
Economies 

This research theme focuses on the role of technology and innovation in the 
context of the industrialisation of developing countries . It is closely linked with 
themes A 1 and A2, but takes into account the specific characteristics of 
developing economies . One of the important characteristics is that most 
developing economies are technological followers, rather than technological 
leaders . Economic performance depends to a considerable extent on inter
national transfer, diffusion, and adaptation of technology developed elsewhere, 
rather than on the generation of technology. Technological backwardness 
provides a catch-up potential. Successful technology transfer and the 
realisation of catch-up potential depends on the technological and social 
capabilities of countries, and sectors and firms within countries. These largely 
depend on the capability to adapt technology to different conditions. 

An important aspect of this research theme is the international comparison of 
real output and productivity in manufacturing in developing economies. This 
research is linked with an international research effort on the comparative 
analysis of levels and trends in economic performance (the International 
Comparisons of Output and Productivity Project, ICOP). The emphasis is on 
the measurement and explanation of productivity performance. Productivity 
is seen as the widest indicator of the level of technology in an economy or 
sector. Technology and innovation are among the important factors driving 
performance. The comparisons are made both at the level of total 
manufacturing and at sectoral levels. Sector studies involve combinations of 
firm level case studies and statistical analysis, attempting to combine micro, 
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meso, and macro levels of analysis. A second strand of research examines 
the importance of technological capabilities for industrial performance in 
developing economies. This research focuses on the measurement of 
capabilities, the importance of learning, the relationships between capabilities 
and diffusion and development of technology, and the impact of capabilities 
on economic performance and productivity. 

B. Innovation in Networks and Strategic Alliances 
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B.1 Innovative Performance and Technological Inertia in Networks and 
Clusters 

This research theme focuses on the embeddedness of firms in networks and 
clusters as a resource for innovation and how this contributes to the 
innovativeness or technological inertia of firms. This research theme analy
ses network patterns and network dynamics from a theory driven perspective. 
Theories are derived from sociology, economics, and regional sciences. 
Theoretical perspectives include transaction cost theory and Hakansson's 
network theory. One aspect of this ongoing research concerns the regional 
nature of clusters and networks and their impact on innovative and economic 
performance. An important aim of this research is the operationalisation and 
testing of innovation theories in survey research, using data generated by 
own research and secondary databases from other sources (CIS). This re
search also has an important regional dimension. It analyses the spatial 
distribution of firms in localised clusters or networks, and assesses the 
importance of such spatial distributions for innovative performance and 
economic performance. Other aspects have to do with the impact of sectoral 
differences in technology and market structure on the structure of networks 
and on their impact on innovative performance. 

B.2 Co-operation Strategies, Structures and Networking Skills 
Strategic alliances and organisational networks have become a highly popular 
strategy and organisational mode, particularly for entry into international mar
kets and for the realisation innovations across organisational borders and 
core competencies. Though they have become increasingly popular, many of 
these co-operative strategies are not successful. Many companies lack the 
organisational skills and social networks to pursue the strategy of "innovation 
by co-operation" successfully. The high failure rate of alliances and other 
forms of interorganisational co-operation indicates that there is a need for a 
better understanding of co-operation and the requirements for success. Thus, 
this research theme focuses on the measurement of innovation performance 
of organisational networks and alliances as well as organisational positions 
within networks. Second, the emphasis is on networking and alliance skills as 
antecedents of innovation performance. Recently formulated research projects 
concern the study of technological rivalry between alliances and a study in 
which the efficiency of inter-firm networks of strategic technological alliances 
is compared and analysed. Other projects focus on the organisation, structuring 
and management of networks, with special emphasis on differences between 



informal and formal networks. This research also involves the role of trust for 
co-operation in networks. 

8.3 Innovation in Supplier and Customer Networks 
In new product development, the quality of the relationships with suppliers 
and the timing of their involvement are critical factors. Increasingly attempts 
are being made to involve suppliers of components and subsystems in early 
stages of the product development process. This enables supplier input into 
design or engineering, which can provide unexpected ways of saving costs 
and time in the subsequent development and production process. Research 
within this theme focuses on network relationships with suppliers, and more 
specifically on potential contributions of suppliers and purchasing manage
ment to product development. Besides the role of suppliers, the role of 
customer and service networks is investigated within this research theme. 
Examples are the integration of high-tech product development and service 
development, and potential contributions through feedback processes from 
customers and service departments. Possible new research in this theme 
includes developments in electronic commerce and its impact on innovation 
processes, and comparisons of technology push versus market pull models 
of innovation. 

C. Organisation and Management of Innovations 

C.1 Management of Risk in Technology Intensive Organisations 
An important focus of ECIS research is the analysis of risk in R&D and new 
product development. The essence of innovation in technology intensive 
organisations (TIO's) is to create or establish something new. Risk taking is 
an intrinsic part of that process . In today's markets, with heavy competition, 
advanced technology, short product lifetimes and turbulent environments, 
successful product innovation has become critically important for maintaining 
and improving one's competitive advantage. Consequently, the importance 
of diagnosing and managing risks throughout the chain of innovation directed 
activities has increased accordingly. 

One series of projects on risk analysis is being carried out under the heading 
of real option theory. These projects intend to develop models of and 
techniques for R&D investment decisions with regard to new product 
development. Such investment decisions are inherently characterised by a 
high degree of risk and uncertainty, both with regard to technological issues, 
cost issues, and prospects of market success. R&D investments are assessed 
by utilising concepts derived from financial option theory and applying them 
to R&D decisions. R&D investments are modelled as chains of decisions. At 
each successive step, a decision is made whether or not it is worthwhile to 
invest resources to keep given R&D options open. This approach contrasts 
with 'once-and-for-all' cost benefit analyses of R&D decisions, based on the 
probabilities of success of the ultimate outcomes of R&D investments. A further 
extension of this options driven approach to investment decisions will be to 
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investigate the applicability of the approach to whole portfolios of R&D projects. 

A second series of projects is focused on the short-term and long-term risks 
in innovation projects and New Business programmes, with the ultimate aim 
of increasing new product (or programme) success and reducing project (or 
programme) failure rates. The two sets of projects within research area C 
should be considered as complementary. The second set of projects focuses 
more specifically on the organisational and managerial aspects of project 
risks and new business risks. Research projects in the second series include 
the development of a risk engine as a tool to diagnose and manage risk in 
ongoing projects and programmes; the development and empirical testing of 
a framework for perceived risk and project performance; the examination of 
the impact of risk on project success and failure; a contingency approach to 
the risk-performance relationship comparing different types of innovation 
(incremental and radical) and analysing different environmental conditions; a 
cross national comparison of the perception and management of risks in 
innovation projects; and a study on the differences and similarities in 
assessment and handling of product family development risk versus risk 
assessment and handling of separate projects. 

C. 2 Knowledge Management 
Globalisation and rapid changes in markets and technologies increasingly 
require industrial companies to innovate continuously in order to remain 
competitive. Therefore, in organisations in advanced economies, the 
production factor labour is increasingly being replaced by knowledge. This 
trend is most marked in technology intensive organisations. This creates new 
challenges for management as "corporate knowledge" is spread amongst a 
variety of sources throughout the organisation and manifests itself in related 
knowledge networks. Furthermore, de facto the competitive resource 
knowledge is not owned by the corporation. It is incorporated in the minds of 
autonomous professionals and therefore can not be controlled in the same 
fashion as traditional production factors such as materials, capital and la
bour. Knowledge management research focuses on these managerial 
problems and tries to develop methods and tools to improve the mastering of 
this intangible asset. The research in this theme is largely based on the theory 
of organisational learning (defined here as the way in which knowledge workers 
learn collectively). Learning is seen as the process that produces enriched or 
new knowledge. Subsequently, combinations of state-of-the-art bodies of 
knowledge fuel innovation in industrial products and processes. 

The concept of the learning organisation is also used as a theoretical point of 
reference in several of the other research themes. This is the case for "Man
agement of Risk in technology intensive organisations" (C.1 ), "Co-operation 
Strategies, Structures and Networking Skills" (B.2) and "Innovation in Small 
and Medium Sized Enterprises" (C.3). The theory of the Learning Organisation 
is of particular interest because it also links up with evolutionary theories on 
innovation in economics (see theme A.1 ). 



Ongoing research projects within this research theme are Mechanisms for 
Knowledge Sharing within Non-Hierarchical R&D Relations (between profes
sionals working on the R&D floor)"; the History of Philips Natuurkundig Labo
ratorium (see also A.2 and A.3) ; Techniques and structure of knowledge 
representation in expert systems; and Codification of knowledge in expert 
systems for purposes of knowledge management. 

Research topics being elaborated include the influence of fuzzy structuring 
on the reduction of territorial and competence battles in order to facilitate 
knowledge flows; development of innovation indicators for the effectiveness 
and efficiency of learning processes within and between organisations; best 
networking practices, i.e. which knowledge is developed and used to shorten 
the time to get connected; cultural aspects of innovation in organisations; 
and determinants of innovative success in private and public research 
laboratories and institutions. 

C. 3 Innovation in Small and Medium-Sized Enterprises 
Small and medium-sized enterprises (SME's) have a certain reputation of 
dynamism as generators of employment and economic growth. One of the 
important means through which SM E's are able to make these contributions 
lies in their ability to innovate . Therefore , during the last few decades, major 
policy efforts have been made to stimulate innovation in SME's, both in 
advanced economies and in developing economies . 

In certain fields such as electronics, information technology and biotechnology, 
small enterprises have proved to be highly innovative. They can be the dynamic 
movers in the development of new products and processes . The main issue 
here is how to create a climate in which such enterprises flourish. However, it 
should be emphasised that most small and medium-sized enterprises do not 
have the resources and capabilities to engage in massive R&D efforts. They 
tend to be dependent on technology developed elsewhere . From the 
perspective of innovation, the crucial issue is that of the diffusion and adoption 
of innovations, rather than the generation of new knowledge . 

The focus within this research theme is on the determinants of innovative 
performance in small and medium-sized firms. One of the main research 
questions concerns the obstacles to diffusion and adoption of new technologies 
in SME's . Next, the great diversity of small and medium-sized enterprises 
makes generalisation and theoretical advance very difficult. Therefore, a 
second research topic is the further classification of the different sectors, 
technologies and types of small scale enterprises , from the perspective of 
innovation and technology diffusion problems and issues . 

This research theme brings together research described in several of the 
other research themes, specifically applied to SME's. In particular, there are 
cross-connections with the network research outlined in research area B. 
Also, there are connections with the study of systems of innovation (theme 
A.2). 
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Ongoing research projects focus on diagnosing knowledge needs of small 
Dutch industrial firms ; technological capabilities of small manufacturing firms; 
risk management tools for innovative SM E's; barriers to diffusion of innovation 
to small firms; and the development of tools to facilitate adoption of information 
technology by small firms. 

D. Technology Policy: Strategy, Regulation and Standardisation 
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D.1 Standardisation of Technology 
An ongoing series of projects, with a strong input from legal and engineering 
science, deals with the problems of standardisation and regulation in selected 
areas of technology. There is a particular emphasis on telecommunications 
and information technology. An important subject of this research is how 
standards emerge from the interplay of firm strategies, public policies, inter
national negotiations and market trends. Another aspect has to do with 
question of how optimal standards are in the light of individual and social 
goals and preferences. Standardisation can affect the pace and direction of 
technological development. The phenomena of lock-in and technological 
trajectories discussed under theme A.1 re-emerges here. This research also 
has important links with research on market structures, regulatory aspects of 
competition , monopoly law and the study of deregulation. Thus , it calls for co
operation between legal scientists, engineers and economists. 

D.2 Regulation of Technology and Protection of Intellectual Property 
Rights (See also A). 

This research theme focuses on the impact of national and international 
legislation and regulation on the generation and diffusion of innovation. One 
issue within this theme is the impact of protection of intellectual property rights 
on innovation. In this context, one may compare alternative modes of protection 
such as patents, trademarks, brand names or secrecy. Another aspect has to 
do with the duration and scope of intellectual protection and its impact on the 
generation of innovation on the one hand and on spillover effects and diffusion 
of technology on the other. Besides intellectual property rights, competition 
law also has a major influence on technological competition and innovation 
trends. A third aspect of this theme concerns the degree of regulation or 
deregulation and its impact on technological developments in specific areas 
of technology or economic sectors. This research theme has strong 
interconnections with research theme A.2 (Systems of Innovation). It calls for 
co-operation between lawyers, economists and engineers with knowledge of 
specific fields , such as biotechnology or information technology. 

D.3 Analysis and Evaluation of Technology Policies 
An ECIS research theme to be further developed within research area D, 
involves the development of systematic tools and methods for the evaluation 
of the effectiveness and the intended and unintended consequences of 
technology policies and regulatory efforts. This research focuses both on long
term policy efforts on the part of national and international organisations and 



on the assessment of the efficacy of public investment in science and 
technology policy in the light of its stated goals. However, it should also assess 
the impact of long-term strategies of large technology-intensive firms and 
networks of firms and the interplay of these strategies with public policy efforts 
(see also C and D.1 ). 

One potentially fruitful area for such research is that of trends in energy policy. 
A second field is that of environmental technologies. Environmental technology 
is one of the areas where many attempts are being made to steer technology. 
New techniques could be developed to make such interventions more 
successful. Other interesting fields are medical technology, biotechnology 
and information technology. A more general research issue is the general 
assessment of the effectiveness or ineffectiveness of attempts to influence 
the pace and direction of technological development. Disciplinary contributions 
are derived from economics , engineering , sociology, law, and history. The 
envisaged international comparative analysis of long-run technology policies 
in different countries by the history of technology research group (see theme 
A.3) should provide an important impetus to research in this area. 

J. Halman 
A. Szirmai 
B. Verspagen 

Eindhoven, June 1999 
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Summary 

The world's largest, technologically active firms are more diversified in their 
technological competencies than in their product range, and this diversity is 
increasing over time. The firms invest beyond their distinctive core 
technological competencies for two reasons: first, to manage and co-ordinate 
technical change with their suppliers of components, equipment and materials; 
second, to explore and assess the new major opportunities emerging from 
the knowledge base. Firms' technological competencies are "distributed", in 
three senses: amongst technological fields, amongst different parts of the 
corporation, and amongst different corporate objectives. 

As a consequence, corporate policies that apply to products do not apply to 
technological competencies. Increasing product focus goes hand in hand 
with increasing diversity in technology; increasing external linkages in 
technology with increasing in-house R & D expenditures; and "creative 
destruction" in products (and sometimes in firms) with "competence 
enhancement" in technologies . Corporate performance is significantly 
improved with increasing technological diversity. 

© 0. Granstrand, P Patel and K. Pavitt 
Published in California Management Review, Summer 1997, Vol. 39, No. 4: 8-25 
Helpful comments on this paper have been received from Jorge Niosi, and from two 
anonymous referees. 
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1. Firm-Specific technological Competencies 

1.1 The Importance of Technological Diversity 
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Few economists or managers today would question the pivotal role played by 
technological change in contemporary businesses of any kind. This is why 
the notion of the ''firm-specific competencies" appeals across a wide spec
trum. At one extreme, it helps some economic theorists to explain why firms 
persistently develop, make and sell different products.' At the other, it helps 
management scholars, consultants and corporate practitioners to understand 
how and why firm-specific knowledge contributes to corporate success. It is 
to the latter audience that this paper is addressed. Prahalad and Hamel2 
have rightly emphasised the long-run competitive importance of accumulating 
firm-specific competencies that defy evaluation by established financial 
techniques, and that must often be re-combined across established functional 
and divisional boundaries . Whilst we recognise that organisational 
competencies are therefore of critical importance, we shall concentrate here 
mainly on the technological competencies of the firm. 

This paper highlights technological diversity - or distributed technological 
competencies - in corporations as a driving force behind at least four features 
of contemporary business: (1) corporate growth, (2) increasing R&D 
investment, (3) increasing external linkage for new technologies by various 
means (acquisitions, alliances, licensing etc.), and (4) opportunities to engage 
in technology-related new businesses. Corporate technological competencies 
are dispersed over a wider range of sectors than their production activities, 
and this range is increasing over time. Technologies are not the same as 
products, and must be dealt with differently - a theme to which we shall return 
throughout the paper. 

Driving forces behind technology diversification in companies in turn are of at 
least three kinds: (1) opportunities to introduce new technologies into products 
and systems for improved performance and new functionalities , (2) the 
continuing relevance of old technologies, and (3) the co-ordination of innovation 
and change in core products with complementary changes in the production 
system and supply chain. 

Increases in technological diversity in both companies and products challenges 
a number of widely accepted management concepts and conventional wis
dom. In particular, four notions will be challenged in the paper: first, that for 
every company there exists a narrow set of core (or distinctive) technological 
competencies on which the company should focus; second, that major new 
innovations are often associated with major "competence destruction"3 ; third, 
that companies should not only downsize but disintegrate, (i.e. become "virtual" 
or "hollow") and outsource technological competencies just like production; 
and fourth, that companies should focus or specialise on a narrow set of core 
businesses ("back to basics"). 



These notions do contain some truth, and they do apply in some companies 
in some periods of their life. However, as with any simple concepts- including 
those that we propose in this paper - they can be dangerous when carried to 
extremes. 

1.2 Sources and Methods 

Our conclusions are based firstly on the systematic measurement on a 
common basis of the technological competencies of the world's largest firms. 
There are at least two ways in which the technological competencies of firms 
can be measured. The first is as the capacity to achieve a certain level of 
functional performance in a generic product, component or sub-system: for 
example, "the design , development and manufacture of compact, high 
performance combustion engines". As a strategic technological target for a 
firm like Honda", this obviously makes sense. But the achievement of target 
levels of functional performance requires the combination of technological 
competencies from a wide variety of underlying fields of knowledge, including 
mechanics (statics and dynamics), materials, heat transfer, combustion, fluid 
flow. Over time , competencies in other fields have become necessary: for 
example, ceramics, electronics, computer aided design, simulation techniques 
and software. Broad measures of functional performance thus tend to disguise 
the detailed structure of the underlying technological fields on which they are 
based. 

This is why we have preferred a second method, namely, measuring a 
combination of corporate competencies in different technological fields, defined 
by fairly stable, universal and operational systems of classification. In this 
paper, we report on research using the technological fields of US patenting 
as the basic units of competence5. For the US patent examiner, the granting 
of a patent reflects the judgement that the applicant has the competence 
signicantly to improve technology in a given field, even though it is difficult to 
foresee its degree of usefulness at the time. This is one reason why patents 
differ greatly in their economic value . 

We have made a systematic analysis of the patenting activities in the USA of 
the 440 technologically most active companies in the world. The data reflect 
corporate capacity to generate change and improvement, they are detailed 
and comprehensive, and they are used by practitioners themselves. 6 Their 
main drawback is that - until recently - they did not cover software inventions, 
and that firms sometimes use other methods than patenting to protect their 
technological lead. In Tables 1 and 2 below, we assume companies are com
petent in a given technical field when they are granted five or more patents 
over a five year period. 

These comprehensive data have been complemented by several detailed 
case studies, of which two are referred to here . The British company Rolls
Royce has remained one of the world's leading producers of aircraft jet engines 

31 



since the second world war. Over the same period, the Swedish company 
Ericsson has shifted its main business from electro-mechanical switching and 
cables through computerised digital switching to cellular mobile 
communications . In both cases, patent analysis has been validated and 
complemented by interviews with corporate practitioners. These enabled a 
better understanding of the factors behind the observed diversity of 
technological competencies in the firms. 

2 The Distributed Competencies of Large Corporations 

2.1 Technological Diversity 

We are able to classify each of our 440 large firms in one of sixteen principal 
product groups7

, and its patenting activities into five broad technical fields 
and 34 more detailed fields8 . From this , it emerges that large firms have 
significant competencies outside their intuitively obvious distinctive 
technologies9 . For example: 

elect.lelectronic firms = - 34% outside broad elect.I of which - 20% in machinery; 
electronic field, 

chemical firms = -33% outside broad chemical field , of which - 16% in machinery; 
automobile firms = - 70% outside broad transport field , of which - 46% in machinery. 
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Most large firms are also heavily diversified in their product mix, as well as in 
their technological competencies. However, Table 1 confirms that our firms 
have a broader range of technological competencies than products 10

. It 
compares the number of firms with their principal activity in selected product 
groups with the number of firms active (i .e. with five or more patents granted 
between 1985 and 1990) in their corresponding distinctive technologies. In 
all cases, the latter is considerably larger than the former, in part because the 
former measures only firms' principal product activity, whilst the latter 
encompasses all technological fields with five or more patents. However, it is 
implausible that anywhere near 300 of our large firms are making and selling 
instruments and controls, and chemical processes; or that more than 200 are 
making and selling non-electrical machinery It is also implausible that more 
than 94 of our firms make and sell computers (i.e. those with their principal 
products in computers, electrical and electronic products, and instruments). 
This means that large numbers of firms are mobilising technological 
competencies in instruments and controls, chemical processes, non-electrical 
machinery and computing, in order to make other products. As we shall now 
see, the reasons for technological diversity are systemic interdependence 
with the supply chain, and widening technological opportunities. 



Table 1 Number of Active Large Firms in Selected Principal Products, and in 
Closely Related Technologies, 1985-90 

Principal Product No. of Firms Technological Field No. of Active* 
(out of 15, (out of 440) (out of 34, see Table 2) Firms (out of 440) 
see reference 8) 

Computers. 17 Calculators and Computers, etc. 151 
Electrical & Electronic. 56 Semiconductors. 94 
Instruments. 21 Instruments and Controls. 288 

Chemicals 66 Organic Chemicals. 190 
Pharmaceuticals 25 Drugs and Bioengineering. 114 
Mining and Petroleum 31 Chemical Processes. 304 

Apparatus for chemical, 
food , glass. 234 

Non-Electrical 58 Gen. Non-elect. Industrial equip. 246 
machinery Non-elect. specialised ind. equip. 241 

Metallurgical & metal working equ. 225 

Automobiles 35 Road vehicles & engines 77 
Aerospace 18 Aircraft 28 

• With five or more patents granted 1985-90. 

2.2 Co-ordinating Change in the Supply Chain 

It is already apparent from the above data that technological competencies in 
instruments and controls, non-electrical machinery and chemical processes 
are spread across a wide number of our firms. Elsewhere we have shown 
more systematically that these are the most pervasive (generic, general 
purpose) technological competencies distributed across all industries". This 
pattern reflects the close and complementary contributions to technical change 
made by suppliers and users of producers' goods 12

. 

The cases of Rolls Royce and Ericsson both show that, with complex products 
and production processes, there are strong technical interdependencies be
tween what firms develop and make themselves, and what they require from 
their suppliers of machinery, components, software and materials. As a 
consequence, a decision to "buy not make" a production input does not 
automatically translate into a similar choice about the underlying technical 
knowledge. The effective use and improvement of outside components, sub
systems and machinery requires a matching in-house capability to choose, 
integrate, learn, and to co-ordinate and manage systemic change. As we 
shall see in section 2.4 below, the more complex the supply chain, the higher 
the proportion of technological resources large firms are likely to spend outside 
their distinctive technological competencies. 
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Thus, Rolls Royce maintains full design and manufacturing capabilities for 
the inner core of the jet engine: fan, compressor, combustion and turbine 
systems. 13 Although it may subcontract the production of the components 
related to the outer core of the engine, it maintains a full design capability 
over them , together with a systems integration capability over the remaining 
ones, and a capacity for intelligent customership enabling it to be a 
knowledgeable purchaser. Similarly, Ericsson needed its own technological 
and design competence in semiconductors for its mobile phones , even when 
it purchased them from independent suppliers. 

2.3 Learning about Emerging Technological Opportunities 
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The technological competencies of our large firms depend heavily on their 
past and are fairly stable: their patent mix by technological field depends on 
their principal product, and changes only slowly. 1

• Nonetheless, the firms are 
on the whole becoming more technologically diversified over time, as new 
opportunities emerge from general advances in science and technology. This 
emerges from Table 2, which shows the number of our firms active (i.e. with 
five or more patents) in each of the 34 technological fields in the periods 
1969-74 and 1985-90, with the fields ranked by the increased number of net 
entries by active firms over the period and shown in the final column. The 
first two columns of figures confirm the continuing peNasiveness of instruments 
and controls , and other production-related technologies. The final column 
confirms what practitioners have been saying over the past 20 years : 
competencies in materials and computing technologies have become 
increasingly widespread. Coupled with the corresponding increase in external 
alliances' 5 , this reflects the complementarity in companies between external 
alliances and internal competence acquisition. The final column also shows 
a net increase in the number of fields in which our firms have acquired 
technological competencies: on average, every second firm has become active 
over the period (i .e. with five or more patents) in one additional technological 
field. 



Table2: Number of World's Large Firms that are Active * in each of 34 Technical 
Fields 
(total number of firms = 440) 

Technical field 1969-74 1985-90 Number of net 
entries(+) and 

exits(-) 
Materials (inc glass and ceramics) 162 226 64 
Instruments and controls 246 288 42 
Chemical Processes 268 304 36 
Calculators & computers, etc. 117 151 34 
Plastic and rubber products 86 118 32 
Dentistry and Surgery 55 80 25 
Miscellaneous metal products 210 234 24 
Drugs and Bioengineering 92 114 22 
General Electrical Industrial Apparatus 200 216 16 
Image and sound equipment 103 118 15 
General Non-electrical Industrial Equip. 233 246 13 
Hydrocarbons, mineral oils, fuels 55 68 13 
Road vehicles and engines 64 77 13 
Metallurgical & Metal processes 108 120 12 
Semiconductors 85 94 9 
Agricultural Chemicals 37 41 4 
Inorganic Chemicals 87 90 3 
Textile, clothing, leather, wood products 23 23 0 
Other - (Ammunitions and weapons, etc.) 152 150 -2 
Telecommunications 140 138 -2 
Photography and photocopy 66 64 -2 
Mining & wells machinery and processes 51 49 -2 
Apparatus for chemicals, food, glass etc. 238 234 -4 
Electrical devices and systems 143 139 -4 
Aircraft 32 28 -4 
Organic Chemicals 195 190 -5 
Induced Nuclear Reactions 17 11 -6 
Power Plants 59 51 -8 
Metallurgical and metal working equipment 234 225 -9 
Food & Tobacco (processes and products) 64 53 -11 
Other transport equipment (excl. aircraft) 96 81 -15 
Bleaching Dyeing and Disinfecting 43 27 -16 
Assembling and material handling app. 169 147 -22 
Non-electrical specialised industrial Equip. 269 241 -28 

* = five or more patents granted 1985-90. 

Our case evidence confirms that firms have distributed their competencies 
over a wider number of fields. However, commercial opportunities emerging 
from major scientific and technological breakthroughs were rarely clear 
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immediately: applications of new technologies spread out in unexpected 
directions, like the computer moving from scientific calculations, through 
information processing to telecommunications switching.. Large firms built 
up and maintained a broad technology base, in order to explore and experi
ment with new technologies for possible deployment in the future . The creation 
of corporate competencies in new fields was a dynamic process of learning, 
often requiring a combination of external technology acquisition and 
complementary in-house technological activities, and resulting in an increase 
in R & D expenditures. External technology sourcing was rarely a substitute 
for in-house R & D, but a complement to it. Furthermore, breakthroughs in 
new technological fields was often be combined with, or even "fused", with 
established technological competencies. This was a process of "creative 
accumulation" and "competence enhancement" rather than a process of 
"creative destruction" and "competence destruction". 

Thus, although still making the same product and contracting out some of its 
production, Ro/ls-Royce has since the early 1970s substantially increased 
the range of technologies in which it is active, and has exited only one field 
(piston engines). It has accumulated increasing experience and knowledge 
in a variety of electronic-based technologies (e .g. sensors, displays , 
simulations). In materials, a research group that it had earlier established at 
a university was eventually integrated into the company, when it proved im
portant for core activities. '6 

The case of Ericsson has been more spectacular. Until the 1950s, it had 
focused on a narrow range of core businesses (equipment for public telephone 
operators), and related core technologies (electro-mechanical switching and 
cable transmission technologies; radio transmission technology and 
associated businesses were considered peripheral) . In the next four decades, 
Ericsson diversified into computerised, digital switching technologies in order 
to sustain existing businesses, and then combined with its radically improved 
switching technology with radio transmission technologies, thereby enabling 
successfully diversification into the new business of cellular mobile 
communications. Although external sourcing of technologies were important 
(and especially the co-operation with the lead user - Telia, which provides 
telephone services), new technological developments were sourced mainly 
in-house. 

In the process, R&D costs increased dramatically, and approached 20% of 
sales in the 1990s. During the period 1980-9, the total stock of engineers 
rose by 82%, and the diversity of competencies increased considerably. The 
traditional core competence in electrical engineering increased by only 32%, 
whilst mechanical engineering grew by 265%, physics by 124%, and chemistry 
by 44%. Additional engineering categories were added (e.g . computer 
science), and no broad category of engineering competence was scrapped. 



Table 3 Increasing Technological Diversity in Ericsson 's Product Generations 

Product No. of Technologies (a) R&D %of Main No. of 
Old New Total Obsoleted Costs Technologies Techn. Patent 

Generations (b) (c) (d) (base= Acquired Fields Classes 
100) Externally (e) (f) 

Cellular 
Phones 
1. NMT-450 n.a. n.a. 5 n.a. 100 12 E 17 
2. NMT-900 5 5 10 0 200 28 EPM 25 
3. GSM 9 5 14 500 29 EPMC 29 
2. Telecoms 
Cables 
1. Coaxial n.a. n.a. 5 n.a. 100 30 EKM 14 
2. Optical 4 6 10 500 47 EKMC 17 

[n .a. =not applicable] 

Notes: 
(a) Technologies at roughly the same level of aggregation identified by experts. 
(b) No. of technologies from the previous generation (i.e. sustained technologies) . 
(c) No. of new technologies, compared to previous generation (i.e enhanced 

competencies) . 
(d) No. of technologies obsoleted from previous generation (i.e. destroyed 

competencies) . 
(e) "Main" = > 15% of total engineering stock. Categories are: E = electrical ; 

P = physics; K = chemistry; M = mechanical; C = computers. 
(f) Number of International Patent Classes (IPC) at 4-digit level. 

Source: '7 p. 125 

Table 3 illustrates how technology diversification and external technology 
acquisition took place in Ericsson 's development of successive generations 
of cellular phones and telecommunications cables. Products became more 
"multi-technology" : in other words, their technology bases have expanded 
across an increasing number of technologies, as indicated by the number of 
engineering categories, as well as by the number of relevant 4-digit patent 
classes. In this expansion process, the new technological competencies that 
were required outnumbered the old ones that were made obsolete: in other 
words, "competence enhancement" dominated over "competence destruction", 
just as in the case of Rol/s-Royce' 6. In other words, the continuing stream of 
new technologies displace only a few old technologies; in many cases, chan
ges in both of them are complementary and interdependent 
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2.4 Measuring and Classifying Firms' Technological Competencies 
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Based on the above analysis, our firm-specific patenting data can now be 
used to measure and classify the technological competencies of specific firms. 
In Figure 1, we develop a fourfold classification, based on two dimensions of 
any large firms' technological competencies. 

Along the Y-axis is the percentage share of each of our 34 technical 
fields in the total patenting of the firm (Patent Share), reflecting the 
relative importance of each field in the firm's total technological port 
folio. Thus the average share per field is about 3%, which is where we 
have drawn the X-axis to distinguish above average from below average 
shares; 
Along the X-axis is an index of the firm's revealed technology 
advantage (RTA) in each of the 34 technical fields. The RTA index for a 
given firm in a given field is defined as the firm's shares in total 
patenting in each of the 34 technological fields, divided by the firm's 
share of total patenting in all the fields: in other words, the relative 
importance of the firm in each field of technological competence, after 
normalising for the firm's size19• We have (judgementally) drawn the Y
axis at RTA = 2, to distinguish high from low. 

Technical fields identified in quadrant I are the company's fields of distinctive 
or core competence, commanding both high shares of corporate technological 
resources, and a strong revealed technology advantage compared to the 
competition. Technical fields in quadrant Ill are marginal fields taking only a 
small proportion of corporate technological resources, and without a strong 
competitive position. 

Figure 1 A Classification For Corporate Technological Profiles 

Patent Share 

[PS>3%] 

II. Background I. Distinctive 

Revealed Technology Advantage 

[2.0> RTA> 0.5] {RTA >2.0] 

Ill. Marginal IV. Niche 

[PS < 3%) 



If each of our 34 technical fields contained the same number of patents, each 
company's competency profile would be a perfect straight line sloping down 
from quadrant I to quadrant Ill. According to Prahalad and Hamel, most 
corporate resources should then be concentrated in quadrant I. However, 
our 34 fields are of unequal size and importance. Those related to 
instrumentation and production technologies are relatively large. As a 
consequence, the allocation of a relatively large share of corporate resources 
to these fields does not necessarily result in distinctive competencies in our 
quadrant I. In our analysis, a technological field located in quadrant II typically 
procures a background competence, which enables the company to co
ordinate and benefit from technical change in its supply chain . At the other 
extreme, some technological fields are intrinsically small, so that firms can 
obtain a niche competitive position, with a relatively small share of corporate 
technological resources, in quadrant IV. Finally, quadrant Ill will comprise 
technological fields which are (at least at present) marginal to the corporation, 
but some of which may emerge as major opportunities for the future (e.g. 
We use this framework to analyse the technological competencies of three 
well-known large companies : the chemical firm Bayer, the electrical and 
electronic firm Hitachi, and the automobile firm Ford. Our purpose is to illustrate 
differences in such competencies amongst sectors rather than to compare 
competitors in the same sector. We reproduce each company's competence 
profile for 1985-90, but we have also calculated the equivalent profiles for 
1969-74. The comparison reflect major differences amongst sectors in (i) the 
fields of their distinctive competencies, (ii) the fields of growing technological 
opportunity that they exploit, and (iii) the balance between distinctive and 
background competencies. 

Thus, the large chemical company (Bayei) had strong distinctive competencies 
in organic chemistry. The share of drugs in its patenting portfolio grew from 6 
to 21 % between the early 1970s and the late 1980s, whilst photography and 
bleaching and dyeing declined. 76% of all corporate patenting was in fields 
of distinctive competencies and only 7% in background competencies 
(chemical processes), reflecting the relatively simple supply chain in most 
chemical companies. 90% of the company's technological resources were 
concentrated in 9 out of our 34 technical fields. 

By contrast, the technological resources of our large electrical-electronic 
company (Hitachi) were distributed over a wider number of fields , with 90% of 
the total reached in 14 out of 34 fields. The distinctive competencies in com
puters, image and sound, and semiconductors accounted for only about 40% 
of all patenting . Computing increasing from 6 to 17% over the period, whilst 
electrical devices and equipment declined from 15 to 10%. Nuclear technology 
remained a niche competence (perhaps against initial expectations). The 
24% of all patenting in the background technologies of instruments and 
production equipment reflects a more complex supply chain than in chemicals. 
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The supply chain is even more complex in our large automobile firm (Ford). 
Distinctive competencies in vehicles and engines account for only 19% of all 
patenting, whilst background competencies in instrumentation and production 
technologies account for 43%. Interestingly, computing has also become a 
background competence, with its share increasing from 1 to 4.5% over the 
period. 90% of total patenting was spread amongst 16 of our 34 fields, reflecting 
an even greater spread of technological competencies than the firms in the 
other sectors. 

3. Implications for Management 

3.1 "Distributed" rather than "Core" Technological Competencies 
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Our analysis shows that, in addition to a focus on a number of the "distinctive" 
or "core" technological competencies, as recommended by Prahalad and 
Hamel20, management in large firms needs to sustain a broader (if less deep) 
set of technological competencies in order to co-ordinate continuous 
improvement and innovation in the corporate production system and supply 
chain; and to explore and exploit new opportunities emerging from scientific 
and technological breakthroughs. Thus, large firms typically become multi
technology. 

A more accurate description of large multi-technology firms' competencies is 
that they are distributed, in at least three senses: 
1. across a large and increasing number of technical fields, the precise 

mix of which is largely determined by the firm's principal product field; 
2. in different parts of the organisation: for example, the corporate R & 0 

units tor exploring new and emerging opportunities; the divisional and 
subsidiary R & 0 units tor sustaining and developing distinctive core 
competencies; and the production engineering (and even purchasing) 
departments for continuous change in production and the supply chain; 

3. amongst different strategic objectives of the corporation. This has long 
been well recognised by corporate practitioners, who use various 
concepts to classify technologies according to their commercial and 
economic impact, in addition to their technical content: for example, key, 
base, emerging, pacing, generic, core etc. 

These characteristics present challenges to management. 
Given their distribution throughout the corporation, the identification, 
measurement, evaluation and co-ordination of its technological 
competencies is a non-trivial task, to which we have made a modest 
contribution in section 2.4 above. Their effective mobilisation for 
reaching corporate objectives is also a demanding management task, 
since technological competencies cannot and should not be tidily 
located in one discrete part of the organisation. 
Given the differentiated nature of firms' mix of competencies, there is no 



universal recipe for deciding the appropriate mix of technological 
competencies now, or into the future. As we have seen above, advances 
in computing technology have hardly affected the mix of competencies of 
our chemical firm , but emerged as a distinctive competence in our electrical
electronics firm, and as a background competence in our automobile firm . 
Identifying and integrating competencies essential for the corporation 
almost inevitably requires investment in in-house learning and patient 
experimentation , with the expectation of finding winning combinations of 
technologies through "competence enhancement", rather than anticipating 
competence destruction. 

3.2 Technology and the Boundaries of the Firm: Integration or 
Disintegration? 

Our analysis confirms the views of Chesbrough and Teece. 21 They cast doubt 
on the assertion that large firms are becoming - or should become -
technologically "virtual", by sub-contracting to outside sources the generation 
and accumulation of their technological competencies. Our analysis also 
suggests that decisions about outsourcing technological competencies are 
in practice different to - and to some extent distinct from - decisions about 
out-sourcing production. Between full-scale integration (i.e. in-house R & 0, 
design and production) and full-scale disintegration (i.e. simply purchasing 
inputs that are designed and produced externally) there are at least four 
intermediate positions. 
1. Full design capability. the competence to design and test all 

components that are produced externally. 
2. Systems integration capability. the competence to integrate changes 

and improvements in internally and externally designed and produced 
inputs into effective products and production systems. 

3. Applied research capability. the competence to specify, purchase and 
control changes and improvements in externally produced equipment, 
components and materials (i.e. intelligent customership). 

4. Exploratory research capability. the competence to identify, evaluate 
and integrate new opportunities emerging from general advances in 
science and technology. 22 These opportunities can over time have a 
major influence on all the three capabilities above. 

Building on the earlier analysis by Chesbrough and Teece, we identify in Table 
4 two sets of factors that influence corporate decisions on the degree to which 
technological competencies should be outsourced or internalised: 

the degree to which the innovation is autonomous (i.e. can be pursued 
independently from other innovations) or systemic (i .e. requires a cluster 
of related and complementary innovations) . The development of 
autonomous innovations can be more easily outsourced than systemic 
ones; 
the number of independent sources of technological competence 
outside the firm. The larger the number, the greater the need to monitor 
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and absorb externally generated technological advances, and the 
smaller the danger of external monopoly power. 

Table 4 shows that, whatever the type of innovation and the number of external 
sources, firms should always maintain capabilities in exploratory and applied 
research, in order to have the competence to monitor and integrate external 
knowledge and production inputs . The first row shows that, when the 
innovation is systemic and external knowledge sources are plentiful , the 
company should additionally have the systems competence to integrate in
house changes in products and processes with changes in the components 
and sub-systems purchased from outside. The second row shows that, when 
innovations are autonomous but outside sources are few, the company should 
also maintain a design (and perhaps a development) capability as a hedge 
against monopoly power in design by potential suppliers. When innovations 
are systemic, firms will need a further competence in product development 
and testing, and in production engineering when systemic effects spread to 
methods of production . These are related to the distinctive or core 
technological competencies of the firm. 

Over time, the functions of corporate technological competencies can and do 
change. In some cases, the number of external sources of competence may 
increase. When the innovation is autonomous, this allows the firm to 
externalise its design competence. However, when the innovation is systemic, 
the growth of external sources becomes a major threat to the distinctiveness 
of its core competencies. In other cases, a rapidly evolving technological 
field may begin to have systemic effects which induce the firm to internalise, 
as Rolls-Royce has done in materials. 

Table 4 Matching the Nature of In-House Technological Competencies to the 
Nature of Innovation and to External Sources 

Number of 
External 
Technology 
& Related 
Product 
Competencies 

42 

High 

Low 

Type Of Innovation 

Autonomous 

Expl. & Appl. Research 

Expl. & Appl. Research 

Design (&Development) 

Systemic 

Expl. & Appl. Research 
Systems Integration 

Expl. & Appl. Research 
Systems Integration 

Design & Development 

(Production Engineering) 



3.3 Technology Diversification - with or without Business Diversification 

We have seen that products are multi-technology and increasingly so over 
time , given new opportunities emerging from scientific and technological 
advance. As a corollary, technologies are multi-product and multi-firm. This 
is why (1) corporate technology diversification (competence enhancement) 
typically dominates over corporate technology substitution (competence 
destruction), and (2) technology-related business diversification is a feasible 
and often successful strategy, provided that corporate technological and 
organisational competencies can be matched with major emerging 
opportunities. 

Tables 1, 2 and 3 show that established large firms do diversify into new 
technologies. Our earlier studies of large firms in Europe, Japan and the 
USA23 showed that increased technology diversification in the 1980s was a 
significant variable in explaining the growth of corporate sales and corporate 
R & D. Technology diversification increased, even in firms where product 
diversification decreased - as was often the case in Europe and the USA 
since the early 1980s, with the emphasis on "focus" and "back to basics". 
However, high growth firms followed a sequential strategy, with technology 
diversification followed by product and/or market diversification (typically 
internationalisation). The success of this growth strategy was largely 
independent of the firm's main industry and country of origin . However, 
Japanese firms typically had the most developed managerial capability for 
concerted technology and business diversification into new product areas -
but sometimes without success (e .g. steel firms entering bio-technology) . 

A more recent study of 32 of the largest US and European firms in electronics 
by Gambardella and Torrisi 24 confirms one of our results, and finds that 
corporate performance is positively associated with technological 
diversification. However, the authors also find that corporate performance is 
positively associated with greater focus in business operations. They attribute 
this result to the differentiated nature of downstream markets, which prevents 
extensive product diversification based on technology diversification. These 
conclusions are similar to those of Christensen and Rosenbloom25 : namely, 
the main difficulties in exploiting new technological opportunities are to be 
found in the challenges to corporate organisational competencies, rather than 
to their technological competencies. Our own detailed case studies confirm 
this point. Different styles of management and organisation in companies 
from Europe, Japan and the USA influence the degree to which firms are 
successful in exploiting economies of scale and scope in the development 
and exploitation of technological competencies. 

To begin with, R&D costs increase more than proportionately to the number 
of new technological competencies acquired, because these must not only 
be strengthened, but integrated with other competencies in the corporation. 
This involves not only the conventional costs of co-ordination , but also the 
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sometimes heavy costs of integrating knowledge across well-established 
disciplinary frontiers: at Ericsson, for example, it took years to overcome 
barriers between the "elite" switching engineers and the "peripheral" radio 
engineers. In addition, scrapping or reducing established organisational 
competencies and related procedures is difficult, painful and often heavily 
resisted, since they are often embodied in older people. These are generally 
well established in the corporate power structure, and their short-term inter
est is exploiting what they already know, rather than investing in costly, time
consuming and risky change. 

Organisational competencies also need "enhancement". For example, 
Ericsson acquired personal computing technology in the 1980s, but failed 
organisationally, since the marketing competence required to sell in this fast
moving mass market was very different from that developed earlier for selling 
a smaller volume of expensive electronic switches and telecommunications 
systems in often highly political markets. Nonetheless, new technological 
competencies in electronic switching opened massive new business 
opportunities for Ericsson in mobile telephony, which the company did exploit 
very successfully. In this case, the development of complementary 
organisational competencies was low-key and deliberately oriented towards 
learning from experience 

4. Conclusions 
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In an earlier paper published in the Review, one of us 26 warned that 
conventional methods of project appraisal and divisional organisation cons
train innovation, especially radical innovation, because they neglect the 
cumulative, path-de-pendent and yet uncertain nature of technological change, 
and the constant need to re-combine competencies across divisional 
boundaries. The research we have just described identifies important features 
of large firms' technological competencies that deviate from today's 
conventional management wisdom. In Figure 2, we summarise the results of 
our analysis of the dynamic interactions between technology, products, firms 
and markets. We also identify the associated challenge for management, 
which is to give relatively more attention to the revised agenda in the right 
hand column: the distribution of corporate technological competencies beyond 
the core, the enhancement and integration of new competencies, and the 
potential for related new product markets. Perhaps the most important single 
rule of thumb to follow is: do not confuse technologies with products. Although 
the two are obviously interrelated, corporate policies towards term differ in 
four important respects. 

First, what may apply to outsourcing production does not apply to outsourcing 
technological competencies. Whilst the emphasis in production has been on 
increasing focus and out-sourcing, large are firms have at the same time 
been spreading their technological competencies beyond their distinctive core. 
These competencies include the capacity both to improve and to co-ordinate 



Figure 2 The Dynamics of Corporate Technology Diversification 
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change in complex production systems and supply chains, as well as to explore 
and exploit emerging new technologies. 

Second, "creative destruction" in products - and even firms - is not associated 
with corporate "competence destruction" in technologies. The careful, step
by-step accumulation and enhancement of corporate competencies in rapidly 
changing technologies like computing often opens opportunities to design , 
develop, produce and sell radically changed or entirely new products. Many 
of the products will fail, especially in the early stages .. Some of the firms will 
fail because they do not adapt their organisation and management procedu
res to the requirements of new products , production methods or markets. 
Failures to exploit radically new technologies have more to do with failures in 
product development, production, marketing and organisational adaptation, 
than with failures in technological competencies, strictly defined. 

Third, the rapid increase over the past fifteen years in technological alliances 
and exchanges amongst large firms is not the consequence of the progressive 
"out-sourcing" of R & D activities in order to reduce their cost. Our research 
results are consistent with those of Freeman27 , who has identified the rapid 
development and diffusion of new technologies , especially information 
technology, as the main reason for the growth of strategic alliances in 
technology. This has been accompanied by and increase - rather than a 
decrease - in the cost of R &D, given the need to combine and integrate an 
increasing range of technological fields . 

Fourth, there is no clear match between technology diversification (or focus), 
on the one hand, and product diversification (or focus), on the other hand. 
Technology diversification is associated with both increased product focus 
and increasing product diversity. Either way technology diversification is 
associated with better corporate performance. 
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I. Introduction 

The process of technological change in developing countries is one of acquiring 
and improving upon technological capabilities rather than of innovating at 
frontiers of knowledge. This process essentially consists of learning to use 
and improve upon technologies that already exist in advanced industrial 
economies. This is not a trivial or costless task, and industrial success depends 
on how well the process is managed: since all countries have access to the 
same international array of technical knowledge and equipment, a critical 
determinant of industrial performance is different rates of technological 
'learning' by different countries. This paper uses the experience of the Asian 
NI Es (the 'Tigers') and other industrializing countries to illustrate how industrial 
technological capabilities differ at the national level, and the role that policy 
plays in these differences. 

In the process, it revisits the debate on industrial policy, arguing that an 
evolutionary perspective gives better insights into market failures in tec'hnology 
and information than conventional approaches that tend to gloss over crucial 
technological phenomena. Despite a growing acceptance of a "market friendly" 
role for the government, industrial policy (in the sense of se·lectivity in 
government interventions) is considered unhealthy in current development 
thinking . The reasons for this hostility are more political than economic. A 
consideration of the technology development process at the micro level 
provides a strong and valid economic case for industrial policy, and the East 
Asian case provides the empirical backing . The ramifications of both are 
spelled out here, and implications drawn for Asian countries that have failed 
to become 'Tigers'. 

'National technological capability' is the complex of skills, experience and 
effort that enable a country's enterprises to efficiently buy, use, adapt, improve 
and create technologies. While the individual enterprise remains the fun
damental unit of technological activity, national capability is more than a sum 
of individual firm capabilities. It comprises the (non-market) system of interfirm 
networking and linkages, 'ways of doing business' and the web of supporting 
institutions - these affect significantly how firms interact with each other and 

Forthcoming in: Linsu Kim and Richard R. Nelson (eds.), Technological Learning 
and Economic Development: The Experience of the Asian NIEs, Cambridge: 
Cambridge University Press. 
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the efficacy with which they exchange the information needed to coordinate 
their activities and to benefit from collective learning. This systemic aspect is 
something that conventional neoclassical theory does not deal with 
satisfactorily: the perfect competition paradigm shies away from dealing with 
Widespread and diffuse externalities and fuzzy learning phenomena. 2 As such, 
it is not well suited to analyzing or explaining how technological activity occurs 
in the real world. Evolutionary perspectives are much better able to do this, 
and, if supplemented with considerations of market efficiency and failure, can 
provide very useful insights into how and why some countries manage 
technological development and change better than others. This is what this 
paper tries to do, building upon, but also deviating, from the 'national innovation 
systems' approaches that have also been used by evolutionary analysts to 
look at technology in a national setting. 

How may one measure or compare national capabilities? Conventional 
economics, given its analytical underpinnings, tends not to treat the issue as 
a real one (thus the tendency by some theorists to dismiss wholly the con
cern with national competitiveness3 ), and so cannot provide the tools needed. 
However, it is possible to use indirect, but intuitively plausible, indicators of 
such capability, drawing upon different aspects and outcomes of technological 
activity (below). But why 'national' capabilities? Is it not misleading to think of 
'national' capabilities when technological learning is part of, and strongly 
conditioned by, activity in other countries? Not necessarily. While internatio
nal flows of technology are clearly critical to national technological effort, not 
all countries are able to tap available knowledge equally. Taking into account 
differences in economic management, there remain differences in the national 
bases of (non-transferable) assets that determine each country's competence 
in effectively using technologies. The national boundary defines a common 
set of incentives and factor markets, attitudes and business systems within 
which firms learn. It makes analytical sense to think of national capabilities as 
long as these learning systems differ. With the accelerating pace of 
technological change and trade and investment flows, national learning abilities 
are becoming more rather than less important. This is particularly true of 
developing countries, where inter-country differences tend to be larger. 

2. Technological Effort in Developing Countries 

2.1. Nature of Enterprise Technological Learning 
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Developing countries obtain industrial technologies mainly from the 
industrialized world, and their main technological problem, at least initially, is 
to master, adapt and improve upon the imported knowledge and equipment. 
A large body of research suggests that this is not a straightforward task.4 The 
hardware is available equally to all countries, but the disembodied elements 
of technology cannot be bought or transferred like physical products. Technical 
knowledge is difficult to locate, price and evaluate, and its transfer cannot be 
wholly embodied in equipment or instructions, patents, designs or blueprints. 



Unlike the sale of a good, where the transaction is complete when physical 
delivery has taken place, the successful transfer of technology can be a 
prolonged process, involving local learning to complete the transaction. The 
embodied elements can be used at 'best practice' levels only if they are 
complemented by a number of tacit elements that have to be developed locally 
(Nelson, 1990). 

The need for local learning exists in all cases, even when the seller of the 
technology provides advice and assistance, though the extent and costs of 
learning can vary greatly according to the technology, firm, and country con
text. Technological learning calls for conscious, purposive and incremental 
efforts - to collect new information, 'try things out', create new skills and 
operational routines, and strike new external relationships. 5 This process has 
necessarily to be located at the production facility, and embodied in the 
institutional and organizational setting of the manufacturing enterprise. This 
process is strikingly different from textbook depictions of how technology is 
transferred and used in developing countries. 6 

Let us summarize ten important features of enterprise-level technology 
capability development. 

First, learning is a real and significant process. It is vital to industrial 
development, and is primarily conscious and purposive rather than automatic 
and passive. This aspect of capability development is ignored in conventional 
economics, which assumes that all firms have equal and full knowledge of all 
available technologies (on a given production function) and can use the 
selected technology efficiently and instantaneously (knowledge about the 
existence of a technology is assumed to include knowledge about its 'tacit' 
elements). At most, it accepts automatic learning by doing, arising from 
production and involving little or no risk or conscious effort. In the capability 
approach, by contrast, such passive learning is a relatively small part of the 
process. Thus, firms using a given technology for similar periods need not be 
equally proficient: each would be at the point given by the intensity and efficacy 
of its deliberate capability building efforts. 

Second, firms do not have full information on technical alternatives and function 
with imperfect, variable and rather hazy knowledge of technologies they are 
using. As a result, there is no uniform, predictable learning curve for a given 
technology: each firm may have a different learning experience, depending 
on its initial situation and subsequent efforts. Each faces an element of risk, 
uncertainty and additional cost in learning. Differences between learning given 
technologies are expected to be larger between firms in different countries 
and at differing levels of development. 

Third, firms may not know how to build up the necessary capabilities - learning 
itself often has to be learned (Stiglitz, 1987). In a developing country, 
knowledge of traditional, stable and simple technologies may not be a good 
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base on which to know how to master modern technologies. Thus, enterprises 
may not be able to predict if, when, how, and at what cost, they would learn 
enough to become fully competitive, even where the technology is well known 
and mature elsewhere. This adds to the uncertainty and risk inherent in the 
learning process. For a latecomer to a technology, the fact that others have 
already undergone the learning process is thus a both a benefit and a cost -
a benefit in that they can borrow from the others' experience (to the extent 
that this is accessible) and a cost in that they will necessarily be relatively 
inefficient during the learning process (and so have to bear a loss if they have 
to compete on completely open markets) . The extent of the cost and risk 
depends on how new the technology is relative to the entrant's base of 
knowledge, how developed the supporting factor markets are, how 'deep' it 
wants its learning to go (see below) , and how fast the technology itself is 
changing. 

Fourth, firms cope with these uncertain conditions not by maximizing a well
defined objective function but by developing organizational and managerial 
satisficing 'routines ', which they adapt over time as they collect new 
information, learn from experience and imitate other firms (Nelson and Win
ter, 1982) . Thus, learning tends to be 'path dependent ' and cumulative. Firms 
"move along particular trajectories in which past learning contributes to 
particular directions of technical change , and in which the experience derived 
from those paths of change reinforces the existing stocks of knowledge and 
expertise."7 Once embarked on , technological trajectories are difficult to 
change suddenly (at the national as well as the firm level) , and patterns of 
specialization tend to persist over long periods. The 'stock' of past capabilities 
and routines provides the base on which firms develop the capabilities to 
cope with new technologies: change is certainly possible, but it is conditioned 
by the past. 

Fifth, the learning process is highly technology specific, since technologies 
differ greatly in their learning requirements. For instance, some technologies 
tend to be more 'embodied' in equipment while others have greater tacit 
elements: process technologies (like chemicals or paper), for instance, are 
more 'embodied' than engineering technologies (machinery, automobiles or 
electronics) , and demand different (often less) effort . Different techno logies 
involve different learning costs, risks and duration , and differ in their linkages: 
in this sense, it is possible to think of 'easy' and 'difficult' technologies (e.g. 
garment assembly is 'easier' than textile manufacture, which is 'easier' than 
making textile machinery, and so on). Capabilities built up in one manufacturing 
activity may not be easily transferable to another, and policies to promote 
learning in one may not be very useful in another. Similarly, different techno
logies can involve different breadth of skills and knowledge, with some nee
ding a relatively narrow range of specialization and others a very wide range . 

Sixth, different technologies can also different degrees of dependence on 
interaction with outside sources of knowledge or information, such as other 



firms , consultants, capital goods suppliers or technology institutions. It is im
portant to bear in mind these differences in technology specific features, which 
determine learning costs, risks , duration and linkages, in considering how 
capabilities can be promoted by policy {below). A set of policies that con
duces to the development of one set of capabilities may not be suited to 
another, because of the completely different requirements. 

Seventh, capability building involves effort at all levels - shop-floor, process 
and product engineering, quality management, maintenance, procurement, 
inventory control, outbound logistics and relations with other firms and 
institutions. 'Innovation', in the conventional sense of formal research and 
development (R&D) activity leading to new products or processes, is at one 
end of the spectrum of technological activity; it does not exhaust it. It is impor
tant to note that what appear at first sight to be routine and 'easy' technical 
functions , like quality management or maintenance, can be very difficult to 
master in a developing country. Most learning in developing countries arises 
in these, and similarly mundane, technical activities. However, formal R&D 
does become increasingly important in more complex technologies, where 
even efficient absorption requires distinct search and experimentation . 

Eighth , technological development can take place within a given learning 
process to different 'depths '. The attainment of a minimum level of operational 
capability ('know-how') is essential to all industrial activity. While difficult to 
acquire (depending on the technology and initial stock of capabilities) , this 
may not lead automatically to the development of deeper capabilities , the 
ability to understand the principles of the technology ('know-why') . The deeper 
the levels of technological capabilities aimed at, generally the higher the cost, 
risk and duration involved . It is possible for an enterprise to become and stay 
a good user of imported technologies, with efficient process engineering, quality 
control and maintenance routines, without developing the ability to 'decode' 
the processes to the extent needed to significantly adapt, improve or reproduce 
them, or to create new products or processes. This may not be optimal for its 
long-term capability development, since it remains dependent on other firms 
for all major improvements to its technologies. 

While there are exceptions, depending on the costs involved, the development 
of 'know-why' is an important part of overall learning (Nelson , 1993). It allows 
enterprises to select better the new technologies that they need, lower the 
costs of buying these technologies, adapt and improve on them more 
effectively, add more value by using its own knowledge in production , and 
develop autonomous innovative capabilities. The lack of deeper capabilities 
may, on the other hand, restrict firms' ability to move up the technology scale, 
in terms of even using higher levels of know-how in their given activity, 
diversifying into other activities or coping with unexpected demands of 
technological change . Note that know-why development is not needed only 
for innovating at the frontier : even good 'follower' strategies, where firms 
efficiently imitate and adapt technologies developed by others {the most 
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common case in efficient firms in developing countries) , requires good know
why capabilities. 

Ninth, technological learning in a firm does not take place in isolation : the 
process is rife with externalities and interlinkages.8 The most important direct 
interactions are those with suppliers of inputs or capital goods, competitors, 
customers, consultants, technology suppliers and so on. Technological 
linkages also occur with firms in unrelated industries, technology institutes, 
extension services and universities, industry associations, training institutions. 
Many such linkages are not mediated by markets but take place informally. 
Not all are deliberate or cooperative: some learning involves imitating and 
stealing knowledge. Where information and skill flows cohere around a set of 
related activities, 'clusters' of industries emerge, with collective learning 
occurring in the group as a whole. The tapping of these cluster effects can be 
a very effective means of accelerating technological competence. 

Finally, technological interactions takes place both within a country and with 
other countries. Imported technology provides the most important initial input 
into technological learning in developing countries. Since technologies change 
constantly, moreover, access to foreign sources of innovation remains vital to 
continued technological progress. Technology import is not, however, a 
substitute for indigenous capability development - the efficacy with which 
imported technologies are used depends on local efforts . Domestic 
technological effort and technology import are largely complementary. 
However, not all modes of technology import are equally conducive to 
indigenous learning. Much depends on how the technology is 'packaged' with 
complementary factors, whether or not it is available from other sources, how 
fast it is changing, how developed local capabilities are, and the policies 
adopted to stimulate transfer and deepening. 

The main distinction here is between internalized (within a multinational 
company) and externalized (licensing or other arms' length transactions) 
modes of technology transfer. In general, internalized modes are very efficient 
for transferring know-how, but less so for transferring know-why. Externalized 
modes are more effective for generating local know-why, but may be more 
expensive in the short term for accessing know-how, and do not allow access 
to those new technologies that are 'not for sale'. However, these 
generalizations need qualification: even for accessible technologies , 
externalized modes can be wasteful if used in a protected setting 10 achieve 
technological 'self-reliance' (as earlier in India, see Lall, 1987), rather than , 
as in Japan or Korea, to supplement strong design and development efforts. 
Internalized modes can boost local know-why if induced to do so by appropriate 
policy interventions (as in Singapore), or when there already exists a 
substantial base of local research capabilities (as in highly industrialized 
countries). 9 

In many technologies, it is increasingly unrealistic to think of alternatives to 



internalized modes of access, as costs of innovation grow and the deployment 
of technologies have to be at scales that require global production and 
distribution networks. Nevertheless, it remains important, or becomes even 
more important, for developing countries to deepen their technological base 
in this globalizing world . Where international competitiveness becomes the 
prime consideration in attracting new, high value-added FDI, countries must 
offer production sites that have not just low wages but world class technical 
and management skills. To upgrade these, and to attract new higher value
added activities, they must provide a growing base of advanced manufacturing 
and design skills and flexible and specialized supplier and support networks. 
Furthermore, to capture some of the externalities generated by technologically 
advanced MNCs, they must have domestic firms with the ability to learn from 
them. 

2.2. National Technological Capabilities 

National technological capability is, as noted, more than the sum of capabilities 
of individual firms in a country. It is an innovation system, which includes the 
externalities and synergy generated by the learning process, ways of 'doing 
business', and the knowledge and skills residing in related institutions. The 
term 'innovation system' has been widely used in the recent technology 
literature to analyze the complex of factors that affect national technological 
activity (Lundvall, 1992, Nelson, 1993). The 'system' that is being considered 
here is very similar, but the capability approach differs from the Lundvall/ 
Nelson one in that it places more emphasis on the incentive regime (particularly 
trade policies) and, as explained below, introduces market failure 
considerations to mediate between firm and country level capabilities. The 
role of policies is considered in terms of its effectiveness in overcoming these 
market failures that affect firm-level technological activity: this provides a more 
coherent and systematic structure to the analysis of national systems. 

The development of national capability shares many features of learning at 
the enterprise level. Countries undergo costly, uncertain, prolonged and 
unpredictable learning , even when the technologies concerned are well -known 
abroad. Entry into different technologies involves different learning processes, 
and the simple act of production does not ensure that efficient learning is 
undergone. National learning is path-dependent and cumulative, and patterns 
of specialization are difficult to change quickly; the national base of capabilities 
and learning determines how well countries are able to cope with new 
technologies. Growing national technological maturity involves the industrial 
sector's ability to move from easy to complex technologies, and, within given 
sets of technologies, from know-how to know-why. At each stage, there may 
be costs, risks, delays and externalities ; these are likely to rise at higher lev
els of technology and capability development. 

What determines how well countries develop technological capabilities? In a 
simple neoclassical world countries optimize, under free market conditions, 
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by choosing from a known array the techniques appropriate to their relative 
factor prices and costlessly use these at 'best practice'. In an evolutionary 
world with complex learning processes and externalities, the ability to select 
and deploy technologies efficiently cannot be taken for granted in this way. 
Many requirements of learning may involve serious market failure, and it cannot 
be assumed that over time countries will move automatically and efficiently 
into more difficult technologies (or into taking on more complex tasks within 
given technologies) simply in response to rising wage/interest ratios . 
Technological upgrading and deepening require enterprises to invest in more 
advanced - and so more costly, uncertain and prolonged - learning 
processes. In the presence of externalities and deficient factor markets , such 
investments may not take place in free markets. They may require policies to 
overcome market failures - to tackle learning costs, promote externalities 
and linkages, coordinate factor market improvements with technological needs 
and develop institutions. 

In standard theory, interventions are only justified by the presence of market 
failures. 10 The role of government in overcoming certain market failures is 
now widely accepted in the development literature. However, there is a debate 
over whether interventions should be purely 'functional' (aimed at remedying 
generic market failures, without favoring particular activities or sets of activities 
over others) or should include selective elements ." Examples of functional 
interventions are the fostering of primary or secondary schooling, the provision 
of basic infrastructure, or the stimulation of general export orientation. Selective 
interventions involve influencing the allocation of resources between activities, 
and industrial policy comprises directing resources at particular manufacturing 
activities over others, by trade restrictions, credit allocation/subsidization, 
discrimination on technology or foreign investment inflows, and so on. The 
neoclassical approach has shifted from denying that any market failures exist 
to arguing that only failures that call for functional interventions should be 
remedied by policy; failures that call for selectivity are either not important or, 
if they are, their economic cost is always less than the cost of inherent 
government failure. This moderate neoclassical approach is not theoretically 
justifiable , nor does it reflect accurately the experience of interventions in 
technology development in many newly industrializing countries (Lall, 1996). 

The theoretical deficiencies can be traced to the simplifying assumptions on 
technology that underlie the neoclassical analysis. A more realistic framework, 
reflecting the features of technological learning described above, yields a 
different set of policy prescriptions. A simple framework for looking at the 
determinants of technology development (Lall , 1992) classifies the 
determinants under incentives, factor markets and institutions, and derives 
the role of policy by identifying the market failures in that may arise in 
technological learning for each . It should be noted that this ignores the firm
specific processes of capability building, which, as noted above, can differ 
greatly (Teece, 1997 and the case study of Samsung in Choi, 1997). It focuses 
instead on the common elements of learning by firms in a common national 



environment - it asks why, given firm level differences, some countries pro
duce a larger number of dynamic and competitive firms than others. It assumes, 
in other words, that the common set of markets, rules and institutions that 
comprise a national economic unit has a significant effect on the behavior 
and capabilities of the firms within that unit. 

Incentives: The main incentives affecting investment in technological 
capabilities arise from the macroeconomic environment, trade policy, domestic 
industrial policies and domestic demand. The importance of good macro 
management is now universally accepted, and will not be discussed further 
here. The role of trade policies is more complex. Participation in trade enables 
a country to realize its existing comparative advantage, and take advantage 
of scale economies in capital-intensive activities. Facing world competition is 
an effective stimulus to building technological capabilities, and close contact 
with export markets is an excellent, and partly free, source of technological 
information. The dangers of intervening in trade through prolonged and 
haphazard protection are also well known. 'Classic' import-substitution, with 
haphazard and open-ended protection for all activities with no regard to effi
ciency, clearly breeds inefficiency and technological sloth: export-orientation 
has been conclusively shown to be a better strategy. 

It does not follow, however, that completely free trade is optimal. Free mark
ets cannot, by definition, give the right signals for resource allocation in the 
presence of market failures. Apart from the textbook cases of market failure 
from externalities, public goods and monopolistic markets, the failures that 
affect technology development arise from the nature of the learning process: 
its uncertain and unpredictable duration, its variability by technology, the 
problem of financing learning costs in imperfect markets, increasing returns, 
and the presence of widespread linkages {which can also vary by activity).12 

Thus, free markets can lead to under-investment in difficult technologies with 
high learning costs, exceptional risks, long learning periods and widespread 
externalities. These market failures arise both from the problem of encouraging 
entry by firms into 'difficult' and scale-intensive technologies and taking on 
more complex technological tasks, and of coordinating economic decisions 
by agents where there are collective learning phenomena to capture valuable 
externalities. It follows that efficient interventions to restore efficient resource 
allocation must vary by activity according to its technology and linkages. 
Uniform support across activities in the presence of these technology-specific 
differences makes as little sense as non-intervention - there can be good 
economic reasons for selectivity in government interventions. 

Trade interventions can take the form of subsidies or protection; economists 
prefer the former on theoretical grounds, but governments prefer the latter on 
practical (revenue) ones. Theory dictates that all such interventions should 
be carefully geared to remedying or taking advantage of market failures, and 
should be removed once the failures have been overcome {though the dif
fuse externalities inherent in technological development may never entirely 
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disappear). They should not be of the haphazard, open-ended and non
selective sort typical in import substituting regimes. In the nature of the 
phenomenon , all such interventions are difficult to design: they require 
enormous information, are prone to rent-seeking behavior, and can remove 
the incentive for the very learning they seek to promote. Difficult , but not 
impossible , since what is being sought is not one unique static optimum but a 
range, where the precise outcomes are not as important as the ability to 
stimulate a process of widespread and dynamic learning. Effective trade 
interventions of selective types were in fact mounted in several East Asian 
economies, under certain conditions. 13 Note also that the information needs 
of follower countries are not as difficult as those of frontier countries, where 
'picking winners' at the frontiers of technology is much more risky and difficult. 

As far as domestic industrial policies are concerned, the removal of artificial 
barriers to competition provides the best stimulus to technological 
development. Thus, there is a critical role for anti-trust policies, elimination of 
artificial barriers to entry and protection of intellectual property rights. In fact, 
vibrant domestic competition is one of the best ways of offsetting some of the 
distortions that may be created by restricting import competition. However, 
the ideal is not necessarily the small , anonymous firm of textbook perfect 
competition models. Given the scale economies inherent in many industrial 
activities, not just in production but also in technology development (in the 
more advanced stages where formal R&D becomes significant), export mar
keting (especially where a firm launches its own outlets and brand names 
rather than remaining a supplier to foreign buyers or a provider of OEM 
products) 1• and investing overseas, it may be desirable to allow, even promote, 
large size or spread that can allow firms to undertake the necessary investment 
and risk. This is just what some governments did to allow their industries to 
enter difficult technologies and develop advanced export and foreign 
investment capabilities, while promoting fierce domestic competition between 
the large firms and groups. Again , there was selectivity involved. 

Domestic demand can play an important role in influencing national 
capabilities , for two reasons . First , the 'quality' of local demand (the 
sophistication of buyers, development of marketing channels , intensity of 
competition) affects the development of product, quality management and 
marketing skills (Porter, 1990) . Second, the size of the domestic market 
influences the kinds of activities that can be undertaken, given that some 
kinds of technological learning require interacting with local markets (the 
greater costs involved in exporting mean that learning on export markets is 
not feasible unless there are multinational companies involved or the domestic 
resource cost advantage is very large). 15 Thus, large countries can foster 
capabilities in more scale-intensive activities than smaller economies; since 
the effective size of the domestic market depends not only on total incomes 
but also its distribution, greater equity, with a broader base of demand, can 
be more conducive to the development of such capabilities. Here policies 
have to be functional rather than selective. 



Factor markets: The most important factor markets in technology development 
are skills (especially technical skills), finance tor technological activity, and 
access to information, domestic and foreign. '6 The importance of skills, and 
the role of government in promoting education and training, is so widely 
acknowledged that it does not need extensive discussion - what should be 
noted is that policies to promote human capital for technology development 
may need to be fairly selective at higher levels. At the start of the 
industrialization process , the provision of literate labor may suffice. As 
technologies in use become more demanding, the education system has to 
provide more specific technical , engineering and scientific skills. One of the 
most distinctive features of new technologies is their need for a broad range 
of technical skills as well as different kinds of skills that involve team work 
and multi-tasking (Cappelli and Rogovsky, 1994) . To the extent that the 
education and training systems fail to anticipate and provide for these needs, 
there is a need for selective interventions by the government. 

Capital market failures in developing countries , arising from missing or 
asymmetric information and adverse selection, can lead to under-financing 
of risky or long gestating technological investments. Most capital market 
interventions take the form of directed/subsidized credit to selected clusters, 
industries or firms: all highly selective policies. Many such policies have not 
been effective in promoting technological dynamism, but, as with trade policies, 
some Tigers have been able to use them to promote industrial and 
technological development by carefully integrating them with other incentive 
and factor market interventions and imposing requirements on beneficiaries 
in terms of competitive performance in export markets. 17 

In information markets, access to foreign technology is vital to technology 
development, but the mode of access affects technological deepening. A 
passive reliance on foreign technologies, without interventions to ensure local 
effort to absorb and deepen them, may be sub-optimal. Interventions can 
take different forms: with internalized technology transfer, they can seek to 
guide FDI into more complex activities, induce existing foreign investments to 
upgrade the technological content of their activities, and/or promote the 
diffusion of technology and skills from foreign affiliates to local firms. Such 
selective interventions may coexist with non-interventionist policies in trade 
(e.g . Singapore) . With externalized forms, policies can stimulate greater 
absorption and deepening in local firms , by exposure to international mark
ets, R&D incentives and support and entry into more complex technologies 
(e.g. Korea) . 

Several factor market interventions have to be selective rather than functional, 
for three reasons. First, several factor market needs are specific to particular 
activities; if they lack the information or coordination to meet these needs, 
interventions are needed to remedy these specific deficiencies. For instance, 
the skill needs of new electronics technologies may not be fully foreseen by 
education markets, or the financial needs emerging new technologies may 
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not be addressed by capital markets. Second, the government's resources 
for supporting factor markets are limited, and to allocate among competing 
uses entails selectivity at a high level of priority setting (say, between education 
and other uses). Third, where the government is already targeting particular 
sectors for promotion in product markets, factor markets have to be geared to 
those objectives. 

Institutions: 'Institutions' are used here in the narrow sense to refer to bodies 
that support industrial technology, such as education and training, standards, 
metrology, technical extension, R&D, long-term credit, technology and export 
information and so on. They may be government run, started by the 
government but run autonomously, or started and managed by industry 
associations or private interests. Many are set up on non-market terms, at 
least initially, in response to perceived gaps in the market provision of inputs 
into technology development. The literature on technology (see, for instance, 
the country studies in Nelson, 1993) stresses the significance of such 
institutions for supporting enterprise efforts to develop their knowledge and 
capabilities. The cataly1ic role of government in launching many institutions is 
acknowledged, as is the fact that such interventions are often highly selective 
and geared to the objectives of industrial policy. 

The outcome in terms of the development of national technological capabilities 
depends on the complex interaction of these above variables on firm-level 
learning processes. However, not all market failures call for government 
intervention: markets may improve, private agents may remedy failures by 
non-market means, and the cost of intervention may outweigh its benefits. 
The risk of government failure needs particular emphasis, particularly when 
selectivity (with its attendant effects on resource allocation and rent seeking) 
is involved. The history of development is littered with well-intentioned but 
inefficient interventions. Most interventions have not been well designed or 
truly selective (i .e. aimed at market failures in a few activities at a time), or 
implemented with flexibility or discipline. Thus, import substitution gave 
unlimited, unselective and open-ended protection to all industrial activities, 
and did not offset its disincentives to technological development. It was often 
overlaid with non-economic objectives such as nationalism, socialism or self
reliance. Governments often failed to integrate their interventions in product 
and factor markets; thus, activities promoted by protection were not provided 
with the necessary technical skills or institutional support. 

This being said, however, it remains the case in theory that where 'market 
failures' exist, or where multiple equilibria are possible, the outcome can be 
improved by appropriate policies. The fact that policies have often been badly 
designed and implemented in the past is not a case against intervention as 
such (Shapiro and Taylor, 1990). A general case against industrial policy can 
only be established if it is argued that interventions cannot be better designed 
and implemented. This is difficult to establish on an a priori basis, though 
some economists do assert this without further justification or evidence (and 



ignoring the evidence of East Asia). 18 Apart from those with this ideological 
bent, however, most analysts would agree that this is an empirical, context 
and time-specific, matter. Moreover, since government capabilities are 
themselves acquired, policy analysis must include a central component of 
improving intervention capabilities themselves. The correct answer on the 
role of government has to be contingent, and cannot be not universal. 

3. Indicators and Determinants of Technological Competence 

Industrial success depends on how each country learns and organizes itself 
to use constantly changing industrial technologies: on its technological 
competence. Every country 'uses' technology in some form or another, but it 
is possible to stay static at the bottom of the technology chain, providing 
basic inputs like extracting natural resources or deploying unskilled labor in 
simple manufacturing. However, a shallow base of capabilities, specializing 
in the operation of a limited number of simple activities with few spillovers, 
can lead to growth in a liberalized world economy only as long as these 
activities remain competitive (or the resource base is very large). Growth will 
slow down as these advantages erode and are not added to, as new entrants 
provide low skilled labor at lower cost (or technological progress makes such 
simple competencies unnecessary). Sustained growth requires a steady move 
up the ladder of technology, the building up of the system for collective learning. 
In a world of rapid technological change, moreover, what is critical is the 
depth and flexibility of the system - the ability to deal with technical change 
as a process. 
This section looks at proxies for systemic technological capabilities across 
Asian economies. There cannot be an unambiguous comparative measure 
of this, and the usual measures have deficiencies. Growth rates of GDP or 
industrial value added do capture technological capabilities, but also reflect 
many other factors. The relative structure of manufacturing may indicate 
industrial 'depth', but does not take technical efficiency or differences in local 
technological effort into account. R&D and education data capture inputs into 
technological effort (below), but not technological output or structural trends. 
Total factor productivity (TFP) estimates, the common neoclassical measure 
of technological activity, face serious methodological and interpretation 
problems (see below). And so on. However, this does not mean that we cannot 
say anything: a mixture of different indicators, if used carefully, can furnish 
plausible indicators, as long as their defects are borne in mind. 

3.1. Export Performance and Structure 

Of the various measures of technological performance, data on manufactured 
exports are perhaps the most usable. They are relatively easy to calculate, 
indicate prima facie international efficiency, and show structural trends. 
However, they may not be good indicators of competence in large economies 
that have large non-exporting sectors, or where incentives discriminate in favor 
of domestic markets. Export data do not also distinguish between different 
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levels of technology used in a given product group (between simple and com
plex processes) . Nor do they distinguish between exports by foreign and 
domestic firms, which may be important when it reflects different technological 
inputs and competence . However, some deficiencies may be offset by looking 
at trade regimes, local technological content of exports and the role of FDI in 
trade. 

Table 1: Exports from Selected Asian Countries (1994) 

Country Merchandise Exports Manufactured 
Exports 

Value {$m) Growth rate Growth rate Value ($m.) 
(1980-90) (1990-94) 

Hong Kong (a) 28,739 11.5 -0.3 27,302 
Singapore (a) 57,963 12.1 10.9 56,224 
Korea 96,000 13.7 7.4 89,280 
Taiwan 92 ,847 11.6 5.9 86,348 
Indonesia 40,054 5.3 21.3 21,229 
Malaysia 58,756 11 .5 17.8 41, 129 
Thailand 45,262 14.3 21 .6 33,041 
China 121 ,047 11.4 14.3 98,048 
India 21 ,553 6.3 7.0 16, 165 
Pakistan 6,636 9.5 8.8 5,641 

Sources: World Bank, World Development Report, 1996; Asian Development Bank, 
Key Indicators of Developing Asian and Pacific Countries, 1994; Hong Kong External 
Trade, February 1996; Singapore Trade Statistics, 1996. 
Notes: (a) Excluding re-exports. 
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We start with aggregate figures , with the focus on ten Asian countries - the 
Four Tigers (Hong Kong, Singapore, Korea and Taiwan) , the three 'new Tigers' 
(Indonesia, Malaysia and Thailand) and three large countries with considerable 
import-substitution pasts (India, China and Pakistan). Table 1 shows that in 
1994 the largest exporters, both of merchandise and manufactures, were 
China, Korea , Taiwan , Malaysia and Singapore. 19 The fastest rates of growth 
in 1990-94 were for Thailand , Indonesia, Malaysia, China, and Singapore. 
Hong Kong was the only country in the group that had declining exports (re
exports excluded), a dramatic deterioration on its earlier performance. Of the 
larger Tigers, Korea showed a stronger long-term performance than Taiwan. 
China outperformed the other large economies, and by 1994 emerged as the 
largest single exporter of manufactures in the group (and in the whole 
developing world) . The general export performance, higher than in other 
developing regions, and suggests considerable technological dynamism. 
However, these data reveal little about the nature of technological activity, in 
particular of the levels or kinds of technologies being deployed or of the na
ture of local capabilities . 



Let us look, therefore, at the technological composition of manufactured 
exports. There are numerous ways to categorize this. A frequently used one, 
'high' and 'low' technology, is highly aggregated and conceals interesting 
differences in export performance, especially between developing countries 
that are largely exporting simple products. A breakdown by technological 
characteristics is more useful (Table 2); the industries in each category are 
shown in Annex 1. 

Table 2: Technological Basis of Competitive Advantage 

Activity 

Group 

Major Competitive Factor Examples Growth Distribution 

Rates (a) of World 

Mid. Trade 

1980- 1990- 1980 1995 

90 95 

Resource- Access to natural resources Aluminum, food processing. , 7.4 6.6 18.8 15.1 

intensive oil refining 

Labor- Cost of unskilled, Garments, lootwear, toys 9.5 7.7 17.4 17.9 

intensive semi-skilled labor 

Scale Length of production runs Steel, autos, paper, 7.8 7.0 27.8 23.7 

intensive chemicals 

Differentiated Products tailored lo varied Advanced mach., TVs, 8.4 8.6 24.3 23.4 

demands power gen. equipment 

Science- Rapid application of science Electronics, biotechnology, 12.6 13.3 11.4 19.9 

based to technology pharm. 

Note: (a) Total world manufactured trade grew at 8.8% per annum during 1980-90 
and at 8.5% during 1990-95. Source: Classification from OECD (1987), trade data 
from World Bank trade database. 

There are inevitable overlaps between the categories (e.g. resource-based 
industries can be very capital-intensive), and the groups are broad (for 
instance, many electronics exports are labor-intensive), but if carefully used 
the classification is helpful. Labor-intensive products tend to be at the low 
end of the technological spectrum, with low requirements of technical skills. 
Products in the scale-intensive group use complex, capital-intensive 
technologies, but are generally not at the cutting edge of technology (this 
also applies to many resource-based exports) . Within the scale-intensive 
group, there is a distinction between process (e.g. chemicals) and engineer
ing industries (e.g. automobiles); the latter tend to have more difficult learning 
requirements, be very linkage-intensive, and involve a larger variety of skills. 
'Differentiated' manufactures are more sophisticated engineering products 
involving advanced design, research and manufacturing skills, while science-
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based products use leading edge technologies. In broad terms, we call the 
last three categories 'technologically advanced', and the last two 'high-tech', 
products. Resource-based products are not considered further here because 
their competitive edge is too specific to merit generalization. 
Table 3 shows the technological breakdown of manufactured exports by the 
10 countries since 1980.20 The highest concentration on labor-intensive exports 
(primarily textiles and garments) is currently in Pakistan (94%), followed at 
some distance by China (58%), Hong Kong (54%), India (50%), Indonesia 
(49%) and Thailand (38%). There is some correlation between labor-intensity 
of exports and factor costs, but it is far from perfect: the lowest wages are in 
probably in China and Indonesia, while Hong Kong is a high-wage economy. 
The export structure also reflects the underlying industrial and technological 
structure, which in turn is determined by the industrial policies pursued (Lall , 
1996). 

Table 3: Distribution of Manufactured Exports by Technological Categories (%) 

Resource-based 

Labor-intensive 

Scale-intensive 

Differentiated 

Science-based 

Resource-based 

Labor-intensive 

Scale-intensive 

Differentiated 

Science-based 

China 

1985 1992 

4.3 6.3 

66.6 58.4 

17.6 11 .2 

5.3 17.2 

0 1.1 

Indonesia 

1980 1992 

14.7 29.5 

28.9 48.7 

20.2 7.6 

19.0 7.6 

0 0 .9 

Korea 

1980 1994 

7.3 3 .8 

49.5 27.8 

25.8 27.2 

14.7 35.6 

2.7 5 .6 

Malaysia 

1980 1992 

11 .0 5.4 

18.4 17.4 

4.9 5.3 

60.1 29.6 

3.8 42.3 

Taiwan Singapore Hong Kong 

1980 1994 1980 1994 1980 1994 

9.4 6.8 6 .5 3.3 2.0 3.7 

53.9 32.7 16.9 8.5 65.8 54.3 

9.4 13.9 20.9 10.5 1.2 4.2 

23.7 30.9 50.3 46.3 16.7 21.4 

3.6 15.8 5.4 31.4 14.3 16.4 

Thailand India Pakistan 

1980 1992 1980 1992 1980 1992 

53.9 20.1 26.5 28.7 15.5 4.5 

28.4 38.3 55.4 49.6 84.5 93.8 

4.3 5.6 11 .2 17.1 0.0 0.0 

13.4 15.7 4.1 1.2 0.0 0.0 

0.0 20.3 2 .8 3.4 0 .0 1.7 

Source: Calculated from UN trade data. Notes: Figures for Singapore and Hong 
Kong are for total manufactured exports (including re-exports). No data for China 
are available for 1980, so the starting year is 1985. 

64 

With industrial development there is a general tendency for the share of labor
intensive products to decline. But again there are exceptions: in Indonesia 
and Pakistan the shares have risen over time. As for more technology-based 
products, the figures below shows the shares of 'technologically advanced' 
(Figure 1) and 'high-tech' (Figure 2) products for these countries. These 
suggest: 

The most technologically advanced exporters are Singapore, followed by 
Malaysia, Taiwan and Korea. Hong Kong has the lowest technological 
content of exports of the Tigers. Pakistan is the least advanced; Indonesia 



is the next lowest, with India and China slightly ahead. 
In the narrower category of 'high-tech' products, the leader is Malaysia, 
followed by Singapore, Taiwan and Korea. The weakest are Pakistan , 
followed by India, Indonesia and China. 
The technology intensity of manufactured exports has been growing for 
all countries except for Indonesia, where the rapid growth of labor and 
resource-intensive exports has swamped other exports (though this growth 
has also been rapid , if from a small base, Lall and Rao, 1995) . 

Figure 1: Shares of Technologically Advanced Products{%) 
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Figure 2: Shares of High- Tech Products {%) 
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Accepting the problems of aggregation and simplification inherent in these 
calculations, the results accord with general knowledge about technological 
capability in these countries. However, some qualifications have to be made 
to these indicators if they are to indicate the domestic technological base 
more accurately. In particular, we have to account for the level of technology 
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involved in the export activity, and the role of MNCs in export and technological 
activity. 

Level of Technology: The local technological content of similar exports can 
vary between countries, according to the level and extent of local inputs of 
components, equipment and technical knowledge . For instance, a 'high
technology' export in one country may come from locally assembled imported 
components, with few local inputs, physical or technological; in another, it 
may be based on substantial local equipment, components, design, 
development and engineering. These clearly show different capabilities to 
deal with technological change. Asian countries differ greatly in this respect. 
Malaysia's high-tech exports are driven primarily by electronics and electrical 
assembly activity in export enclaves. While the activity has upgraded in process 
technology and product range, there are still few domestic linkages and very 
low local technological input (Lall et al., 1994). Capabilities have certainly 
developed, but they are mainly in operating imported technologies. Singa
pore is also driven by MNC based operations, but the processes and products 
are at a higher level of sophistication, use more advanced skills, and involve 
more local technological activity. However, there is still relatively low levels of 
design and development activity, which is done overseas by the MNCs 
involved. 

By contrast, high-tech exports from Korea and Taiwan have significant local 
linkages (both equipment and components), and far more local technological 
input up to basic design stages. Korea is ahead of Taiwan, with a more di
verse and 'heavier' industrial structure and far greater R&D effort (below). Of 
the Tigers, Hong Kong has the lowest technological input, having remained 
specialized in light consumer goods (though within this there has been 
considerable upgrading); in addition, even its 'high technology' exports are 
simpler than in the other Tigers (consisting largely of electronic items like 
games and watches). Thailand is also basically at the assembly stage in 
technologically advanced products, but its rate of growth in such activities is 
phenomenal, and in more traditional activities there is a lot of local 'depth'. 
China's high-tech exports have a mixture of assembled and manufactured 
items, the former largely off-loaded from the Tigers. India has a deep and 
backward integrated production structure, but one that past policies have 
burdened with high costs and technological lags. 

Role of MNCs: A strong foreign presence has mixed implications for the local 
technological activity in export activity. In industrially advanced countries, MNC 
export activity can have significant inputs of indigenous content and design, 
and interact with and contribute to the local 'know-why' base. In low wage, 
less industrialized countries, MNC exports are driven mainly by cheap labor, 
and have low levels of local technological content. Between these two, a 
number of combinations of MNC presence and technological activity are 
possible. Asian countries show the whole range. Note that even in cases of 
MNC-driven assembly activity, there may be considerable creation of local 



technological capabilities - but the learning tends to be concentrated in 
operational capabilities rather than 'know-why'. 

FDI has played very different roles in these countries. In terms of the share of 
FDI in gross domestic investment, Singapore is most FD I-intensive economy 
in the region (and probably in the world), followed by Malaysia (Table 4). 
Then comes China, with a startling growth in the share of FDI in investment in 
the 1990s, the bulk coming from overseas Chinese enterprises. At the other 
end of the spectrum, India and Korea have traditionally had very low levels of 
reliance on foreign investment. It is interesting to note the differences be
tween the Tigers in FDI policies: Korea and Taiwan, particularly the former, 
emphasized externalized technology transfer, while Singapore strongly 
targeted internalized modes and Hong Kong had a laissez faire attitude (Lall, 
1995.a). The first two had selective policies on entry, restricting FDI where 
domestic capabilities were adequate (or were being protected). Once allowed 
in, investors were induced to diffuse technologies locally. Singapore also used 
selectivity strongly to attract investors into targeted activities and, later, to 
upgrade their technological content. Only Hong Kong left FDI and technology 
transfer entirely to market forces. 

Table 4: Inward FOi 

Country Annual FDI Inflows($ million) FDI as% GDI (a) 

1984-89 1990 1991 1992 1993 1994 1995 1 984-89 1 990-94 

H Kong 1422 1728 538 1918 1667 2000 2100 12.2 6.7 

Singapore 2239 5575 4879 2351 5016 5588 5302 28.3 28.4 

Korea 592 788 1180 727 588 809 1500 1.4 0.7 

Taiwan 691 1330 1271 879 917 1375 1470 3.3 3.0 

Indonesia 406 1093 1482 1774 2004 2109 4500 1.6 3.5 
Malaysia 798 2333 3998 5183 5006 4348 5800 8.8 22.4 

Thailand 676 2444 2014 2116 1726 640 2300 4.4 4.3 
China 2282 3487 4366 11156 27515 33787 37500 1.8 11.6 

India 133 162 141 151 273 620 1750 0.2 0.5 

Pakistan 136 244 257 335 354 422 639 2.0 3.6 

Source: UNCTAD, World Investment Report 1996, Geneva. 
Note: (a) GDI stands for gross domestic investment. The figures are simple annual 
averages. 

In terms of export contribution, MNCs account for around 25 percent of 
manufactured exports from Hong Kong, 70 percent from Malaysia, 90 per
cent from Singapore and 17 percent from Taiwan (Ramstetter, 1994). The 
figure for Korea is probably significantly lower than for Taiwan, given farmer's 
much lower reliance on inward FDI and predominant role of its chaebol in 
export activity. Thailand and Indonesia depend heavily on MNCs in many 
export activities, but large parts of the industrial sector are in local hands. 
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Chinese labor-intensive exports largely originate from investors from the other 
NIEs, mainly Hong Kong and Taiwan, but a number of local firms are also 
becoming active exporters in a range of products . MNCs are not significant 
exporters from India and Pakistan. 
Export activity may not be a good indicator of technological strength in large 
inward-oriented countries. China and India probably possess technological 
capabilities far in advance of that suggested by their export structures, though 
many may not currently be at 'best practice' international levels (on India see 
Lall, 1987). In the other countries, where trade plays a larger role in 
manufacturing, the patterns shown above may not be unrepresentative of the 
underlying technological structure. 

Taken on the whole , the evidence suggests that the most advanced 
technological capabilities are in Korea and Taiwan . Singapore is strong in a 
narrow range of high-tech activities, where some deeper capabilities are 
developing; , though because of its heavy dependence on MNCs it is weak in 
design and development. Hong Kong has good operational capabilities in 
light industry but little technological depth. The new Tigers have relatively 
shallow industrial structures, with Thailand the most advanced and Indonesia 
the least. Of the large economies, China and India have fairly developed 
capabilities but with significant inefficiencies and lags. Pakistan lags overall. 

Role of governments: Governments inteNened both selectively and functionally 
in promoting technology development in the NI Es. The patterns of inteNention 
varied enormously, from wholesale planning and import substitution to selective 
measures to guide and develop markets and minimal selectivity.2 1 The import 
substituting economies inteNened massively, but without discrimination: they 
supported , without any limit on time or cost, any manufacturing activity set up 
within them. They imposed no offsetting requirements of export growth or 
international competitiveness . And they often constrained domestic 
competition . The results of these haphazard, unselective inteNentions was 
large areas of inefficiency and technological sloth (on India see Lall, 1987). 
Of the Tigers, Hong Kong and Singapore did not use trade inteNentions 
(though Singapore influenced resource allocation by targeting and guiding 
foreign investment) . Korea and Taiwan inteNened significantly in trade, using 
the whole range of quantitative restrictions, tariffs, procurement and other 
administrative measures to promote selected industries. They offset these 
interventions by strong export incentives and targeting , and coordinated 
investments across firms, activities and industries, as well as across product 
and factor markets, where they subsidized and allocated credit , targeted 
human capital formation (below) and technological activity. As noted, they 
also restricted FOi inflows to deepen their indigenous technological capabilities. 
The new Tigers had a mixture of policies. 

The dynamism of comparative advantage as shown above reflects the na
ture of interventions. The countries that managed to build up the most 
advanced base of capabilities were those that inteNened most heavily and 



efficiently - 'efficiently' in this context means being selective, offsetting the 
effects of intervention by export-orientation, and coordinating related activities 
and factor markets. Simple and impressionistic as this evaluation is, it gives 
us a base to differentiate between the technological bases in these economies. 
The following sub-sections look at some of the inputs into the capability 
development base. 

3.2. The Human Capital Base 

The human capital base is represented here by educational enrollments, 
though it is far from a perfect measure. Education is not equal to capabilities, 
but provides the base on which learning takes place - without further 
technology-specific experience and search formal qualifications do not yield 
know-how or know-why. Thus, formal education is only one way to create 
skills; on-the-job learning, training and experimentation are often more im
portant. Nevertheless, since formal education is generally a necessary 
condition for industrial skill acquisition, enrollment data can serve as a 
reasonable proxy in the absence of other comparative human capital formation 
data. Even this measure suffers from differences in definition , quality and 
relevance between countries, but there is little we can do to correct for this. 
Table 5 shows general enrollments at the three levels, as well as tertiary 
students abroad and the adult literacy rate. While most countries claim to 
have universal primary enrollment, there is still considerable illiteracy in Paki
stan, India, and , to a lesser extent, China, Indonesia and Malaysia. Secondary 
enrollment rates are very high in the Tigers, with Korea and Taiwan at 
developed country rates. Hong Kong and Singapore are slightly behind, 
followed by Malaysia, China and lndia.22 
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Table 5: Educational Enrollments and Literacy Rates 
Most recent available (per cent of age group) 

Country Primary Secondary Tertiary Per cent Adult 
Tertiary Literacy 
Abroad (a) Rate 

H. Kong 102 75 21 32 91 
Singapore 107 78 19 (b) 25 90 
Korea 101 93 48 2 97 
Taiwan 100 88 38 N/A N/A 

Indonesia 114 43 10 2 83 
Malaysia 93 59 7 38 82 
Thailand 98 37 19 1 94 

China 109 52 6 3 79 
India 105 45 6 1 50 
Pakistan 65 17 3 9 36 

Sources: World Bank, World Development Indicators 1997; UNESCO, Statistical 
Yearbook, various; UNDP, Human Development Report 1995; Government of Tai
wan , Taiwan Statistical Data Book, 1994; data from Singapore Economic 
Development Board Website . Note: (a) 1987-88 (b) Figure for 1995, referring to % 
or persons aged 18 that are university graduates. In addition to these, Singapore 
also has 27% that are polytechnic graduates . 
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The quality of schooling is also apparently higher in the Tigers than in South 
or South-East Asia: drop-out rates are lower, and there is a stronger emphasis 
on numeracy (which is particularly relevant for emerging information-based 
technologies) . The Tigers tend to surpass even the developed Western 
countries in mathematics (OTA, 1990, and the UK Cabinet Office, 1996). In 
the latest and most comprehensive ever international test for mathematics 
and science (Third International Maths and Science Study), which covered 
half-million 13 year-old children in 41 countries, the top four places were 
secured by Singapore, Korea, Japan and Hong Kong in mathematics; in 
science Singapore was top, Japan third and Korea fourth (the second place 
was held by the Czech Republic) with Hong Kong coming 24'h (The Econo
mist, 1997). The bottom two places were held by Colombia and South Africa 
in both. The only other participating country from our Asian sample was Thai
land, which came 20'h in mathematics and 21 •• in science . 

In tertiary level enrollments, Korea and Taiwan are at developed country le
vels . Then come Hong Kong and Thailand (around 20%). There are 4 countries 
with tertiary enrollments of 5-10%: India, Indonesia, Malaysia , and Singa
pore. Well behind the others come Pakistan (3%) and China (2%). There are 
high proportions of tertiary students going overseas in Hong Kong , Singa-



pore and Malaysia. The larger Tigers have in place attractive incentives for 
nationals studying or working overseas to return, and in both Korea and Tai
wan these have provided an important input into their capability development. 
Singapore places more emphasis than other countries on non-university 
technical education. 23 Its system of employee training is reputed to be one of 
the world's finest, and enterprises are given strong incentives and subsidies 
to use it (Lall, 1996, chapter 3). To compensate for specialized skill shortages 
the Singapore government allows very liberal use of high level expatriate 
manpower. 

The observed pattern generally corresponding to the distribution of 
technological capabilities traced above. The correspondence is not exact: 
the stock of educated manpower is not reflected fully by current enrollment 
levels. China stands out by virtue of its very low tertiary enrollments combined 
with a booming export sector - clearly, exporters find sufficient skilled 
manpower for the relatively low levels of technology that they use. 

Enrollment at the tertiary level in technical subjects, more relevant for our 
purposes, is shown in Table 6. This table includes some advanced industrial 
countries for comparison, and shows, not just wide differences between the 
Asian countries, but also that Asian countries like Korea and Taiwan, are now 
ahead of many technological leaders in the OECD in technical skill creation. 

Take enrollments in a// technical subjects, which may be a good indicator of 
the general technical base in a country. The norm in European countries (the 
table shows only the technological leaders, and this may not apply to others) 
is around 1 %, while the USA is 1.47%. Korea and Taiwan have 1.66% and 
1 .45% respectively, higher that Europe or Japan; the former is ahead of the 
US and the latter is about the same. There is a large range among the other 
Asian countries: the lowest figure (below 0.1 percent) is for Pakistan, with 
India, China, Indonesia and Malaysia slightly better (under 0.2%). These are 
all countries with relatively simple exports, with the exception of Malaysia, 
which basically engages in a low-technology operation in a high-tech industry. 
China and India have large absolute numbers, with 1.8 and 1.2 million of 
technical tertiary enrollments respectively, but in relation to the size of their 
populations this is low. In between lie Thailand, Singapore and Hong Kong 
(the latter two have large numbers of students overseas). 
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--.J Table 6: Tertiary Level Students in Technical Fields (numbers and percentages) I\) 

Country Year Natural Maths & Engineering All Technical Science + Maths Ratio of 
Science Computer Subjects (a) & Computers Engineers 

+ Engineering to Scientists 
Nos. %pop. Nos. %pop. Nos. %pop. Nos. % pop. % total % pop. 

tertiary 
Hong Kong 1992 5503 0.095 6661 0.115 14788 0.256 35068 0.607 30.3 0.47 2.69 
Singapore 1994 1281 0.046 1420 0.051 13029 0.465 16767 0.599 20.4 0.56 10.17 

Korea 1993 75778 0.172 145948 0.331 367846 0.834 730346 1.655 31.2 1.34 4.85 
Taiwan 1993 16823 0.080 32757 0.157 179094 0.857 303964 1.454 42.3 1.09 10.65 
Indonesia 1992 22394 0.012 13117 0.007 205086 0.109 315325 0.167 13.4 0.13 9.16 
Malaysia 1990 8775 0.049 4557 0.025 12693 0.071 32222 0.180 21.4 0.15 1.45 
Thailand 1992 77098 0.135 1292 0.002 105149 0.185 249952 0.439 15.9 0.32 1.36 
China 1993 95492 0.008 174862 0.015 1156735 0.098 1831966 0.155 31.7 0.12 12.11 
India 1990 869119 0.102 .. 216837 0.025 1236414 0.146 27.9 0.146 0.25 
Pakistan 1991 29433 0.025 41244 0.035 75168 0.065 34.0 0.065 2.55 

Memo Item: Some OECD Countries 

Japan 1991 59030 0.048 20891 0.017 488699 0.394 730637 0.590 19.6 0.46 8.28 
France 1991 266299 0.467 N/A N/A 123514 0.217 614159 1.078 21.2 0.68 0.46 
Germany 1993 310435 0.384 N/A N/A 389182 0.481 805801 0.997 37.3 0.87 1.25 
Netherlands 1992 16707 0.110 8742 0.058 N/A N/A 137510 0.905 N/A 0.17 N/A 
UK 1992 105983 0.183 76430 0.132 219078 0.378 596404 1.029 26.3 0.69 2.07 

USA 1990 496415 0.199 525067 0.210 801126 0.320 3676985 1.471 13.3 0.73 1.63 

Sources: UNESCO, Statistical Yearbook 1995; Government of Taiwan, Taiwan Statistical Yearbook, 1994; data from Ministry 
of Education, Singapore. 
Notes: (a) All technical subjects include the three categories earlier plus medical, architecture, trade & crafts, and transport 
& communications. 



In natural science, the Asian countries lag behind the OECD countries, where 
France and Germany lead. Korea has by far the highest proportion of science 
enrollments in Asia; Taiwan has a relatively low figure, trailing Thailand and 
Hong Kong. In mathematics and computer science, Korea leads both Asian 
and OECD countries; in relation to the size of the population, its enrollments 
in this field are over twice that of UK and Japan (German and French data are 
not available separately) and 58% higher than in the USA. The nearest Asian 
follower, Taiwan, has less than half the proportion its population in these dis
ciplines, though it leads most European countries (but not the USA). Hong 
Kong performs better here than Singapore; this may seem surprising in view 
of their production structures, but the competitive edge of Singapore lies in 
production of electronic hardware rather than computing - and here it is 
engineering and production-related training that is important. 

Engineering is strongly emphasized in most, but not all, Asian countries. Korea 
has 0.83% of its population enrolled in engineering and Taiwan 0.86% (it is 
worth noting that the absolute number of Korean engineering students is 70% 
larger than India's). Singapore follows far behind with 0.47%. China's figure 
is only 0.1 %, but its size means that its 1.2 million engineering enrollments 
are almost equal to the entire EU's 1.23 million. Indonesia is notable for the 
rapid expansion of enrollments in engineering; the percentage of the total 
population in this field is now four times higher than India. The two large 
Tigers are well ahead of the OECD countries, where Germany leads with 
0.48%; they enroll over twice the proportion of their populations in engineer
ing than the USA (0.32%). 

We may compare relative enrollments in engineering and natural science, an 
indicator of the emphasis on the practical versus the theoretical aspects of 
technology. In Asia, there is clear bias towards engineering. Only India has 
more enrollments in science than engineering. China is at the other extreme, 
with a ratio of engineers to scientists of 12. Japan has a ratio of 8, Taiwan 11, 
Singapore 10 and Korea 5. In Europe and the USA, the norm is 2 or below, 
with France having more enrollments in science than engineering. This may 
have implications for coping with new technologies, but it is difficult at this 
stage to discern this clearly: arguments may run both ways, depending on 
emerging skill and knowledge requirements. 

3.3. R&D Activity 

Though Asian countries are highly dependent on technologies imported from 
the mature industrial countries, they undertake significant technological activity, 
to absorb complex technologies, adapt and improve upon imported knowledge, 
and, increasingly, create new technologies. The extent of formal R&D does 
not capture the full extent of technological activity, but it is one activity on 
which comparable data are available. Moreover, it is arguable that with growing 
industrial maturity, formal research activity becomes a more accurate measure 
of inter-country technological differences. 
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Table 7: R&D Expenditures 

Country Year As% of GDP 
Total By industry 

Hong Kong 1995 0.1 N/A 
Singapore 1992 1.0 0.6 
Korea 1995 2.7 2.0 
Taiwan 1993 1.7 0.8 
Malaysia 1992 0.4 0.17 
Thailand 1991 0.2 0.04 
Indonesia 1993 0.2 0.04 
China 1992 0.5 N/A 
India 1992 1.0 0.22 
Pakistan 1987 0.9 0.0 

Memo Item: Some OECD Countries 

Japan 1995 3.0 1.9 
France 1994 2.4 1.5 
Germany 1991 2.3 1.5 
UK 1994 2.2 1.4 
USA 1995 2.4 1.7 

R&D per 
capita($) 

19.8 
153.6 
271 .1 
179.6 

11.2 
3.1 
1.5 
2.4 
3.1 
2.6 

1225.6 
544.8 
674.8 
383.6 
655.2 

Sources: UNESCO, Statistical Yearbooks; STEPI (1997) ; Taiwan Government 
(1994). 

Table 7 shows R&D as a proportion of GDP in emerging Asia. The clear 
leader is Korea, which now spends 2.7% on this activity, just behind a few of 
the technological leaders in the OECD, though in per capita terms it is still 
one-third of the US and 23% of Japan. Over 80% of Korean R&D is financed 
by enterprises rathe r than the government, making its private R&D/GDP ratio 
one of the world 's highest. 2• Taiwan comes next in emerging Asia, with per 
capita spending sl ightly higher than Korea . However, more than half of 
Taiwanese R&D comes from the government: its SME-dominated industry 
means that a large part of the private sector is unable to undertake expensive 
research. The government compensates with an extensive infrastructure of 
public institutions that offer extension, contract R&D and productivity 
improvement services for the SMEs (Lall, 1996). 

Private industrial R&D is relatively weak in the other Asian countries. Singa
pore has increased enterprise R&D in recent years, but much of it is in foreign 
affiliates and universities and may not feed into the capabilities of local firms. 
Hong Kong, in line with its specialization in low-technology activities, lacks a 
significant R&D base. There are pockets of technological development in 
large economies like China and India, some of it quite advanced (space and 
defense technology in China or chemicals and pharmaceuticals in India) , but 



much of the industrial sector does not invest in significant R&D. Of the new 
Tigers, only Malaysia has some R&D capability, but this is largely confined to 
the product engineering units of a few large MNCs (the bulk is in 25 electronics 
firms, World Bank, 1996). Pakistani industry conducts practically no formal 
R&D. 

Table 8: Scientists, Engineers and Technicians in R&D 

Country Year R&D S&E R&D technicians 
perm. pop. perm. pop. 

Hong Kong 1990 N/A N/A 
Singapore 1987 1284 583 
Korea 1992 1976 347 
Taiwan 1991 1673 573 
Indonesia 1988 181 N/A 
Malaysia 1988 326 69 
Thailand 1991 174 51 
China 1992 1129 428 
India 1990 151 114 
Pakistan 1990 56 80 

Memo Item: Some OECD Countries 

Japan 1992 5677 869 
France 1991 2267 2972 
Germany (a) 1989 1634 867 
Netherlands 1991 2656 1777 
USA 1988 3780 

Sources: UNESCO, Statistical Yearbook 1995; Taiwan Province of China 
Statistical Data Book, 1994. a) Former Federal Republic only. 

Table 8 shows R&D manpower per million population. Korea has the highest 
number in developing Asia, followed by Taiwan, Singapore and China (which 
apparently has 1.3 million scientists and engineers in R&D, higher in abso
lute numbers than the USA, under 1 million). Malaysia follows some distance 
behind; Indonesia, India and Thailand come next with roughly equal numbers 
of R&D scientists and engineers. Pakistan again lags well behind the other 
countries. The leading Asian economies are still a long way from technological 
leaders like Japan, but Korea and Taiwan now have more R&D scientists and 
engineers per head than (pre-unification) Germany and not too far behind 
France. 
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3.4. TFP Growth 
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A number of exercises have been done recently on total factor productivity 
growth (TFP) growth in East Asia.25 These have given rise to debate on whether 
growth in the East Asian economies was driven more by high rates of factor 
accumulation (which they clearly had) or by TFP increases. This 'growth 
accounting' does not, at first sight , seem to concern the present discussion of 
technological capabilities. However, in the neoclassical growth accounting 
approach , the TFP 'residual' measures economy-wide technical progress (i .e. 
after the contribution of the primary factors , physical and human capital and 
labor, have been taken into account) . The TFP findings have three implications 
for our discussion. 

If TFP growth is low in the Tigers, there has been little technical progress 
and, by implication, little technological effort . This implies that low 
technological capabilities are no barrier to using new technologies 
successfully, contrary to the arguments of this paper. 
The relative rates of TFP growth between the Asian economies may be a 
good indicator of their technological capabilities, and give a different ranking 
of capabilities than the export , educational and technological data used 
here. 
If simple accumulation is the real explanation of growth in East Asia, then 
all governments have to do is to ensure the right macroeconomic conditions 
for high rates of saving and foreign investment inflows, and mount functional 
interventions to ensure that human capital formation takes place . There is 
no role for technology policy, nor for selective interventions in trade and 
industry. 

The data provided by Young (1994 .a) suggest that TFP growth rates over 
1960-93 in East Asia were moderate : Hong Kong achieved the highest (2.2%), 
followed by Taiwan (1.8%), Korea (1 .2%) and Singapore (-0.4%). These figures 
are similar to those achieved by the OECD countries or Latin America. The 
ranking of countries differs from the one derived here. Does this mean, then , 
that there was little technological effort in Asia, using technologies depended 
solely on factor accumulation , the rankings yielded by our more structural 
indices are wrong, and there is no need to consider policies apart from the 
'market friendly' ones espoused by neoclassical economists? 

Not necessarily. The TFP approach suffers difficulties that qualify its results 
significantly.26 At the less significant level , there are well-known data and 
methodological problems. The measurement of the basic factors , in particular 
physical capital , is fraught with problems. TFP estimates capture a range of 
other influences than technology, such as capacity utilization, increasing re
turns to scale and imperfect competition (Hall , 1990). This is why different 
estimates come up with widely varying results : in contrast to the Young results, 
for instance, the World Bank (1993) finds that the East Asian Tigers had 
relatively high rates of TFP growth. Moreover, the estimates cover entire 
economies rather than just the manufacturing sector, which is our present 
concern. 



The real problem with the approach arises, however, at a more fundamental 
level. TFP estimation is based on an identity, and cannot, as such, distinguish 
the validity of different underlying causal relationships .27 However, its 
underlying theory makes certain critical assumptions of the standard 
neoclassical type, involving perfect markets, no technological learning, equal 
access to information, and so on. These assumptions constrain the estimations 
and determine the nature of the results - with different assumptions, the 
estimations could yield quite different results from the same data. The existing 
calculations per se cannot determine which set of assumptions is more valid: 
this can only be decided on the basis of theory and empirical analysis. 

Cappelen and Fagerberg (1995) put this as follows, "For the Young-Krugman 
interpretation to be credible, it is not enough to argue that the predictions of 
the theory seem to fit the evidence, when this evidence may equally well be 
consistent with other theoretical perspectives. Rather, what should be done 
is to show that the assumptions of the theory (on which the interpretation is 
based) suit the East Asian experience. Thus, one has to ask questions of the 
type: Did perfect competition prevail (i.e. no large firms with market power, no 
economies of scale and so on)? Was new technology equally available to all 
firms , domestically as well as abroad, independently of factor accumulation 
(and other efforts)? As long as these (deeper) questions are ignored, studies 
of the type presented by Young should be regarded as descriptions, reflecting 
among other things the underlying assumptions, rather than tests ... exercises 
of this type are not well suited for making judgments on causality. " (p. 185) 

As far as technological capability is concerned , the assumptions on technology 
make TFP exercises particularly ill-suited to assessing technological 
competence and effort - learning, technological lags and market failures are 
simply ruled out by the model. It is taken as a premise that factor accumulation 
takes place along a given and known production function along which firms 
move smoothly, without any additional risk , effort or cost and in a world with
out externalities or market failures (Nelson and Pack, 1996). There is therefore 
no interaction between accumulation (moving into more capital and skill 
intensive technologies) and technological effort : technical change comes only 
from a shift of the function. In real life, as shown by numerous detailed stu
dies, this distinction between moves along and of the production function is 
untenable. The process of simple accumulation (if efficiently carried out) 
requires enormous technological effort, which must vary according to the 
nature and complexity of the technologies used, the extent of linkages with 
other activities, the risk and duration of the learning process, and the degree 
of depth to which local capabilities are developed. 

In the standard TFP model, where all capital accumulation is assumed to 
occur without technological effort, the residual cannot show such effort . In a 
realistic world, such as the one we have been considering, it is not clear what 
the residual does capture. Clearly, when some countries are moving into very 
complex and demanding technologies with considerable indigenous absorptive 
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effort, TFP exercises do not serve as reliable guides to technological 
capabilities, and we have to return to other indicators of technological effort. 
This also has implications for government policy. In the TFP model , the 
government only appears as the facilitator for the main engine of growth, 
factor accumulation. It has, on neoclassical assumptions, no role in influencing 
resource allocation between activities. Once the assumptions of accumulation 
without learning and perfect markets are dropped, however, there immediately 
appears a strong potential role for the government in overcoming the failures 
that affect technological development. These interventions often have to be 
selective. 

In sum, the TFP approach does not further our analysis, and its results do not 
negate our ranking of capabilities. Nor does the supposed debunking of the 
Asian 'miracle' add anything to the understanding of the role of governments, 
since much of this role is simply assumed away. 

3.5. Summing Up 
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Given the risks inherent in assessing something as amorphous as 'national 
technological capability', the measures given here are admittedly rough and 
impressionistic. Nevertheless, they are quite useful. Policy makers and 
analysts do think in terms of technological strengths and weaknesses, leads 
and lags, and 'national innovation systems'.28 If the earlier argument about 
learning and capabilities has any validity, it is worthwhile making an 
assessment of future technological prospects. 

Of the ten emerging Asian economies considered here, Korea stands out as 
the clear technological leader on almost every criterion. Its industrial sector 
has considerable depth and integration, with competitive capabilities over a 
very wide range of activities (including practically all heavy producer goods 
industries) which have been developed largely without reliance on direct foreign 
investment, largely on the basis of indigenous learning, skills and R&D effort. 
Its leading firms are multinationals in their own right in many 'frontier' activities, 
challenging established MNCs in their home ground and competing in 
industries where it was thought that developing country firms could not play 
an independent role. Korea is followed by Taiwan, which has a narrower 
industrial base and a preponderance of SMEs. This gives it more flexibility 
but less depth in technology generation; as the industrial sector approaches 
technological frontiers this may prove a disadvantage (this may account for 
the fact that Taiwanese manufacturing output and manufactured exports have 
been growing consistently slower than Korea's over the past decade or more, 
see Annex 2). Nevertheless, some of its leading firms are world leaders in 
their technologies; its superlative network of technology support institutions 
gives the smaller enterprises the back-up they need to keep up with 
technological change. 

Of the smaller Tigers, with narrower spheres of competence, Singapore is 



distinctly ahead of Hong Kong in technological terms. Despite its smaller size 
and higher wages, which may be expected to lead to faster 'deindustrialization', 
Singapore continues to register among the highest rates of industrial and 
export growth in the region, while Hong Kong is suffering a rapid contraction 
of its manufacturing sector (Annex 2) and falling (own) exports. Their industrial 
structures have diverged greatly, Singapore transforming itself into a center 
for high-tech electronics and chemicals production (with concomitant 
technological capabilities), Hong Kong remaining in light consumer goods 
with low technological content. The Hong Kong economy has continued to 
grow by moving into services largely directed at the mainland, but its rate of 
growth is lower than that of Singapore (which has also increased its service 
sector considerably without running down industry). However, Singapore's 
edge lies in providing an efficient and high skill base for MNC activity rather 
than in its own technological capabilities. These capabilities are growing, partly 
as MNCs are induced to set up research facilities there in certain selected 
areas, but they are not comparable to those in the larger Tigers. 

In terms emerging technologies, Korea and Taiwan seem the best placed in 
the foreseeable future. Korea has an edge over Taiwan in the most R&D
intensive activities, where it seems set to emerge as a technological leader. 
Taiwan has smaller niches of innovativeness, in which it is likely to remain an 
advanced production center. Singapore will also participate fully and at the 
high value-added end, but not in the creation of new technologies. It is making 
efforts to induce MNCs to relocate R&D activities to Singapore, but this is 
likely to succeed in only a few cases. Hong Kong (if it were not being absorbed 
by the mainland) would be set to reversion to an entrepot for China, with little 
technological base beyond design and marketing of low-technology consumer 
goods. 

None of the new Tigers has a significant technological base. 29 Their high 
dependence on FOi for technology upgrading and diversification has served 
them extremely well in the past, but they are conscious of the constraints of 
this strategy. They are making efforts to upgrade from essentially low-level 
assembly to more value-added manufacturing with deeper local roots, and to 
develop their 'know-why' bases by trying to raise local content , encouraging 
technological activity, building technology institutions and/or entering higher 
technology activities with state-owned enterprises (the last in Malaysia and 
Indonesia). The results so far are mixed. There are a few successes, but 
these are insufficient to influence the technological base as a whole and they 
are not developing a tradition of autonomous R&D in the private sector. They 
suffer from shortages of technical manpower that will prevent them from 
following an aggressive FOi-targeting strategy like Singapore (the new rules 
of international investment would in any case limit such efforts). 

On present trends, the new Tigers seem set to remain efficient implementers 
of new technology, as producers at low to medium levels of technological 
sophistication. Domestic firms will dominate in the simpler technologies, and 
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MNCs in high-tech ones. This may allow them to sustain high rates of growth 
as in the past; on the other hand, with strong competitive threat from lower 
cost economies or those with larger technological bases, they may lose 
momentum as these competitors offer similar incentives to foreign investors 
and improve their infrastructures. As their initial advantages erode, continued 
growth will depend on the success of their efforts to move up the technological 
ladder. 

Of the larger economies, China and India have deep and diverse industrial 
sectors that suffer serious technological and organizational lags. They have 
the domestic market size, experience and proven research skills to move to 
high levels of production and innovation in new technologies, but to achieve 
this on a wide basis would require further massive reforms to the incentive 
systems and a reduction in the past role of the government in the economy. In 
the longer term, it would also call for large investments in high level technical 
manpower (and physical infrastructure, of special importance to these 
economies). Pakistan combines the weaknesses of several countries in the 
group, with a weak industrial structure, low attraction to FOi , a small human 
capital base, and minuscule levels of local technological activity. Unless all 
these are improved, it seems poorly placed to participate in the new 
technological paradigm, even as an implementer of know-how. 

4. Role of Governments 

80 

The arguments above suggest that maximizing the national benefit from new 
technologies requires considerable domestic capabilities. These capabilities 
have to go beyond those of an efficient low-end user of advanced technologies 
(know-how) to those needed for more complex production with those 
technologies, and finally to having some autonomous innovative capability 
(know-why) . A few countries in emerging Asia have already established the 
necessary base , and will share fully in the rewards of the new technologies 
as users and innovators. Others have developed operational capabilities and 
will benefit as efficient producers as long as they can retain a competitive 
edge; in the longer term they will have to deepen their technological capabilities. 
Others have the potential to develop deep capabilities but will have to undergo 
massive reforms. Still others have neither an efficient production base for 
new technologies nor the immediate prospect of deepening their technology 
base. 

There are important lessons to be drawn from the technological successes of 
the three leading Tigers. Each adopted strong policies to boost its technological 
development but guided by very different strategies: Korea, with a strongly 
national-based and targeted drive into heavy, high-tech industry; Taiwan , with 
an SME-dominated structure guided by the government into skill and 
technology intensive activities, with inputs from selectively used FOi and a 
superlative extension and technology support system; and Singapore, with 
its targeted use of FOi to upgrade industry into an advanced and specialized 



center for production , fully integrated into the global system of leading MNCs. 
Each had very active interventions, with a mixture of functional and selective 
elements. All.demonstrate _that selectivity can shape the industrial and 
technological structure in beneficial ways, and governments do not fail in 
improving upon imperfect markets. 

Let us briefly consider the policy lessons under each main determinant of 
technology development, focusing on technology policies specifically. 

Incentives: Each of three technological leaders in emerging Asia acted upon 
the incentive regime in the context of a strongly export-oriented regime -
this openness and close contact with the world market was crucial to the 
success of their strategies. Korea had the strongest ambitions to develop a 
diverse, deep and advanced industrial structure, and had to mount the most 
comprehensive set of interventions to achieve this in a relatively compressed 
period. 30 These interventions included quantitative and tariff restrictions on 
imports, strong export subsidies and targeting, subsidized and guided credit 
and the promotion of giant conglomerates. These interventions shaped the 
nature of industrial developmer'lt at a very detailed (often product and 
technology) level, and with it the technological effort that was needed to 
compete in world markets, export orientation providing the discipline on firms 
and bureaucrats. Entire sets of heavy industries were promoted together to 
exploit linkages and externalities, with changes being made as events unfolded 
and some activities proved unviable. 

Taiwan did not have the political economy to mount such detailed interventions, 
but did use trade policies to guide the technological upgrading of the economy 
very successfully. Public enterprises were used to enter areas where the pri
vate sector was reluctant. However, it could not achieve the industrial depth 
achieved by Korea. Singapore used FDI targeting and incentives within a 
free trade context to upgrade industry from its simple initial stages to capital, 
skill and then technology intensive activities, targeting particular industries 
and then mounting concerted campaigns to realize their entry and growth. As 
with Taiwan, public enterprises were used to spearhead particularly difficult 
activities. 

The market failures addressed by these policies were noted above : 
unpredictable, risky and variable costs of learning , externalities, capital market 
deficiencies and coordination problems, which lead in free markets to 
underinvestment in demanding and linkage-intensive technologies and to 
s_hallow learning. In addition there was a strong element of creating new mar
kets, leading the industrial sector in new directions, that are difficult to describe 
as remedying 'market failure' in the strict sense of restoring a static competitive 
equilibrium: the interventions were determined by strategic objectives rather 
that achieving efficient market clearing with existing factor endowments. 
The nature and extent of interventions depended upon these objectives, 
concerning the nature of the new technologies to be mastered and the depth 
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of local capability desired within those. Korea, with the strongest ambitions, 
had to mount the most pervasive and detailed interventions. Singapore, on 
the other hand, content to stay in the MNC framework at the production end 
of selected advanced technologies, could combine free trade with incentives 
to foreign investors and the provision of skills. Its technology strategy entailed 
lower levels of local learning than in Korea (even within similar technologies), 
so the protection was less. The contrast between Singapore and Hong Kong, 
both practicing free trade, should also be noted: the latter had no targeting or 
deliberate upgrading of FDI, and so experienced little deepening of the 
industrial sector, and subsequent 'hollowing out' at wages lower than in Sin
gapore. 

The lessons for countries that wish to deepen the industrial structure depend 
on their present situation and strategies. For those that have strong indigenous 
industrial groups, a degree of promotion of entry into complex technologies 
would seem to be desirable, if this is done in a strongly export-oriented set
ting, factor markets are adequate, and their bureaucrats have the information, 
skills, honesty and independence to mount selective policies. Countries that 
already have highly protected industrial sector already engaged in heavy 
industry, but brought up under the irrational and pervasive umbrella of strong 
import-substitution, there is a need for considerable liberalization before any 
selectivity is considered. For those that wish to rely on FDI, a strategy of 
guidance for entry and upgrading is needed, again if combined with the skills 
and infrastructure needed to attract MNCs, and the bureaucratic information, 
skills and efficiency entailed. 

Factor markets and institutions: Each of the successful Tigers also intervened, 
often selectively, in factor markets to ensure that these cohered to the targeting 
pursued elsewhere. In human capital markets, they intervened pervasively to 
boost enrollments and focus them on technical fields. The specific subjects 
were often in line with technologies chosen for encouragement. Industrial 
training was encouraged by subsidies to or levies on firms, with considerable 
investment in government training institutions. Efforts were made to gear train
ing to emerging technological needs, often by getting industry involved in the 
management of training and education institutions. The data given earlier are 
sufficient testimony to the efficacy of these interventions, and to their relative 
weakness in the non-Tiger economies. 

In technology development, interventions differed by national objectives on 
building up domestic capabilities. The Tigers with the strongest R&D ambitions 
undertook a range of targeted interventions to promote technological activity. 
These ranged from infant industry promotion and the support of large firms to 
credit subsidization, technology targeting, FDI restrictions, the development 
of research institutions and extension services and the financing of links be
tween industry and universities (below). The strongest impetus came, however, 
from the strong export-orientation of the regime, which forced firms to invest 
in formal R&D to absorb new technologies to 'best practice' levels, enter new 



areas and lower the costs of importing technology. A great deal of technological 
effort in the early years was based on copying foreign technologies, and the 
countries adopted a fairly relaxed attitude to intellectual property protection . 
As the industrial sectors matured and approached nearer to technological 
frontiers, local R&D needed greater protection ; in addition , pressures for 
stronger intellectual property regimes grew internationally. Today, the Tigers 
have become, or are becoming, quite strict on patent, copyright and brand
name laws, though lapses still occur. 

In Korea, the desire to have a local base capable of autonomously absorbing, 
and then creating, technologies led to a heavy emphasis on externalized 
modes of technology import. The surge in Korean technological activity was 
the result of policies to enter heavy industry, promote the chaebol (which 
account for the bulk of R&D expenditures, see Kim, 1997) while forcing them 
to enter export markets, import technology at arm's length and support R&D 
by several other incentives and subsidies. 3' The government targeted strategic 
technologies for promotion, often by getting private industry to collaborate 
with public research institutes in projects paid for by the government. The 
financing of technology expenditures was also fostered by a large number of 
subsidized credit and venture capital schemes (Korea has the largest 
indigenous venture capital industry of developing countries in Asia). 

In Taiwan much effort went into setting up research institutions that could 
import technologies and diffuse them to its SMEs; in some cases, the 
government itself set up joint ventures with foreign companies to import very 
advanced technology (as with Philips for semiconductor manufacture). FDI 
was induced by local content rules and other incentives to diffuse technology 
to local suppliers and competitors. There was very active technology targeting .32 

Private R&D was encouraged by a variety of incentives: provision of funds 
for venture capital; financing for enterprises that developed 'strategic' industrial 
products (of which 151 were selected in 1982 and 214 in 1987); measures to 
encourage product development by private firms by providing matching inter
est-free loans and up to 25 percent of grants for approved projects; 33 full tax 
deductibility for R&D expenses, with accelerated depreciation for research 
equipment; special incentives for enterprises based in the Hsinchu Science 
Park (with government financial institutions able to invest up to 49 percent of 
the capital); and requiring larger firms (turnovers exceeding NT$300 m.) to 
invest (0 .5-1 .5 percent of sales , depending on the activity) on R&D. The 
government also launched large-scale research consortia, funded jointly with 
industry, to develop critical industrial products such as16M DRAM and 4M 
SRAM chips . 

Singapore has, despite its dependence for basic technology from MNCs, 
several programs to strengthen local technology (Lall, 1996) . In 1962 it 
launched a fund to help SMEs modernize their equipment. In the mid-1970s 
several other schemes for financial assistance were added , of which the most 
significant was the Small Industries Finance Scheme to encourage 
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technological upgrading. The 1985 a Venture Capital Fund was set up to help 
SM Es acquire capital through low interest loans and equity. In 1987, a US$519 
m. scheme was launched to cover eight programs to help SMEs, including 
product development assistance, technical assistance to import foreign 
consultancy, venture capital to help technology start-ups, robot leasing, trai
ning, and technology tie-ups with foreign companies. 34 Over 1976-88, total 
financial assistance by the Singapore government to SM Es amounted to S$1.5 
billion. In 1991 the Singapore government launched a technology plan with 
an R&D target of 2% of GDP by 1995 (in the early 1990s the figure was 
around 1 percent). It selected a number of sectors for technology 
development35 , and established a S$2 billion fund for R&D. It launched public 
R&D facilities, as in biotechnology, to catalyze research in selected activities, 
getting world class researchers to come to Singapore and then getting pri
vate firms to participate in the research. 

Technology support is also an active area of policy in the new Tigers, but has 
a long way to go before it can match the depth and reach of the above 
countries. 36 India is in the midst of a thorough-going reform of its public R&D 
system, trying to make it more relevant to the needs of industry; the initial 
results are quite encouraging. Similar efforts are under way in China and 
Pakistan, but this author is unable to comment on them. 

In general, government technology institutions have not been very effective 
in stimulating industrial technology development in most countries, but the 
experience of the Tigers and some advanced industrial countries suggests 
that they can be.37 The scarcity of resources and skills for such institutions 
means that they should be carefully targeted at activities that will be most 
relevant and useful for preparing industry to cope with new technologies. The 
institutions should have significant private sector inputs into their manage
ment and operations, and their incentive structures should be such that staff 
spend much of their effort in applied technological work rather than in pure 
science. 

FDI will have to play a more prominent role than in the past as an agent of 
technology transfer and technological activity. The kinds of selectivity used 
by Korea and Taiwan may not be feasible in the near future, and it is likely 
that most countries will offer similar sets of incentives and 'level playing fields' 
to all investors. This does not mean that FDI can be left passively to market 
forces. On the contrary, there may be market failures in attracting MNCs, 
allocating their investments and upgrading their technologies over time. A 
pro-active strategy of targeting FDI and inducing it into more complex activities 
has proved to be extremely effective, and some such strategies may remain 
feasible in the future. Of course, no amount of targeting can work if local 
factor markets are not appropriate for high value-added activities by MNCs 
- this requires large investments in education and training, suppliers, 
infrastructure and support institutions. 



Notes 

As far as capital markets are concerned, selective interventions were rife in 
the larger Tigers. Theory suggests that these were necessary, and the evidence 
that they were effective (Stiglitz and Uy, 1996) . There are certainly dangers 
inherent in allocating capital and subsidizing it to particular users, and the 
experience of capital market interventions elsewhere has not been happy. 
However, the Tigers' experience suggests that financial targeting should not 
be ruled altogether, if it is part of a carefully formulated industrial strategy and 
is flexibly and competently administered - otherwise it can lead to waste, 
rent seeking and technical inefficiency. 

There is no single optimum path to technological development: a number of 
different strategies are possible, depending upon each country's objectives 
and political economies. There are necessarily some common elements, such 
as the creation of human capital, efficient technology support systems, access 
to new technologies, and close contacts with world markets. However, many 
other critical elements of strategy can differ, and these determine the resulting 
industrial structures and technological bases. We must note, however, that 
many of the interventionist strategies noted above are not feasible in the 
emerging international rules of the game of trade, investment and political 
relations. The growing convergence of policies enforced by these rules has 
many beneficial effects, but also significant potential costs. And its underlying 
philosophy is driven more by faith than rationality and evidence. 

I am grateful to the participants at the STEP/ conference for comments and to 
Professor Nelson for subsequent suggestions on an earlier draft. 

2 See Richardson (1996), based on his pioneering work in the 1960s. Also see Stiglitz 
(1996) for a succinct review of the relevance of recent information theory for industrial 
policy in developing countries. 

3 See, for instance, Krugman (1996) . 
4 See, among others, Bell and Pavitt (1993), Dahlman, Ross-Larson and Westphal 

(198 7), Enos (1992), Evenson and Westphal (1995), Katz (1987), Lall (1992), Pack 
(1992), Pack and Westphal {1986), Teitel (1994) and Teubal (1996) . 

5 The theoretical antecedents of this are the 'evolutionary' theories of change 
developed by Nelson and Winter (1982). For extensions and related approaches 
see Dosi (1988) , Dosi et al. (1988), Metcalfe (1995), Stiglitz (1987, 1996). 

6 The dynamics of firm capability building is a large and complex subject that cannot 
be tackled here, but another paper in this volume (Teece, 1997) deals with it in 
greater detail. 

7 Bell and Pavitt (1993), p. 168. 
8 See Greenwald and Stiglitz (1986), Richardson (1996), and Stiglitz {1996, 1997). 
9 Cantwell (1989). 
10 Though it is convenient to use the 'market failure' terminology to discuss the role of 

government interventions, it may not be the most appropriate framework for analyzing 

85 



86 

policy in developing countries, especially where technological change is concerned. 
'Market failure ' in neoclassical theory is a deviation from a market clearing equilibrium 
under conditions of pet1ect competition, and the remedy is to return to (a theoretically 
achievable) static optimum. This may not be possible, or even desirable, in mark
ets that characterize modern industry. Some argue that pet1ect competition is 
undesirable as a theoretical construct under conditions of increasing returns and 
uncertain and unpredictable technological change (Richardson, 1996). Information 
economics suggests that whenever information is imperfect, externalities 'diffuse' 
and markets incomplete (including all future markets for risk), invariably the case 
with technical change, free markets cannot in principle meet the strict requirements 
of optimality in resource allocation (Stiglitz, 1996). It is misleading to think of market 
failure as something that can, or should, be 'remedied' in order that the economy 
can be brought back to a desired (static) optimum (Lipsey, 1994). In developing 
countries, where technological learning is essential to industrial development, 
externalities are rife and markets highly imperfect - indeed, when new markets, 
agents or endowments are being created - it is difficult to describe policy as 
'remedying market failure' in the neoclassical sense. Where economies of scale 
exist in intermediate products, leading to multiple equilibria (Rodrik, 1996), 
government policy should aim to move from low to high productivity/ technology 
paths. Again, this is not really dealing with 'market failure ' since equilibrium could in 
theory be reached in any of the multiple possibilities. However, this paper cannot 
deal with such fundamental issues. We continue to use the market failure terminology 
for purposes of exposition, but remind the reader that the term includes strategic 
interventions that have little to do with achieving static resource optimization. 

11 See, for instance, World Bank (1993) for the espousal of functional interventions, 
and Amsden (1989, 1994), Pack and Westphal (1986), Lall {1992, 1994, 1996), 
Wade (1990, 1994), on the need for selectivity. 

12 For theoretical expositions, see Rodrik (1996), Stiglitz (1994, 1996), and Lall {1996). 
13 These conditions are: strong leadership commitment to competitiveness, flexibility 

in policy making, skilled and insulated bureaucracy, supporting interventions in 
factor markets, close interaction with industry, and exposure to export competition 
(while retaining a protected domestic market to cushion learning) to discipline both 
firms and the government The World Bank {1993) documents some of these in the 
East Asian case, even though it comes out against selective trade interventions. 
Also see Stiglitz (1994, 1996), and for a critique of the Bank analysis Lall (1994). 

14 OEM refers to 'original equipment manufacture', where a developing country firm 
makes to designs and specifications provided by a foreign firm, which sells the 
product under its own name. Most of the high-end technological and marketing 
activity remains with the foreign firm, with its concomitant value added and learning. 
For an analysis of OEM as a means to export growth in East Asia see Hobday 
(1995) . 

15 The threshold effects of market size during development are investigated by Murphy 
et al. (1989). 

16 Physical infrastructure is vital, but this is obvious and need not be separately 
discussed here. 

17 Stiglitz (1996), Stiglitz and Uy (1996). 
18 However, Krugman argues that, despite the theoretical case for interventions, a 



'Realist' (which presumably he considers himself and all those who agree with him) 
"does not share the interventionist propensities of the Strategist, because he regards 
acting on the theoretical possibilities for activism to be virtually certain to do more 
harm than good." (1996, p. 23). 

19 Note that the data for Singapore and Hong Kong exclude re-exports, which ac 
count for 40% of total merchandise exports for the former and 81 % for the latter. 

20 Data for the Tigers go up to 1994, the others to 1992. The calculations are at the 2-
digit SITC level. I am grateful to Simon Dradri for his help with the data. 

21 See, of the vast literature, Amsden (various), Wade (1990), World Bank (1993), 
Pack (1997), Pack and Westphal (1986), Westphal (1990), Stiglitz (1996), Rodrik 
(1995), Lall (1996). 

22 Pack (1997) has a stimulating analysis of the evolution of the education systems, 
and some of their differences, in the Tiger economies. 

23 The figure for Singapore is higher if polytechnic enrollments are included. According 
to data provided by the Coat Review Committee in 1996, polytechnic enrollment 
was nearly double that of universities in Singapore. However, these data are 
expressed as percentages of primary one cohorts rather than as the relevant age 
group, so we cannot compare them directly with the other countries. 

24 By 1993, Korea had nearly 100,000 researchers, up from 41 thousand in 1985 and 
a mere 10 thousand in 1975; the number of corporate R&D units had risen from 12 
in 1975 to 183 in 1985 and 1690 in 1993. See Kim (1997) for a more detailed 
analysis. 

25 For early results see Pack (1988), and for a recent exposition Barro and Sa/a-l
Martin (1995). The World Bank (1993) 'Miracle' study argued that conventional 
factors (capital and skill accumulation and labor) explained the bulk (60-90%) of 
East Asian growth, but that TFP growth was higher than in developed countries 
and other regions. Young (1994.a and b), using different data, reduced the role of 
TFP growth and strengthened that of physical investment, concluding that high 
rates of saving were the main engine of Asian growth. Young's data were used by 
Krugman (1994) to argue that the Asian 'miracle' was a myth, its economic challenge 

exaggerated, and the much-vaunted role of Asian governments fallacious. 
26 See Cappelen and Fagerberg (1995), Kwon (1994), Nelson and Pack (1996), Rodrik 

(1994, 1995) and, in more general terms, Stiglitz (1996). 
27 This point is made forcefully by Nelson and Pack (1996). This is why the same data 

yields different conclusions and rankings of countries according to TFP growth if 
assumptions regarding, say, economies of scale, are changed, as Kwon (1994) 
does with a reworking of the World Bank data. 

28 See Nelson (1993) and Lundvall (1991 ). 
29 On Malaysia see Lall et al. (1995), Lall (1995.b) and World Bank (1996), and on 

Indonesia see Lall and Rao (1996). 
30 As Pack (1997) notes, the need for intervention was less at the start of the 

industrialization process, when relatively simple, labor-intensive intensive techniques 
were being learned and the country's comparative advantage in these products 
drove its export engine. 

31 The Designated R&D Program has, since 1982, supported private firms undertaking 
research in core strategic technology projects in industry approved by the Ministry 
of Science and Technology. It funded up to 50 percent of R&D costs of large firms 

87 



88 

and up to 80 percent for SMEs. Between 1982 and 1993, this Program funded 
2,412 projects, which employed around 25,000 researchers at a total cost of around 
$2 billion, of which the government contributed 58 percent, resulting in 1,384 pa
tent applications, 675 commercialized products and $33 million of direct exports of 
know-how. Its indirect contribution in terms of training researchers and enhancing 
enterprise research capabilities was much larger. The value of grants under the 
Program in 1994 was $186 million, of which 42 percent was directed at high 
technology products like new specialty chemicals. The Industrial Technology 
Development Program was started in 1987 to subsidize up to two-thirds of the R&D 
costs of joint projects of national interest (National Research Projects) between 
private firms and research institutes. Between 1987 and 1993 this Program 
sponsored 1,426 projects at the cost of $1.1 billion, of which the subsidy element 
from the government was 41 percent. In 1994, the Program gave grants of $180 
million (with 31 percent going to high technology products), a significant increase 
from $69 million in 1990. The Highly Advanced National (HAN) Project was launched 
in 1992 to support the development of high-technology products in which Korea 
could become competitive with advanced industrial countries in a decade or two 
(Product Technology Development Project), and the development of essential 'core' 
technologies in which Korea wanted to have an independent innovative base (Fund
amental Technology Development Project). So far 11 HAN projects have been 
selected, and during 1992-94 the government provided $350 million of subsidies 
for them. In this brief period, the program resulted in 1,634 patent applications and 
298 registrations. Lall (1996). 

32 A Science and Technology Program was started in 1979, targeting energy, production 
automation, information science and materials science technologies for development. 
In 1982, biotechnology, electro-optics, hepatitis control and food technology were 
added to this list. In 1986, the current S& T Development Plan (1986-95) was 
launched, continuing the targeting of strategic areas of technology, setting a target 
for 1995 of 2 percent of GDP for total R&D. 

33 By the end of 1992, the government had granted NT$ 2 billion in matching interest
free loans and NT$ 1 billion in research grants, mostly to the information and 
communications industries. The provision of grants was limited to products involving 
'high technology', while loans were available, on approval, to most industries. 

34 In addition, the Singapore Institute of Standards and Industrial Research (SISIR) 
disseminated technology to SM Es, and helped their exports by providing information 
on foreign technical requirements and how to meet them. The National Productivity 
Board provided management advice and consultancy to SMEs. The Technology 
Development Center helped local firms to identify their technology requirements 
and purchase technologies; it also designed technology upgrading strategies. Since 
its foundation in 1989, the TDC provided over 130 firms with various forms of 
technical assistance. It also administered the Small Industry Technical Assistance 
and Product Development Assistance Schemes to help firms develop their design 
and development capabilities. It gave grants of over $1 million for 29 SITAS in the 
past 5 years, mainly to local enterprises. Its earnings have risen to a level where its 
cost-recoverable activities are self financing. 

35 These activities are: information technology, microelectronics, electronic systems, 
advanced manufacturing technology, materials technology, energy and water 



resources, environment, biotechnology, food and agro-technology and medical 
sciences. 

36 On Malaysia, see World Bank {1996), and on Indonesia, Lall and Rao (1995). 
37 However, Pack {1997) argues persuasively that even in the Tigers public technology 

institutions did not contribute very greatly to in-firm technological development. 
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Annex 1: Industries Classified by Technology 

Resource- Labor- Scale- Differentiated Science-
intensive intensive intensive based 

Food, beverages, Textile, wearing Paper, paper Engines and Other 
tobacco apparel and products, printing, turbines. chemical 

footwear publishing Agricultural products & 
(exc. pulp, paper machinery and pharma-
and paperboard) equipment. ceuticals 

Leather, exc. Furniture and Industrial Metal and Office, 
footwear and fixtures, (exc . chemicals woodworking computing 
wearing apparel primarily metal) machinery and 

Wood and cork Metal scrap, Rubber products Special industrial accounting 
products fabricated metal machinery machinery 
(exc. Furniture) products (exc. 

machinery and 
equipment) 

Pulp, paper and 'Other ' Iron and steel Machinery & Aircraft 
paperboard manufacturing industries 

equipment (exc. 
electric not else-
where classified) 

Petroleum Pottery, china, Electrical Professional , 
refineries. Misc. earthenware, machinery, scientific, 
products of glass and glass apparatus, measuring 
petroleum and products appliances and and 
coal supplies. controlling 
Other non- equipment 
metallic mineral Plastic products Watches and Bio-
products (not classified clocks technology 

elsewhere) 

Non-ferrous Transport Photographic 
metal basic equipment, and optical 
industries exc. aircraft goods 

Source: OECD, Structural Adjustment and Economic Performance, Paris, 1987. 
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Annex 2: Rates of Manufacturing Growth in Tigers (% p.a.) 

1980-85 1985·90 1990-93 
Hong Kong 3.0 2.9 -1 .1 
Singapore 1.3 10.3 4.4 
Korea 9.3 10.3 4.6 
Taiwan 6.5 5.8 3.4 

Sources : Calculated from UNIDO, Industry Global Report 1995. 
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Abstract 

The paper examines an innovation strategy-market-orientation . We develop 
a model of market orientation that links firm performance to the gap between 
the ideal and achieved levels of market orientation. The model also extends 
the existing literature on market orientation by (1) identifying antecedents of 
the ideal level of market orientation and (2) specifying firm-specific skills and 
organizational structures that influence the achieved level of integration. We 
test this model with data collected from 1,189 firms in the U.S., the U.K., 
Japan, and the People's Republic of China. The data analysis confirms that 
performance is a function of the market orientation gap and offers evidence 
of diminishing returns to increases in the achieved level of market orientation . 
The authors also find that the ideal level of market orientation is a function of 
competitive intensity, market turbulence, and innovation strategy. The data 
offer some evidence that firm skills and resources and organizational structures 
influence the achieved level of market orientation. 
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Introduction 
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To be market orientated or technology orientated in the innovation process? 
For many years innovation success has been linked to a firm's market 
orientation. Recent empirical work provides some support for this relationship 
(Barksdale and Darden 1971; Dickson 1992, 1996; Dickson and Ginter 1988; 
Felton 1959; Houston 1986; Jaworski and Kohli 1993; Kohli and Jaworski 
1990; Kotler 1977; Levitt 1975; McNamara 1972; Narver and Slater 1990). 
For example, Narver and Slater (1990) found a positive relationship between 
an aggregate measure of marketing orientation and return on assets. A 
subsequent study (Slater and Narver 1994) indicated that the same measure 
of market orientation was also positively correlated with sales growth and a 
measure of new product performance. Jaworski and Kohli (1993) reported 
positive relationships between a different measure of market orientation and 
subjective measures of overall performance, organizational commitment, and 
esprit de corps, but found no relationship between market orientation and 
market share. 
Attempts to identify moderator variables that influence the market orientation
performance relationship have met with less success. Kohli and Jaworski 
(1990) argued that the strength of the market orientation/performance 
relationship depends on environmental variables such as market turbulence, 
technological turbulence, and competitive intensity, but later empirical work 
(Jaworski and Kohli 1993) failed to confirm these hypothesized relationships. 
Similarly, Slater and Narver (1994) found little support for the hypothesized 
impacts of market turbulence, technological turbulence, and competitive 
hostility on return on assets, sales growth, and new product success. In a 
discussion of their empirical findings, the authors raised the following question: 
"Why should a market-oriented business necessarily by influenced by 
'environmental moderators?'" They continued: 
"With its external focus and commitment to innovation, a market-oriented busi
ness should be prepared to achieve and sustain an advantage in any 
environmental situation. Indeed, a substantially market-oriented business 
should find more opportunities in any environment than its less market-oriented 
competitors" (p. 53). 
Narver and Slater conclude: "the rebuttable presumption is that businesses 
that are more market oriented are best positioned for success under any 
environmental conditions" (p. 53). 

In this paper we test Narver and Slater's "rebuttable presumption" by 
distinguishing between the ideal and achieved levels of market orientation. 
This distinction follows from the work of Kohli and Jaworski (1990, p. 16), who 
spoke of the gap between a firm's current and "preferred" levels of market 
orientation. They concluded that "a market orientation may or may not be 
very desirable for a business, depending on the nature of its supply- and 
demand-side factors" (1990, p. 15). The importance of both demand-side 
and supply-side factors in determining the ideal level of market orientation is 
consistent with arguments that firm performance depends on the fit between 



strategy and environment (Hambrick 1983, Miles and Snow 1978, Miller 1988). 
For example, Miller (1988) found that the importance of product innovation 
and market differentiation rose was associated with higher levels of 
environmental uncertainty. In contrast, the importance of an internal focus on 
costs was associated with more predictable, stable environments. These 
results are consistent with the idea that the ideal degree of market orientation 
depends on the environment within which the firm operates. 
The research described in this paper examines in detail the Kohli and Jaworski 
concept of a preferred or ideal level of market orientation . In particular, we 
attempt to answer the following questions. First, what determines the ideal 
level of market orientation? Second, how does the firm's existing set of skills 
and resources influence the achieved level of market orientation? Third, how 
do specific organizational systems impact the achieved level of market 
orientation? Fourth, how is firm performance related to the gap between the 
ideal and achieved levels of market orientation? In the next section we describe 
a new theoretical framework to answer these questions. We then describe 
the preparation of our research instrument, our sampling procedures, and the 
administration of our questionnaires. After presenting our statistical analysis 
and results, we close with a discussion of research limitations, managerial 
implications, and directions for future research 

Conceptual Framework 

Recent research on market orientation has focused on the definition of the 
construct, the identification of antecedent variables, and the specification of 
co-determinants of business performance (Kohli and Jaworski 1990; Narver 
and Slater 1990). In this paper we both unify and expand this work. 
Specifically, the model in Figure 1 attempts to unify previous research by 
incorporating: 
(1) top management, interdepartmental, and organizational system variables 

identified by Kohli and Jaworski (1990) and Jaworski and Kohli (1993) as 
antecedent variables of the achieved level of market orientation; and 

(2) industry and firm descriptors identified by Narver and Slater (1990) as co
determinants of firm performance . 

In Figure 1 We expand the unified model by: 
( 1) identifying antecedents of the ideal level of market orientation, 
(2) specifying firm-specific skills that influence the achieved level of integration , 
(3) identifying specific organizational structures that influence the achieved 

level of market orientation, and 
(4) linking firm performance to the gap between the ideal and achieved levels 

of market orientation. 
In the interest of brevity, the following discussion focuses on those hypothe
ses that expand the unified model. We frame our hypotheses regarding the 
antecedents of the ideal and achieved levels of market orientation in terms of 
the three market orientation dimensions identified by Kohli and Jaworski 
(1990) : intelligence generation, intelligence dissemination, and 
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Figure 1: A Unified Theoretical Framework for Studying Market Orientation 
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responsiveness. Intelligence generation is the acquisition of information about 
customer needs and preferences, competitor activity, government regulation, 
and technological developments. Intelligence dissemination involves the flow 
of market intelligence across functional boundaries, while responsiveness 
concerns the actions (e.g., targeting and marketing mix decisions) taken in 
response to collected and disseminated market information. 

Determinants of the Ideal Level of Market Orientation 

Environmental uncertainty refers to the instability and unpredictability of the 
external environment (Ruekert, Walker, and Roering 1985). Instability arises 
from unanticipated changes in consumer preferences, competitor activities, 
government regulations, or technology. Such changes increase the importance 
of adaptive skills; a failure to adapt risks the loss of current customers and a 
diminished capacity to exploit new opportunities (Lusch and Luczniak 1987). 
Firms that attempt to discern, anticipate, and react to such changes face 
challenging information processing tasks (Achol, Reve, and Stern 1983; 
Mintzberg 1979). To improve information processing in uncertain environ
ments, firms develop specialized, differentiated departments that increase 
the need for interdepartmental coordination and organization (Lawrence and 
Lorsch 1969; Khandwalla 1974). Such organizational responses tend to 
increase the importance of disseminating market intelligence across functional 
boundaries. 
The perceived importance of information sharing is further enhanced by 
individual difficulties in processing new information and generating relevant 
action alternatives (Aaker 1984; Weitz, Sujan, and Sujan 1986; Olson, Walker, 
and Ruekert 1995). These difficulties increase the perceived need for 
information dissemination and coordinated responses (Olson, Walker, and 
Ruekert 1995). Thus resource dependency theory has argued that functional 
interdependence rises when task uncertainty and complexity increase (Pfeffer 
and Salancik 1978). Taken together, these arguments suggest that when 
environmental uncertainty rises, the ideal level of market uncertainty will also 
rise, therefore increasing the ideal level of market orientation. 
Consistent with previous research, we distinguish three kinds of environmental 
uncertainty. Following Kohli and Jaworski (1990), we define market turbulence 
as "changes in the composition of consumers and their preferences" (p. 14). 
Competitive intensity refers to the ability and willingness of competitors to 
match or exceed the marketing mix decisions of rivals, while technological 
turbulence refers to changes in the "process of transforming inputs to output 
and the delivery of those outputs to the end customer'' (Kohli and Jaworski 
1990, p. 14). Because we expect high levels of competitive intensity and market 
turbulence to increase environmental uncertainty and therefore increase the 
need for a market orientation, we hypothesize that: 
H1: The greater the level of competitive intensity, the greater the ideal level 

of (a) intelligence generation, (b) intelligence dissemination, and (c) 
market responsiveness. 
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H2: The greater the level of market turbulence, the greater the ideal level of 
the level of (a) intelligence generation , (b) intelligence dissemination, 
and (c) market responsiveness. 

Hypotheses H1 and H2 are consistent with Kohli and Jaworski's (1990) hypo
theses regarding the moderating effect of competitive intensity and market 
turbulence on the relationship between market orientation and business 
performance. In fact , Kohli and Jaworski concluded that, in markets 
characterized by limited competition and stable market preferences, "a market 
orientation may not be related strongly to business performance" (p. 15). Under 
Hypotheses H1 and H2, this conclusion could be restated as follows : when 
competition is limited and market preferences are stable, the ideal level of 
market orientation is relatively low; increasing the level of market orientation 
to the level required in markets characterized by intense competition and 
unstable market preferences will have no marginal impact on performance . 
These hypotheses are consistent with the work of Miller (1988), who found 
that product innovation and aggressive marketing differentiation yielded the 
greatest benefits in market characterized by high levels of competitive intensity 
and market turbulence . 
We also hypothesize that this technological turbulence will increase the ideal 
level of market orientation. At first glance, this hypothesis appears to contradict 
the Kohli and Jaworski argument that, when technologies change frequently, 
firms tend to focus on internal processes such as new product development, 
manufacturing, and distribution. This inconsistency is more apparent than 
real, because statements about how firms tend to behave (i.e., where they 
tend to focus) are relevant for achieved(as opposed to idea~ levels of market 
orientation. When technology changes rapidly, and when the firm must se
lect among multiple technological options, consumer and competitive 
intelligence assumes special importance, because choosing the wrong 
technology may ultimately cost the firm its position in the industry (Lieberman 
and Montgomery 1988) . Thus we hypothesize that: 
H3: The greater the level of technological turbulence, the higher the ideal 

level of (a) intelligence generation, (b) intelligence dissemination, and 
(c) market responsiveness. 

Strategic decisions can also affect the ideal level of market orientation. Miles 
and Snow identified four distinct strategy types that are differentiated by their 
relative emphasis on innovation (Miles and Snow 1978). Prospectors serve 
broadly defined, dynamic markets and grow by systematically generating new 
products and identifying new markets . Defenders serve narrow, stable market 
segments, engage in little development of new products or new markets and 
tend to grow by increasing their share within their target markets and ignoring 
developments outside them. Analyzers, exhibiting characteristics of both 
prospectors and defenders, serve a mixture of stable and changing markets 
and use extensive market-surveillance mechanisms in order to "move quickly 
toward a new product or market that has recently gained a degree of 
acceptance" (p. 72). Reactors lack a clearly defined strategic focus and 



frequently change their business definition and scope (p. 66) . 
Of the four strategic types identified by Miles and Snow, prospectors place 
the most emphasis on the development of new products and new markets. 
Given this emphasis, prospector R&D departments have the greatest need 
for consumer and competitor information gathered by the marketing depart
ment. 
Analyzers employ a more cautious strategy and should, therefore , require a 
lesser degree of market orientation than prospectors. At the same time, 
analyzers should require higher levels of market orientation than defenders, 
who place the least emphasis on innovation. 
We therefore hypothesize that : 
H4: The ideal level of (a) intelligence generation, (b) intelligence 

dissemination , and (c) market responsiveness is highest among 
respondents who perceive their firms as prospectors and lowest among 
respondents who perceive their firms as defenders. 

Hypothesis H4 specifically excludes reactors, because the inconsistent 
strategic focus of reactor firms makes it difficult to specify the ideal level of 
market orientation relative to defenders. 

Competitive Capabilities and the Achieved Level of Market Orientation 

Hunt and Morgan (1995, p. 6) define resources as "the tangible and intangible 
entities available to the firm that enable it to produce efficiently and effectively 
a market offering that has value for some market segment or segments." 
Because resources are both heterogeneous and immobile, each firm 's 
combination of resources is unique, and some combinations of resources 
may give individual firms a comparative advantage by enabling those firms to 
"do more or do better or (both)" relative to competitors (Day and Wensley 
1988; Dickson 1996). 
Do some resources enable or inhibit a firm's ability to achieve a market 
orientation? Day (1994) has distinguished between internally-focused 
capabilities (e.g., financial management, cost control, technology development, 
and manufacturing) and external capabilities (e.g., market sensing, customer 
linking, and channel bonding) . He argues that, in market-driven firms, "the 
processes for gathering, interpreting , and using market information are more 
systematic, thoughtful, and anticipatory than in other firms. They readily 
surpass the ad hoc, reactive, constrained , and diffused efforts of their internally 
focussed rivals" (p. 43) . In other words, a relative advantage in the firm's 
pool of "outside-in" capabilities should enhance the firm's ability to collect 
and use marketing information. Thus we expect that: 
H5: The greater the firm 's base of outside-in capabilities, the greater the 

achieved level of (a) intelligence generation , (b) intelligence dissemination, 
and (c) market responsiveness. 

While outside-in capabilities have the potential to enhance the firm's market 
orientation, other skills and resources may inhibit such an orientation. For 
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example, the possession of highly-developed technological skills may result 
in a tendency to focus on internal processes for adapting new technologies to 
new product development, manufacturing, and distribution. Similarly, firms 
that compete on costs often develop value systems that emphasize cost 
reduction, reward employees that embrace these values, and rely on 
managerial and technical systems that focus on transforming these values 
into a position of competitive advantage (Day and Wensley 1988; Day 1994; 
Leonard-Barton 1992; Dickson 1996). Because such "inside-out" capabilities 
are internally focused, they may diminish the amount of resources and 
managerial attention devoted to consumers and competitors. Thus we expect 
that: 
H6: The higher the firm's base of inside-out capabilities, the lower the achieved 

level of (a) intelligence generation, (b) intelligence dissemination, and 
(c) market responsiveness. 

Specific Organizational Systems and the Achieved Level of Market 
Orientation 
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Many new product development studies have identified cross-functional 
integration as an important mechanism for information transfer (e.g., Ruekert 
and Walker 1987), cross-functional learning, and problem solving (e.g., Clark 
and Fujimoto 1990; Takeuchi and Nonaka 1986). High levels of cross
functional integration enhance the collection and dissemination of information, 
which in turn affect the proficiency of product design and testing, the accuracy 
of sales forecasts, and the effectiveness of product modifications and product 
support. Specific organizational systems designed to improve cross-functional 
integration should therefore lead to more effective transfer and use of market 
information. Thus we expect that: 
H7: The use of an established structure of organizational systems that 

encourages cross-functional integration will increase the achieved level 
of (a) intelligence generation, (b) intelligence dissemination, and (c) market 
responsiveness. 

In his discussion of building a market-driven organization, Day (1990) observed 
that "action plans and programs are more about coordination than control. 
Without individual accountabilities, resource priorities, and schedules, a plan 
is merely an aspiration left to individual discretion" (p. 365). He continued: 
"Strategies and programs need quantified objectives that define how they are 
to be accomplished during a time period. Monitoring of progress against 
these measures allows learning and suggests improvements" (p. 365; see 
also Shapiro 1988; Dickson 1996). These comments suggest that a firm's 
achieved level of market orientation can benefit from specific organizational 
systems designed to improve the collection, transfer, and use of market 
information. These systems can be used to define roles and responsibilities 
and shape behavior by explicitly identifying objectives and evaluation criteria. 
Thus we hypothesize that: 
H8: The use of an established structure of organizational systems that 



encourages the generation of, dissemination of, and response to market 
information will increase the achieved levels of (a) intelligence generation, 
(b) intelligence dissemination, and (c) market responsiveness. 

Other Antecedents of the Achieved Level of Market Orientation 

Hypotheses H5-H8 suggest that the achieved level of market orientation 
reflects the kinds of resources available to the firm and the kinds of systems 
that the firm has developed to promote a market orientation and cross
functional integration. In our empirical analysis we estimate the impact of 
these antecedent variables while controlling for other variables that have been 
hypothesized to influence the achieved level of market orientation. Consis
tent with Jaworski and Kohli (1993), we hypothesize that characteristics of 
top management, interdepartmental dynamics, and general characteristics 
of the firm's organizational systems influence the achieved level of market 
orientation. Specifically, we expect that: 
H9: The achieved levels of (a) intelligence generation, (b) intelligence 

dissemination, and (c) market responsiveness are: 
i. positively correlated with top management emphasis on a market 

orientation; 
ii. negatively correlated with the risk aversion of senior management; 
iii. negatively correlated with the level. of interdepartmental conflict; 
iv. positively correlated with the level of interdepartmental 

connectedness; 
v. negatively correlated with the level of formalization; 
vi. negatively correlated with the level of centralization; 
vii. negatively correlated with the level of departmentalization; and 
viii. positively correlated with reward system orientation. 

For the rationale underlying hypothesis H9, see Kohli and Jaworski (1990) 
and Jaworski and Kohli (1993). 

Market Orientation and Business Performance 
Narver and Slater (1990) argued that a market-oriented culture "most 
effectively and efficiently creates the necessary behaviors for the creation of 
superior value for buyers and, thus, continuous superior performance for the 
business" (p. 21 ). Kohli and Jaworski (1990) reported that, "without exception," 
the managers they interviewed "viewed profitability as a consequence of a 
market orientation" (p. 3). The relationship was attributed in part to the 
perception that "a market orientation appears to provide a unifying focus for 
the efforts and projects of individuals and departments within the organization, 
thereby leading to superior performance" (p. 13). This reasoning led both 
Narver and Slater (1990) and Kohli and Jaworski to hypothesize that busi
ness performance was an increasing function of an organization's market 
orientation (see also Jaworski and Kohli 1993; Slater and Narver 1994). 
However, hypotheses H1-H4 suggest that the ideal level of market orientation 
depends on the firm's strategy and on characteristics of the firm's environ
ment. If these hypotheses are correct, then changes in the achieved level of 
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market orientation influence performance by altering the gap between the 
ideal and achieved levels of market orientation. Thus we hypothesize that: 
H10: Business performance is a concave function of the gap between the 

achieved and ideal levels of market orientation. 

Methodology 

Field Research Procedure 
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Following the suggestions of Kohli and Jaworski (1990) and Churchill (1979), 
the empirical phase of our investigation began with exploratory field research. 
The purpose of this field research was three-fold: (1) the generation and 
refinement of measurement items (Churchill 1979), (2) an assessment of the 
equivalence of measurement items across national boundaries (Douglas and 
Craig 1983), and (3) the identification of multiple data sources as required by 
Harrigan (1983). In-depth interviews were conducted in three countries (two 
firms in the US, Japan, and China). A key portion of the interview focused on 
the interviewees' evaluation of the Jaworski and Kohli market orientation 
framework, including the solicitation of suggestions on how the framework 
might be modified to better describe the market orientation strategies of the 
interviewees' firms. Care was taken to minimize the chance of interview bias 
by using a structured guide in the interviews and frequent discussions among 
the researchers. 
Our selection of informants was guided by two criteria: (1) being 
knowledgeable about the phenomenon under study and (2) being able and 
willing to communicate with the researcher. We followed the suggestions of 
Phillips (1981) regarding the collection of data from different informants. The 
field interviews revealed that senior executives were more concerned with 
their SBUs' overall strategies and performances, while SBU managers were 
more familiar with the details of SBU operations. As a result, we decided to 
design two surveys for each SBU. One survey was completed by the SBU 
manager, who provided data on the achieved level of market orientation and 
on the antecedents of the achieved level of market orientation. A second 
survey was completed by the SBU manager's immediate superior at corporate 
headquarters. The senior executive provided information on the SBU's 
innovation strategy (the self-classification scale), the level of environmental 
uncertainty (competitive intensity and market and technological turbulence), 
the ideal level of market orientation, and SBU performance (ROI, relative 
market share, and customer retention rates). With one exception, our initial 
field interviews revealed that one informant (either the SBU manager or the 
manager's immediate superior) could reliably provide the needed information. 
The exception involved the innovation strategy variables, which we concluded 
needed to be cross-validated by collecting information from both informants. 
As a result, the issue of response independence in the presence of multiple 
informants was only an issue for the innovation strategy variables. To increase 
the likelihood of independent responses, we surveyed top management after 
the survey of SBU managers was complete. 



Survey Instrument Development 

From our field interviews, as well as the literature review discussed previously, 
drafts of questionnaires in English were constructed and pretested with the 
firms that participated in the field interviews. Respondents were encouraged 
to evaluate the constructs and items in the questionnaires, to suggest chan
ges, and to comment on related issues. After revising the questionnaires, we 
followed the suggestions of Churchill (1979) and asked four researchers to 
classify the measurements independently and judge the validity of the 
constructs and measurement items. After a further set of revisions, the English 
questionnaires were prestested. We also drafted Japanese and Chinese 
versions of the questionnaires. These questionnaires were revised using the 
double translation method and then pretested with selected participants in 
our field research. 

Multiple Studies 

To obtain generalizability of our new theoretical framework (Figure 2), we 
designed the sampling frame to include a random sample of manufacturing 
firms in four countries (the United States, the United Kingdom, Japan, and 
the People's Republic of China, hereafter denoted as the PRC). The purpose 
of including foreign countries in the study is to corroborate the findings of the 
U.S. sample in different settings. We believe that these tests of the framework 
are necessary, because the ability of a company to collect and respond to 
market information may depend on the role of the government in economic 
affairs. 
The four national settings employed in this study are characterized by differ
ent levels of government intervention in the economy. In the U.S. and the 
U.K., government intervention in the economy has been relatively limited. 
Porter (1985, p. 531) concluded that "in the postwar period U.S. government 
policy has largely ignored industry. The emphasis has been on the social 
agenda and on national security." Similarly, Porter (1985, p. 505) argued 
that, in Britain, "building competitive strength in industry was not a major 
objective." He continued: "When government did attempt to aid industry, the 
approaches taken were often inappropriate and rarely sustained." Moreover, 
a change in government often produced "sharp policy reversals." The result 
has been that, in most industries, neither the U.S. nor British governments 
have attempted to limit the number of competitors. 
Japan offers an example of more sustained government intervention. 
According to Johnson (1995, p. 65), industrial policy in Japan "means modifying 
the old-fashioned concept of comparative advantage to concentrate on 
industries with a high human-capital content such as steel, machine tools, 
and semiconductors." Porter (1985) stated that, after World War II, the 
government's implementation of industrial policy was "relatively heavy
handed," often limiting foreign entry and sometimes constraining the number 
of domestic competitors. In many of these industries, however, foreign entry 
was eventually permitted "based on concrete timetables for liberalization known 
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in advance" (p. 416) . In recent years the role of the Japanese government 
has changed: 
Direct intervention has substantially decreased. Demand conditions have 
received growing attention. The signaling role has become, in the last decade, 
the most prominent role of government in Japan. Many of MITl's formal powers 
have lapsed, though it still exercises substantial influence (pp. 415-6). 

Prior to the economic reforms begun in 1978, the PRC pursued an "inwardly
oriented" development strategy characterized by state-fixed prices, "high le
vels of protection for domestic manufacturing" and "direct controls on imports 
and investments" (Lardy 1992, p. 5). The state-determined central plan 
specified enterprise production, distribution, and prices: "state enterprises 
were just production units, completely subordinate to a higher authority which 
provided the finance, took the sales income, and decided all details of the 
production plan" (Campbell 1987, p. 56) . In October of 1978, six state 
enterprises located in Sichuan province were granted the right to a series of 
special rights on an experimental basis, including the right to engage in 
production not specified by the state plan. By 1980 the number of experimental 
enterprises exceeded 6,000. Reforms initiated in 1984 permitted industrial 
enterprises to determine non-plan production internally (Laaksonen 1988). 
The impact of these and other reforms has changed the role of the government 
in the PRC's economy. By 1993 only 5 percent of retail goods and 15 percent 
of capital goods were sold at state-fixed prices (Lardy 1994). The impact of 
reforms in other areas was less dramatic. A recent study by Lardy (1994, p. 
14) noted that: 
within factor markets, progress is variable. Markets already play a substantial 
role in the allocation of labor, and to a less degree even land, in rural areas. 
The role of urban land markets has been expanding rapidly, particularly since 
the beginning of 1992. Financial markets are much less developed, and 
bureaucratic allocation of financial capital appears to remain considerable (p. 
14). 

The preceding discussion suggests that the four countries briefly described 
above can be arrayed along a government-intervention continuum, with the 
U.S. located toward the low-intervention end of the continuum and the PRC 
located toward the "high-intervention" end. While it might be possible to find 
countries where the government plays a smaller role in the economy than in 
the U.S, or a larger role than in the PRC, we chose to focus on the U.S. and 
the PRC because they, together with Japan, account for the three largest 
economies in the world. In the remainder of this section we describe the 
development of our questionnaire and our data collection procedures. 

Data Collection 
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The sample frame consisted of companies listed in Ward's Business Directory, 
Directory of Corporate Affiliations, The World Marketing Directory, and The 
Kellys Kompass British Exports. A proportionate-stratified random sample of 



800 firms from each country, with each industry as a stratum, was drawn. 
Because we had designed two different questionnaires, responses from both 
informants were necessary to get usable data for each SBU. For this reason, 
we designed a multi-stage data collection procedure that had extensive 
presurvey contact with each organization in order to select informants and 
(hopefully) increase the response rate . 
In the first stage, we sent a one-page survey and an introductory letter 
requesting participation to all of the selected firms. We also offered a list of 
available research reports to the participating firms. Each firm was asked to 
select an SBU/division for participation and provide a contact person in the 
SBU/division. Out of all the firms, 392 in the U.S., 286 in the UK, and 429 in 
Japan, and 414 in the PRC agreed to participate and provided the necessary 
contacts. 
In the second stage the designated SBU managers were contacted directly 
by the researchers and a questionnaire , together with personalized letters, 
was mailed to each manager. We employed a three-wave mailing based on 
Dillman's recommendations. At the end of the survey the SBU manager was 
asked to provide the name of his/her boss in corporate headquarters. In the 
third stage , a questionnaire was sent to the senior executives identified by 
the SBU managers . These two phases yielded 1, 189 usable responses from 
308 firms in the U.S., 175 firms in the U.K., 354 firms in Japan, and 352 firms 
in China (response rates between 22% and 44%)'. Respondents were 
primarily SBU/division managers and marketing directors. The final sample 
includes twelve industries (SIC#: 22, 23 , 25, 27, 28, and 31-38). The majority 
of the SBUs/divisions had annual sales between $11 million and $750 million 
and had between 100 to 12,500 employees. 
Nonresponse bias. We assessed potential nonresponse bias by conducting 
randomly selected phone calls or follow-up letters to the non responding firms 
to assess the reasons for their nonresponse. The major reasons that emerged 
were corporate policy, the absence of the SBU managers, and reorganization. 
A one-page survey was also sent to the selected nonresponding firms in or
der to collect data on ROI , relative market shares, sale growth rates, and 
customer retention rates. MANOVA analyses were also used to test for possible 
differences between early respondents and late respondents, and between 
the third stage responding firms and the fourth stage responding firms. The 
relevant test statistics were insignificant, which alleviated concerns about 
possible nonresponse bias. 

Measures 

All variables were measured with multiple-item scales. Most measurement 
items were taken from existing, well-validated scales (see Appendix for 
Reviewers). The few new items developed specifically for this study were 
extensively pretested in the field research. In the discussion that follows, we 
will let aus denote reliability coefficients computed from the U.S. sample. The 
reliability coefficients computed from the UK, Japanese, and PRC samples 
are reported in Table A 1 of the Appendix, while Table A2 contains variable 
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means computed from each of the four samples described above. 
To measure the ideal level of market orientation within each business unit, we 
used the scales developed by Jaworski and Kohli (1993) and Kohli, Jaworski, 
and Kumar (1993). The items in these scales refer to activities that are closely 
linked with intelligence generation, intelligence dissemination, or 
responsiveness to market intelligence. Ideal Intelligence Generation (aus = 
.87) is eight-item scale that measures the ideal level of activities involving the 
collection of consumer, purchase influencer, competitive, and environmental 
intelligence. Ideal Intelligence Dissemination ( aus = .80) is a six-item scale 
that measures the ideal level of formal and informal activities that distribute 
consumer and competitive information throughout the business unit. Ideal 
Responsiveness (aus = .72) is a seven-item scale that measures the ideal 
level of adjustments, as well as the ideal speed of adjustment, of existing 
business unit plans to new market information. 
We have hypothesized that four variables affect the ideal level of market 
orientation. Market Turbulence (aus = .96) is a six-item scale that measures 
the degree to which customers and their preferences are stable over time. 
Technological Turbulence (aus = .83) is a four-item scale that measures the 
degree of technological stability in an industry. Both scales are based on 
items developed by Jaworski and Kohli (1993) and Moorman and Miner (1997). 
Competitive Intensity (aus = .77) refers to the frequency and intensity of price 
and promotion competition within an industry. Jaworski and Kohli (1993) 
developed this four-item scale. 
We also hypothesized that the ideal level of market orientation within a busi
ness unit reflects the innovation strategy of that business unit. We used 
three dummy variables to signify whether the firm followed the innovation 
strategy of a prospector, analyzer, or a defender. To assign an innovation 
strategy to each firm, we presented the senior manager of each respondent 
firm with the McDaniel and Kolari (1987) summary of the Miles and Snow 
typology and asked each senior manager to classify the innovation strategy 
of the focal business unit. To assess the validity of this self-classification, we 
presented each business unit manager with the 11 items developed by Conant, 
Mokwa, and Varadarajan (1990) to measure innovation strategy. To convert 
these 11 items into a statement about each SBU's strategic type, we used the 
scoring rules employed by Conant et al. The analysis sample included those 
firms for which the senior manager's self-classified innovation strategy was 
identical to the innovation strategy implied by the business unit executive's 
responses to the 11-item scale of Conant et al. 
To measure the achieved level of market orientation within each business 
unit, we again used the scales developed by Kohli et al. (1993) and Jaworski 
and Kohli (1993). Achieved Intelligence Generation (aus = .90) is an eight
item scale that measures the achieved level of activities involving the collection 
of consumer, purchase influencer, competitive, and environmental intelligence. 
Achieved Intelligence Dissemination (aus = .85) is a six-item scale that 
measures the achieved level of formal and informal activities that distribute 
consumer and competitive information throughout the business unit. Achieved 
Responsiveness (aus = .81) is a six-item scale that measures the actual level 



of adjustments, as well as the actual speed of adjustment, of existing busi
ness unit plans to new market information. 
We have hypothesized that twelve variables affect the ideal level of market 
orientation. Outside-In Capability(aus = .93) is a five-item scale that measures 
the degree to which a firm has a competitive advantage stemming from superior 
supplier-linking, channel-linking, and customer-linking capabilities. Inside
Out Capabilities (aus = .87) is a three-item scale that measures the degree to 
which a firm has a competitive advantage based on internal manufacturing , 
technology-development, and cost-control capabilities. The items in both 
scales were taken from descriptions in Day (1994) and were validated in field 
research. 
Top Management Emphasis (aus = .80) refers to the degree to which top 
management stresses the importance of accurately identifying and responding 
to customer needs. Four of the five items in this scale were taken from Jaworski 
and Kohli (1993) . A fifth item emerged from focus-group discussions with 
business-unit managers. Top Management Risk Aversion (aus = .81) refers 
to the degree to which senior management decisions appear to reflect a desire 
to minimize failures . The three items in the purified scale were developed by 
Jaworski and Kohli (1993) . Interdepartmental Conflict (aus = .82) measures 
the degree to which employees from different departments feel that their 
departments have harmonious goals, as well as the degree to which employees 
from different departments interact with and get along with each other. The 
four items in the purified scale were developed by Jaworski and Kohli (1993). 
Interdepartmental Connectedness (aus = .88) refers to the degree to which 
employees in one department depend on and are accessible to employees in 
other departments. Three of the five items in the purified scale were taken 
from Jaworski and Kohli (1993) . Two other items emerged from focus-group 
discussions with business-unit managers. Formalization (aus = .89) refers to 
the degree to which rules and regulations guide activities. One of the items in 
the purified scale came from Barclay (1991 ), a second from Payne and 
Pheysey (1971 ), and a third from Hage and Aiken (1967). Centralization (aus 
= .78) refers to the degree to which decisions must be approved by a higher 
authority. The two items in this scale came from Hage and Aiken (1967). 
Departmentalization (aus = .89) refers to the degree to which the business 
unit is highly departmentalized. Two items in this scale came from Barclay 
(1991), while a third was taken from Jaworski and Kohli (1993) . Reward 
System Orientation (aus = .84) refers to the degree to which employees are 
rewarded for collecting and responding to market information. The six items 
in this scale were developed by Jaworski and Kohli (1993). 
Established Structure for Market-Orientation (aus = .95) is a six-item scale 
that measures the degree to which top management formally promotes a 
market orientation with the business unit. Promotion of Cross-Functional 
Teamwork (aus = .95) is also a six-item scale that measures the degree to 
which top management policies and activities encourage cross-functional 
teamwork. The items in both scales were developed from focus group 
conversations with business unit managers. 
Finally, we hypothesized that the gap between the ideal and achieved level of 
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market orientation influences four measures of business unit performance. 
ROI is the business unit's average return on investment over the last three 
years. Relative Market Share and Customer Retention Rate were measured 
relative to competitors in the business unit's principal served market segment 
using a scale developed by Narver and Slater (1990) . Overall Performance 
(aus = .91) is a three-item scale that measures the business unit's profit 
margins, sales, and ROI relative to objectives. These items were taken from 
Moorman (1995) and Moorman and Miner (1997) . 
Following Narver and Slater (1990) , we collected data on control variables 
that were also expected to influence performance . These included single
item measures of Buyer Power, Supplier Power, Seller Concentration, Ease 
of Entry, Market Growth, Technological Change, Relative Size, and Relative 
Costs. One last control variable, Substitution Threats (aus = .95), measured 
the availability to customers of substitutable products. This six-item scale 
was developed from focus group conversations with business unit managers. 
As indicated above, the construct reliabilities in the U.S. sample all exceeded 
.70 and lay in the acceptable range suggested by the literature (Peter 1979, 
1981 ). Moreover, all but two of constructs had reliability coefficients that met 
or exceeded .80. Examination of the patterns of item-item correlations and 
item-total correlations also indicated that the measures were satisfactory. 

Model Estimation and Results: the U.S. Sample 
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We evaluate the research hypotheses in three steps. First , we use ordinary 
least squares (OLS) regression to estimate one model explaining the ideal 
level of market orientation and three models explaining the ideal levels of the 
components of market orientation (intelligence generation , intelligence 
dissemination, and responsiveness) . These models enable us to assess the 
impact of strategic and environmental variables on the ideal level of market 
orientation. Second, we estimate an OLS model explaining the achieved 
level of market orientation and three models explaining the three components 
of this measure. These models permit us to evaluate the impact of firm skills 
and resources and specific organizational structures on the achieved level of 
market orientation . Third, we estimate an OLS model linking the gap bet
ween the ideal and achieved level of market orientation on performance 
outcomes while controlling for the level of market structure variables. This 
model enables us to assess the usefulness of the gap model of market 
orientation . 
We performed several diagnostic tests to evaluate the appropriateness of the 
assumptions of normality, linearity, and homoscedasticity. An examination of 
the residual plots suggested that these assumptions were appropriate in all 
four samples . An application of the Belsley, Kuh , and Welsch (1980) 
multicollinearity diagnostic test indicated no serious multicollinearity problems. 



The Ideal Level of Market Orientation 

The first four columns of Table 1 contain the regression coefficients used to 
test hypotheses H1-H4. The adjusted R2s range from .23 in the ideal
information-generation regression to .85 in the ideal-responsiveness 
regression . The F-statistics for all four regressions were significantly diffe
rent from zero. 
The coefficient of competitive intensity was significant in four regression 
equations, while the coefficients on market turbulence and technological 
turbulence were positive and significant ili1 three of the four regressions (the 
exception was the ideal-intelligence-generation equation). Thus we conclude 
that hypothesis H1, H2, and H3 were supported by the data collected from 
U.S. firms. Interestingly, the competitive intensity coefficient is significantly 
larger (a< 0.01) than the two "turbulence" coefficients in both the intelligence
generation and the responsiveness regressions. In contrast, the competitive 
intensity coefficient is less than half the magnitude of the market turbulence 
coefficient in the intelligence-dissemination regression, and this difference is 
statistically significant (a< 0.01). 
The coefficient of the prospect dummy variable was significant in all four 
equations. The coefficients on the analyzer and defender dummy variables 
were not positive and significant in the ideal-intelligence-generation equation 
but were positive and significant in the remaining three equations. Moreover, 
in all four equations, the magnitudes of the innovation strategy coefficients 
were consistent with hypothesis H4 (bPRos > bANLZ > b0EF). We conclude that 
the data from the U.S. sample supports hypothesis H4. 

The Achieved Level of Market Orientation 

The first four columns of Table 2 contain the regression coefficients used to 
test hypotheses H5-H9. The adjusted R2s range from .47 in the achieved
information-generation regression to .64 in the achieved-market-orientation 
regression . The F-statistics for all four regressions were significantly diffe
rent from zero. 
The regressions in Table 2 provide some support for the idea that a firm's 
existing pool of skills and resources influences the achieved level of market 
orientation . The coefficient on the outside-in-capabilities variable was 
insignificant in the achieved-information-generation regression but was positive 
and significant in the remaining three regressions. However, the coefficient 
on the inside-out-capabilities variable was negative and significant in only 
one regression (the achieved-information-generation regression) . Thus we 
conclude that the U.S. data supports hypothesis H5 but does not support 
hypothesis H6. 
The regressions in Table 2 also provide some evidence that the existence of 
specific organizational systems can enhance the firm's achieved level of market 
orientation. The coefficient on the organizational-systems-supporting-a
market-orientation variable was insignificant in the achieved-information
dissemination regression but was positive and significant in the remaining 
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regressions. Moreover, the coefficient on the organizational-systems
supporting-cross-functional -integration variable was positive and significant 
in all four of the U.S. regressions . Thus we conclude that the U.S. data sup
port hypotheses H

7 
and H

8
. 

Hypothesis H
9 
dealt with eight variables identified by Jaworski and Kohli (1993) 

as antecedent variables of the achieved level of market orientation . Several 
results merit specific attention . First , three variables had positive and signifi
cant coefficients in all four regression equations : reward system orientation, 
top management emphasis on market orientation , and interdepartmental 
connectedness. Second, the interdepartmental conflict and centralization 
variables had significant negative coefficients in three of the four regression 
equations. In addition, the variable measuring top management risk aversion 
had a significant negative coefficient in two of the regressions . Third, the 
coefficients of formalization and departmentalization were each negative and 
significant in only one equation . We conclude that the U.S. data supports the 
Jaworski and Kohli hypotheses regarding reward system orientation , top 
management emphasis, interdepartmental connectedness, interdepartmen
tal conflict , and centralization. 
To test the hypothesis that business performance was a function of the 
difference between the achieved and ideal levels of market orientation , we 
regressed each of four business performance measures on the difference 
(DIF) and on the square of the difference (DIFSQ) between the achieved and 
ideal levels of market orientation. These regressions also included a series of 
control variables identified by Narver and Slater (1990) . 
The decision to regress performance on DIF and DIFSQ requires some 
explanation. At first glance, it might appear more natural to regress 
performance on the absolute value of DIF or on DIFSO. However, both of 
these alternatives assume that the optimal achieved level of market orientation 
is exactly equal to the ideal level of market orientation. This would be a 
reasonable assumption of the measures of ideal and achieved levels of market 
orientation were supplied by the same person. For reasons explained earlier, 
we chose to collect ideal and achieved measures from different individuals. 
As a result, we needed to use a model specification that accounted for possible 
differences in individual perception. The specification described above 
permitted us to test whether the optimal achieved level of market orientation 
(as perceived by the SBU manager) is statistically different from the idea 
level of market orientation (as perceived by the SBU manager's superior) . 
The first four columns of Table 3 contain the regression results . The adjusted 
R2s range from .71 in the overall-performance regression to .83 in the ROI 
regression . In all four equations, the coefficient of DIF is positive and signi
ficant, while the coefficient of DIFSQ is negative and significant. To understand 
the implications of these results , let PM denote a firm performance measure 
and let b, and b2 denote the coefficients on, respectively, DIF and DIFSQ. 
Then for a given set of control variables and for a given value of the ideal 
level of market orientation (IMO), the performance measure PM is maximized 
when : 



dPM 

dAMO 
~ 1 + 2~ 2 (AMO - IMO) 0. 

Let AM02 denote the level of achieved market orientation that maximizes firm 
performance. Simple algebraic manipulation yields: 

AMO" - __;____+IMO > IMO. 
2~2 

Note that, if b
1 

= 0, then AM02 would be exactly equal to IMO. In fact, because 
b

1 
> 0 and b

2 
< 0 in all four regressions, performance is maximized when the 

achieved level of market orientation (as perceived by the SBU manager) is 
greater than the ideal level of market orientation (as perceived by the SBU 
manager's immediate superior). 2 Moreover, because 

d2PM 

dAM0 2 < 0, 

the performance measure PM (where PM denotes ROI, relative market share, 
customer retention rate or overall performance) is a concave function of AMO. 
In other words, as AMO moves away from AMO", the four performance 
measures decline at an increasing rate. We conclude, therefore, that these 
results are consistent with hypothesis H10: business unit performance is a 
concave function of the gap between the achieved and ideal levels of market 
orientation. 

Model Estimation and Results: the non-U.S. Samples 

To validate the results obtained from our analysis of the U.S. respondents, 
we also analyzed data collected from three other countries: the U.K., Japan, 
and the PRC. As noted above, these countries were chosen because they 
are characterized by different degrees of government intervention in the 
economy. Because our emphasis here is on model validation, we focus on 
those hypotheses that were confirmed within each sample. 

The U.K. Sample 

Columns 5-8 of Table 1 contain the regression coefficients used to test hypo
theses H1-H4. The adjusted R2s range from .39 in the ideal-information
generation regression to .87 in the ideal-responsiveness regression. The F
statistics for all four regressions were significantly different from zero. The 
coefficient of competitive intensity was significant in four regression equations, 
but the coefficients on market turbulence and technological turbulence were 
not significant in any of the four regressions. In addition, the coefficients of 
the prospector and analyzer dummy variables were significant in all four 
regressions, while the coefficient of the defender dummy variable was signi
ficant in three. As in the U.S. regressions, the magnitudes of the innovation
strategy coefficients were consistent with hypothesis H4. We conclude that 
the data from the U.K. support hypotheses H1 and H4 but do not support 
hypotheses H2 and H3. 
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Columns 5-8 of Table 2 contain the regression coefficients used to test hypo
theses H5-H9. The adjusted R2s range from .52 in the achieved-information
dissemination (AID) regression to .65 in the achieved-market-orientation 
(AMO) regression . In contrast to the results obtained in the U.S. regressions, 
the coefficient on the outside-in-capabilities variable was insignificant in all 
four regression equations, but the coefficient on the inside-out-capabilities 
variable was negative and significant in three of four regressions. The 
coefficient on organizational systems supporting a market orientation was 
positive and significant in three regressions, but the coefficient on 
organizational systems supporting cross-functional integration (OSCFI) was 
positive and significant in only one regression . Thus we conclude that the 
U.K. data support hypotheses H6 and H7, but do not support HS and H8. 
Hypothesis H9 dealt with eight variables identified by Jaworski and Kohli (1993) 
as antecedent variables of the achieved level of market orientation. Two 
variables (top management emphasis on market orientation and interdepart
mental connectedness) were positive and significant in three regressions, 
while reward system orientation was positive and significant in all four 
regressions. In contrast to the U.S. regressions, the reward-system-orientation 
variable had the largest coefficient in all three sub-scale regressions. Two 
variables (interdepartmental conflict and centralization) were negative and 
significant in three regressions, while top management risk aversion was 
negative and significant in all four regressions. We conclude that the U.K. 
data supports the Jaworski and Kohli hypotheses regarding reward system 
orientation , top management on market orientation, top management risk 
aversion , interdepartmental connectedness , interdepartmental conflict, and 
centralization. 
Columns 5-8 of Table 3 contain the regressions of the four performance 
measures on the DIF and DIFSQ variables as well as the moderator variables 
identified by Narver and Slater (1990) . The adjusted R2s range from .71 in 
the relative market share equation to .76 in the ROI regression . In all four 
equations, the coefficient of DIF is positive and significant, but the coefficient 
of DIFSQ is negative and significant in only one equation . These results 
suggest that, in the U.K, business unit performance is a linear function of the 
difference between the achieved and ideal levels of market orientation.3 

The Japanese Sample 
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Columns 1-4 of Table 4 contain the regression coefficients used to test hypo
theses H 1-H4. The adjusted R2s range from .16 in the ideal-information
dissemination regression to .80 in the ideal-responsiveness regression. The 
F-statistics for all four regressions were significantly different from zero. The 
coefficients of the competitive intensity and market turbulence variables were 
significant in four regression equations, but the coefficient on technological 
turbulence was positive and significant in only two regressions. In addition, 
the coefficients of the prospector and analyzer dummy variables were signifi
cant in all four regressions, while the coefficient of the defender dummy variable 
was significant in two. In all four equations, the magnitudes of the PROS, 



ANLZ, and DEF coefficients were consistent with hypothesis H4. We 
conclude that the data from the Japanese data support hypotheses H1, H2, 
and H4 but do not support hypothesis H3. 
Columns 1-4 of Table 4 contain the regression coefficients used to test hypo
theses H5-H9. The adjusted R2s range from .39 in the achieved-information
generation (AIG) regression to .58 in the achieved-market-responsiveness 
(ARE) regression. The regressions in Table 4 provide some support for the 
idea that a firm's existing pool of skills and resources influences the achieved 
level of market orientation. The coefficients on the outside-in-capabilities 
and the inside-out-capabilities variables were each significant with the 
hypothesized sign in three of four regressions . The coefficient on 
organizational systems supporting a market orientation was positive and sig
nificant in two regressions, while the coefficient on organizational systems 
supporting cross-functional integration (OSCFI) was positive and significant 
in three regressions. Thus we conclude that the Japanese data support hy
potheses HS, H6, and H8, but do not support H7. 

Hypothesis H
9 
dealt with eight variables identified by Jaworski and Kohli (1993) 

as antecedent variables of the achieved level of market orientation. 
Interestingly, none of the eight variables was significant with the hypothesized 
sign in more than two regressions. We conclude that the Japanese data do 
not support the Jaworski and Kohli hypotheses regarding the antecedent 
variables of the achieved level of market orientation . 
Columns 1-4 of Table 6 contain the regressions of the four performance 
measures on the DIF and DIFSQ variables as well as the moderator variables 
identified by Narver and Slater {1990). The adjusted R2s range from .73 in 
the relative market share equation to .88 in the Overall Performance 
regression. In all four equations, the coeff icient of DIF is positive and signi
ficant, while the coefficient of DIFSQ is negative and significant. Thus, in 
Japan, performance is maximized when the achieved level of market 
orientation (as perceived by the SBU manager) is greater than the ideal level 
of market orientation (as perceived by the SBU manager 's immediate 
superior). 4 Moreover, performance is a concave function of the achieved 
level of market orientation . 

The People's Republic of China Sample 

Columns 5-8 of Table 4 contain the regression coefficients used to test hypo
theses H1-H4. The adjusted R2s range from .17 in the ideal-information
dissemination regression to .87 in the ideal -responsiveness regression. The 
coefficients of the competitive intensity and market turbulence variables were 
significant in , respectively, three and four regression equations, but the 
coefficient of technological turbulence was significant in only two regressions. 
The coefficients of the prospector, analyzer, and defender dummy variables 
were significant in all four regressions. In all four equations, the magnitudes 
of the PROS, ANLZ, and DEF coefficients were consistent with hypothesis 
H4. We conclude that the PRC data support hypotheses H1, H2, and H4, but 
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do not support hypothesis H3. 
Columns 5-8 of Table 5 contain the regression coefficients used to test hypo
theses H5-H9. The adjusted R2s range from .37 in the achieved-information
generation regression to .54 in the achieved-market-responsiveness 
regression. The coefficient on the outside-in-capabilities variable was positive 
and significant in only one regression, but the coefficient on the inside-out
capabilities variable was negative and significant in three of four regressions. 
The coefficients on the two organizational systems variables were each positive 
and significant in two regressions. We conclude that the PRC data support 
hypotheses H6, but do not support H5, H7, and H8. 
Of the eight variables identified by Jaworski and Kohli (1993) as antecedent 
variables of the achieved level of market orientation, one (reward system 
orientation) was positive and significant in three equations while a second 
(interdepartmental conflict) was negative and significant in three equations. 
We conclude that the PRC data support the Jaworski and Kohli hypotheses 
regarding reward system orientation and interdepartmental conflict. 
Columns 5-8 of Table 3 contain the regressions of the four performance 
measures on the DIF and DIFSQ variables as well as the moderator variables 
identified by Narver and Slater (1990). The adjusted R2s range from .69 in 
the relative market share equation to .87 in the overall performance regression. 
In all four equations, the coefficient of DIF is positive and significant, while the 
coefficient of DIFSQ is negative and significant. As in Japan and the U.S., 
SBU performance in the PRC is maximized when the achieved level of market 
orientation (as perceived by the SBU manager) is greater than the ideal level 
of market orientation (as perceived by the SBU manager's immediate 
superior).5 Moreover, performance is a concave function of the achieved 
level of market orientation. 

Summary 
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In all four samples, business unit performance was a positive function of the 
difference between the achieved and ideal levels of market orientation. In 
one sample (the U.K.), performance was a linear function of this difference, 
while in the remaining samples performance was a quadratic function of this 
difference. Tables 7 and 8 summarize our tests of the significance of antece
dent variables hypothesized to influence either the ideal or achieved levels of 
market orientation. In both Tables, a "yes" signifies that the corresponding 
hypothesis was confirmed in three or four of the regression equations estimated 
using data from the specified sample. As Table 7 reveals, competitive intensity 
and innovation strategy (hypotheses H1 and H4) were significantly related to 
the ideal level of market orientation in all four samples. In addition, the level 
of market turbulence was significantly related to market orientation in three of 
the four samples. With regard to the antecedents of the achieved level of 
market orientation, no hypothesis was supported in all four samples. 
Interestingly, hypotheses H5 through H8 were not supported in China, but 
each was supported in two of the remaining three samples. 
Tables 8 summarizes the tests of the eight antecedent variables hypothesized 



to influence the achieved level of market orientation by Jaworski and Kohli 
(1993) . Two of these variables (formalization and departmentalization) did 
not receive significant empirical support in any of the four samples. The 
remaining six variables tended to have significant coefficients in the two 
western samples and insignificant coefficients in the two Asian samples. These 
results may indicate that constructs like centralization and interdepartmental 
conflict are more relevant for the study of western organizations. 

Discussion 

We have described a model of market orientation that (1) describes 
antecedents of the ideal and achieved levels of market orientation and (2) 
links business unit performance to the gap between the ideal and achieved 
levels of market orientation. Our empirical analyses confirm the usefulness 
of this new conceptual framework for understanding the antecedents and 
consequences of a business unit's market orientation in the innovation process. 
In particular, the data examined here clearly support the following theoretical 
contributions. First, business unit performance is a function of the achieved 
level of market orientation relative to the ideal level of orientation. Moreover, 
the marginal benefit of additional increases in the achieved level of market 
orientation decreases as the achieved level approaches the ideal level. These 
results assume particular importance in light of the Narver and Slater 
proposition that "a substantially market-oriented business should find more 
opportunities in any environment than its less market-oriented competitors" 
(1990, p. 53). The findings reported here offer clear evidence of diminishing 
returns to increases in the achieved level of market orientation . 
Second, our results indicate that the ideal level of market orientation is a 
function of competitive intensity and market turbulence. These results are 
consistent with the idea that rapid or unanticipated changes in consumer 
preferences and competitor activities increase the importance of disseminating 
and responding to market intelligence. 
Third, our findings suggest a critical link between innovation strategy and the 
ideal level of market orientation. This relationship held in all four samples, 
regardless of the cultural differences or the degree of government intervention 
in the economy. Fourth, our findings indicate that a firm's existing set of skills 
and resources influence the achieved level of market orientation. In the U.S., 
the U.K., and Japan, either outside-in or inside-out capabilities (or both) were 
significantly related to the achieved level of market orientation. 
Fifth , our results indicate that the achieved level of market orientation is 
enhanced by formal structures that encourage a market orientation and cross
functional integration . This finding is consistent with studies of the new product 
development process that emphasize the important role of formal systems 
for cross-functional integration (e.g., Dyer and Song 1997). 
Sixth , our results indicate that, in Western economies, reward system 
orientation and interdepartmental dynamics (e.g., conflict and connectedness) 
have a significant influence on the achieved level of market orientation. In 
addition, centralization appeared to be important in the U.S. and U.K. samples, 
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but formalization and departmentalization did not significantly influence the 
achieved level of market orientation in any of the four samples we examined. 
Taken together, these results raise questions about the relative importance of 
traditional measures of organizational structure to studies of Asian firms. 

Managerial Implications 
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Our results have several important managerial implications. First, our results 
suggest that this conclusion may be restated as follows: the ideal level of 
market orientation for a business depends on the nature of its supply- and 
demand-side factors. Moreover, the incremental benefit from raising the 
achieved level of market orientation depends on the difference between the 
firm's ideal and achieved levels of market orientation. 
Second, key determinants of the ideal level of market orientation such as 
competitive intensity and market turbulence lie largely outside the control of 
managers within the firm. Our results suggest that an assessment of the 
appropriate level of market orientation must reflect an internal consideration 
of the firm's innovation strategy and an external evaluation of market turbulence 
and competitive rivalry. 
Third, senior managers must be personally committed to the development of 
a market orientation within their firm. Moreover, this commitment must be 
communicated to employees, exhibited in resource allocation decisions, and 
reflected in the management of risky projects. In the words of Day (1990), 
"Deeds count for more than words. Only ruthless consistency of actions with 
top-management statements over long periods of time will bring lasting change" 
(p. 365). Our results suggest that the achieved level of market orientation 
can be enhanced through specific structural steps that include the establish
ment of market orientation policies and procedures, the use of formal market 
orientation evaluation criteria, and the assignment of market orientation 
oversight to a specific individual. 
Fourth, interdepartmental conflict must be managed to insure that market 
information is disseminated throughout the organization. Our results indicated 
that specific structural steps for enhancing cross-functional teamwork are 
linked with relatively higher achieved levels of market orientation. Useful 
steps include the establishment of objectives for cross-functional teamwork, 
the development of policies and procedures for cross-functional teamwork, 
and the use of formal evaluation criteria that reward such teamwork. Other 
suggestions include training and/or temporary assignments in other 
departments as well as regular meetings between executives from different 
departments (Kohli and Jaworski 1990; see also Shapiro 1988). 
Finally, our analysis suggests that, at least for U.S. firms, there is no "silver 
bullet" for insuring a market orientation. We found that as one's focus shifted 
from intelligence gathering to dissemination to responsiveness, the relative 
importance of key antecedents changed. Specifically, a top management 
emphasis on market orientation was strongly linked to intelligence gathering 
dissemination, while interdepartmental connectedness had a strong influence 
on intelligence dissemination and a reward system orientation strongly 



Notes 

influenced intelligence responsiveness. Thus suggests the process of 
enhancing a firm's market orientation requires the simultaneous manage
ment of a number of factors. 
We believe that the research presented here makes several important 
contributions. First, we have presented a new theoretical model that explicitly 
links the consequences of a market orientation to the gap between the ideal 
and achieved levels of market orientation. Second, we have identified a set 
of antecedent variables (competitive intensity, market turbulence, and 
innovation strategy) that influence the ideal level of market orientation. Third, 
we have tested the theoretical model by analyzing data collected from 1, 189 
firms in four countries. Our results appear to validate the hypothesized mo
del and clearly indicate that presence of decreasing marginal returns to 
increases in the achieved level of market orientation. In addition, the present 
study sheds light on the relative importance of variables that have been 
hypothesized to influence the achieved level of market orientation. The results 
should have relevance for both academicians and practitioners. In particular, 
we hope that our findings will be of considerable interest and value to those 
executives who seek to establish a sustainable competitive advantage through 
the creation and sustenance of a market-driven organization. 

Two items at the end of the instrument assessed respondents' confidence in their 
ability to answer the questions. The individuals with a low level of confidence (less 
than 6) were excluded from the sample. We also excluded those SBUs for which 
the SBU manager 's assessment of strategic type was inconsistent with the 
assessment of the manger 's superior. 

2 For 43 firms in the U.S. sample, AMO> IMO. 
3 For 19 firms in the U.K. sample, AMO> IMO. 
4 For 46 firms in the Japan sample, AMO> IMO. 
5 For 34 firms in the PRC sample, AMO> IMO. 
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I\) Table 1: Antecedents of the Ideal Level of Market Orientation: The U.S. and UK. Samples 
(J) 

U.S. (n = 308) U.K. (n = 175) 

Dependent Variables: Ideal Level of Dependent Variables: Ideal Level of 

Market Intelligence Intelligence Aespons- Market Intelligence Intelligence Aespons-
Orientation Generation Dissemination iveness Orientation Generation Dissemination iveness 

Intercept 3.73* (.22) 5.69* (.43) 2.86* (.39) 2.63" (.17) 3.36' (.34) 4.37* (.62) 3.34* (.53) 2.36* (.25) 
Competitive .22· (.02) .27' (.04) 12· (.03) .26* (.01) .39* (.03) .41 * (.05) .32* (.04) .42' (.02) 
Intensity 
Market .10· (.02) NS .25* (.04) .07' (.02) NS NS NS NS 
Turbulence 
Technological .06* (.02) NS .11 • (.03) .11· (.01) NS NS NS NS 
Turbulence 
Prospector 2.47' (.17) 1.24* (.33) 2.75* (.30) 3.42* (.13) 2.77' (.29) 1.96' (.54) 2.51* (.46) 3.84* (.22) 
Analyzer 1.49' (.16) .43*** (.32) 1.78* (.29) 2.27' (.12) 1.99* (.28) 1.31' (.52) 2.01· (.45) 2.65' (.21) 
Defender 50* (.17) NS .77* (.30) .91 * (.13) 1.05* (.29) NS 1.07" (.46) 1.53' (.22) 
F-statistic 94.39' 16.48* 34.69* 280.43* 71.75* 19.69' 22.19* 187.95' 
A-square .65 .25 .41 .85 .72 .41 .44 .87 
Adjusted .65 .23 .40 .85 .71 .39 .42 .87 
A-square 
H4: 

bProspec1or>bDefender F=295.65* F=40.04' F=94.60* F=853.99' F=131 .98* F=26.37' F=38.11 F=427.10' 

Note: Table entries are unstandardized regression coefficients estimates. A* indicates that p < 0.01 ; a** indicates that p < 0 .5; 
and a*** indicates that p < 0.10. NS indicates that p > .10. All hypotheses were evaluated using a one-tailed test of significance. 



Table 2: Antecedents of the Achieved Level of Market Orientation: The U.S. and the U.K. Samples 

U.S. (n = 308) U.K. (n = 175) 
Dependent Variables: Achieved Level of Dependent Variables: Achieved Level of 

Market Intelligence Intelligence Respons- Market Intelligence Intelligence Respons-
Orientation Generation Dissemination iveness Orientation Generation Dissemination iveness 

Intercept NS NS NS 1.72'" (.95) 3.52' (1.10) 3.66" (1.46) 2.84" (1.40) 4 05' (1 .20) 
Outside-in .11' (.04) NS .21· (.06) .12· (.05) NS NS NS NS 
Capabilities 
Inside-out NS -.20' (.06) .15" (.06) NS -.15" (.07) -.28' (.10) NS -.10"" (.08) 
Capabilities 
Established Structure .12· (.04) .21' (.06) NS .10" (.05) .07"' (.05) .11" (.06) .09'" (.06) NS 
for Market Orientation 
Established Structure .12' ( .03) .09' (.05) .19' (.04) .09' (.04) NS .09'" (.07) NS NS 
for Cross-Functional 
Teamwork 
Top Management .29' (06) .35' (.09) .31' (.09) .21' (.07) .16" (.10) .33' (.13) NS NS 
Emphasis 
Top Management -.07'' (.04) NS -.21· (.05) NS -.13' (.06) · .18' ( 07) -.09"' (.07) -.13" (. 06) 
Risk Aversion 
Interdepartmental -.12· (.04) .13'" (.06) -.24' (.06) -. 25" (.05) -.12 · · (.06) NS -.15" (.07) -29 ' (.06) 
Conflict 
Interdepartmental .22· (.03) .13' (.05) .38" (.05) .16' (.04) .12· (.05) NS .17' (.06) .17' (.05) 
Connectedness 
Formalization NS -.12' (.04) .14' (.04) NS NS -.08'" (.05) -.07'" (.05) NS 
Centralization -.07' (.03) -.09" (.04) NS -.11' (.03) -.05'" (.04) NS -.07''' (.05) -.05"" (.04) 
Departmentalization -.04"' (.03) NS NS NS NS NS NS NS 
Reward System .22· (.04) .16' (.06) .21· (.05) .28' (.04) .39' (.07) .35" (.09) .45' (.09) .36' (.07) 
Orientation 
F-statistic 46.55' 24 .11' 31.43' 39 .95' 28.43' 19.51' 16.97' 24.67' 
A-square .65 .50 .56 .62 .68 .59 .56 .65 

Adjusted A-square .64 .47 .54 .60 .65 .56 .52 .62 

Note: Table entries are unstandardized regression coefficients estimates. A* indicates that p < 0.01; a•• indicates that p < 0.5; 
I\) and a••• indicates that p < 0.1 0. NS indicates that p > .1 0. All hypotheses were evaluated using a one-tailed test of significance. 
--.J 



l\J Table 3: Consequences of Under-Achieving the Ideal Level of Market Orientation: The U.S. and U.K. Samples 
co 

U.S. (n = 308) U.K. (n = 175) 
ROI Relative Customer Overall ROI Relative Customer Overall 

Market Share Retention Performance Market Retention Performance 
Rate Share Rate 

Intercept 25.24* (1.47) 7.25* (.50) 7.94* (.47) 6.80* (.48) 18.80* (2.48) 7.06' (.93) 6.66' (.78) 5.49' (.90) 

DIF = 4.40' (.50) 1.50' (.17) 1.58' (.16) 1.21 • (.16) 7.24* (.73) 2.03' (.27) 1.79' (.23) 1.54' (.26) 
(AMO-IMO) 

DIFSQ = -.so· (.18) -.24' (.06) -.23' (.06) -.20· (.06) NS NS -.11 *** (.08) NS 
(AMO-IM0)2 
Buyer Power -. 14" (.08) -.04"',.,. (.03) NS -.06" (.03) NS -.07'* (.04) - 06'* (.03) -.06"* (.04) 
Supplier Power NS -.05' " (.03) -.05'" (.03) NS NS NS - 08'" (.05) NS 
Seller NS .10· (.03) .09' (.03) .16' (.03) NS .09'* (.04) NS .10*' (.04) 
Concentration 
Ease of Entry -.24' (.07) NS .04'* (.02) NS NS NS -.05' *' (.03) NS 
Market Growth .09"'** (.07) NS NS NS -.20" (.11) NS NS NS 
Technological -.13'* (.07) -.04" (.02) -.10* (.02) NS NS NS - .06'* (.03) NS 
Change 
Relative Size -.32* (.14) NS NS .13' (.04) -.14"' (.09) .14*' (.07) .11 •• (.06) .14" (.06) 
Relative Costs -.17'" (.11) NS -.10' (.04) -.11 • (.04) .23'" (.18) NS NS .07'" (.06) 
Substitution -.39' (.15) NS -.09" (.05) .-21* (.05) NS .16" (.08) .15* (.07) NS 
Threats 
F-statistic 132.55' 80 .93' 94.75* 70.79* 54.19' 39.11* 45.89* 30.82' 
R-square .83 .75 .78 .72 .78 .73 .76 .68 
Adjusted .83 .74 .77 .71 .76 .71 .74 65 
R-square 

Note: Table entries are unstandardized regression coefficients estimates. A • indicates that p < 0.01 ; a•• indicates that p < 0.5 ; 
and a*** indicates that p < 0.10. NS indicates that p > .10. All hypotheses were evaluated using a one-tailed test of significance. 
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Table 4: Antecedents of the Ideal Level of Market Orientation: The Japan and People 's Republic of China Samples 

Japan (n=354) People's Republic of China (n=352) 
Dependent Variables: Ideal Level of Dependent Variables: Ideal Level of 

Market Intelligence Intelligence Res pons- Market Intelligence Intelligence Respons-
Orientation Generation Dissemination iveness Orientation Generation Dissemination iveness 

Intercept 4.93" (.16) 1.80' (.34) 7.84 ' (.22) 5.15' (.13) 4.45' (.16) 1.19' (.32) 7.44' (.24) 4.71' (.12) 
Competitive .11 ' (.02) .21' (.04) .06" (.03) .06' (.02) .09' (.02) .22' (.03) .03"' (.02) NS 
Intensity 
Market .13' (.03) .26" (.06) .06" (.04) .06" (.02) .14" (.02) .21· (.05) .12· (.04) .10· (.02) 
Turbulence 
Technological .16* (.03) .65* (.06) -.14' (.04) -.04"** (.02) .17' (.02) .73* (.05) -.16* (.04) -.07' (.02) 
Turbulence 
Prospector 1.98" (.14) .92" (.31) 1.14" (.19) 3.87' (.12) 2.43" (.13) .140' (.27) 1.42' (.20) 4.46* (.10) 
Analyzer 1.18' (.15) .61·· (.32) .53" (.20) 2.39" (.12) 1.56" (.13) .82' (.28) .93* (.21) 2.92* (.10) 
Defender .57' (.15) NS NS 1.22· (.13) .91' (.14) .40"* (.29) .65' (.22) 1.67' (.11) 
F-statistic 72.03' 54.00* 12.09* 233.15' 91.97' 77.97' 12.83* 381.86* 
A-square .55 .48 .17 .80 .63 58 .18 .87 
Adjusted .55 .47 .16 .80 .62 .57 .17 .87 
A-square 

H4: bP,ospec101>bDeleode1 F=156.49' F=7.83' F=33.28' F=756.58' F=190.05' F=19.40' F=20.58' F=1057.12' 

Note: Table entries are unstandardized regression coefficients estimates. A· indicates that p < 0 .01; a " indicates that p < 0.5; 
and a··· indicates that p < 0.10. NS indicates that p > .10. All hypotheses were evaluated using a one-tailed test of significance. 



0J Table 5: Antecedents of the Achieved Level of Market Orientation: The Japan and People's Republic of China Samples 
0 

Japan(n=354) People's Republic of China (n=352) 
Market Intelligence Intelligence Res pons- Market Intelligence Intelligence Respons-

Orientation Generation Dissemination iveness Orientation Generation Dissemination iveness 

Intercept 4.5o· (.36) 5_94• (.97) 4.8r (.79) 2.69' (.78) 4.10· (.45) 6.84' (1.06) 3.15' (.92) 2.31" (.90) 
Outside-in Capabilities .09' (.02) -.22· (.06) .34' (05) .15· (.05) NS -.26' (.05) .2r (.04) NS 
Inside-out Capabilities -.12· (.02) NS -.29' (.03) -.11· (.03) -.09· (.02) NS · .21' (.04) -.08" (.04) 
Established Structure .06' (.02) NS NS .24· (.04) .12· (.02) NS NS _33• (.04) 
for Market Orientation 
Established Structure .03'" (.02) .06"' (.05) NS .06'" (.04) .04" (.02) NS NS .09" (.04) 
for Cross-Functional 
Teamwork 
Top Management .05· (.02) NS .15· (.04) NS .o5· (.02) NS .13· (.04) NS 
Emphasis 
Top Management NS .08" (.04) -06'' (.03) NS NS NS NS NS 
Risk Aversion 
Interdepartmental -.03'" (.02) NS NS ·.11' (.05) ·.06' (.02) NS -.08 .. (.04) -.or· (.04) 
Conflict 
Interdepartmental NS .or·· (.04) NS NS .04" (.02) -.08"' (.05) .08" (.05) NS 
Connectedness 
Formalization -.02'" (.02) NS -.11· (.03) NS NS .09" (.04) ·.08' (.03) NS 
Centralization NS -.or· (.04) .04". (.03) NS NS -09· (.03) .06" (.03) .06" (.03) 
Departmentalization NS .14· (.05) NS -.11· (.04) NS .08' (.05) NS -.12' (.04) 
Reward System NS ._34• (.06) .09" (.05) .2r (.05) .06· (.02) -.25· (.06) .18' (.05) .25' ( 05) 
Orientation 
F-statistic 27.79. 20.05· 37.29' 42.09· 20.32· 18.25· 29 .29. 35.62' 
A-square .49 .41 .57 .60 .42 .39 .51 .56 
Adjusted R·square .47 .39 .55 .58 .40 .37 .49 .54 

Note: Table entries are unstandardized regression coefficients estimates. A* indicates that p < 0.01; a** indicates that p < 0.5; 
and a*** indicates that p < 0.10. NS indicates that p > .10. All hypotheses were evaluated using a one-tailed test of significance. 



Table 6: Consequences of Under-Achieving the Ideal Level of Market Orientation: The Japan and People's Republic of China 
Samples 

Japan (n=354) People's Republic of China (n=352) 
ROI Relative Customer Overall ROI Relative Customer Overall 

Market Share Retention Performance Market Share Retention Performance 
Rate Rate 

Intercept 20.04' (1.57) 6.91. (.53) 7.64' (.52) 7.82' (.33) 20.37' (1.67) 7.40' (.54) 7.30' (.50) 7.18' (.31) 
DIF = 3.95' (.40) 1.06' (.14) 1.03' (.13) 1.15' (.09) 4.70' (.46) 1.24' (.15) .97' (.14) 1.17' (.09) 
(AMO-IMO) 
DIFSQ = -.28" (.10) -.08" (.03) -.11' (.03) -.09' (.02) -.24" (.11) -.07" (.04) -.15' (.03) -.09' (.02) 
(AMO-IM0)2 
Buyer Power -.32' (.08) NS .10' (.03) NS -.22' (.09) NS .10' (.03) NS 
Supplier -.13'" (.09) -.11' (.03) -.05'" (.03) -.03"' (.02) NS -.05'" (.033) -.01 (.03) NS 
Power 
Seller .38' (.09) NS NS .02'" (.02) .24' (.10) NS .02 (.03) .04" (.02) 
Concentration 
Ease of Entry -.35' (.11) NS .11' (.04) NS NS NS -.02 (.04) NS 
Market Growth .16" (.09) NS NS NS NS NS -.07' (.03) NS 
Technological NS .10' (.03) NS .03'" (.02) NS NS -.04'"(.03) NS 
Change 
Relative Size .19" (.10) .09' (.03) NS NS NS .08" (.04) NS .03'"(.02) 
Relative Costs NS NS NS NS -.13'" (.10) .06" (.03) .07' (.03) NS 
Substitution -.26" (.14) -.09" (.05) -.15' (.05) -.11' (.03) -.22'"(.17) -.08'" (.05) NS -.06" (.03) 
Threats 
F-statistic 111.21' 83.93' 95.77' 219.63' 105.31' 72.30' 87.97' 215.63' 
A-square .78 .73 .7::; .88 .77 .70 .74 .87 
Adjusted .78 .72 .75 .87 .77 .69 .73 .87 
A-square 

Note: Table entries are unstandardized regression coefficients estimates. A* indicates that p < 0.01; a** indicates that p < 0.5; 
and a*** indicates that p < 0.10. NS indicates that p > .10. All hypotheses were evaluated using a one-tailed test of significance. 



Table 7: Confirmation of Hypotheses H, to H
8 

Across Samples 

U.S. U.K. Japan People's 
Republic 
of China 

H1 : Competitive Intensity Yes Yes Yes Yes 
H2: Market Turbulence Yes No Yes Yes 
H3: Technological Yes No No No 

Turbulence 
H4: Innovation Strategy Yes Yes Yes Yes 
H5: Outside-In Capabilities Yes No Yes No 
H6: Inside-Out Capabilities No Yes Yes No 
H?: Established Structure Yes No Yes No 

for Cross-Functional 
Teamwork 

H8: Established Structure Yes Yes No No 
for Market-Orientation 

Table 8: Confirmation of Hypotheses H
9 

Across Samples 

U.S. U.K. Japan People's 
Republic 
of China 

Top Management Emphasis Yes Yes No No 
Top Management Risk No Yes No No 
Aversion 
Interdepartmental Conflict Yes Yes No Yes 
Interdepartmental Yes Yes No No 
Connectedness 
Formalization No No No No 
Centralization Yes Yes No No 
Departmentalization No No No No 
Reward System Orientation Yes Yes No Yes 
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Introduction 

Small firms matter. In any economy small and medium-sized enterprises 
(SMEs) make up the majority of firms and account for most employment [1-
3] . And while it is often larger firms which make the headlines their activities 
depend upon a wide and extensive range of SM Es supplying goods and sup
port services. 

Growth in small firms is also important. Although the evidence suggests that 
some types of SM Es are more significant in this (for example new technology
based firms NTBFs) than others, the fact remains that a significant element 
of economic growth comes through SMEs[4]; (5)) . All of which suggests that 
we should pay them particular attention in research and policy-making on 
innovation - especially given the high failure rates of SMEs which try to 
innovate. (For example, in a study of 'world class manufacturing performance 
of SM Es in Europe, only 1 % of the firms surveyed met the 'world class' 
benchmark performance criteria) [6) . 

Yet the fact is that we know surprisingly little about SMEs and innovation -
and although policy-making has been evolving away from simplistic and 
'universal' measures addressing all SM Es towards more targeted approaches, 
there is still a lack of knowledge about the nature and extent of SME support 
needs and the mechanisms for delivering it effectively [1 ). The result is that 
the policy environment is characterised by a wide range of experimentation, 
in both design and delivery mechanisms [7). 

Part of the problem is that the term is used as a very broad umbrella under 
which many differences exist. For example, there is clearly some distance 
between the kind of SME involved in simple services like hairdressing or sin
gle-shop retailing and the new technology-based start-up of a biotechnology 
firm. Innovation in one is (almost) an incidental item whereas in the other it is 
the essence of the business. Even a simple binary distinction like this excludes 
many SM Es and allows a clearer focus on the remainder. This problem has 
been recognised by many commentators, who argue for a much more 

Keynote paper presented at :'Innovation in Theory and Practice ', a conference organised 
to celebrate the opening of the Eindhoven Centre for Innovation Studies, 2 July, 1999, 
at the University of Eindhoven, The Netherlands. 
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differentiated approach to technology policy, building on improved 
understanding of specific characteristics of different sectors and firm types 
[8, 9] 

A second problem in looking at SMEs and innovation is the assumption that 
'innovation' equates to formal Research and Development (R&D) activities. 
Whilst this can be tracked in ways suited to external measurement - levels of 
investment, number of qualified scientists and engineers (QSEs), patents 
registered, etc. - the problem is that this kind of innovative activity is not very 
common amongst SM Es. Most are not creators but users of technology and 
so a prime concern is that of effective technology transfer. (There are 
exceptions, especially in the high technology field, but even here SMEs are 
likely to carry out limited and highly focused R&D; there will still be a need for 
technology transfer for complementary knowledge and equipment) . Too often 
arrangements for technology transfer assume some version of the linear model 
of innovation, whereby demand is clearly communicated or where new 
technology has enough momentum to find its way to SME users [1 O] The 
reality is that many SMEs lack the capability to understand and articulate 
their needs, and rarely scan for sources of new technological opportunity [7] 
Even those that have an awareness of their needs may lack the information 
or capability to find and access sources of technology. 

Potentially SMEs have a set of advantages - fast decision making enabled 
through simple and often informal structures , creative climate, etc [11 ]. In 
practice these are neutralised or otherwise outweighed by a suite of problems 
including those highlighted in table 1. 

Table 1: Some Problems in SME Innovation 

Problem area 
Non-strategic orientation 

Lack of management skills 

Lack of awareness 

Isolation 

Articulation 

Lack of resources 

Symptoms 
SMEs too busy 'fire-fighting' to address long-term 
development issues. Olten narrowly and locally 
focused . 
Weaknesses in areas like strategic planning, operations 
strategy, marketing, finance, etc. 
Insular and local focus means they may not see the 
need, direction or scale of change required . Little 
benchmarking or external comparison or learning. 
SM Es are unaware of external resources or how to 
access them, particularly in the case of the technology 
infrastructure 
Firms are unaware of, or unable to identify key strategic 
problems, or to separate out symptoms from root cause 
problems 
Insufficient organisational 'slack' to enable innovation 



For this reason it can be argued that SMEs although potentially innovative 
are often weak and ineffective in their management of the process - and 
hence inhibited in their growth potential. But SM Es are important not only for 
their direct impact on growth but also because of their impact on large firms 
through the operation of supply chains. (In the case of inward investment it 
has also become clear that strong local SM Es can play an important role in 
helping to 'tent peg' trans-national firms which might otherwise move location 
after the initial benefits of tax holidays and other incentives have finished). 
So improving innovative capability becomes an issue of policy concern 
because of the relatively poor performance of many SM Es. 

The Challenge for the National System of Innovation 

It has become common to talk about the national system of innovation (NSI) 
and under this heading we might consider the various interlocking elements 
which provide support and context for innovative activities in a particular coun
try [12]. These might include national and regional policy, the education and 
training infrastructure, the financial system, the network of technology 
resources (such as universities and RTOs), etc. In the case of SMEs it can 
be argued that there is a measure of 'market failure', a gap between their 
needs and what the NSI is able to provide which needs closing. Table 2 gives 
some examples. 

Table 2: Some Examples of Gaps between SME Needs and NS! Provision. 

NSI element 
Financial system 

Labour market 

Education system 

Technology 
infrastructure 
(universities, 
RTOs, etc.) 

Policy system 

SME gap 
Lack of availability of investment capital - much SME innovation 
is not on the scale of venture capital but too risky for banks 
Skills availability is limited, and scarce skills are too expensive for 
SM Es. If they train in-house there is a risk of staff being poached 
by larger (and richer) firms. 
Lack of key skills in SM Es - e.g. in management and in key 
technological areas - but provision is often inflexible so SMEs 
cannot access it 
Tradition of technology push - technology will find its own way to 
SMEs. Weak marketing and what there is is not SME focused. 
Where need pull operates, it comes from articulate players - but 
this often excludes SM Es who may not be aware of their needs, 
may not be able to articulate these and may not know to where 
they should address their queries. 
Although SM Es are a prime target there is often little differentiation 
into different types of SME - consequently policies are often 'blunt 
instruments' 

The existence of this kind of mismatch is a common problem across all 
countries and wrestling with it from a policy perspective within the NSI is not 
a new concern. This paper is concerned less with a critique of existing 
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measures (except to flag that many of them suffer from being 'blunt instruments' 
because of the lack of underpinning research perspective) but rather with an 
examination of some experiments towards closing the gap. 

Arguably there is a need for innovation in the NSI and its mechanisms to help 
close the SME gap. Evidence suggests that most economies are characterised 
by a small number of high performing 'world class' firms and a long tail of less 
effective organisations (the bulk of which are SM Es) so the challenge becomes 
one of 'getting the tail to wag'. 

Getting the Tail to Wag - Mechanisms for Improving Innovation within SMEs. 

136 

The market failure which this implies has been recognised by many policy
makers and various attempts have been made to bridge the gap through the 
use of different mechanisms. Some of these involve intermediary structures 
or roles (13] Examples include the use of 'innovation consultants' of various 
kinds, whose role is to act as a counsellor, helping firms identify and articulate 
their needs, and also as a broker, enabling them to access the most relevant 
sources of support and assistance (often ranging from financial through to 
technological [14, 15]]. 

Other options include the use of structural mechanisms to close the gap - for 
example, by providing specialist information centres, or specific financial sup
port to encourage R&D or technology transfer activity within SMEs [7, 16]). 
In other cases policy efforts are directed towards a particular technology and 
make use of several approaches to close the SME gap - often linking financial 
support with inputs to enhance the likelihood of successful implementation 
rather than simply adoption of new technology [17] 

It is also worth noting that in some cases SM Es, recognising these limitations, 
have organised themselves into networks and clusters which demonstrate 
elements of 'collective efficiency'; examples include the consorzia of Italy 
and the industrial districts in Spain , Germany, Pakistan and [18-20]. Several 
public sector policies have been designed to promote networking of this kind 
([21] Carney discusses the role of 'structural service agencies' working within 
industrial clusters to help facilitate development and innovation amongst SM Es 
(22]. 

In different ways these mechanisms all recognise the underlying difficulty 
confronting SMEs. There appears to be growing recognition of the limitations 
of simple linear models of innovation and there is considerable interest and 
sharing of learning around experiments with alternatives . Here we review six 
such examples. 



1. Networks and Clusters 

Based on the experience of small firms in regions like 'middle Italy', northern 
Spain and Jutland in Denmark, this model has become widely explored as a 
potential route for SME development. Studies of 'collective efficiency' have 
looked at the phenomenon of clustering in a number of different contexts [23-
25]. From this work it is clear that the model has diffused around the world -
and under certain conditions, has proved to be extremely effective. For 
example, one town (Salkot) in Pakistan plays a dominant role in the world 
market for specialist surgical instruments made of stainless steel. From a 
core group of 300 small firms, supported by 1500 even smaller suppliers, 
90% of production (1996) was exported and took a 20% share of the world 
market, second only to Germany. In another case the Sinos valley in Brazil 
contains around 500 small firm manufacturers of specialist high quality leather 
shoes. between 1970 and 1990 their share of the world market rose from 
0.3% to 12.5% and they now export some 70% of total production. In each 
case the gains are seen as resulting from close interdependence in a co
operative network. 

The underlying principle of 'collective efficiency' represents a viable response 
to the challenge that small firms are necessarily weak. As one commentator 
put it, the problem is not that small firms are small but that they are isolated. 

The cluster model has become the cornerstone of many industrial policy ap
proaches and it lends itself to policy-making at a national strategic level [26]. 
Its relevance to the innovation question is clear - whilst firms may gather 
together to share resources, access to markets etc, there is clearly a 
considerable element of shared learning and experimentation which can take 
place. The case of CITER in Italy is a good example here. The predominantly 
small-scale of firm operations in the fashion textile sector meant that none 
could afford the design technology or undertake research into process 
development in areas like dyeing. A co-operative research centre - CITER -
was established and funded by members of the consorzia and chartered with 
work on technological problems related to the direct needs of the members. 
Over time this has evolved into a world-class research institute but its roots 
are still in the local network of textile firms. It has become a powerful 
mechanism for innovation and technology transfer and has helped to upgrade 
the overall knowledge base of this sector [27]. 

2. Learning Networks 

A key feature of successful firms is an ability to adapt and learn to deal with 
their rapidly changing and uncertain environments. Research suggests that 
there are two important components involved in such learning; the first involves 
the accumulation and development of a core knowledge base - the 'core 
competence' - which differentiates the firm from others and offers the potential 
for competitive advantage. Acquiring this is not simply a matter of purchasing 
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or trading knowledge assets but the systematic and purposive learning and 
construction of a knowledge base [28-30] . 

The second is the long-term development of a capability for learning and 
continuous improvement across the whole organisation. Recognition of this 
need has led to growing emphasis on the concept of 'learning organisations' 
and on the mechanisms through which this capability can be developed [31-
33). One aspect is the possibility of gaining support for the learning process 
through working with others in what we term 'learning networks' [34). 

There is much discussion of learning in organisations, but we can draw out a 
number of common themes, including the following: 

learning can be viewed as a cyclical process (see figure 1 ), involving a 
combination of experience, reflection, concept formation and 
experimentation [35] 

Figure 1: Kalb's cycle of experiential learning 

Experience 

Experiment Reflection 

Concept 

learning only takes place when the cycle is completed - thus much effort 
an activity in one or more quadrants may not necessarily lead to learning 
learning is not automatic - there must be motivation to enter the cycle 
learning needs to be purposive and can be supported by structures, pro 
cedures, etc . to facilitate the operation of the learning cycle 
learning to learn - meta learning - is an important aspect of this - learning 
to design and operate learning systems [31 , 32] 
learning involves the accumulation and connection of data into information 
and knowledge 
learning involves both tacit and formal components, with the task being to 
capture and codify, to make explicit [[36] 
learning may take place in adaptive mode - learning to do what we do a 



little better - or it may involve reframing and radical change (what some 
writers term a paradigm shift) in which the perception of the problems to 
be solved and the potential set of solutions change 

The basis of most learning literature is in individual learning but recent years 
have seen a strong focus on the concept of 'learning organisations'. There is 
much debate about whether organisations themselves actually learn or whether 
it is simply the individuals within them which do [37]. However it appears that 
learning organisations can exist and several mechanisms appear to help with 
this process of sharing and making knowledge explicit; these include exchange 
of perspectives, shared experimentation, display, measurements, etc. [32, 
38) . At their heart they represent ways of supporting and developing a shared 
learning cycle. 

Learning is not automatic and there are a number of sites at which learning 
fails to happen unless a blockage is dealt with. For example, many firms 
stumble at the first hurdle by failing to recognise the need to learn, or else by 
recognising the stimulus but choosing to ignore or discount it. (This 
phenomenon often gives rise to the 'not invented here' problem which is 
commonly seen in the field of technological change). Others may recognise 
the need for learning but become locked in an incomplete cycle of experi
ment and experience, with little or no time or space given to reflection or to 
the entry of new concepts. For others the difficulty lies in organising and 
mobilising learning skills, whilst in other cases the difficulty lies in making use 
of the rich resource of tacit knowledge - things people know about but are 
unable to describe or articulate [39). 

Table 3 summarises key blocks to learning which are particularly relevant to 
SM Es. 

Table 3: Barriers to Effective Learning 

Learning blocker ... 

Lack of entry to the learning cycle 
Incomplete learning cycle 

People don't know how to learn 
Learning is tacit, hidden, informal 
Search for new solutions is too 
localised 
Reflection is undemanding 
Learning is infrequent, sporadic 
Learning is not shared but localised 
Learning is not sustained 

Underlying problem 

The motivation problem 
The completion problem · understanding and 
support for all phases 
The skills problem 
The elicitation problem 
The parochial/ not invented here problem 

The challenge problem 
The reinforcement /reward problem 
The sharing problem 
The motivation problem .. 
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Most of the learning literature relates to intra-organisational processes but 
there is a strand concerned with inter-organisational learning - learning with 
or from others. The advantages associated with this approach are similar to 
those which relate to group/inter-personal learning, and can address the 
problems identified above . One of the major contributions here has been the 
development and implementation of the concept of 'action learning', pioneered 
by Reg Revans . This concept stresses the value of experiential learning and 
the benefits which can come from gaining different forms of support from 
others in moving around the learning cycle. Part of his vision involved the 
idea of 'comrades in adversity', working together to tackle complex and open
ended problems [40, 41 ]. 

The potential benefits of shared learning include the following : 

in shared learning there is the potential for challenge and structured critical 
reflection from different perspectives 
different perspectives can bring in new concepts (or old concepts which 
are new to the learner) 
shared experimentation can reduce risks and maximise opportunities for 
trying new things out 
shared experiences can be supportive, confirmational, 
shared learning helps explicate the systems principles, seeing the patterns 
- separating the wood from the trees 
shared learning provides an environment for surfacing assumptions and 
exploring mental models outside of the normal experience of individual 
organisations - helps prevent not invented here and other effects 

Thus it is possible to argue that there may be value in designing and building 
networks which offer some form of traction on the learning process which 
organisations need to operate. This concept of a 'learning network' can be 
expressed as: 
'a network formally set up for the primary purpose of increasing knowledge, 
expressed as increased capacity to do something' 

This definition implies a number of features : 
formal setting up, rather than informal evolution 
a primary learning target - what learning/knowledge is the network going 
to enable? 
a structure for operation, with boundaries about who is in and who is outside 
processes which can be mapped on to the learning cycle 
measurement of learning outcomes which feeds back to operation of the 
network and which eventually decides whether or not to continue with the 
formal arrangement 



Learning networks of this kind are beginning to be used widely and can be 
organised in a variety of ways; table 4 gives some examples. 

Table 4: Types of Learning Networks 

Basis of networking 
Regional 

Sector 

Topic 

Supply chain 

Learning focus 
SM Es in same area work together on shared problem issues 
requiring innovative response. 
SMEs in same sector work together on common problems -
for example, productivity improvement. This approach lends 
itself to benchmarking as an initiator of change. 
SMEs from different sectors and possibly geographically 
separated work together on developing improved 
understanding and deployment of a particular technology or 
approach. 
Variant on the above using the structure of the supply chain 
and the underlying sense of shared purpose as a motivator 
for change 

As one of many examples of learning networks the Irish 'World Class 
Manufacturing (WCM)' experience provides an interesting case of governments 
co-operating with intermediary institutions both in the academic and private 
sectors to promote learning [42]. The impetus behind this programme arose 
out of the desire to increase the adoption of WCM amongst SM Es in Ireland 
during the early 1990s. The key weaknesses diagnosed were how to transfer 
knowledge to SMEs, how to present complex concepts to management in 
easily digestible ways, and how to enhance the capacity of SMEs to adopt 
these changes effectively. What emerged was a four-way partnership be
tween four sets of actors: 

1. The government agency responsible for SME upgrading (the IDA) 
2. A consulting firm with extensive experience of WCM (Lucas, Engineering 

and Systems, now part of CSC) 
3. A University department with a history of successful action-research, and 
4. A willing group of SMEs who were anxious to adopt new techniques to 

foster their capacity to both learn and change. 

The programme which developed worked in the following way. After an initial 
presentation to a group of sixty-five SM Es, a "demonstrator firm' was identified. 
The consulting company then provided inputs into the restructuring process, 
which was closely observed by at least two people from five participant teams 
who then applied similar changes in their own firms. This involved visiting 
and observing the activities of the demonstrator plant and attendance at pro
gramme workshops. The whole process was co-ordinated by a learning 
partnership which consisted of a university (University of Dublin), the 
Government Dept. (Forbairt, now Enterprise Ireland), a private consulting firm 
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(Lucas Engineering and Systems) and the Irish Congress of Trade Unions). 
The learning partnership then ensured that this experience was passed on to 
a wider group of SMEs. 

3. Supply Chain Learning 

142 

A variant on the above model of learning networks makes use of the supply 
chain to provide an enabling structure and shared motivation for learning and 
specifically upgrading of capability. Despite the potential which supply chains 
offer for enabling learning, there is, as yet, little research-based information 
on the topic . Although some well-publicised examples can be cited, it appears 
from the available literature and other sources that the implementation of 
supply chain learning (hereafter, SCL) is still in its infancy. That said, the few 
cases where SCL is operating suggest that it does confer significant 
competitive advantage on the firms involved. 

There are a number of reasons for suggesting that supply chains could provide 
additional support for learning: 

They involve an identifiable group of firms with a common concern - the 
competitive performance of the entire chain will depend on the extent to 
which all members can learn best practice 
There is the potential to deal with the motivation problem highlighted in 
table 3. Here firms can be encouraged to enter the cycle by both reward 
(the potential of shared gains in the event of successful upgrading) and 
sanctions (with increasing emphasis on preferred suppliers, those unable 
to reach the mark may be dropped) 
There is potential scale economy, where learning can take place across 
many firms sharing the same concerns and needing the same type of 
learning inputs 
Major players in the chain - for example, supply chain 'owners' as end 
customers - are often near the 'best-practice' frontier in terms of their 
exposure to global standards and competition. They can act as teachers 
and examples.In practice , however, there are important limitations to 
applying this concept: 
We need to be clear about the existence of different types of supply chains 
We need to recognise that learning is not a natural feature of supply chains. 
It is part of the emergent 'new' models for such inter-firm arrangements 
which stress trust, co-operation and mutual dependence, and without such 
underpinning values it is unlikely to happen 
We need to recognise that supply chain learning depends on active 
'governance' of the supply chain - managing it as an entity 

With the development of new forms of obligational relations (43]. there has 
been an increasing evolution of various forms of purposive behaviour designed 
to enhance systemic efficiency along the chain to achieve what Schmitz calls 
"collective efficiency" (44]. In the early stages this was focussed on quality 
assurance and the integration of logistical scheduling [45], but as this supply-



chain co-operation evolved, so the focus has changed to include co-operation 
in design [46]. Until recently this has been the cutting-edge of supply-chain 
co-operation, but in very recent years supply-chains have also come to be 
seen as a mechanism to promote learning , including indirect suppliers - one 
or two positions removed from the protagonist in the supply chain (in 
hierarchical jargon, the second - and third - 'tiers' of suppliers. In fact tiers, 
with lateral as well as hierarchical positional links, do not appear to exist 
widely except in Japan and Korea) . This active co-operation is usually led by 
a dominant party, a function which is termed "supply-chain governance" [47]. 
There are, of course (as will be shown in the following section) various styles 
of governance, ranging from the dictatorial imposition of standards by the 
"governor" to softer forms of exhortation . To some extent these differences 
are a function of firm-style (see below) , but in other cases they reflect the 
type of value chain which is involved. It is possible to distinguish three major 
types of value chains:[48) 

Buyer-pulled chains. These are chains in which the co-ordinating function 
is performed by a large buyer directly serving a final market. In the UK 
context, leading buyer-driven chains include those led by supermarkets 
such as Tesco, and retailers such as Marks and Spencer and B&O. 

2 Supplier-pulled chains. In these chains, the co-ordination function is 
performed by a firm holding core designs or technology. The most well
known cases here are some of the automobile companies who co-ordinate 
logistics, quality, design and learning along their own supply chains, being 
themselves suppliers (i.e. of vehicles or 'personal transportation') to the 
eventual customer. 

3 Supplier-pushed chains. Holders of core technologies and designs may 
also push change upward to customers, both intermediate and final 
consumers of their products. An example of this is provided in the personal 
computing field with hardware producers such as Intel and software pro
ducers such as Microsoft seeing their customers (e.g. IBM) as parts of 
their 'downstream' supply chain - a distribution channel. 

The case of leading UK DIY retailer B&Q is often quoted as a success story 
in improving the firm's business through highlighting environmental soundness 
in its products. In fact it represents a good example of a buyer-pulled chain. 
B&Q invested in an environmental monitoring competence , recruiting a 
charismatic and energetic champion, who set about tracing supply chains 
back to source, to discover such things as the provenance of timber (all B&Q 
wood products are now proven to come from sustainably managed forests) 
and ethical issues, such as the working conditions of people involved in 
manufacturing products, especially in developing countries . For example, 
B&Q traced a varnishing problem on brass doorknobs to poor air conditions 
in the manufacturing plant in India. By helping the supplier to install a clean 
air system, B&Q solved the varnishing problem (by removing dust in the 
atmosphere) and simultaneously improved working conditions, reducing the 
respiratory problems previously encountered . B&Q's assessment scheme 
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for suppliers ('QUEST') began with intensive analysis of practices and out
puts (emissions, effluents etc.) but now also includes a responsibility for the 
supplier to articulate ways in which B&Q itself might improve its ways of working 
(not just environmentally) . This is an example of the customer - a focal firm 
in its network - actively preparing itself to learn from its suppliers. 

An example of supplier-pulled learning has been the CRINE initiative in the 
UK oil and gas industry. Conceived in 1993 as a response to the 1992 oil 
crisis , CRINE (Cost Reduction Initiative for the New Era) was a joint effort 
involving government and key industry players representing contractors, 
suppliers , consultants, trade associations and others . The original goal was 
to enable , by 1996, an across-the-board cost reduction of 30% for offshore 
developments, and this was to be achieved by a sector-wide effort rather 
than individual actions . 

The project was successful on a number of dimensions - for example, by 
1997 the cost of field developments had fallen by 40% on a barrel/barrel 
basis - and attracted significant international attention and emulation. As a 
consequence, CRINE-based programmes are now under development or in 
operation in Mexico, Venezuela, India and Australia . Significantly the 
participants felt that the model was worth maintaining and as a result the 
CRINE Network was established in 1997 with the new goal of international 
competitiveness replacing that of cost reduction . 

The CRINE vision is set out as:' .... People working together to make the UK 
oil and gas industry competitive anywhere in the world by the year 2000 ... . ''The 
stretching target for the industry is to increase its share of the non-UK market 
to 5%; in 1996 this stood at only 1 %, indicating a relative weakness in inter
national competitiveness. (Significantly this position had already improved by 
1998 to 2.4%, reflecting the industry's growing capabilities, partly supported 
by CRINE activities) .The current mode of operation is one of 'supported 
networking ', where players from regional and national government (e.g. DTI , 
Scottish Enterprise) , major operators , trade and research bodies , and 
academic and other groups provide various forms of support (financial , 
technical , etc.) to a network made up of the main actors in the supply chain . 
A small co-ordinating group manages the network activities and the whole is 
steered by a representative body drawn from the above players. Activities 
cover a broad front, including awareness and communications via newsletters, 
websites , etc. , workshops and conferences, technical projects and other 
initiatives . 

From an early stage the original CRINE programme sought to establish a 
learning and continuous improvement culture, encouraging dialogue and 
collaborative working between suppliers and customers, rather than 
confrontational modes of working. This provides a base for some more 
substantial initiatives; of particular relevance is the First Point Assessment 
programme (FPA). This is a company, owned by 11 major players in the 



industry, whose role is to carry out capability assessments and assist in 
upgrading and development of capability along the supply chain; ' .... to provide 
opportunities for improvement throughout the supply chain through enhanced 
knowledge of strengths and weaknesses ... '. 2 

The Society of Motor Manufacturers and Traders SMMT Industry Forum is 
another example of a supplier-pulled learning initiative. Driven by the 
increasing pace of change and the global nature of the automotive assembly 
and component supply industry, this programme seeks to improve the 
performance of suppliers (especially the 2"d and 3'd tier) to major UK 
assemblers. It aims to improve competitiveness at shop-floor level by the 
use of training and support programmes involving engineers from the major 
industry firms and external sources of 'best practice'. An important compo
nent of this work is the extensive use of measurement frameworks throughout 
the supply chain as a mechanism for driving improvement and learning.An 
example of the way in which the Forum operates is that of lsringhausen GB, 
a firm in Wrexham making car seats. Although it had been involved in some 
improvement activities, it was able, through the inputs of advice from Forum 
engineers, to identify sixty projects which represented potential improvement 
projects. As a result of reconfiguration and other work productivity in two 
areas was increased by 45%. Supplier-pushed programmes - where the 
technology-holder works with its customers rather than its suppliers -
represents (at least conceptually) a further form of SCL. An example here 
might be the UK surface engineering industry, where the bulk of firms involved 
in painting, plating and other surface treatments are SMEs and where levels 
of technological competence are low. Most technology transfer comes through 
a small group of international firms supplying key equipment and materials -
and these represent a powerful potential conduit for a supply push model. 

4. Intermediaries/ Innovation Agents. 

Innovation research consistently highlights the importance of key roles which 
enable, energise or catalyse the process of technological change. For 
example, Rothwell lists various kinds of 'innovation champion', Witte speaks 
of 'knowledge and power promoters' and Allen discusses the 'technological 
gatekeeper' [49-51]). These roles, which can be played by individuals or 
groups, are relevant both to innovation processes within the firm and to those 
which operate between firms in the wider environment. They operate in both 
formal and informal fashion and represent a critical intermediary element in 
the innovation process. 

For example, aspects of such roles include such agents acting as information 
brokers, as sources of particular resources or capabilities, as integrating 
agents, as network facilitators and as carriers of new learning about both 
technological competence and innovative capabilities. Carlsson and 
Jacobsson provide a detailed account of the ways in which such intermediaries 
can assist in developing technological strength within an industrial sector [13]. 
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Realisation of the potential role such innovation agents (IAs) can play in 
facil itating the development of technological competence has increasingly 
made them a target for policy makers [52] 

Intermediaries may make a direct input, providing resources or capabilities to 
fill the gaps, but they are often involved in less direct fashion, providing a 
range of formal and informal services which help bridge the gap between 
needs and means within the innovation process. The type of bridging required 
may vary widely; for some firms it is about knowing where to access particular 
resources or capabilities, whilst for others it may involve articulating problems 
more clearly and developing a suitable strategic plan for dealing with them. 
Equally the size of the gap may vary, from small gaps which can be easily 
bridged with a short telephone conversation , through to those which require 
months of work with suitable intermediaries. Figure 2 indicates the nature of 
these need gaps. 

Figure 2: Need Gaps 
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To some extent there have always been innovation agents at work in the 
innovation process. For example, the key internal roles of project champion, 
business innovator, technological gatekeeper, etc . have been regularly 
reported in studies going back fifty years. Equally, the external technology 
marketplace has not only been filled with suppliers but also with organisations 



like trade associations and technical advisory groups which play an 
intermediating role. But recent years have seen a proliferation in the range 
and number of organisations which are involved as innovation agents and at 
least some of this growth can be related to specific policy mechanisms 
designed to mobilise and deploy this resource. Several government innovation 
support schemes contain an element of consultancy, effectively making use 
of the skills and experience of consulting organizations to develop an 
intermediary infrastructure to facilitate innovation. 

Intermediary support through innovation agents is not simply another term for 
consultancy activity. Traditional models of the consulting process involve a 
linear activity, with a transfer of expert knowledge from supplier to users. But 
an alternative view, identified by Schein amongst others, can be termed 
'process consulting' which involves a catalytic, non-directive approach 
stressing learning and facilitation rather than prescription [53]). This is much 
more concerned with building up a long-term relationship and enabling learning 
than with the one-off solution to a particular problem. 

There are several ways in which innovation agents can improve the operation 
of the innovation process. These include: 

expert consulting, providing particular solutions to particular problems; 
experience-sharing, transferring what is learned in one context to another. 
The metaphor here might be that of bees, cross-pollinating as they fly 
from flower to flower; 
brokering, putting different sources and users in contact across a wide 
range of services and resources. The degree to which the innovation 
agent is independent is important here as his/her credibility is likely to 
diminish if there are particular standard solutions being proposed, or 
particular sources of supply advanced. The metaphor here is that of 
marriage broker/dating agency trying to set up the most appropriate match 
between two partners; 
diagnosis and problem-clarification, helping users articulate and define 
the particular needs in innovation. Many user firms lack the capability to 
understand or prioritise their problems into a strategic framework for action 
and outside agencies may be able to assist in this process. A metaphor 
here would be the general medical practitioner, whose main task is dia
gnosis and who then prescribes a range of specialist treatments such as 
medicines, physiotherapy, diet, surgery, which are then actually delivered 
by others; 
benchmarking, where the process of identifying and focussing on 'good 
practice' can be established through an intermediary; 
change agency, where organizational development can be undertaken 
with help from a neutral outside perspective. 

Growth in the number and range of actors in this area can be seen as part of 
the wider expansion of the 'producer services' sector [54) It is particularly 
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important to recognise that traditional consultancies (in finance, engineering 
or management) are by no means the only source of such support and there 
has been a rapid expansion in the numbers and range of agencies involved 
over the past decade 

Over time, this model of using innovation agents as part of a form of 
consultancy-based innovation support scheme has become widespread, and 
there was particularly rapid expansion during the [16, 55]. Table 5 summarises 
some of the key mechanisms whereby consultancy schemes of this kind can 
augment and extend the reach and effectiveness of innovation policy. 

Table 5: Potential Contribution of Innovation Agents in Capability Building 

Characteristic 
Capability building 

Institution building 

Failure avoiding 

Lower cost 

Illustrative examples 
Advice and information support via consultancy enabled the 
development of key management capabilities in identifying 
needs, exploring and selecting innovations, planning, 
implementation, project management, etc. 
Such schemes also offered an opportunity for developing 
strategic capabilities across the supply side - for example, 
mobilising a critical mass of technological knowledge and skills 
in support of particular technologies 
Providing targeted advice and direct technical and managerial 
support offered opportunities to reduce the incidence of costly 
failures of investments through transferring better innovation 
management practice - for example in selecting appropriate 
applications of new technology and in project management 
Providing innovation support through information and 
consultancy advisory services was less expensive than direct 
subsidy, soft loans or other innovation policy options 

Targetting of support Using consultants as active intermediaries opened up the 

Decentralised 
operation 

Source:[52] 

possibility of reaching user firms more directly than traditional 
financial support mechanisms which tended to lack focus and 
often failed to reach many potential users within a target group 
Using consultants enabled a more decentralised mode 
of operation, involving less monitoring and control by civil 
servants. Once the broad objectives of a programme were set 
out it could be largely self-managing , with overall monitoring 
and quality assurance provided by a small and specialist group 
- itself sometimes outside of government but contracted with 
the specific project monitoring role 

Examples of intermediaries being used in policy support programmes include 
the Innovation and Technology Counsellors in the UK, the BUNT programme 
in Norway and the Tekes Technology Clinic approach in Finland. 



5. Structural Connections 

Most countries have some form of Research and Technology Organisations 
(RTOs - specialist laboratories, universities, government laboratories, sectoral 
facilities, etc.) - and these often represent a major investment of public mo
ney as well as an accumulation of specialist technological competence over 
many years. 

Potentially these could be of value to SMEs in their technological change 
activities - but only if there are mechanisms for raising their awareness of the 
RTOs and for accessing their knowledge and support. Unfortunately for 
many SMEs there is both an information gap - a lack of knowledge about 
which RTOs exist and what they might be able to offer - and a 'perception 
gap' where SMEs see the activities of RTOs as being too advanced and 
specialised and not applicable to their problems. There is also a perception 
of high cost which deters SMEs from approaching RTOs. 

The problem is not confined solely to the demand side, however; there is also 
a gap on the supply side. Many RTOs have a tradition of working with larger 
firms or on major publicly funded contracts, and have not seen SMEs as an 
important market. There is an understandable pressure inside these 
organisations to work on intellectually challenging research-based projects 
rather than on delivering relatively straightforward problem-solving services 
associated with application and transfer of technology. As a result there is 
often a gap between the supply of technology transfer service from RTOs 
and the demand articulated by SMEs. 

This pattern is changing, particularly as a response to a more competitive 
environment for RTOs [56]). Across the world there is a move away from 
public subsidy and towards greater emphasis on market-related activities; in 
many cases this has included the privatisation of RTOs. Making the transition 
to being more market-oriented is not always easy and in a number of cases 
public policy support has been engaged in trying to help RTOs identify and 
implement new strategies, many of which stress a more SME-focused role. 
In the UK, for example, the Focus Technical Reviews programme involved 
management consultants helping a selected group of RTOs redefine their 
roles and operating practices to make them more market-focused, with 
particular emphasis on their potential work with SM Es. 

For example, many traditional suppliers of technology - such as universities 
and government research laboratories - are coming under increasing pressure 
to build closer links with prospective customers for their services (the trend 
towards privatisation has undoubtedly accelerated this process). As they 
come to realise the limitations of the traditional linear 'technology push' mo
del referred to above, these traditional suppliers are adopting a more proactive 
stance, often establishing liaison or marketing groups with the aim of getting 
closer to and understanding the needs of their customers. In the process 
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they are recognising, and developing mechanisms to assist with, the particular 
problems of technology transfer to different types of user [56] 

Similarly, research and technology organisations (RTOs) organised on a 
sectoral basis are playing an increasingly important role , not just in generating 
technology or providing technical services to members but also in identifying, 
understanding and articulating user needs and tailoring suitable solutions to 
these needs. For example, one of the RTOs in Germany is the Verein der 
Deutscher Giesserei-industrie (VDG), which is a long-established professio
nal technical association for the foundry sector [57) Working in concert with 
the two key trade associations (for ferrous and non-ferrous castings), the 
VDG provides a comprehensive network of technology support for an industry 
characterised by the high proportion of very small firms (around 80% of the 
firms employ fewer than 50 people) . Arguably the strong technological base 
of the important German foundry industry, which has enabled it to survive 
despite strong pressures from overseas competitors and from materials 
substitution, derives in part from the various technology transfer activities of 
the VDG. These include: 

articulating key common problems through direct contacts with firms, an 
approach made possible by a decentralised regional representation in 
each of the Lander; 
educating and raising awareness amongst small firms of technology-related 
issues through seminars and visits; 
co-ordinating key research themes and securing federal and regional 
government support for this research through R&D grants; 
carrying out such R&D through a network of universities, specialised 
institutes and in their own subsidiary organization, the lnsti!Ut tor 
Giessereitechnik (llG) which employs over 100 specialists covering the 
whole field of foundry technology and application. (Significantly, the llG is 
jointly owned by the VDG and the trade associations, and occupies the 
same site); 
disseminating the results of the R&D work via the decentralised network; 
providing on-line consultancy and advice as part of the membership 
package; 

• working with the chambers of industry and commerce to provide detailed 
input specifications on skills and human resources for the needs of the 
industry as part of the national vocational training system. 

The overall effect of this is to provide even very small firms with a sophistica
ted but accessible technical backup, and a clear channel through which 
technology can transfer. (This was exemplified in an interview with a small 
foundry where, on being asked how such a firm could support a high level of 
product and process innovation (microelectronics controls, new materials, 
new product designs), the foundryman picked up the phone to VDG and said 
'that's my R&D department!') . 



Many RTOs of this kind have, often post-privatisation, begun to offer a range 
of technology transfer support services in addition to their traditional activities . 
In some cases these services have expanded to become a key part of the 
overall portfolio - such as the case of PERA International in the UK. Others 
- such as IVF in Sweden or the Fraunhofer Institutes in Germany - have 
traditionally offered a more comprehensive range of services including sup
port for technology transfer [58]) . 

6. Transfer of Skills 

Another area where significant experimentation is going on concerns the 
improvement of competence through novel mechanisms designed to help 
improve skills acquisition. Traditionally the problem for SM Es has often been 
that buying scarce skills on the labour market is too expensive, but if the SME 
invests in training it runs the risk of having its key skilled staff 'poached' by 
richer and larger firms. An accompanying problem is at the graduate level 
where key skills in technical and managerial areas are in short supply. 

This problem has given rise to many policy interventions designed to put in 
place graduate and other high level skills and to enable some element of 
retention over a sustained period of time. For example, in the UK the Teaching 
Company programme contact is established via key individuals - Teaching 
Company Associates - who work full -time on a client site for two years or 
more, effectively providing the bridge between a university and an industrial 
user. Over time the relationship matures and traffic begins to flow across this 
bridge, at first directly related to the project but increasingly covering other 
aspects and becoming two-way in nature [59] . 

Conclusions 

SM Es represent an important element in any economy for at least two reasons. 
They are responsible for growth in employment and activity, and they are 
support to larger firms, enabling or constraining their performance. But it is 
growth in SM Es which is the key issue, not just their existence or preservation 
- and this is fundamentally a challenge of innovation. The issue has been 
recognised-few national or EU policies now lack the obligatory SME emphasis 
- but it can be argued that a gap still exists between what SMEs need to 
enable effective innovation and the ways in which the NSI is configured to 
deliver them . 

Part of the problem is that we do not know enough about SMEs and their 
innovative behaviour. For example, we need to look at questions of who 
innovates and how? Looking at particular segments, what are the key cons
training problems? Are these the same as those facing large firms - or is 
there a need for a new research agenda exploring SME specific barriers to 
innovation? How can we begin to work with integrated sets of firms within 
value stream - and are the innovation dynamics of these large/small firm 
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combinations well understood? And how can we use this knowledge to inform 
better theory and to improve practical policy mechanisms for enabling SME 
growth? 

These are issues of significance to both policy makers and innovation 
researchers . Improving competitive performance through innovation is a key 
challenge for all industrialised societies and achieving this will depend not 
only only on a handful of 'world class' technologically -based firms, but also 
on the long tail of SM Es which make up the majority of firms in the economy. 
This paper has indicated a few examples of the experiments now being 
undertaken to try and engage with this problem, and to address some of the 
issues associated with closing the SME/NSI gap. But whilst these represent 
promising additions to the repertoire of policy tools there is a need for further 
exploration, development and diffusion of them - and for research to help 
understand and capture the lessons learned from such experience. 

1 GRINE Network website, 1999-01-06 
2 First Point Assessment website, 1999-01-06 
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